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DAVR-45

(Digital Automatic Voltage Regulators for Synchronous Alternators)

1- Product Overview:

DAVR45: Advanced Digital Voltage Regulators

The DAVR45 is engineered to deliver high-
performance voltage regulation specifically for
synchronous alternator systems, which are equipped
with an excitation winding. Design concept is based
on IGBT technology with high-speed switching stages
to precisely control the alternator stator voltage under
high harmonic-load conditions.

A high-capacity microcontroller circuit is responsible
for receiving all analogue signals from the AVR,
converting them into digital values for subsequent
processing, in accordance with the firmware of the
AVR unit. All functions are managed using
mathematical models developed specifically for
excited synchronous alternator systems, providing
performance that is different from analogue AVR units.

Based on the digital control architecture, DAVR45
regulates the stator voltage using precise RMS
calculations, considering all distortions on the voltage
waveforms, which results in exceptional performance.

DAVR45 features advanced protection functions to
ensure safe operation for both the alternator and its
load. Configurable safety limits allow precise
adaptation for various applications.

The DAVR45 includes True Over-Excitation
Protection, which works independently of alternator
field impedance.

The integrated Inverse Definite Minimum Time
(IDMT) function monitors the field drive load,
preventing heat buildup and thermal runaway during

DAVRA45 Voltage Regulator

high-load applications. This ensures reliable

protection against alternator malfunctions.

For parallel-connected applications, the DAVR45
precisely regulates reactive load current, providing
stable reactive load sharing between multiple
generators under all operating conditions.

Users can fully configure all AVR parameters before
operation. The on-board USB port allows direct
connection to a PC for viewing and configuring
parameters without needing an external power
source. This is especially useful for system
commissioning and generator tuning to meet
customer needs.

The AUX inputs/outputs can be programmed per
application needs. Refer to the AUX Terminal
Configuration Settings section for assigning special
functions.

The DAVRA45 is designed and manufactured to meet
high standards, ensuring safe and reliable operation
for generator applications. All components are

sourced from approved original component
manufacturers, guaranteeing traceable quality
standards.

The robust plastic tray construction of the unit allows
for easy and secure alternator mounting. It can be
directly installed on a metal panel or mounted on anti-
vibration rubber suspensions for better vibration
protection. The AVR is encased in UL-approved
polyurethane, ensuring resistance to harsh conditions
and offering a superior RTI level.

As the DAVRA45 is a fully programmable unit, it is
recommended that wusers consult the PC-
Configuration Tool manual to tailor the AVR
parameters to their specific requirements. Prior to
commencing operation, it is essential to review the
factory default parameter list to ensure compatibility
with your application. Should any adjustments be
necessary, the PC-Configuration Tool can be utilized
to modify the parameter values accordingly.
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1.1 Product marking:
DAVRA45 Digital Voltage Regulators are potted in plastic protective tray for easy mounting and safe operation.
All terminals are placed in groups, based on their functional requirements.

All terminal identifications are marked on the plastic tray side flange for easy reading. Detailed terminal data
and functions are provided in this manual, which users should refer to for more information.

Product model is printed on each AVR unit, including any suffix for specific version of the hardware platform.
Users are requested to refer to the table, where detailed suffix data is given for the AVR unit. To get more
detailed information on the optional features of DAVRA45, visit www.enkoelektronik.com web site or contact your
local dealer.

On some models, a QR code is printed on the back side of the AVR plastic tray. Scanning this code will open
the latest “User Manual” for the AVR in pdf form. The user manual is written in English, but other languages are
available on ENKO web site.

During installation, general safety measures must be taken, and all wiring must be made according to high-
voltage installation standards.

Only professional technicians must attempt to install these devices. Damage to the device and/or to person can
occur, if not installed properly.

Where required, WARNING boxes are used in this manual.

A\

WARNING MESSAGE

These warning boxes inform the user for critical
precautions to be taken during installation and
commissioning the AVR units for safe and reliable
operation. Please follow the instructions given in this
manual and where in doubt, please contact
sales@enkoelektronik.com for further assistance.

These devices comply to CE regulations for EMC
radiation and immunity and UL94 for flammability and
safety requirements. EMC compliance is only valid if

the AVR is mounted into the alternator steel cabinet.
For more demanding applications, additional
common-mode filtering and externally fitted AVR metal
shielding case may be required. For such applications
and EMC accessories, please contact ENKO sales
team.

If products are printed with a QR code, user can scan
the code for detailed installation information and
technical specifications for the AVR unit.

The AVR units are subject to hazardous voltages during operation and
live parts are exposed. Special care must be taken when handling the
AVR units mounted on the alternator. DO NOT contact any of the terminals
on the AVR units when the generator is running. Always switch off the
generator before servicing the AVR unit. Only authorized technical
personal should commission the AVR units. There are no serviceable
parts on the AVR, and no attempt should be made to repair the AVR unit.

A\
YN

Heatsink on the AVR unit may reach high temperatures, therefore, take
necessary precaution before touching the heatsink surface during
servicing. Damage may occur to human skin, if touched when the heatsink
surface is hot.

DAVRA45 Voltage Regulator
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2- DAVRA45 Technical Specifications:

Parameter Value Conditions
Operating temperature range: | -35°C to +60°C At full specified rating
Storage temperature range: -40°C to +85°C No direct exposure to radiant heat source

Sense voltage:

100Vac — 480Vac (576Vac max. phase-
phase)

3-phase sensing, 2-phase sensing, phase-neutral
sensing, software configurable,

Voltage sensing type:

TRUE rms reading

High-resolution waveform sampling & sensing

Operating frequency:

25Hz to 75Hz

Configurable operating frequency selection

Voltage adjustment:

On-board trimmer

+15% of selected range (set by parameter)

External pot

+10% of on-board trimmer set voltage (set by
parameter)

Aux. input

+15% of set voltage (set by parameter)

Software configuration

Set regulation voltage reference

Current sensing:

1-phase, X/1A class-1

1-phase, X/5A class-1

CT connection on “Generator V phase” only

Current overload:

300% of rated value

Current sensing operation
mode:

Reactive Droop compensation

Line voltage drop compensation

Stator current monitoring

Short circuit current sustain compensation

Set by configuration software parameters
according to application requirements

CT load burden:

1VA

3VA maximum

Power input to AVR:

Shunt connection

Aucxiliary connection

300Vac max., 25Hz — 75Hz

PMG power input (2-phase only)

300Vac phase-phase, 500Hz max

5.0 Adc max. continuous
Excitation current: 7.0 Adc max. 120 sec. max.
10.0 Adc max. 10 sec. max.
Excitation output power: 300W max. Under continuous operating conditions

Field impedance range:

15Q nominal value

50 to 50Q

Field drive:

IGBT controlled

PWM switching drive stage

Voltage regulation:

<0.25% of set value

<4% of frequency change

True RMS reading

Regulation to True RMS value of sensing voltage

Dynamic response time:

<300ms

<60% block load change

AUX control input:

External pot input

1KQ for voltage trimming

External analogue input

0.5Vdc-10Vdc (linear control)

Temperature inputs

Pt100 type RTD sensors

Digital inputs Configurable
External pot detection: Yes Automatic detection of pot disconnection
Loss-of-sense protection: Yes Monitor and shut down after set time delay
. Software setting according to excitation current
OEX protection: Yes & &

limits, IDMT protection function,

UFRO setting:

0-10% of nominal set frequency

Software settable knee-point frequency

Dynamic LAM function:

-V/Hz slope setting

0%Ur/Hz to -15%Ur/Hz
User settable parameter according to required
performance

VOLTAGE setting:

+20% of selected range

STABILITY setting:

Fine tuning of PID values

DROOP setting:

-20% to +20% reactive load droop setting

S/W parameter setting for range,
Set with on-board trimming pot

External pot setting range:

+10% of set voltage value

With 1kQ external potentiometer, S/W
configurable

AUX input trimming:

+10% of input signal

S/W configurable

Communication ports:

USB type-B

For device configuration, galvanically isolated
from the power inputs

Indicators:

Single RGB LED

Multifunction indication

DAVRA45 Voltage Regulator
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A7 s 64 alarm logs register, FIFO arrangement, viewing with “PCTools”
software,
Assembly: Encapsulated in single plastic tray Suitable for vertical and horizontal mounting
Weight: 160gr
Dimensions: 142mm x127mmx 58mm Plastic enclosure with printed labels
EN61000-6-2 Immunity
EN60068-6-4 EMC Emissions
i i ST e EN60068-2-1 Temperature cold test
EN60068-2-2 Temperature dryOheat test
EN60068-2-6 Vibration

EN60068-2-27, 30, 78

Environmental tests

2.1 General Features:

¢ \oltage sensing:

o Connection with 3-phase, 2-phase or Phase-Neutral configuration,
o TRUE RMS voltage sensing,
e High accuracy voltage regulation:
o Better than 0.25% regulation of set value between no-load to full-load change,
o Capable of tight regulation with high harmonic content load types,
¢ Wide range of voltage input selection:
o 100Vac to 480Vac sense input capability, (600Vac max input)
o Sense voltage range selection by software parameter setting,

e Power input to AVR:
o SHUNT connection from stator windings,

o AUX winding from the alternator,
o PMG connection up to 500Hz
o

External Power supply connection (45Hz to 75Hz)

e High field-current capacity:

5Adc continuous excitation current capacity,

10A for 10 seconds,

(@]
o T7Adc for 120 seconds,
(@]
(@]

300W max. excitation power continuous operation

e Excellent performance with high “block-load” change on the generator output:
o Built-in LAM function,
o Adjustable dynamic response
o Built-in UFRO setting for frequency roll-off point adjustment,
e Load current sensing:

o Galvanically isolated current sense input,

o “Reactive droop” control for parallel gen-set operation,
o “Line drop” compensation for stand-alone operation,

o “Load Balancing” function,

o Parameters set via PCTools software,

e Auxiliary inputs:

o External voltage trimming pot connection input,

o Analogue voltage control input for external device interface,

o Configurable as temperature or digital input,

e Adaptive stability control:
o On-board stability setting pot,
o Adaptive stability control for different alternator frame sizes,

o “AUTOTUNE” option with PCTools software

e Built-in device protection:
o “OEX” (Over Excitation) protection with latch shut-down feature (customised according to
alternator FIELD winding impedance, factory setting only, not enabled)

DAVRA45 Voltage Regulator
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o “Loss of Voltage Sensing” protection with 3-phase operation and single-phase connection,

Robust construction:
o Built into non-flammable plastic tray for easy mount on the alternator or in the electric cabin,

Encapsulated against harsh environmental conditions,
UL compliant non-flammable encapsulation for maximum protection,
Terminal identifications printed on the plastic tray,

LED indicator:
o On-board LED indicator for warnings and status indication
o RGB LED for easy status identification,
Conformity to standards:
o EN61000-6-2
o EN60068
o CE safety for emissions and immunity,

o UL94 non-flammability,
Mechanical dimensions:

@)
@)
@)

o Width: 127mm
o Length: 142mm
o Height: 58mm

2.2 Mechanical Dimensions:
Mechanical dimensions of DAVR45 AVR unit are shown in figure-1 below:

E _
» £
~ £
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DAVRA45 Voltage Regulator



CONTROL SYSTEMS

USER MANUAL

Automatic Voltage Regulators

All dimensions are given in mm.

2.3 Mechanical Installation:

Mechanical mounting of DAVR45 is shown in figure below. These AVR units are designed for RIGID mounting
but for very high vibration applications, it is recommended that; rubber “Anti Vibration Mount” (AVM) fittings are

used between the AVR body and the mounting plate.

If the AVR is mounted onto a metal plate with rigid mounting technique, ensure that locking-nut is used to avoid
loosening of the nuts due to engine vibration in the long-term use.

A\

Do not exceed the tightening torque limit when mounting the AVR unit.
Recommended torque is 3Nm (5Nm max).
ensure correct tightening force.
plastic case to crack and AVR may not operate properly.

When using “AVM” mounting pads, ensure that the tightening torque DO
NOT EXCEED the AVM manufacturer’s compression data.

Use torque-controlled tools to
Failing to do so may cause the AVR

Ensure that; the plate surface is flat before mounting the AVR unit. Mounting onto a rigid surface with uneven
surface geometry will damage the sensitive components inside the AVR unit. Refer to figure below for mounting:

M5 BOLT

m
3{

Mounting and Installation Guidelines for the AVR
Unit:

Various types of anti-vibration rubber mounts may
be used depending on application requirements. The
bolt length should match the combined thickness of
the mounting plate and rubber mount, if one is utilized.
Before starting operations, ensure that all four
mounting holes of the AVR unit are securely fastened
to the plate.

The optimal mounting position for the AVR is vertical.
If required, the AVR may also be installed horizontally.
It is imperative not to mount the AVR with the heatsink
facing downward, as this will adversely affect its

DAVRA45 Voltage Regulator
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|
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|
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|
N\ M5 LOCK-NUT

operating temperature range. Furthermore, refrain
from placing the AVR in sealed small cavities. Instead,
select a ventilated location to facilitate effective heat
dissipation generated by the unit.

When connecting the cable harness, ensure that no
cables touch the heatsink. Avoid cable clutter around
the AVR unit and ensure that harnesses for the top
and bottom terminal rows are routed directly away
from the AVR without crossing over it.

The AVR heatsink is electrically isolated from live
components. However, all AVR terminals are LIVE
and may carry dangerous voltage relative to EARTH.
Handle with care to avoid electrical hazards
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3- Electrical Installation:

DAVRA45 can be installed either in the generator control cabinet or on the alternator. During wiring of the AVR
unit, please refer to this manual at every step and ensure correct wiring of the terminals, based on the wiring
of alternator stator winding configuration. If further information is needed during installation, contact authorised

service or get in touch with sales@enkoelektronik.com

3.1: Running the AVR for the first time:

When operating the DAVR for the first time, verifying
all connections and checking for any parameter
mismatches is imperative. It is essential to ensure that
the voltage sense cables are correctly connected and
that the voltage sense configuration aligns with the
wiring setup. Prior to powering the DAVR, confirm that
the input power voltage is below 300V. Additionally, it
is crucial to verify the isolation status of all inputs,
including the USB and communication interfaces, to
prevent potential electrical faults.

The initial setup requires reviewing the quick
configuration settings to confirm that all essential
parameters are correctly set for the generator system.
At a minimum, the user must configure the set voltage,

3.2: Definition of Terminals & Indicators:

sense input type, over-excitation (OEX) limit, PID
settings, and Block Load Module (BLM) settings for
the DAVR to function correctly in AVR Mode.

Once the generator test is successfully completed, the
user must proceed with configuring additional
parameters, including protection settings, analog and
digital input configurations, onboard and external
potentiometer ranges, droop mode selection and
limits, as well as soft start and ramp settings.

If the regulation mode is changed to FCR Mode, the
user must also adjust parameters specific to FCR
operation, such as the FCR set current and OEX limit,
to ensure safe operation and prevent damage to the
generator or connected loads.

DAVRA45 is equipped with terminals, trimmers, and indicators to fulfil the interface of the AVR unit with the
alternator. The terminals are grouped according to their functions, and these are shown in the figure below:

ls1s2 u v w

o, D oom

me
[me

Trimmers and Indicators group

pPON~

Device identification

DAVRA45 Voltage Regulator

Power connection terminals group (fast-on terminal connections)

Auxiliary input/output terminals & Communication Terminals group (screw type terminal connections)
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3.2.1:

Terminal connection cable sizes:

Terminal cable sizes:

Terminals: AWG Diameter (mm) Area (mm?)
S1, S2, U, V, W 15 1.42 1.5
F-, F+, P1, P2 13 1.82 2.5
T1-T2, A1-A2, E1-E2, R1-R2 17 1.15 1.0

UsB

Use USB Type-B cable with moulded terminal

only

3.2.2:

General Application diagram:

This device is designed to control the excitation field winding of a synchronous machine connected in a closed

loop system. Simple application diagram is shown in the figure below:

Power to AVR can be connected in various ways, including an external isolated power supply with correct

OPTIONAL EXTERNAL
POWER TOAVR

T

444<KZEF4444,

DAVR45

specifications. The system can also be connected in SHUNT or AUXILIARY power supply modes as well.

A\

The unit has an internal capacitor bank and can be charged to very
high voltages during operation. DO NOT touch any of the terminals on
the AVR immediately after shut-down of the generator. A minimum of 10
minutes is required before attempting to disconnect the AVR from its
cable harness, so that all the hazardous voltages are grounded.

3.3: Power Connection Terminals:

Power signal connections to the AVR are grouped on the top side of the AVR unit and they are arranged as
“Fast-on” connection terminals. All the cable ends must be fitted and crimped with appropriate fast-on terminals

with proper insulation sleeves.

A\

All “POWER CONNECTION” cables to the AVR MUST be fitted with proper
rubber insulation sleevings. Any connections without proper sleevings
will cause AVR unit to fail during operation.

Connection of proper insulating sleevings are shown in figure below:

DAVRA45 Voltage Regulator
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INSULATION
SLEEVINGS

All power connection terminals must be connected using insulated sleeving cable terminals. While auxiliary
terminals and communication sockets are galvanically isolated from the power terminals, it is essential to ensure
that insulation levels are not exceeded during application.

Heatsink is also insulated from the high-voltage potential but care must be taken during application to ensure
all safety precautions are taken while operating on the AVR unit.

Avoid touching the heatsink metal during operation as it can become extremely hot. After turning off the
generator, wait at least 15 minutes before touching any parts of the AVR unit.

YN

When installing the AVR unit, ensure that all the wires, to and from
the AVR terminals, are neatly bundled together with suitable cable-
ties and they DO NOT BLOCK the air flow around the heatsink unit.
Make sure that, the cable harness is also secured safely such that,
terminal connections do not come loose during operation under
vibrating conditions.

YN

After switching the AVR off, DO NOT touch the AVR terminals for a
minimum of 10 minutes to ensure that the high energy stored in the
line capacitors is discharged. Touching the bare terminals before
discharging the line capacitors can cause serious personal damage and
severe burns on your hands.

Ensure that you allow enough time to discharge the line capacitors
before servicing the unit.

DAVRA45 Voltage Regulator
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3.4: System Block Diagram:

AVR POWER
INPUT

ALARM
OUTPUT

ALTERNATOR
VOLTAGE
SENSE

ALTERNATOR
CURRENT
SENSE

Power line P1

FIELD +

Power line P2

]
N

FIELD -

RL1

Voltage sense U

Voltage sense V

Voltage sense W

Current sense

Current sense

IT 111

DAVR45

—]
—
EP1
Av4
PID
DSP
. USB
—

T2

T1

A2

Al

E2

El

Com
Port

DAVRA45 Voltage Regulator

EXCITATION
OUTPUT

TEMPERATURE
INPUT

ANALOGUE
INPUT

EXTERNAL
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USB 2.0
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3.5: Alternator Voltage Sensing:
The DAVRA45 is 3-phase feedback sensing AVR. It can sense voltage in three ways:

e 3-phase (U, V, W phases),
e 2-phase (U and W phases),
e Single-phase "Phase-Neutral" (Mp),

Refer to the terminal identification table for terminal arrangements.

“VOLTAGE Sensing Terminals” identification:
DAVR45 . . .
Terminal ID Connection Rating Terminal group
u Alternator “U” phase
v Alternator “V” Shase 1eeVac to 48@Vac POWER CONNECTION
W Alternator “W” phase (RMS) nominal TERMINALS GROUP-1

The voltage sensing terminals are high impedance inputs and can be connected in various configurations, as
illustrated in the table below. The maximum voltage withstand limit of these sensing terminals is 480Vac +20%
continuous. Therefore, when connecting the AVR unit, it is essential to ensure that the correct voltage sensing
range is selected from the configuration S/W and that the alternator stator windings are appropriately configured.
DAVRA45 can only regulate the voltage at the point of its sensing terminal connections.

The voltage range selection parameter specifies the nominal voltage regulation reference point when the
VOLTAGE ADJUST trimmer is positioned at its MIDPOINT on the AVR unit.

Possible voltage sensing connections for DAVR45 are shown in the tables below:

Direct connection
(Either from stator main terminals or from Hi-pot transformer connection
winding mid-point connections)

Voltage sense
connections

Y]
[U]
v (w]
:
3-Phase
Connection LY @@ isrglnastfeodrr:LfOT
u v w J I J
U \% W
(U]
(U]
V] [w]
W] [N]
2-Phase
Connection [v] Mﬁzl:st;ir:lefOT

DAVRA45 Voltage Regulator
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[u]
(W]

Phase — Neutral .

(Mp) connection [N] Not applicable

Voltage Sense connections must match the AVR unit's voltage range.
Refer to the manual's voltage range selection before connecting to the
alternator. If using SHUNT mode, ensure the AVR's POWER SUPPLY input
does not exceed the 300Vac maximum limit.

follow the
impair reactive

For Current Transformer (CT)
guidelines. Incorrect CT connection
performance and reactive load sharing.

manual's
droop

connections,
will

3.6: Current Sense (CT) connection:

Refer to the CT connection table below for various CT connection configurations for DAVR45. Current
transformer terminals are labelled as S1 and S2 as shown in below illustration:

“CURRENT Sensing Terminals” identification:

DAVR45 . . .
Terminal ID Connection Rating Terminal group
S1
Alternator “V” phase POWER CONNECTION
52 X/1 or X/5 TERMINALS GROUP-1

The CT inputs; S1 and S2 are galvanically isolated
and rated to 5A maximum. Current sensing input can
be configured as x/1 or x/5 ratio with 0.5% accuracy
class. Therefore, current sensing must be configured
according to alternator current transformer rating.

The CT inputs of AVR is designed to withstand high
current peaks, occurring during operation. It is
recommended to connect alternator CT only to AVR
(not sharing with other instruments on the generator)
if droop compensation is going to be performed.

CT connection with 3-phase
voltage sensing

(CT connected to “V” phase)

==

CcT

\vavav)

S1 S2 u v w

DAVRA45 Voltage Regulator
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CcT

\vavAv)

CT connection with 2-phase
voltage sensing

==/l
:

(CT connected to “V” phase)

S1 S2 u v w

CT connection with phase-
neutral voltage sensing

cT

(SAvAY)

(CT connected to “V” phase,
Reactive Droop is not
possible in phase-neutral L
connection configuration
mode)

=[=/<[<]
:

S1 S2 u v wW

NOTE:

CT connection on DAVRA45 is sensitive to phase of the alternator and rotating vector direction. Therefore, user
must take special care to which phase the CT is connected. On DAVR45 AVR unit, CT is always connected to
the middle phase winding (phase “V”) and the polarity must match the direction of phasor rotation. If droop
function operates in reverse characteristic, then change the polarity of CT connection at AVR terminals S1 and
S2. Refer to the CT connection chapter of this user manual, before attempting to connect the power terminals
of the AVR units.

3.7: Power Supply and FIELD winding connections:

Power Supply input (P1 and P2 terminals) on DAVR45 is limited to 300VAC maximum. In any application,
exceeding this voltage level may damage the AVR unit. Take special care when connecting the voltage sensing
input and AVR power supply input in SHUNT connection mode.

Power to AVR can be connected in “SHUNT” mode or “AUXILIARY” supply mode as required. Possible
connection configurations are given in the table below for different arrangement of the alternator stator winding
arrangements.

“EXCITATION and AVR POWER INPUT” Terminals identification:

DAVR45 . . .
Terminal ID Connection Rating Terminal group
F- Excitor winding -°‘ve 5Adc (continuous)
terminal 7Adc (120 seconds)
Excitor winding +’ve 10Adc (10 seconds)
F+ terminal 700W max. continuous POWER CONNECTION
- " TERMINALS GROUP
P1 - P2 AVR Power input connection | 3@@Vacmax (ph-ph) (Terminal group-1)
(Shunt, AUX) 25Hz to 75Hz group
. 300Vacmax (ph-ph)
P1 P2 2-phase PMG connection 25Hz to 300Hz

DAVRA45 Voltage Regulator
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AVR Power input connection
(Isolated External power
source)

Possible AVR power connection configurations are shown in table below. In this table, high-potential transformer
connection configurations are not shown. For high-potential connection with insulating transformers, please

refer to the related chapter of this manual.

300Vacmax (ph-ph)

P1 - P2 25Hz to 500Hz max

POSSIBLE WIRING SCHEMATICS FOR DAVR45:

Configuration WIRING SCHEMATIC WITH AUXILIARY WINDING

STATOR FIELD AUX
WINDING WINDING WINDING
Connection with 5 ~A A - +
AUXILIARY winding and
“3-phase” voltage —foycT !
sensing, o ~mnm g
rl) R
(Y-Star series [N] o
connection, 12 leads) 300VAC
MAX.
| s152 | lu v w| [F- Fe| [P1 P2
STATOR FIELD AUX
WINDING WINDING WINDING
Connection with o A - +
AUXILIARY winding and
“2-phase” voltage {0t
Sensing, o Yym F1 E2
(Y-Star series [N] o
connection, 12 leads) 300VAC
MAX.
S1 S2 uv w F-  F+ P1 P2
STATOR FIELD AUX
Connection with M WINDING WINDING
AUXILIARY winding and
- +
“ » O— YY"\ YYP
phase-neutral” voltage
sensing. — e ~ g
(Y-Star series © ~MmM— Flig) 7
connection, 12 leads) ] o .
(Reactive Droop not o
possible)
|s1s2|  |uvw] |F- Fe| [P1 P2
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STATOR FIELD AUX
WINDING WINDING  WINDING

+
Connection with
AUXILIARY winding
and “3-phase” voltage
sensing. o[0T
F1 F2

(YY-Star parallel ©
connection, 12 leads)

[N] © Wax

- F| [P1 P

|5152||va| F

2 |

STATOR FIELD AUX
WINDING WINDING  WINDING

+
o
CT
F1 F2
o 300VAC
MAX.

|51sz||uvw| |F- F+||P1 P2|

Connection with
AUXILIARY winding
and “2-phase” voltage
sensing.

5 [
o
&

(YY-Star parallel
connection, 12 leads)

EE
o

STATOR FIELD AUX
WINDING WINDING WINDING

- +

Connection with
AUXILIARY winding
and “phase-neutral’
voltage sensing.

EE
o

F1 F2

(YY-Star parallel
connection, 12 leads)
300VAC

o .
l MAX.

S1 52 uvw F-  F+ P1 P2

ENE
o

DAVRA45 Voltage Regulator
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Configuration

WIRING SCHEMATIC IN SHUNT CONFIGURATION

STATOR FIELD
WINDING WINDING
-~
Connection with SHUNT
mode and “3-phase” — N Y
voltage sensing,
g 9 —ff e e g 9 g W
o nym Yy
(Y-Star series F1 F2 m
connection, 12 leads) [N]o
300VAC
MAX.
|sis2| |[uvw] [F- Fe| [P P2
STATOR FIELD
WINDING WINDING
-~ vt
Connection with SHUNT
mode and “2-phase” o N ~N
voltage sensing,
9 9 o e M Yy
o N M
(Y-Star series Flf(ﬂ Fz[a
connection, 12 leads) [N] o
300VAC
MAX.
S1 52 Uuv w F-  F+ P1L P2
STATOR FIELD
WINDING WINDING
Connection with SHUNT -t
mode and “phase-
neutral” voltage sensing, 5 A
Vi ~n
1 T{Oer F1 FZI?J
(Y-Star series
connection, 12 leads) © Yy
O . *
(Reactive Droop not (V]
possible) 300VAC
S1 82 uvw F-  F+ P1L P2

DAVRA45 Voltage Regulator
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STATOR FIELD
WINDING WINDING
-~
Connection with SHUNT
winding and “3-phase” © mj—
voltage sensing.
© ofcT m F1 Fzm
(YY-Star parallel
connection, 12 leads) o { }a
[~N] © o
| sis2|[uvw| [F- Fe| [P1 P2
STATOR EIELD
WINDING WINDING
- +
Connection with SHUNT
mode and “2-phase” 71 o
voltage sensing, m_
Fil) F2
o (Wer MRS
(YY-Star parallel
connection, 12 leads) © %’
] ° l ll
|s1s2 | [uvw| |F- F| [P1 P2
STATOR FIELD
WINDING WINDING
- +
Connection with SHUNT
mode and “phase-
neutral” voltage sensing, 3 %
F1 F2
(YY-Star parallel (o %
connection, 12 leads) —N—
° L T
(Reactive Droop not 200VAC
possible) ° l MAX.
|sis2| [uvw] ;- Fe| [P p2|

Maximum voltage across power supply terminals (P1-P2) of DAVR45 is
limited to 30@Vac max. Do not exceed this limit in all applications,
considering the over-shoot percentage of the AUXILIARY winding, when
the stator load is removed suddenly. Ensure this limit is not exceeded
under all operating conditions.

DAVRA45 Voltage Regulator



‘
lE‘ CONTROL SYSTEMS

USER MANUAL Automatic Voltage Regulators

The DAVR45 power inputs are designed as “high impedance floating” connections relative to the sense inputs.
They can be connected across either “phase-phase” or “phase-neutral” terminals of the alternator in SHUNT
mode. Always connect P1 to the “U-phase” of the alternator in SHUNT mode, while P2 can be connected to
either the “W-phase” or the “Neutral” terminal.

If an external power connection is needed, use an insulating transformer, ensuring it does not exceed the voltage
ratings of P1 and P2 terminals. The transformer must deliver the required peak power specified and have low
impedance to maintain a stable AVR power input under loaded conditions. Figure-3 below shows the external
power connection to the AVR:

EXTERNAL AVR
2-phase POWER SOURCE

(300vVac max.)

g

EXCITATION POWER
ISOLATION TRANSFORMER
(300Vac max.)

8

|P1|P2| |P1|P2|

DAVR 45 DAVR 45
AVR UNIT AVR UNIT

3.8: Connection with high-voltage transformer:

For applications involving high-voltage stator winding, it is necessary to use an isolation step-down voltage
transformer between the stator windings and the sense voltage terminals of the AVR unit. In such cases, the
sensing voltage selection of the AVR unit must match the transformer secondary voltage.

Since the DAVR45 can be connected in either 3-phase or 2-phase sensing configuration, the "hi-pot" isolation
transformer should be connected according to the selected voltage sensing configuration. Configuration
software should be used to select the appropriate voltage rating for regulation across the transformer secondary
terminals, which should be directly connected to the U-W sensing terminals of the AVR unit. It is important to
note that the AVR will regulate the voltage across its sense input terminals, so the sensing voltage parameter
should be set accordingly.

In SHUNT mode connection with an isolation transformer, if the same transformer is used for both sensing and
power supply, the limited impedance of the transformer may degrade the voltage sensing signals when the
maximum field load is reached. Unless the transformer power rating is calculated for ohmic voltage drop, it is
advisable to use separate transformers for sensing and power supply inputs to the AVR or to use an external
AC power source to power the AVR unit.

When connecting high-voltage transformers for AVR sensing, ensure
that, correct phase selection is made with respect to the current
measurement transformer (CT) of the alternator, else reactive load
sharing will perform badly. Refer to the related information given in
this user manual.

In any case, do not exceed the limits of the power supply input terminals P1 and P2 as well as the sensing
terminals of the AVR unit. Make sure that; correct voltage sensing range is selected on the AVR unit and isolation
high-voltage transformer secondary voltage specifications also match the selected voltage sensing range of the
AVR unit.

DAVRA45 Voltage Regulator
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3.9: “Auxiliary & Communication Terminals” connections:

AUXILIARY signal connections and COMMUNICATION port connections are shown in terminal group-3 in the
above illustration. These signal terminal connections are arranged as “screw” type connections and care must
be taken when preparing the cable ends for these terminals.

Do NOT strip the cable ends more than the depth of the screw-terminal
insert hole. Failing to do so may cause momentary or permanent short
circuit between adjacent cable connections, which may cause the AVR
to malfunction during operation.

All AUXILIARY signal terminals are galvanically isolated from the AVR POWER terminals. When connecting
signals to the AUX terminals, please ensure that the potential difference does not exceed the AVR isolation
limits.

3.9.1: Temperature Sensor connection:

DAVRA45 unit is fitted with 1 temperature sensor input such that, required winding temperature on the alternator
can be measured and set to protect the alternator from “overload” or “overheat” conditions. Type of sensors and
their respective settings can be examined in more detail under the related topic of this manual. This input can
also be configured as a “Digital Input” and can detect a dry-contact position (open or closed) connected to T1-
T2 terminals.

The sensor inputs are defined in the table below:

“TEMPERATURE SENSOR” input terminals identification:

DAVR45

Terminal ID Signal Description Cable size Terminal Group

e Temperature Sensor input «AUXILIARY” connection

1 (Pt1ee, 2-wire) Screw type terminal terminals
T2 e Resistive (500 - 180Q) with AWG17 or AWG18
e Digital input (dry- cable size

terminal group-3
contact N/C or N/O) ( group-3)

All AUXILIARY signal inputs share a common power supply and therefore,
there is no galvanic isolation between the AUXILIARY signal terminals.
When connecting the temperature sensors to alternator windings, care
must be taken to ensure safe insulation between the sensor body and
the point where the sensor is mounted.

DAVRA45 Voltage Regulator
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T2

Pt100

1

All temperature measurement inputs have the same circuit as shown in the figure above. The “equipotential”
ground connection is common to all AUX signal input hardware and therefore, when connecting temperature
sensors and external control equipment, care must be taken to ensure safe operation.

3.9.2: Digital Signal connections:

Each temperature sensor input can also be configured as “DIGITAL INPUT” and configuration can be set via
PC-Tools S/W menu. Please refer to the related section of this manual for more detailed setting instructions.
Digital input MUST be arranged as “POTENTIAL-FREE” contact input which can be connected directly to the
temperature sensor input, as shown in figure below:

Dry- []
contact

™ é
3.10: Analogue Signal inputs:

The DAVR45 AVR unit includes analogue inputs for connecting external control equipment. These inputs can
adjust the AVR voltage regulation reference voltage and thus control the alternator voltage from an external
controller. If FCR function is available (depending on the AVR model), the analogue input can also set the FIELD
CURRENT reference value as required by an external control unit. Reference analogue input block diagram is

G S 8

u oo ] )

A1

EP2 EP2

DAVRA45 Voltage Regulator
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Analogue input signal connection can be arranged as:

e +5Vdc analogue voltage input
e 4-20mA analogue current input
e 0-10Vdc analogue voltage input

All signal connections are referenced to A1 terminal, which is hardwired to the reference ground potential of
the AVR AUXILIARY power supply.

Terminal identification and ratings are shown in the table below:

“ANALOGUE” signal input terminals identification:

DAVR45 . . . . .
Terminal ID Signal description Rating Terminal group
Screw type “AUXILIARY” connection
+5Vdc . . .
Al 4-20mA terminal with terminals
A2 9-10Vdc AWG17 or AWG18
cable size (terminal group-3)

All “AUXILIARY & Communications Signal Terminals” group are
galvanically connected. Therefore, when connecting analogue signals to
the AVR unit, user MUST take appropriate precautions to ensure that
device isolation limits are not exceeded.

3.11: External Pot connection:

DAVRA45 includes "External Potentiometer" connection terminals to set the AVR voltage regulation reference
value within the configured limits. For more detailed application information, please refer to the related chapter
of the user manual.

Terminal identification and ratings are shown in the table below:

“EXTERNAL POT” terminals identification:
DAVR45

Terminal ID Connection Rating Terminal group
Screw type terminal 1KQ/1W “AUXILIARY &
El : ypP Potentiometer COMMUNICATIONS”
with AWG17 or AWG18 . . .
E2 . (two-wire connection terminals
cable size . . .
configuration) group (terminal group-3)

EXTERNAL POT connections are galvanically connected to the remaining
AUX terminals. Therefore, when using external pot function, user needs
to ensure that, pot connection cables are not in contact with high-
potential voltage sources.

DAVRA45 Voltage Regulator
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3.12: RELAY contact terminals:
DAVRA45 includes an ALARM relay for external protection accessories. Configure the relay using PC-Tools SW
menu to link it with any failure mode detected by the AVR.

“EXTERNAL POT” terminals identification:

DAVR45
Terminal ID

Connection Rating Terminal group

Screw type terminal with SPST, N/O contacts “AUXILIARY” connection
AWG17 or AWG18 cable 1A/30Vdc contact terminals group
size rating (terminal group-3)

R1
R2

Relay output terminals are organized as Normally Open (N/O) contacts and can be configured via the
configuration software. The relay contacts are of the dry-contact type and are not connected to any internal
potential. It is essential to adhere to the isolation voltage rating of the relay, especially if the contacts are to be
linked to different power sources.

3.13: Communication Port Connection:

DAVR45 is fitted with a “USB Type-B” communication port socket for device configuration. This port is
“Galvanically Isolated” and can be connected to PC during device configuration. Since the port is galvanically
isolated, it is possible to monitor AVR performance while the AVR is live on the alternator.

All device variables and parameter settings can be reached from this port, allowing easy AVR set-up from control
devices. Terminal identifications are shown in the table below:

“USB” Communication port identification:

DAVR45 . . .
Terminal ID Connection Rating Terminal group
Type-B USB cable Galvanically isolated Connection terminals
USB .
connection to 500Vac group-3

There is galvanic isolation between “POWER CONNECTION TERMINALS” group
and “AUX & COMMUNICATION” terminals group. Since “AUX & COMMUNICATION”
group terminals are all connected on the same galvanic system, take
notice of this when connecting the analogue terminals to an external
system, while using the USB com port on your PC.

DAVRA45 Voltage Regulator
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3.14: Trimmers and Indicators:

DAVRA45 unit has integrated trimmers on board to manually set critical parameter values if necessary, during
commissioning. Onboard trimmers are shown in the table below:

On-board Trimmers & Indicators:

DAVR45 . . .
Trimmers ID Connection Rating Terminal group
+20%
VLT VOLTS trimmer +20% of set parameter
value
K £t £ PID “TRIMMERS &

STB STABILITY trimmer PS¢ 1”gt° INDICATORS” group

parameters (terminal group-2)
DRP DROOP trimmer +10% of set value

There is also a STATUS indicator RGB LED integrated with the AVR unit. This indicator signals the operating
status of the AVR during operation. It is an RGB LED, and the status indication is coded with colour and
intermittent operations of the LED. For more detailed information about the LED indicator signals, please refer
to the related chapter in this user manual.

The warning LED signal code is given below:

e GREEN for NORMAL operation
e RED for ALARM and UFRO
e BLUE flashing for USB communication

If the AVR shuts down due to an alarm condition, the alarm is stored in the AVR memory register and
simultaneously pushed into the ALARM LOG stack. The alarm log is a 64-level FIFO type, allowing users to log
in and check the most recent alarm type before shut-down.

When the alternator starts again, the AVR LED indicator will blink red, indicating that the previous shut-down
resulted from an alarm condition rather than a regular shut-down. Users can then log into the device to identify
the failure mode before the shut-down.

DAVRA45 Voltage Regulator
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4- Voltage Requlation:

DAVRA45 regulates the voltage seen across its “VOLTAGE SENSING” terminals, U, V and W phase connections
of the alternator STATOR windings. Since the AVR is designed to regulate the voltage across its sensing
terminals U, V and W, user MUST select the correct voltage sensing range using PC-Tools configuration
software (please refer to PC-Tools configuration software section of this manual) according to the stator wiring
configuration.

There are several different methods to set the regulation voltage reference on the AVR unit:

Using “PC-Tool” Configuration Software,

VLT trimmer pot position on the AVR unit, (configured with “PC-Tool” S/W),
EXTERNAL POT connection on the AUX terminals,

ANALOGUE signal input connection at the AUX terminals,

Pob-~

4.1: AVR Voltage Sensing configuration:

As described in the “AVR Wiring Schematic Configuration” tables above, voltage sensing of the AVR can be
arranged either as “Y-Star Series Connection” or “YY-Star Parallel Connection” and based on the wiring
configuration, user must select the “Voltage Sense Rating” of the wiring configuration for the AVR unit.

“Sensing Mode Configuration” is set by parameter [P122] according to the table below:

Pi;;ﬂi:fr Parameter Description Units/Type zggiﬂﬁ;;: Explanations
UV, VW, WU configuration
AltePnaFOr Stator _ ) 1, 2, 4 (2-phase or Phase-Neutral
[P122] Phasg wiring Configuration connection, default = 4)
configuration parameter - ;
selection 7 U -V - W configuration
(3-phase connection)

If [P122] = 4” (default factory set value) and the AVR is connected in “Phase-Neutral” configuration, then the
Neutral line should be connected to the “W” terminal of the AVR, as shown in the wiring configuration tables
above. In all configuration settings, CT must be connected to “V” phase of the stator in the correct polarity.

4-2. AVR “Voltage Range Selection” and VLT Pot setting:
Onboard VLT pot allows the user to set the alternator voltage during operation. Nominal voltage regulation set
point value of the VLT pot can be set by software configuration parameter [P100]. The VLT pot voltage setting

range is selected with parameter [P139] as a percentage of the parameter value of [P100] over full VLT pot
adjustment range.

Parameter Parameter Description Units Paramgﬁgr Set Explanations
number Limits
“Nominal RMS Voltage Voltage Range Selection:
[P100] Set” value. (U-V-W VOLT 100 - 480 100Vac RMS to 480Vac RMS
phase-phase voltage (rms) | (default=100) | (factory default value:
value) 100)
Adjustment range:
“Volts Trimmer Effective o - 30 +0% to *15% of P100
[P139] range” value. (VLT Pot % (default=30) parameter set value,
adjustment range) (factory default value:
30)

Parameter “P100” sets the voltage regulation reference point with VLT trimmer set to its MID position.

DAVRA45 Voltage Regulator
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EXAMPLE:
Set voltage regulation to 380Vac and VLT pot setting range to £15% (323Vac rms to 437Vac rms):

e Set parameter [P100] to 380
e Set parameter [P139] to 30

The result is shown in table below:

Alternator
Parameter setting: stator voltage VLT pot setting: Explanations:
(U-W):
T VLT POT set to mid
380vac rms ™ | position (nominal
P N set position)
2N
MIN(-15%) " AMAX(+15%)
[P100] = 380 0%
[P139] = 30 s
1 stat ,/ B VLT pot set to MIN.
(n§m1na Srator 323Vac rms [l e position (-15%,
voltage is set to A turned fully CCW)
380Vac and pot range . e
to +15% of 380Vac) MIN(-15%) " MAX(+15%)
0%
) VLT pot set to MAX.
437Vac rms ) position (+15%,
; turned fully CW)
MIN(-15%) " MAX(+15%)

In the above example, AVR nominal regulation voltage level is set to 380 (Vac rms) and onboard VLT pot setting
range is set to 30 (£15%). In this case, if the VLT pot position is set to MID position as shown in the table above
(nominal voltage set value position), AVR will regulate the alternator voltage at 380Vac. Rotating the VLT pot to
its minimum position (fully CCW) will reduce the alternator voltage down to 320Vac (-15% of nominal set value,
set by parameter [P139]). Rotating the VLT pot to its maximum position (fully CW) will increase the alternator
voltage to 440Vac (+15% of nominal set value). User can set the minimum and maximum voltage adjustment
range by setting parameter [P139] according to requirement.

4.3: Setting the CT ratio on AVR unit:

If stator current is going to be monitored for line compensation or reactive droop compensation, alternator CT
must be wired across S1 and S2 terminals of the AVR unit. The CT ratio can either be set as X/1 or X/5 on the
AVR unit. Therefore, based on the current transformer used on the alternator, user must set the “TRANSFER
RATIO” of the CT on the AVR to ensure that, 1PU of stator current corresponds to the correct value through S1
— S2 terminals of the AVR unit.
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This is done by setting parameter [P135] in the parameter list as shown in the table below:

Parameter | Parameter . Parameter .
e s Units R Explanations:
number Description Settings
[P135] Transformer alternator
transfer ratio current rating [1024] X/1 ratio (1PU = 1A)

4-4. External Pot connection (E1 & E2 terminals):
DAVRA45 allows controlling of the alternator voltage via an “EXTERNAL POT”, connected away from the AVR
unit. Connection is shown in figure below:

This pot can be mounted at a remote location on the generator to allow the user to “fine-tune” alternator voltage
as required. Maximum cable length should not exceed 3m and must be shielded for safe operation if the cable
length exceeds 1m. Up to 1m cable length, twisted cable pair can be used.

|
| DAVR45

EXTERNAL :
POT (1KQ) |
|

Cable shield :
EARTH :
- |

If the cable length exceeds 1m, it is recommended that a shielded cable is used, and the cable shield is
connected to EARTH terminal near the AVR side only, opposite end of the shield should be left unconnected.
DAVR45 detects the external POT connection status and user is required to set the “External Pot Effective
Range” parameter [P142] to suit their application, as shown in table below:

Parameter

Parameter Description Units Explanations:
number

. Adjustment range:
[P142] External Pot Effective % 10% to +15% of set nominal voltage

Range value (factory default value: 30)
Set [P123] to “©” to ENABLE EXT. POT
function.
[P123] AUX. Input Mode Selection 0 -3

(setting “©” for this parameter
automatically disables A1-A2 input)

External pot acts on the voltage set value by VLT pot and the device configuration parameters. In the example
given below, the VLT pot is set to 380Vac rms (VLT trimmer pot set to MID position) and the “External Pot”
effective control range is set to £10% which corresponds to 380Vac +38Vac effective external pot set range.

DAVRA45 Voltage Regulator



‘
lE‘ CONTROL SYSTEMS

USER MANUAL Automatic Voltage Regulators
EXAMPLE:
Set EXTERNAL Pot adjustment range to +10% for above shown example:
Alternator
Parameter setting: stator voltage VLT pot setting: Explanations:
(U-W):
[P1eo] = 380 VLT POT set to 380Vac
[P123] = @ 380vVac rms CH> rms (trimmer at MID
[P139] = 15 e position)
[P142] = 20
EXT. POT
MID. POSITION
(nominal stator voltage is 0
set to 380Vac and pot range " EXTERNAL Pot £t
to +10% of 380Vac J// ot set to
) 342vac rms @ minimum (fully CCW)
u(v) ‘J R
-10% ‘ +10%
V+10% |-—————————- (fully cw) £XT. POT
vV b MID. POSITION
V-10% [-—————————~- (fully CCW) 2
* EXTERNAL Pot set to
T 418Vac rms q maximum (fully CW)
. &’
External Pot adjustment range -10% * +10%

4-5. AUXILIARY Analogue Signal connections:

DAVRA45 is also equipped with an analogue AUX signal input terminal where an external device can control the
alternator voltage via 0-10Vdc or +5Vdc analogue signal, depending on the parameter selection in configuration
software. By factory default, parameter “AUX Input Mode” [P123] is set to “0” and the function is disabled. If
AUXILIARY signal input function is going to be used, “AUX Input Mode” must be enabled. The mode selection
for AUX input is explained in the table below:

Parameter | Parameter Parameter Explanations:
number Description Set limits P )
0 “AUX Input Mode” fuﬁilingis
function DISABLED
“AUX Input Mode” ENABLED
[P123] ) 1 -5Vdc to +5Vdc analogue
(Ter‘mlnals: Al, voltage signal input “EXT POT”
A2) function 1is
3 ovdc to +10Vdc analogue DISABLED
voltage signal input

If “P123 = ©” then “AUX Input Mode” function is automatically DISABLED
ff and EXTERNAL POT input function is automatically ENABLED.

Setting “P123 = 1, 2 or 3” values, EXTERNAL POT control function will
automatically be DISABLED and at the same time, analogue signal control
will be ENABLED.

AUXILIARY Analogue signal connection terminals are marked as “A1” and “A2” on the AVR plastic tray.
Terminals are shown in figure below.
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For best performance, the cable pair connected to A1 and A2 should be twisted pair or shielded type and should
be installed away from power cables. If shielded cable is used, connect only one end to the GND terminal at the
instrument side.

Type of signal interface is selected by setting parameter [P123] value as shown in table above. Remember that,
if AUX input is ENABLED, EXT POT function is automatically DISABLED.

Parameter
setting:

Signal type:

Connection:

Explanations:

[P123] = 1

+5Vdc input

+5V

DC

-5V

-5Vdc / +5Vdc analogue
signal connection.

A1 internally connected
to AVR GND.

A2 signal is referenced to
A1 potential (GND)
connection.

[P123] =3

0-10Vdc input

+10V

DC

0-10Vdc signal
connection.

A1 internally connected
to AVR GND.

A2 signal is referenced to
A1 potential (GND)
connection.

The effect of the AUX input signal on the AVR output voltage change can also be set. Therefore, 100% swing on the
analogue input signal can only change the AVR output voltage with the limits set by parameter [P124] as shown in
the table below:

Parameter | Parameter c Parameter q
s s Units .. Explanations:
number Description limits
Sets the limit change of AVR
[P124] “AUX Input RANGE” % 0 - 100 voltage reference with
selection ) (default = 30) reference to AUX input
signal

The function description is given in the table below. This example shows the effect of AUX control signal on the
alternator output voltage with “AUX Input RANGE” effect limit set to 20% for a full 100% signal change across
terminals A1 and A2:
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Par‘arpeter' Set Value: Connection and control range: Explanations:
setting:
[
: DAVR45
[
A2
|
[
[
+5V |
| Parameter [P123] = 1
[P123] 1 DC : (AUX input set for +5Vdc
| signal type)
-5V [
|
[
|
Al
|
[
[
[
u(v)
N
440 -———g ———————— ———————— —
400 |~ -~ S
S I S T Parameter [P124] = 20
(AUX input RANGE is set
: bt to £10% affect for 100%
(P124] 20 : : : i’ change in the AUX input
(£10%) AUX(V) * : current signal value)
T (AVR output voltage is
set to 400Vac nominal)
Y . S
0 > t
BV E=———— -

The control characteristics based on the AUX signal input follow a linear relationship, meaning that changes in the
AUX signal input will adjust the AVR voltage reference linearly. This linear control also applies to the trimmer pots on
the AVR; adjusting them from minimum to maximum position will result in a linear change in voltage control.

Galvanic Isolation of the AVR is provided against the sense and power
connection side of the AVR. Therefore, USB port and Analogue AUX terminal
signals are connected to the same power supply, which is galvanically
isolated from the sensing and power connection of the alternator.
Isolation is 5@@Vac, if higher isolation levels required, please contact
the AVR manufacturer.
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5- PID Parameters Settings (Stability control):

DAVR45 uses advanced microcontroller technology to optimize AVR performance for any application. Users can
configure PID parameters to match the AVR's dynamic behaviour with the alternator's response characteristics.

This manual offers technical guidelines for configuring the AVR unit's stability settings with any alternator. It also
includes methods for optimizing the AVR's dynamic behaviour with the diesel engine, detailed in later chapters.

5.1: Understanding DAVR45 Dynamic Behaviour:

The DAVRA45 design uses "Digital Control" technology to convert sensing signals into digital values for high-speed
processing. It is compatible with various alternator frames, requiring the AVR's response characteristics to be
adjusted through PID coefficients to match the alternator's dynamic behaviour.

In other words, by setting the correct PID coefficient values, you must optimise the following characteristics of the
alternator:

e Steady-state regulation of the alternator stator voltage,

e Undershoot (maximum allowed voltage dip) characteristics of the alternator with sudden load application to
the alternator,

e Overshoot (maximum allowed voltage rise) characteristics of the alternator with sudden load removal from
the alternator,

e Recovery time in “seconds”,

General dynamic behaviour of a Generator set is shown in the graphics below:

Ur

Recovery Recovery 1.5 T ' T j " ' : .
time time d | reference signal
Ur+25% /\
I/\\ / \\ If\l I
A A
ur WAL Tt leee) 1 ~
| \J
Ur-20% \/
Ur 05 b}
LOAD
ON
0 J
1 1 1 1 1 1 1 1 1
OFF t (sec) 0 2 4 3 8 o 12 14 1B 18 20

The limits of the recovery time and the transient response levels are determined by 1ISO8528-5:2018 and user should
set AVR PID and LAM parameters to ensure that overall generator can perform according to the required “G” class
operational limits.

5.2: Using “STB” trimmer on the AVR unit:

The AVR unit includes an integrated stability trimmer pot (STB pot) that allows users to fine-tune the KP value of PID
parameters within a limited range, set by configuration software. For main PID settings adjustments, use the
configuration tool software. The STB trimmer's effective range can also be defined using parameter “P140”, as shown
in the table below.

Parameter | Parameter . Parameter set c
s s Units A Explanations:
number Description limits
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«STB” Trimmer pot 0 - 30 Changes the value of Kpas

% % of the value set by

] adjustment range (default = 30)
parameter [P110]

The PID parameter descriptions are given in the table below:

Panruammbeet:r Parameter Description Set limits Explanations:
L. Proportional coefficient of the
[P110] Coefficient of 0 - 2048 controller. Increasing it will
Proportional Kp value (default = 425) | cause faster AVR reaction but
worse steady state stability.
Integral coefficient of the
Coefficient of Integral 0 - 2048 controller. Increasing it will
[P111] K Default = 250 cause better steady state
I value (Default = ) stability but worse reaction
time.
Coefficient of Derivative coefficient of the
[P112] oerricient o 0 - 2048 controller. Increasing it will
Differential Kp value (Default = 125) | cause faster AVR reaction but
worse steady state stability.

5.3: Definition of Kp (Differential Coefficient) parameter:

KP sets the “Proportional Gain” for the PID function of the AVR unit. It should match the steady-state voltage
regulation ripple value and meet AVR performance standards.

KP responds to the error signal by adjusting based on deviation from the reference point. Higher values improve
response time but may cause overshoot and oscillations, while lower values slow the system's response. Ensure the
voltage regulation ripple stays within limits and the response time is adequate.

Set KP in relation to Kl and KD, considering the desired response of the alternator system.

5.4: Definition of K (Integral Coefficient) parameter:

The Kl parameter sets the "Integral Gain" of the PID system, addressing steady-state errors by accumulating past
errors. A high Kl value may cause instability, while a low value limits error correction but reduces oscillations. Adjust
Kl in conjunction with other PID parameters for optimal performance during sudden load changes on the alternator.

5.5: Definition of Kp (Differential Coefficient) parameter:

The KD coefficient is the derivative gain value that adjusts future load trends based on the error rate. Increasing it
reduces overshoot and dampens the system, but excessive values may amplify noise. Low settings reduce response
time to sudden load changes. Set the differential coefficient with the integral and proportional coefficients for optimal
performance.

As a practical approach, PID settings can be done as follows:
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1. Set Kiand Kb to a low level and slowly increase Kr coefficient value until the voltage regulation starts to
oscillate,

2. Then start increasing Ki to eliminate the voltage ripple to get smooth voltage regulation on the alternator
output,

3. Then introduce Kb to get best performance with step load change,

4. Repeat the value settings to make sure that best dynamic performance is achieved under all operating
conditions,

5. Use factory settings for PID values for DAVR45 to start fine tuning the values to get best dynamic
performance with the alternator,

5.6: Steady State Voltage Regulation:

While PID coefficients determine the dynamic performance of the AVR and the alternator, it's essential to also focus
on steady-state voltage regulation and no-load voltage ripple. Adjust the PID gain values for optimal steady-state
voltage regulation as specified in the AVR technical documentation. The table below defines steady-state voltage
regulation.

g:;i?;:i;on Units Function Description Explanations:
\
A
Vref + Vek ]
Steady-State — V(ref) +0.25%
ReV goullJc aatgieon * Viref) ] (specified
] ripple factor)
Vref - Vpk
> T

For example, if the stator voltage reference is 400Vac, the AVR can regulate it with less than +1Vpk-pk ripple. The
PID constants of the AVR must be tuned according to the alternator's dynamic characteristics.

5.7 Reference Change “Ramp Limit” function:

When changing the voltage reference either from software or using VLT pot on the AVR or using the EXTERNAL

Pot, it is possible to smooth the voltage change response, with respect to the unit change in reference regulation

voltage value, so that the alternator stator voltage has smooth and stable delayed control to avoid any unwanted

fluctuations due to setting inconsistency. It is possible to set this characteristic with parameter number [P107] and
function description is explained in the table below:

Parameter | Parameter . Parameter set .
e s Units . . Explanations:
number Description limits
Reference Change 0 - 100 Sets some time delay while
[P107] RAMP limit V/s (Default = 50) changing the voltage
function - reference value of the AVR
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5.8: Dynamic behaviour of AVR based on PID settings:

By carefully setting the PID parameter values, it is possible to adopt the AVR to perform under any operating
conditions with a wide range of alternator frame sizes. The effects of P, | and D coefficient settings of the AVR unit is
described in basic terms in the following table:

Ke, Kz and Kp coefficients ALTERNATOR RESPONSE
Ur
Recovery Recovery
! time ! ! time

uresoe |l
AVR PID settings “Under-damped”: ‘

Kr and Kp coefficients set too high, K: T .
coefficient set too low! Ur | UU V I t (sec)
(Step load response is under-damped, and Up20%7~~4 e T § ,,,,,,,,,
ringing is high, transient peaks are ‘ ‘
high) | |
v |
LOAD
ON
OFF t (sec)
ur

Recovery Recovery
time ! ! time
|

Ur+25%

AVR PID settings “Over-damped”:

Ur

K: coefficient is set too high and Kp and | | | \/ |
Kp coefficients are set too low! Ur-20% |- R N A — S —

(Step load response is Over-damped, and

ringing is moderate, transient peaks are
within limits, but recovery time is too

long)

ON

OFF t (sec)
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ur
Recovery Recovery
| time | | time |
Ur+25% - [\ fffff

i /\ ; 1, NA;
AVR PID Parameters set correctly: ur \/ kf 3 \/W t(sec)
Ke K1 and Kp coefficients set correctly, Ur-20% b \/4 ,,,,,,,,,,,,,,,,,,,,,,, 4 ,,,,,
(Transients are within operational
limits, recovery time is according to G1,

G2 or G3 operating limits)

LOAD |

ON

OFF « t (sec)

5.9: Management of set PID parameters:

DAVR45 requires PID parameter settings for specific alternator models based on their design parameters and
dynamic transient response characteristics. Once the optimal PID settings are identified, the parameter set can be
saved and automatically recalled for future use.

The “PC Configuration Software Tool” enables users to save parameter sets for specific alternator frame sizes, which
can be recalled for automatic download during the production phase. As a result, PID parameter tuning needs to be
set only once per alternator type and can be reused in the future.
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6- “Load Acceptance” Parameter Settings:

DAVR45 has excellent algorithms to allow high performance during operation in a genset configuration. Based on
the engine response time and characteristics with high block load application, DAVR45 behaviour can be set to ease
the burden on the diesel engine and at the same time, control the alternator excitation drive to ensure excellent
performance characteristics for demanding applications.

By setting the parameters carefully, it is possible to down-size the prime mover to handle high-power block load
applications and yet stay within ISO8528 standard operating limits. The LAM control parameters are given below
and explained in detail in the following chapters:

- UFRO Knee point [P117]

- DIP rate [P118]

- DWELL recovery duration [P119]
- LAM mode selection [P120]

6.1: Setting UFRO parameters:

To protect the alternator excitation system, the DAVR45 AVR unit can adjust based on the prime mover's speed to
reduce the alternator's excitation and stator voltage, preventing over-excitation. The parameters [P117] and [P118]
set the frequency roll-off point and the voltage reduction slope. Details are in the table below:

Parameter Paramgter Set limits Explanations:
number: Description:
U(v)
40 - 65 Tt
UFRO Knee Adjust range
BECDA Point (Hz) (default is
48)
0 - 80
DIP Rate
[P (V/Hz) (default is
8) N
> Hz
65

UFRO knee point is the frequency threshold level, where the voltage starts to dip with respect to unit change in
frequency and this value is set by parameter [P117]. This parameter can be set within the limits 40Hz to 65Hz.
Factory default value of parameter [P117] is set to 48Hz (for a 50Hz system) and can be changed, if required.

This parameter value should be set according to the engine response characteristics and the speed governor
performance. If engine has a fast response characteristic to recover from a sudden block load application, [P117]
can be set to a lower value. If engine is slow to recover, [P117] can be set closer to the nominal operating
frequency to allow the voltage to dip with small frequency reduction against a sudden load, hence reducing the
load burden on the engine.
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Once reached at UFRO roll-off point in frequency, DAVR45 will start to control the internal voltage reference point
to reduce the alternator stator voltage at a rate set by parameter [P118]. This parameter will determine the rate of
reduction in voltage as a function of reduction in frequency.

User should set this parameter according to the prime mover capacity and the application requirements. [P118] can
be set in a range of 0V/Hz to 80V/Hz, and this value will determine how fast the voltage dips, when a sudden load
is applied to the generator. The parameter details are shown in the above table, and the parameter factory default
setting is set for 8.0V/Hz reduction in stator voltage.

6.2: Setting “Load Acceptance” parameters (LAM):

LAM function is designed to increase the recovery capacity of the generator when a sudden block load is applied to
the generator output. LAM function acts upon the frequency variance of the generator with sudden high load
application and accurately adjusts the AVR voltage set point to allow the generator to recover from its high dynamic
stress status.

LAM function adjust trimmer pot on the AVR unit allows the user to set the behaviour of the generator, according to
the required sudden block load recovery capability of the overall system. LAM function is a complex function, and it
covers the whole period, from sudden load application to complete recovery of the generator system. LAM function
is simply illustrated below:

UFRO
F(Hz) knee point
df2
dT
T > Time
u(v) E S Lo
HE cC 0 uC
N 'S $¢ 1 &2
[ oo , +¥O0
= a v , U
1 oA cCw 1+ OO0
1 > we 1 >¢
dva 5 dv2
df ! dt
T i > Time
LOAD : ;
(KW) : :
oKW : : > Time
T1 T2 T3 T4
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Setting “Dip Rate” parameter [P118] = 0 will cancel the function, means that there will be no voltage reduction per
change in generator frequency, when block load is applied to the generator. When load is applied to the generator,
AVR will try to keep the alternator voltage according to the set regulation level. In applications where there will be
no sudden high load applications to the generator, this option may be preferred to ensure stiff voltage regulation
against load variations based on the load capacity and diesel engine limits.

LAM operation mode is selected with parameter [P120] and user can either select “NORMAL” operation or
“‘ENHANCED” operation mode characteristics, based on their engine type and application requirements. Setting
[P120] = 0 will select the “NORMAL” operation mode and in this mode, voltage starts to recover as soon as the
frequency starts to increase (frequency gradient changes to positive). This will allow the voltage to recover quickly
but puts a heavier burden on the engine. The rate of voltage rise (recovering from dip state) is set with parameter
[P119], which determines the time (dV2/dt) the alternator voltage recovers back to its set normal reference value.

6.2.1: Setting DWELL (Relaxation) parameters:

To set the recovery characteristics following a voltage DIP condition, it is required to set the time the voltage rises
back to its nominal set voltage regulation reference value. In other words, the slope of recovery characteristics must
also be set before the generator can return to its normal operating conditions.

To set this characteristic, parameter [P119] (DWELL time) is used. This parameter is also further enhanced with
parameter [P120] (LAM Mode Selection), which selects the type of recovery characteristics from a DIP state. DAVR45
allows two different recovery characteristics, which can be set by parameter [P120], and the detailed operation is
shown in table below:

Parameter | Parameter Set limits Explanations:
number: Description P )
DWELL Time
setting 0 - 480 U(v) F(Hz)
[P119] . T Frequency — .°. N
(+dV2/dt) (gefault is i | ‘ S
V/sec D N ! i volge 1Nt
------- S R R
r N ‘.
u(r) b—————— ‘,.‘__1‘_____ __‘17 ______ ——
A2
dvi ! \ t Vv
—_— | °l
A o
(V/Hz) | - ! (V/sec) |
V(min) . T J:‘ —".— :— - —,'—"— - —‘* ————————————
(Min. Vflta% | } . }
LAM Mode DIP level) | |
Selection [P120] = @ ! i DWELL i
[P120] 1 TE
(NO-DELAY (Ng'”"al : —
mode) mode) 1 t2 3 (seconds)
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Parameter Par‘amt.eter_‘ Set limits Explanations:
number: Description
DWELL Time
. 0 - 480 U(v)
setting A Frequency F(ti\Z)
[P119]
(+dv2/dT) (idsef[aeu]l)t
V/sec UFRO
Knee
u(r) |
|
|
|
i
|
V(min) - i
LAM Mode (Min. Veltage | | | |
DIP leve
: P120] = 1 g | |
Selection | | ] i ¥ DWELL i VOLTAGE i
[P120] (Enhanced ! i TIME | RECOVERY |
(DELAY - *
Mode) mode) e )t 2 t3 t4

6.2.2: Setting Minimum Voltage Reference Percentage:

When setting LAM parameters, if the user intends to comply with ISO8528 standards for operating limits, the
minimum voltage DIP level should be set according to the "G" performance class. In this scenario, the minimum
voltage DIP level must also be controlled and set through the parameter configuration menu. To configure the
minimum voltage DIP limit level, parameter “P109” needs to be adjusted. The details of this parameter are provided

in the table below:

Parameter Param?ter Set limits Explanations:
number: Description
U(v)
N (V/Hz)
av
df
u(r) e
Voltage DIP 0-100
Level Yoltige DIP
eve
[P169] (default=
(% of Uu(r)) 75) / % of U(r)
V(min) p—————— —_——M N
Time
> (seconds)
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In the example above, Voltage Regulation reference is set to 400Vac (alternator is generating 400Vac) and if [P109]
= 50, it will allow the voltage DIP to limit at 50% of 400Vac, which is 200Vac. In this case, DAVR45 will try to maintain

the minimum DIP voltage level at 200Vac even if the frequency drop exceeds the “DIP Rate” determined voltage
level.

6.3: Further explanations on LAM operation mode selection [P120]:

Selecting the correct LAM operation mode is effective in the final performance of the generator. “NORMAL”
operation mode selection [P120 = 0] sets the AVR to start restoring the alternator voltage, as soon as the gradient
of frequency response turns positive. In this case, AVR will start to control the voltage recover behavior, based on
the parameter [P119] set value. If the prime mover can recover quickly after block load application, this operation
mode will recover the alternator voltage with minimum time delay.

If LAM operation mode is selected as “ENHANCED” mode, then the AVR will wait at the minimum voltage
reference value until the prime mover recovers, and the frequency hits the UFRO Knee point value. Only then will
the voltage start to rise, based on the selected value of parameter [P119]. During this time interval, AVR will delay
its DWELL start time and will control the rate of voltage rise according to parameter [P119].
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7- “Droop”’ Parameter Settings:

The DAVR45 AVR unit includes a built-in CT to measure alternator load current. It performs reactive load and resistive
line drop compensation based on the stator current's phase angle and magnitude. Set operation mode with
parameter [P137] and adjust the DROOP trimmer range with parameter [P141].

Parameter Setting Range:

LINE VOLTAGE DROP COMPENSATION DRP POT Setting

Number:

[P137]
[P141] =

I
o

(DROOP
function
Disabled)

[P137]
[P141]

1
3

(LINE DROP
Compensation
set for 3%)

[P137] (@ - 3)
Default=0

[P141] (0 -
10)
Default=6

U (volts)

N

400v 400V

KwW

v

25% 50% 75% 100%

(No compensation based on the stator
load current)

“DRP” Pot
disabled.

U (volts)
N

412V
400V =

S
(kVA)

25% 50% 75% 100%

(LINE DROP compensation mode enabled)

“DRP” Pot set
for LINE DROP

compensation
U (volts) 5%
[P137] = 2 / ;
[P141] = 10 200V
380V
(LOAD
BALANCE
Compensation : : : KW
set for 10%) 25% 50% 75%  100% “DRP” Pot set
for LOAD
(LOAD BALANCE compensation mode BALANCE
enabled) compensation
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U (volts) 5?’
[P137]=3 [P137] 1 il
[P141]1=10 (0-23) 400V = ,
(REACTIVE o S
DROOP [P141] 0% 7 -10%
Compensation (0-10) : : : s Q
set for 10%) 5% 0% 5% 100% (kVAR) “DRP” Pot set for
REACTIVE DROOP
Compensation

(QUARATURE DROOP compensation mode enabled)

When the “LOAD BALANCE” mode is selected ([P137] = 2), DAVR45 calculates the magnitude of the stator load
and adjusts the set "Voltage Reference" of the AVR accordingly to alleviate the load on the Generator. This feature
is particularly useful when the Generator is supplying high motor loads, allowing the prime mover to manage the load
efficiently without triggering secondary protection devices.

7.1: “Droop” Phase Compensation:

In systems where multiple generators are connected to the same busbar, each generator shares the reactive
component equally. When connecting generators with different power ratings or brands, it may be necessary to
correct the phase angle of the reactive component on the CT measured current vector. The DAVR45 AVR unit allows
for this adjustment by setting the correct phase angle, ensuring accurate compensation and equal sharing of the
reactive load. The parameter definitions are shown in the table below:

Parameter Parameter Setting

Number Description | limits AT S
E
A \
0 - 1200 i
(+0° to +60°) “

DROOP Phase

compensation - e : > Q
Default = 600 y=x* /
(£30°) |

|
-60° ! +60°
|

[P138]

\J
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8- AVR “START SEQUENCE” Control:

DAVRA45 Voltage Regulator unit is designed with comprehensive “START CONTROL” functions and can be tailored
to fit all demanding applications.

The DAVR's starting procedure in AVR mode can be configured using the “Starting Frequency” and “Starting Time
Delay” parameters. The “Starting Frequency” defines the minimum generator frequency at which the DAVR begins
regulating voltage. Once this frequency is reached, the “Starting Time Delay” parameter determines the additional
waiting time before the DAVR activates field excitation.

The “Starting Frequency” is measured from the sense input terminals and ensures that the generator reaches a
stable operating speed before voltage regulation begins. The “Starting Time Delay” allows further control by
introducing a controlled delay after the frequency threshold is met. This delay can be useful for synchronizing multiple
gensets in parallel operation or for delaying the application of load to the generator. Proper configuration of these
parameters helps prevent premature excitation and ensures a smooth startup sequence.

START sequence has the following control zones, which can be configured via PC-Tools SW menu. The AVR unit
will drive the excitation (voltage regulation) based on the conditions set by the user. The following start sequence
features can be set:

Frequency (rpm) dependent start delay,
Time dependent start delay,

Ramp fitted start sequence,

“Start” control from menu parameter set,
“Start control” via an external signal,

aRrwh=~

The above start-sequence parameters should be set by the user to define the start characteristics of the alternator,
based on the operation of the prime mover. The alternator residual voltage seen across the P1 and P2 power input
terminals must be at least 6Vac to automatically start the voltage build-up on the alternator stator windings. If the
residual voltage is below 6Vac, the AVR may not have sufficient energy to start excitation. In this case, the excitation
winding needs to be briefly flashed with a 9V battery, connected with the correct polarity to the F- and F+ terminals.

A graphical representation of the start sequence functions is shown in figure below:

F(Hz) V(volts)
A A

RUNNING
F(ref) - - - ———F—————"——"—-"————

V(ref)

Software
configurable

Engine End of start
Crank sequence

As graphically shown above, the START SEQUENCE of the AVR must be configured to suit the required application.
The sequence starts with the engine cranking and ends with the user determined condition, where normal AVR mode
operation (normal voltage regulation) starts. This can vary from a few milliseconds to almost 2 hours (7200 seconds)
which can fit for almost any demand in the field.

DAVRA45 Voltage Regulator



‘
Lk‘ CONTROL SYSTEMS

USER MANUAL Automatic Voltage Regulators

In addition to the configurable “Start Sequence” features, the AVR operation can be put in “HALT” condition by
activating one of the configurable digital inputs. This feature, together with the “Start Sequence” features make
DAVRA45 suitable for special applications, where the prime mover cannot start immediately like the classic diesel
engines.

“Start Sequence” also be activated via “External Start” control input, which is described further in this user manual.
If “Start Sequence” parameters are set according to user requirement, AVR will start operation with set start pattern,
after receiving the “External Start” signal from one of its programmed digital inputs.

The “START SEQUENCE” features are described in more detail below:

8.1: “Starting Frequency” Delay function:

DAVR45 operation can be delayed until the prime mover reaches a predetermined speed (alternator frequency
sensed across the sensing terminals) level and at this instant, AVR will check other linked parameters and control
the alternator excitation accordingly.

The DAVR's starting procedure in AVR mode can be configured using the “Starting Frequency” and “Starting Delay”
parameters. The Starting Frequency defines the minimum generator frequency at which the DAVR begins regulating
voltage. Once this frequency is reached, the Starting Delay parameter determines the additional waiting time before
the DAVR activates field excitation.

The “Start Frequency” is measured from the sense input terminals and ensures that the generator reaches a stable
operating speed before voltage regulation begins. The “Start Time Delay” allows further control by introducing a
“controlled delay” after the frequency threshold is met. This delay can be useful for synchronizing multiple gensets
in parallel operation or for delaying the application of load to the generator. Proper configuration of these parameters
helps prevent premature excitation and ensures a smooth startup sequence.

“START FREQUENCY DELAY” function is set with the parameter number [P105], and the function is described in
more detail in the following table:

Parameter Parameter Setting

Number Description | limits Graphical presentation:

F(Hz) V(volts)
A

START 25.75 | LT

FREQUENCY
Delay control

function (Hertz) | |  25Hz|f-----

[P105]

Residual
Voltage
control zone,

Frequency
dependent

Controlled DELAY
zone

Controlled AVR
regulation zone

ey

Engine AVR
Crank Enabled To
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Until the start frequency is reached (25Hz minimum), AVR will regulate the alternator voltage at around 60Vac to
maintain its own power to the AVR hardware. If the residual voltage level of the alternator is higher than this level,
the AVR will operate at this residual voltage level, until the start sequence begins. A minimum of 6Vac across P1 and
P2 is required to start the AVR control. If this voltage level is not reached during start of the operation, AVR may not
be able to start controlling its excitation drive function. If PMG is used to power the AVR (2-phase), starting from
residue voltage will not be any concern for the AVR unit.

AVR START SEQUENCE control parameters are used in combination with each other and must be set according to
the application requirements. The following START CONTROL parameters should be set together to control the AVR
as per application requirements.

8.2: “Start Time Delay” Function:

Once the STARTING FREQUENCY limit is reached, AVR will check the “START TIME Delay” period and control the
AVR excitation function according to its set parameter values. “START TIME Delay” function and its related parameter
settings explained in more detail in the table below:

Parameter Parameter | Set Graphical presentation:
Number Description | limits P P :
F(Hz) V(volts)
A A
o
F(nom.) [|-—=—-—-- 1— ————— —I‘ ————————— ‘
| [
0-7200 ! | Comtolica DECAY |
______ R P s e
AVR START | o0 s) ! !
[P1 04] TIME Delay : Residual : Controlled AVR
fUnCtiOﬂ | V?Iltaléz I regulation zone
| control zone |
Default=0 25Hz [F----- S e ——————————
T
|
| | I
I l
. ; i >t
I I 1
Engine
Crank e =

“START TIME DELAY” value is set by parameter [P104] and can be adjusted between 0 sec. to 7200 sec. time
duration. The timing will start (T9) after the START FREQUENCY value is reached by the prime mover. Until the end
of the start delay time, DAVR45 will regulate the alternator phase voltage at around 60Vac. This is required to power
its own hardware circuit inside the AVR. If the residual voltage is higher than this value at the prime mover “idle” or
“running” speed (prime mover speed can be set to any level during this period, provided that it is running at its
nominal speed before the “Start Delay” time (T1) is ended.

During “Start Delay” period, AVR will not start “Excitation” and wait at REST condition, until the end of the “Start
Delay” period. At the end of this controlled delay time, if the prime mover has exceeded the minimum operating
frequency level (25Hz) and if the operating frequency is equal or more than the “Start Frequency” value, controlled
excitation will start and set voltage regulation will be reached.
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8.3: “Soft Start Ramp” Function:

The Startup Voltage Ramp is a controlled voltage increase phase that begins after the Starting Frequency and
Starting Delay conditions are met. Once the delay time has elapsed, the DAVR gradually increases the output voltage
toward the configured set voltage using a ramp rate defined in volts per second (V/S).

This controlled ramping prevents sudden voltage surges, reducing stress on the alternator, connected loads, and
power system components. It ensures a smooth and stable transition to the operating voltage, minimizing inrush
currents and mechanical strain on the generator. Proper configuration of the Startup Voltage Ramp is essential for
optimizing startup behavior, especially when operating in parallel with other generators or supplying sensitive loads.

“SOFT START Ramp” delay function checks that both set starting frequency conditions are satisfied and the START
DELAY time has already elapsed, following these two conditions the AVR will act according to the set value of “SOFT
START Ramp” parameter.

The related parameter number is [P106] and can be set between 0 to 7200 seconds. The parameter and its function
are explained in more detail in the table below:

Parameter Parameter Setting Graphical presentation:
Number Description | limits P P :
F(Hz)
A I I I I
| | | |
} AVR Disbaled | AVREnabled |
F(set) {-——-—-—- m— = T t T
l l l
| |
F (start) | | }
(25-75Hz) [~~~ 7 K T !
| | |
| | |
Starti
1-7200 | Delay | Delay | |
SOFT— | Time |‘ Time 1 % >t
START Seconds x T 3 !
[P106] ( ) g 5 52 ;
Ramp V(stator) £6 o) g |
function A | ‘ }
Default=1 ! ! l
|
| * :
|
Vref |—————— e T b : -
I | I
I | I
|
i 1 i
! Alternator output voltage } }
V(residue) | ————— ! |
! | -t
Start Ramp
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8.4: “Auto-Start” Enable/Disable:

DAVR45 has a control parameter to allow the excitation to either start AUTOMATICALLY or wait for an external
“START” Signal from an external device or from the START parameter setting internally. To control the Auto-Start
function, parameter [P102] can be used. Detailed parameter description is given in the table below:

Parameter Para@et?r Setting limits Explanations:
Number Description
[P102] = @
(Disabled) AVR in “HALT” state
AVR AUTO-START Default=0
[P102] control
parameter in mode
t [P102] = 1 AVR in “RUN” d
(Enabléa) (if the alternator is running and there are
no alarm conditions)

8.5: “External Start/Stop” Control function:
(“Remote Start” & “Remote Stop” Control Function for DAVR45)

The DAVR45 can be controlled externally with an external control signal from peripheral control devices. In this
mode, AVR excitation output can be forced into “HALT” status, until a “START” or “STOP” signal is sent from an
external control device to the AVR unit.

As outlined in previous sections, DAVRA45 is fitted with one “Temperature Measurement” input, which can also be set
as “Digital Input” via parameter settings. This input (T1-T2) can be set as a “Digital input” and configured by pre-set
functions. “EXTERNAL START” or “EXTERNAL STOP” signal is applied via external potential-free relay contact
across one of the three digital input terminals. Applying a “closed contact” across the digital input T1-T2 (shorting the
terminals with an external dry contact) activates that function (TRUE). The operation is shown in the table below:

Parameter Parameter

Setting Description External control input Explanations:

_/_

Remote Start / Stop “FALSE”
“AUTO-START”

Disabled
[P102]= © (T1-12)
Default setting
—~—
Remote Start / Stop “TRUE”
(T1-T2)

The details of “Auxiliary Input Configuration” functions will be explained in the next chapter.
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8.6: Manual “Start Control” with parameter setting:

It is possible to “START” or “STOP” the AVR functioning manually, by setting parameter “P101” from the PC-Tools
menu. This parameter also indicates if there has been an automatic HALT due to an alarm state of the AVR.
Parameter function is described in the table below:

(START enable)

Parameter Paramet?r Setting limits Explanations:
Number Description
AVR in “HALT” state. If set manually, it
[P101] = © szrrldes all other START commands on the
(STOP) )
If there is an ALARM condition during
Default = 0 normal operation, this flag is set to “@”
AVR START - automatically and needs to be set manually,
[P101] status or AVR power must be RESET.
control
parameter
AVR in “RUN” mode
(if the alternator is running and there are
[P101] = 1 no alarm conditions)

This parameter can be set manually from the
menu to START or STOP the AVR functions
manually during testing.

This parameter has also a “FLAG” action and automatically sets to “0” if there is an “active alarm” condition. Setting
this parameter to “1” manually will enable normal operating of the AVR but if there is an active alarm condition, “P101”
automatically sets back to “0” internally.

DAVRA45 Voltage Regulator
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9-Configuration of AUXILIARY Inputs:

DAVRA45 is designed with one ADT input (Analogue/Digital/Temperature) and the characteristics of this input can be
configured according to user requirements. AUXILIARY inputs are shown below

S1(s2 (U |V |W F-| F+ P1 | P2
DAVR 45
UsB R1 | R2 T1 T2 Al| A2 E1|E2

ADT Input Hﬂﬁ>

There are various options which the user can choose from, and these options are shown in the table below:

Parameter Parameter Setting options for Explanations:

Number Description parameter P270 and P277 P )
@ = Disabled

P270 ADT input 1 = Analogue type 1input

(MODBUS only)
2 = Digital type 1input
(MODBUS only)

ADT input (terminals T1 and
T2) with optional

B2 ? = Winding temperature configuration settings
input
Monitoring only | 4 = Auxiliary temperature
input
P272 5 = External START

6 = External STOP

The AUXILIARY input can be set to have certain pre-determined characteristics as described in the above table. If
temperature is going to be measured, only RTD type temperature sensors can be used and detailed configuration
and calibration can be executed in the PC-Tools software menu.

If the “ADT” input is set to “0”, this action will disable the AUX channel, and the microcontroller will not read any
values from this channel. It will be good practice to disable (set [P270] to “0”) the AUX channel, if it is not going to be

used in the application.
If the AUX channel control parameter is set to “1”, this will set the channel to read an “Analogue Signal” connected

to the selected AUX terminals of the AVR. This mode is only available for MODBUS applications, and more data is
available in PC-Tools SW package on how to configure the set up for analogue data transmission.
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If a “Digital input” signal is to be connected to the AUX terminals, then respective channel parameter must be set to
“2” and in this case, a dry-contact digital input (potential-free contact input) can be detected by the AVR unit. This
input can be linked to certain functions in the AVR, using PC-Tools SW menu.

AUX input can be used to measure the winding temperature on the alternator. If required, an external temperature
point can be read by the AVR, when connected to a Pt100 temperature sensor. Certain functions can be linked to
this input and limits can be set for alarm or AVR shut-off function. Usually, winding temperature measurement is
configured for this input.

Setting AUX control parameter to [5] or [6] can control the AVR excitation from a remote device. A dry-contact input
is required to activate the function, based on the selected configuration. Remember that the function will only be
“TRUE” if the selected AUX terminal has a short-circuit across its terminals, otherwise it is a “FALSE” state input.

The data registers at [P271] and [P272] for ADT input channel are “read-only” registers. When connected to the PC-
Tools SW package, the user can monitor these registers and track the activity on the AUX channel inputs.

DAVRA45 Voltage Regulator
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10- “Field Winding” connection (Alternator EXCITATION):

DAVR45 is designed to pick up automatically from
residual stator voltage at start-up phase. Residual
magnetism on the rotor excites a small residual
voltage on the alternator stator windings and AVR unit
can start the excitation process from this low residual
voltage.

Minimum required residual voltage is 6VAC (rms)
across the point of power connections (P1 and P2
terminals) of the AVR unit. Notice that if STAR-
SERIES connection is used and power to the AVR is
fed from the mid-winding terminals, minimum 6VAC is
required between these terminals.

Alternator voltage will start to build-up as the engine
rpm starts to increase, and regulation process will start
approximately around 20 - 25Hz (600rpm for a
1500rpm generator system) based on the set
configuration parameters. FIELD winding connection
is polarity sensitive and when connecting the field
terminals, user must ensure correct polarity
connection is made. Connection schematic is shown
below:

ALTERNATOR

Excitor -

Excitor +

F-

F+

AVR

to be flashed,

If the AVR does not start automatically when the prime mover starts,
it is advised to control the residual voltage across the power input
terminals of the AVR unit. If it is low, then the field winding needs
using a 9Vdc battery.
connection polarity and the field polarity is correctly placed before
flashing the field winding.

Make sure that the battery

If SHUNT or AUXILIARY power connection is selected, make sure that the voltage limit is not exceeded across
the power terminals of the AVR. Exceeding the limits can jeopardise the line capacitor operating lifetime on the
AVR. For this connection type, P1 and P2 terminals are used on the AVR unit.

DAVR45 has IGBT controlled drive for FIELD winding and can deliver up to 10Adc for limited period. Under
standard operating limits, the unit can deliver 5A continuous into the FIELD winding at maximum operating
temperature conditions. It is required that, the AVR is mounted such that the air around the AVR heatsink is

freely ventilated.

For proper mounting conditions of the AVR, please refer to the “Mechanical Installation” chapter of this manual.

DAVRA45 Voltage Regulator
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10.1 FIELD drive current capacity:

DAVRA45 has a continuous FIELD drive capacity of 5.0Adc under specified conditions. In order to be able to get
full FIELD power from the AVR, it is mandatory to meet the specified operating conditions. Field drive capacities

are shown in table below:

DAVRA45 is designed for
5.0Adc continuous
operation. Momentary
high-drive states are
shown in the graphics.

Notice that; after high-
current drive state,
FIELD current must
reduce back to
continuous drive current
value and next high-
drive state cannot occur
before 3600 seconds,
this is necessary for the
AVR to cool down,
before next high-drive
state can be handled.

FIELD CURRENT

(DCA)
N
10.0
7.0 -
5.0 -
0 : ! ! > Time
Normal i Max. cont. | 20sec |
operation | operation | max ! >3600sec.

10sec max.

(once per hour
max.)

For reliable operation of the AVR unit, the specified limits of the
AVR should not be exceeded. Excitation drive 1limit data is given as a
guidance only and operating conditions may change these limits. It is
always recommended that, AVR mount location is well ventilated and
there is enough room for free air flow during operation. Also, it is
a good practice NOT TO mount the AVR very close to heat radiating
elements.

Alternator “Excitation” winding characteristics MUST be considered to
determine the maximum limits of the system with the AVR. AVR limits
do not guarantee a safe operation condition for the “Excitation”
winding of the alternator. When configuring the AVR limits, user MUST
also consider the limits of the alternator windings at the same time.

FIELD Overexcitation function is designed to calculate the thermal build-up energy in the FIELD winding and
the function is based on the IDMT operation curve characteristics of fuse operation. In this function, the AVR
measures the magnitude of the Excitation current and integrates this value against the time parameter and
based on the mathematical model built into the AVR unit, the approximate Excitation temperature is calculated
and OVEREXCITATION protection function acts upon the outcome of this calculation.

If correctly set, this function can protect the alternator winding limit conditions based on the alternator loading
and the excitation current pattern. This function can be configured via PC-Tools software menu.

DAVRA45 Voltage Regulator
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10.2: “Safe Operating Area” and “Excitation Power” Limit:

DAVR45 can deliver continuous 5.0Adc and momentary 10.0Adc into the excitation winding under specified
operating conditions. Instantaneous excitation power is limited with the hardware circuit of the driver stage
and also with the thermal cooling capacity of the heatsink.

To be able to operate within the safe limits of the device, specified voltage and current limits should not be
exceeded and at the same time, thermal cooling capacity of the device should stay within the safe limits.
Based on the maximum allowed power input voltage limits and the excitation impedance range, continuous
power dissipation must not exceed the SOA limits for safe operation. Continuous SOA limits are given in the
graphics below:

POWER
Texcitation (W)
-3 P~
A f——— 300U
N B e N 1504
¢ ‘ b T(°0)

60°C 70°C

DAVRA45 can deliver full 300W power into the excitation winding under continuous operating conditions up to
60°C ambient temperature limit. Above this temperature level, continuous excitation power is derated
according to the SOA graphic given above. From 60°C to 70°C ambient conditions, excitation power must be
derated by -5%/°C linearly up to 70°C, which is the maximum operating temperature limit of the AVR unit.

Given these operating conditions, DAVR45 is capable of delivering 7.0Adc for 20 seconds and 10.0Adc for 10
seconds as specified in the user manual.

The above information is given as installation guide for DAVR45 unit. Provided that the ventilation of the
installed location of the AVR and operating ambient temperature conditions are suitable, it is possible to get
more excitation power from the AVR (Pexciration > 300W), provided that the maximum excitation current limit
of 10.0Adc and maximum allowed power input voltage limits of 300Vac are not exceed at any time during
operation.

For guidance, it is possible to determine the continuous power limit of DAVR45 using the formula below:

Pexcrrarzon(W) = (Trren)? X Rezewo = 300W (max.)

The above formula gives the maximum power limit in continuous operation, based on the FIELD winding
impedance of the alternator.

DAVRA45 Voltage Regulator
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10.3: IDMT Curve protection:

OEX protection function is based on IDMT curve fitting technique. This feature operates together with the OEX
protection function and cannot be disabled. The “Excitation Current” into the FIELD winding is precisely
calculated and fitted with the IDMT curve type “IEC Standard Inverse Curve-A”. With this method, DAVR45
precisely calculates the thermal load on the alternator winding and protects the winding and the drive stage of

the AVR.
IDMT curve calculation is executed according to the formula given below:
x=T.(k/G/]) « —1)

The standard curves are shown below for reference and DAVR is fitted with the IEC Standard Inverse (A)
curve characteristics and cannot be changed or disabled by the user.

Time-Current Protection Curves (2A Set)
(Horizontal: Time, Vertical: Current)

— IEC (A} - Green
—— IEC (B} - Blue
— IEC (C) - Black
— Alternative 1 - Purple
Alternative 2 - Orange
=== |Set (2A) - Red

104

| / Iset {Current Ratio)

B e e e e e e T T

10°* 10° 10t 102 163
Time {seconds)

Line colour Curve T k x
Green IEC Standard Inverse curve A 1 0.140 0.02
Blue IEC very Inverse curve B 1 13.5 1
Black IEC Extremely Inverse curve C 1 80 2
Purple Alternative curve A 0.449 80 2
Orange Alternative curve B 28.57 0.140 1.4142

Based on the EXCITATION current demand by the alternator, thermal model of the switching power stage of

the AVR is continuously iterated and protection is activated based on the OEX parameter settings, which are

described in more detailed in the protection functions section of this user manual. The IDMT curve calculation
is based on the “OEX Threshold Current Limit” value set by the user. The maximum limit cannot be changed,
and it is fixed in the firmware of the AVR control software.
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10.4 Fuse protection:

DAVR45 has no “on-board” integrated protection fuses, and all required fuses MUST be fitted externally.
External fuse protection must be selected according to the regional standards compliance requirements, and

they are intentionally not fitted on to the AVR unit.

If PMG is used, a fuse protection is required for each phase of the power input. Please refer to the fuse table
below for reference. In SHUNT and AUX connection mode, since the POWER to AVR is fed from single phase,
a suitable fuse MUST be used in the power feed line. Suitable fuse ratings are given in the table below.

AVR FUSE rating (must be used
externally)

FUSE connection schematics

6.3A (“fast acting” type fuse)

(AUX winding connected
protection with maximum fuse
rating value, if required, a
smaller rated fuse can be used)

AUX.

F2

P2

AVR

P1

6.3A (“fast acting” type fuse)

(2-phase PMG connected
protection with maximum fuse
rating value, if required, a
smaller rated fuse can be used)

2 phase
PMG

P2

P1

F2

6.3A (“fast acting” type fuse)

(SHUNT winding connected
protection with maximum fuse
rating value, if required, a
smaller rated fuse can be used)

P2

12A (“fast acting” type fuse)

(FIELD protection with maximum
fuse rating value, if required,
a smaller rated fuse can be
used)

Excitor -

Excitor +

F1

FZQ
- |
P1

AVR

+4
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To comply to UL safety standards, a suitable fuse protection 1is
required in the cable harness. A suitable fuse protection MUST be used
with DAVR45 in all applications. In some applications, it is also
required to use a separate fuse for the sensing inputs, and this
regulation must be checked and fulfilled by the user.

11- Setting the protection functions on DAVR45:

DAVRA45 offers various protection functions that users can set and configure to meet their specific needs. The
AVR includes a set of factory default settings, but it is advisable to review and adjust each protection function
on DAVR45 to ensure it meets the necessary operational requirements.

11.1: OEX Protection function:

“Over-excitation Protection” function monitors the excitation current magnitude and triggers an internal delay
timer. If the OEX level stays above the trigger threshold level, the alarm will trigger after the delay time register
is reached its set value. The function can be linked to activate the RELAY or TRIP function, if set in the
configuration menu. The function details are shown in the table below:

Parameter Parameter Units Parameter eIt
Number Description Limits P :
OEX
[P400] Threshold | AmP- | © - 10 I excitation)
A
{OEX Delay|
Max. i Time i
limit -
OEX Delay
P402 . Sec. 0 - 10
[ ] time Thr‘eshg?é ‘
3 ALARM Flag
: Trip
i >t
T Tl
OEX RELAY - P406 = O | Relay is DISABLED
IESEEN activation
- P406 = 1 | Relay is ENABLED

The “OEX Protection” function acts on the FIELD Drive current of the AVR and cannot be disabled. The
protection function permanently monitors the FIELD drive current and sets the protection limits based on the
IDMT curve fitting as explained above.

OEX protection function runs the IDMT thermal protection function in the background and cannot be disabled.
This function continuously calculates the thermal model of the EXCITOR winding and together with the OEX

parameters explained above.

Setting the “OEX Threshold” current limit for the excitation also determines the pedestal value for the IDMT
function, based on the formula given below:

DAVRA45 Voltage Regulator




‘
lE‘ CONTROL SYSTEMS

USER MANUAL Automatic Voltage Regulators

T ()
x =T.(——
-1

(where: x = Time, y = current, T = TMS time constant, k = curve constant, a = curve constant, | = set current
threshold)

IDMT will act on the “Excitation Protection” function delay time start point, T@ as shown in the OEX function
curve in the above table. This provides safety for the alternator winding and AVR excitation drive stage, based
on the dynamic current drive according to continuously varying load conditions. The delay time and action at
the end of the delay time is set with the OEX parameters explained in the above table.

At the end of the DELAY time, OEX protection will automatically be activated, and DAVR45 excitation drive
control will be TRIPPED and AVR will shut down. If user has enabled the RELAY activation from parameter
[P406], then RELAY will activate for a momentary time before the AVR is completely shut down.

Parameter Parameter

Description Limits Explanation:

Time-Current Protection Curves (2A Set)
(Horizontal: Time, Vertical: Current)
— IEC (A} - Green
— |EC (B) - Blue
— IEC (C) - Black
— Alternative 1 - Purple

Alternative 2 - Orange
--- 156t (28) - Red

-
o

IEC A Standard

IDMT EXCITATION Inverse

CURRENT SENSE

MODE (user is not

allowed to select
the curve type)

1/ Iset {Current Ratio)

10°

10t 10° 10! 10% 10°
Time (seconds)

IDMT protection curve type is fixed and cannot be changed or disabled. Internal selected protection curve
type is IEC A Standard Inverse characteristic and it is given in the table above.

11.2: Setting the RELAY:

The “Alarm” relay on DAVR45 has a SPST dry contact output and can be triggered if any of the selected alarm
is in the “TRUE” state. Linking the alarm relay to any one of the alarm conditions monitored and detected within
the AVR is set in the PC-Tools Software menu.

The RELAY normal position (when there is no TRUE alarm condition) can be set from the configuration menu
according to the table below:
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Parameter Parameter Units Parameter Explanations:
Number Description Limits P )

If set to “©”, then the relay is “de-
RELAY energized” if there is no TRUE alarm
[P150] normal ) = N/O condition,

‘s 1 = N/C
position If set to “1”, then the relay is “energized”
if there is no TRUE alarm condition,

(]
|

11.3: Loss-Of-Sense (LOS) protection function:

If the AVR is connected in 3-phase sensing configuration, embedded software continuously controls the voltage
difference between each phase voltage connected to the sense terminals U, V and W. If any of the phase
voltages drops below a preset calculated value, AVR will consider this as a “Loss-of-Sense” fault and trigger an
internal FAULT flag, and it will start to monitor the FAULT based on the configuration settings of the related
parameters. If the “LOS Delay Time” is exceeded, the AVR will TRIP, and excitation will stop. The TRIP function
is also configurable by the user according to the parameter set values.

“Loss Of Sense” voltage difference is fixed internally as -20% in comparison to the set “RMS Phase Voltage” of
the alternator. Function monitors the difference of each phase voltage from the set alternator RMS phase voltage
level and triggers an ALARM flag, if any of the phase voltages falls below the set -20% level. LoS TRIP is
activated after the “LoS Delay” time if configured to do so.

The “LoS Alarm” can also be linked with the RELAY action if the RELAY parameter is set. Function is explained
in the table below:

Parameter Parameter Units Parameter Graphical presentation:
Number Description Limits P P :
Vv
A
ELOS 'Delayi
| Time
0 - 25 Set RMS voltage : : U
V(set) : ! \
[P418] LoS DElt'AY Sec. | (Default 1 I L o
parameter is s vimeshord | ] W
seconds) :
3 ALARM Flag
: Trip
: > t
TO T1
[P4262] = | RELAY action is DISABLED
[P422] LoS. REL.AY )
activation [P422] =
1 ~ | RELAY action is ENABLED
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11.4: Generator Over Voltage (GOV) protection function:

DAVR45 can control the alternator phase voltages to make sure that, generator voltage does not exceed a
specific set value margin. This type of failure can be caused due to an internal failure of the AVR or type of load
connected to the alternator.

If the function is configured correctly, it can trigger an ALARM condition or TRIP the AVR to stop regulation. The
operation of the function is based on the calculation of 3-phase average voltage, compared to the “RMS
Alternator Set Voltage” level and if the difference exceeds a certain margin (as configured by the user), alarm
will automatically trigger after a delayed period.

The configuration of GOV function and its logical operation is explained in the table below:

Parameter | Parameter | .. | Parameter Graphical presentation:
Number Description Limits P P :
Vv
A
GOV GOV_Delay
% threshold (V) o
! ; U, vV, W
-5 | T / ,,,,,, $
- e %N
[P425] Gov % . 1 |
percentage (Default is ;
20%) Average value of : :
Set phase voltage i
3 ALARM Flag
! Trip
: > t
T0 T1
0 - 10
GOV DELAY .
[P426] time Sec. (default = DELAY time can be set up to 10 seconds.
10 sec.)
T GOV RELAY ] [P430] = @ |[RELAY action is DISABLED
actlvation [P430] = 1 |RELAY action is ENABLED
GOV tri [P431] = @ |TRIP function is DISABLED
rip ~
[P431] activation . .
[P431] = 1 |TRIP function is ENABLED

[P425] is set as a percentage of the set RMS alternator voltage. If for example, the set AVR regulation voltage
level is 400Vac, then setting [P425] = 20 means that, AVR will trigger an internal alarm flag if the voltage exceeds
20% of 400Vac, which is 440Vac. Once this set threshold is exceeded, an internal GOV Delay timer will start
timing. If the voltage falls below the “GOV Threshold Limit” value before the “GOV Delay Time” period, the flag
is automatically RESET, and the timer also resets to zero.

If TRIP is enabled, AVR will switch off the excitation drive and stop completely. If ALARM relay is activated and
TRIP is disabled, only the relay will be energized to send an external signal and AVR will continue its normal
operation.
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11.5: Generator Under Voltage (GUV) protection function:

DAVR45 monitors the alternator voltage and set an alarm action, if the voltage falls below set RMS alternator
reference control level. Like GOV protection function, the AVR will compare the alternator voltage against
configured “GUV Percentage” level and initiate an internal “GUV Delay Timer” before triggering any RELAY or
TRIP function.

“GUV Percentage” is set as a percentage of the set AVR reference voltage value. If for example “GUV Threshold
Level” is set to 20%, then the Under Voltage Threshold level will be 360Vac and AVR will control the protection
function against this value.

Falling below the “GUV Percentage” value, an internal FLAG will be set and after the delay time, either a TRIP
protection or a RELAY activation will trigger.

Function parameter settings and operation is explained on more detail in the table below:

Parameter | Parameter | .. _| Parameter Gravhical presentation:
Number Description Limits P P :
Vv
'\
Average value of G Delay 3
Set phase voltage ! 1
@ - 50 [ ] oy
i . %/\W
[P433] GV % e \\ ”””” ‘
percentage (Default is ; ‘ U, V, W
20%) GUV | ]
% threshold (V)
l ALARM Flag
: Trip
‘ > t
TO T1
0 - 10
GUV DELAY .
[P434] time Sec. (default = DELAY time can be set up to 10 seconds.
10 sec.)
T GUV RELAY ] [P438] = @ |[RELAY action is DISABLED
activation [P438] = 1 |RELAY action is ENABLED
GOV tri [P439] = @ |TRIP function is DISABLED
rip )
[P439] activation . .
[P439] = 1 [TRIP function is ENABLED

If the generator voltage rises above during “GUV Threshold” level during “GUV Delay Timer” period, the timer
resets its count and will stay in reset condition until the next limit violation.
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11.6: Generator Current Limit (GCL) protection Function

It is possible to limit the alternator stator current according to application requirements. In this case, if the GCL
limit is reached, it is possible to limit the load current, hence the voltage will vary according to the load current
demand. The stator current is measured across CT terminals connected to the AVR.

Stator current is measured only from ‘V” phase of the alternator, and it is considered that the load is balanced,
and same current magnitude is flowing from “U” phase and the “W” phase of the alternator. With slightly
unbalanced loads, this method may introduce slight error, but this can be ignored for GCL function execution.

Parameter | Parameter | .. | Parameter Graphical presentation:
Number Description Limits P P ’
I(load)
A
0 - 300 (GCL Thresho%f:l’t)J 7777777777777777777 :77”777‘3 7777777777
GCL . |
e Threshold | * (Default is A i
300%) :
IPU fomm s e
1 ALARM Flag
! Trip
) >t
TO T1
0 - 32
GCL DELAY .
[P450] time Sec. (default is DELAY time can be set up to 32 seconds.
10 sec.)
S GCL RELAY ) [P454] = © |RELAY action is DISABLED
actlvation [P454] = 1 |RELAY action is ENABLED
GCL TRIP [P455] = @ |TRIP function is DISABLED
[P455] activation| . .
[P455] = 1 |TRIP function is ENABLED

The GCL protection function is always active in the system and cannot be terminated. This function sets a flag
in the alarm log registers of the AVR each time the threshold limit is exceeded. User can only select if this
function should activate an alarm relay contact or trip the AVR operation, when the limit is exceeded for the
programmed time duration.

If the load current falls below “GCL Threshold” level during “GCL Delay Time” period, the timer is automatically
reset and starts counting again if the limit is exceeded.

If this function is not going to be used, user should DISABLE this function by setting parameter [P454]=0 and
parameter [P455]=0".
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11.7: Alternator “Short Circuit” Threshold:

DAVRA45 can supply sustained Excitation current to the FIELD winding of the alternator to maintain overload
feed conditions during sudden high-load application to the generator. Based on the selected parameter settings,
DAVRA45 calculates the short circuit PU magnitude and measures the stator load during high-load application to
the generator.

To be able to supply the required excitation power to the alternator, parameter [P121] must be set according to
application limits and any stator current measured above this “Threshold Current Limit” will be considered as
“Short- Circuit” and the AVR will carry on supplying Excitation power to the alternator for a certain (programmed)
period. During this operation, AVR protection functions like LoS, GCL and GUV protections will be disabled.
Function description and parameter settings are explained in the table below:

Parameter | Parameter

s e Units Parameter set limits Explanations:
number Description

Sets the “short circuit” limit

1000 - 10000 on the AVR as measured CT
(integer value) current value (based on PU
calculation)
Ampere Am
pere
(stitor) (Excﬁror)
A

AVR “SHORT _/““““““X
__________ - 10A

CIRCUIT | . |  pF-—————-
[P121] |\ REsHolp” | ™A

limit

I e e e -
TV S’ | D I -

Stator
volts

v
~+

Setting [P121] is particularly critical if the alternator is going to deliver sustained short circuit power into the
excitation winding when the alternator is momentarily loaded, like starting a high-power induction motor. In this
case, since power is required to the excitor under high-load conditions, the power to AVR must be supplied
either from an AUXILIARLY power source or from a PMG unit. SHUNT connection in this case may have poor
performance as the stator voltage is also expected to dip during sudden high-load application.

[P121] is set according to the PU ampere value of the CT on the alternator. Therefore, if the CT current ratio is
X/5 on the alternator, then set [P121] = 7500 which corresponds to 1.5PU of the stator load current. In this case,
the AVR will consider that alternator is under short circuit conditions if the measured current exceeds 1.5PU
value and keep maintaining the excitation current to the excitor winding for a programmed time duration.
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11.8: Stator Voltage Unbalance (SVU) Protection:
DAVR45 monitors the alternator STATOR voltage unbalance level and protection can be activated if configured
on the AVR unit.

Stator Unbalance function monitors each phase voltage of the alternator against the “Average” value of the 3
phases. If the measured unbalance value exceeds a predetermined level, AVR sets an internal FLAG to start
the protection function activation.

An internal “SVU Delay” timer starts counting to time the duration of how long the unbalance value is exceeded.
If this duration exceeds the set timing limit, RELAY or TRIP action will initiate according to the function parameter
configuration.

Parameter | Parameter | .. _| Parameter Graphical presentation:
Number Description Limits P P ’
Vv
A
SvVuU
% threshold (+V) SVUTfmeelay
S o U Vo
IRy percentage % (Default is 5
20%) SvU !
% threshold (-V) i
3 i ALARM Flag
i ! Trip
‘ ‘ > t
TO T1
0 - 30
SVU DELAY .
[P442] time Sec. (default = DELAY time can be set up to 10 seconds.
10 sec.)
T SVU RELAY ] [P446] = © |[RELAY action is DISABLED
activation [P446] = 1 |RELAY action is ENABLED
SVU tri [P447] = @ |TRIP function is DISABLED
rip )
[P447] activation . .
[P447] = 1 |TRIP function is ENABLED

If the measured SVU value falls below the set threshold level before the Delay timing is ended, the timer will
automatically reset to zero and start counting again from the instant of violation of the SVU set threshold level.
At the end of the timed duration, protection function will either trigger a RELAY action or a TRIP action, which
stops the AVR excitation.
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11.9: Winding Temperature Alarm (WTA) function:

DAVRA45 is equipped with 1 temperature measuring channel, where only RTD type temperature sensors can be
used. It is preferred to use Pt100 type temperature sensors for the windings with the proper type selected for
any specific application, considering the potential insulation barrier for the sensor connection.

With the correct sensor connected to the AUX terminals (T1, T2) on the AVR unit, user is expected to configure
the parameters for WTA function, considering the interactive behavior with WTL function as shown in the table
below:

Parameter | Parameter | .. Parameter Graphical presentation:
Number Description Limits P P ’
°C
A
T(max) -~ 3 777777777 - m e
40 - 200 L[] S / e
[P456] WTA o o | |
Threshold (Default is ‘ ‘
! WTA Delay !
200%) i period |
1 ALARM Flag
: Trip
‘ > t
To T1
0 - 15
[P458] WTéliii}AY Sec. (default = DELAY time can be set up to 15 seconds.
10 sec.)
WTA [P459] = © |WTA action is DISABLED
[P459] activation| -
ENABLE [P459] = 1 |WTA action is ENABLED

In DAVR45, measuring the winding temperature has flexible parameters so that the user can protect the winding
under very safe limits and at the same time allow momentary high-temperature peaks without jeopardising the
alternator safety.

Therefore, “Winding Temperature Alarm” and “Winding Temperature Limit" actions are organised as two
independent protection functions and can be configured according to application requirements. In both
protection functions, there is ALARM and TRIP features, and user can select which action will be effective in
case of exceeding the set limits.

WTA temperature limit is 200°C maximum and can be set with an accuracy of £1°C. There is no built-in
hysteresis as the timer is designed to RESET as soon as the temperature falls below the threshold limit value.

WTA function can be ENABLED or DISABLED according to application requirements. If not going to be used, it
is recommended that the function is DISABLED from the parameter menu.
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11.10: Winding Temperature Limit (WTL) protection function:

DAVR45 has an additional secondary temperature protection function, named as “Winding Temperature Limit”
protection function (WTL). This function acts as a secondary temperature protection feature, which has a higher
temperature setting limit. In some applications, user can set WTA protection function to generate an ALARM
RELAY contact to take necessary precautions (like load shedding) and if the temperature rise persists, WTL
function can act as a TRIP protection for the AVR to shut off the excitation drive completely.

In some applications, this feature gives the user a “Fail-Safe” protection of the FIELD winding and/or the winding
where the temperature sensor is located. In some applications more than one winding temperature can be
measured with similar characteristics on each measuring channel.

The function details are shown in the table below:

Parameter | Parameter | .. Parameter Graphical presentation:
Number Description Limits P P :
°C
A
T(max) f----------- 3 777777777 5 77777777777
40 - 300 Limlk ,,,,,,,,,,,, VA .
[P464] WTL °C ) i i
Threshold (Default is ‘
! WTL Delay !
250%) i period |
1 ALARM Flag
: Trip
‘ > t
T0 T1
0 - 15
[P466] W11%;ii:AY Sec. (default = DELAY time can be set up to 15 seconds.
10 sec.)
WTL [P467] = © |WTL action is DISABLED
[P467] activation| -
ENABLE
[P467] = 1 |WTL action is ENABLED

An example of the AVR behaviour with cascaded temperature protection setup is shown in the graphical
representation below:
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WINDING
TEMPERATURE

)

C

A

WTL
Threshold

WTA
Threshold

] | > t
ACTION 1 1 1 1
A | | | |
AVR : : :
TRIP ! ! !
ALARM 1 1 1
RELAY | | |
1 1 1 1 : t

NOTE: This “Cascade Protection” application can only be applied if the AVR is fed from PMG power unit.
This application is not valid for SHUNT and/or AUXILIARY power connections.

11.11: Relay Operation Mode Setting:

The relay can be programmed to be N/C or N/O based on the application requirement. The parameter and its
functional details are explained in the table below:

Parameter Parameter Setting Explanations:
Number Description | limits P ’
0 Normally OPEN contact setting

RELAY Normal (contact closes if relay is tripped)

BEL=0N Position
Normally CLOSED contact setting

(contact opens if relay is tripped)
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Each ALARM state can be monitored internal to the AVR unit. If required, the RELAY can be linked to any of
the alarm conditions explained in the table below. User can set a defined “trigger threshold level” and a “delay
time” before the relay is activated.

11.12: Alarm FLAGS and Alarm output RESET:

If an ALARM condition occurs on DAVRA45, the alarm flags register will set and latch, and the AVR unit will
remember which alarm has triggered the alarm condition. Users can connect via the onboard USB bus and
view all the alarm list in the order of occurrence.

The ALARM log in the memory location is arranged as a FIFO type storage and the depth is up to 64 alarms.
As soon as the ALARM log memory is full, the next alarm that occurs will be written over the oldest alarm flag
and the log register addresses move down as the new alarms occur. There is also a pointer INDEX which
indicates the oldest alarm register position so that the user can follow the list in the correct order.

If the user wants to clear the current alarm trigger state, parameter P103 can be used to RESET the current
alarm condition. If the ALARM condition no longer exists, by setting this parameter to “0” will clear the output.
If the alarm condition still exists, the flag will set again automatically.

Parameter Parameter Setting Explanations:
Number Description limits P )
(%] Clear all internal ERROR flags
[P103] Clear Output : .
Errors 1 Internal ERROR flag is activated

11.13: Alarm LED Indication:
DAVRA45 is built with an ALARM and STATUS LED indicator on the unit, and it is an RGB LED. Operation
status indication is explained below:

STATUS LED Indication: Explanations:
AVR operating GREEN, AVR 1is operating under normal conditions,
continuous no alarms
AVR Fault Condition RED, continuous There is an ALARM condition
USB communication is normal, BLUE LED
USB Communication BLUE, flashing flashing if port is connected and
communicating

If there is an ALARM condition and the AVR is shut down due to the alarm condition, user can connect with
PC-Tools SW package to check what alarm caused the system to shut down. User can clear the alarm

FLAGS before starting the AVR again, but this is not necessary. During the next start-up sequence, the AVR
will give a RED alarm indication and then go back to normal operating condition, if the alarm condition is
removed. If the alarm condition is still persistent, AVR will shut down again and register the cause of the failure
in its alarm log memory.
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12- Communication ports:

DAVRA45 is equipped with a USB type-B com port for device configuration. The USB port is galvanically
isolated from the power connection terminals group of the AVR unit. Therefore, the USB com port on DAVR45
is galvanically isolated from the alternator power windings and can safely be connected to peripheral devices.

All AUXILIARY terminals and COM ports are galvanically connected to the same isolated power supply;
therefore, it must be observed that, COM ports and the AUXILIARY terminals are all floating on the same
potential, isolated from the alternator power side.

USB port is designed for device configuration and at the same time, PC-Tools software package can run
during AVR commissioning to monitor the alternator behaviour on the PC screen, using oscilloscope tools of
the configuration software package.

12.1: Connection to USB port:

To configure the AVR, it is required to connect to the USB port and use PC-Tool Software package to reach all
the configurable parameters in the AVR unit.

Use a printer cable (type-B) to connect to the AVR unit. Make sure to use a new cable for reliable operation.
The unit receives its own power to feed its microcontroller circuit inside the AVR, therefore, when connected
via USB port, no external power is required for the AVR configuration.

Once connected, you can read current parameter data from the AVR, adjust settings, and save changes back
to the AVR memory. You can also check alarm logs, operating hours, reset alarm flags, and clear error
registers.

The parameter list is given at the end of this user manual. The numbers are not sequential because some
intermediate parameters are hidden and inaccessible to users. These parameters are set during
manufacturing and cannot be configured by the user.

USB connection data is set in the PC-Tools software menu and passwords are controlled by this SW.

USB COMPORT COMPORT connection

S1S2 UV W F- F+ P1P2

T

—J
P

OX
N3

USB PORT CONNECTION

(TYPE-B CABLE)

| jp-uAva |

(no external power is required)

61N

! !
=
=

e
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12.2: Firmware ID registers:

DAVRA45 has two additional registers where the device SW ID is stored. If FIRMWARE update is required from
remote access point, it is required to know the “Internal Bootloader Version” number and at the same time, the
remote-control software needs to read the existing Firmware version number. These data are stored in
parameter addresses as shown in the table below:

Parameter Parameter

Number Description Setting limits Explanations:
Current 1000 - 32767
[P9975] BOOTLOADER

(Default setting Required if the FIRMWARE of the

version number

1000) AVR is to be upgraded from a
remote access point. These
Current 1000 -32767 registers are “Read-Only”
[P9976] FIRMWARE registers and cannot be changed.

(Default setting
1000)

version number

13- RESET Parameters to back to FACTORY settings:

13.1: RESET back to FACTORY settings:

DAVR45 comes with a complete set of parameters, set for most common use applications. User can change
these parameters according to their specific application requirements. If user wants to reset all parameter
values back to the FACTORY Default settings, this can be achieved by setting appropriate parameter values
from the menu.

Factory Default setting procedure is explained on more detail in the below table:

Parameter Parameter

Number Description Setting limits Explanations:

[P203] = ©

(Parameters differ
from factory values.

FACTORY DEFAULT In order to reset all parameter
Read only)

[P203] parameter RESET values back to “Factory Default

9 4 » €1
function [P203] = 1 Settings” set P203 to “1

(RESET all parameters
to FACTORY settings)

DAVRA45 keeps a time log internally to control the total number of hours of operation. This timer is NOT a
REAL TIME timer but an internal timer, which start to increment as the AVR power inputs are energized. The
timer is accumulative and stored permanently in the non-volatile memory of the microcontroller circuit.
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13.2: RESET internal TIME clock:
It is possible to check the total hours that the AVR has been in operation. If required, the timer can be RESET

by setting the appropriate parameter value in the parameter menu. The function is explained in more detail
below:

Parameter Para@etgr Setting limits Explanations:
Number Description

[P204] = ©

(Internal clock is
accumulating. Read

RESET Internal only) To reset internal TIME clock, set

Lo TIME clock [P204] = 1 [P203] to “1”

(RESET internal TIME
clock to initial
state.)

NOTE: The internal TIME clock is NOT a “Real-Time” clock. It is an accumulative TIME clock for service
management only. Clock only is incremented while the AVR is energized.
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14- Parameter List for DAVR45:

w
o
>
|—
(] (] ~
o o = =] "))
e e NAME Tl ® | = S Comments/Explanations
17} w oc > > C o= N
= = w o S ()
< << 0O - o . + © =}
4 £ = H c X U Y —~
< < D 2 = © T ©
o a =2 =) = = L o >
POOO | UV RMS Voltage \Y (] 600 (] - Phase — Phase RMS Voltage measurement
POO1 | VW RMS Voltage Vv 0 600 0 - Phase — Phase RMS Voltage measurement
P@02 | WU RMS Voltage \Y (] 600 (] - Phase — Phase RMS Voltage measurement
POO6 | UV Frequency Hz (] 80 (] - Phase — Phase Frequency measurement
POO7 | VW Frequency Hz 0 80 0 - Phase — Phase Frequency measurement
POO8 | WU Frequency Hz 0 80 0 - Phase — Phase Frequency measurement
PO14 | Field Current RMS A (7] 10 (7] - Field Current RMS measurement
P20 | DROOP Current RMS | %PU 0 100 0 - DROOP Current RMS measurement by 1 PU
PO25 C;)L(I g/ oltage Input \ 0 10 0 - Aucxiliary voltage input measurement
o _ VOLTS Trimmer measurement. Percentage of
~ GENN | VOLTS Pot % e 30 e the effect on the output voltage
.—>’| STAB Trimmer measurement. Percentage of
0, .
g P28 | STAB Pot % @ 30 o B the effect on the PID parameters
9 DROOP Trimmer measurement. Percentage of
'g BEES | DROOP Pot % 0 30 0 B the effect on the output voltage
g PO33 | EXT Pot % 0 30 0 - External pot measurement
~ 0: N/A External pot connection status flag. Reference
7, . voltage would stay same in case of broken
oc PO34 | EXT Pot Connected @ 1 @ 1: Connected pot. It will return to reference voltage on
w . )
- restart if there is no pot connected.
<t . i
= 0: Pr.e Init
< 1: Init
°<= 2: Startup
o 3: Standby
© PO35 | Controller State - (7] 6 0 4: Soft Start AVR'’s current status
= Delay
E 5: Soft Start
o 6: Normal
I; Operation
=2 . Actual voltage reference that is AVR trying to
g P37 Egﬂigt'\ée Reference Vv 0 580 0 - reach. In relation with Onboard VOLTS pot
9 external pot UFRO LAM DROOP
I Calibration status parameter. Check
P94l | Calibration ready ) @ 1 @ ) “Calibration Verification” parameter to verify
Configuration status parameter. Check
PO42 | Configuration ready - 0 1 0 - “configuration Verification” parameter to
verify.
PO43 | DAVR Ready - (7] 1 (7] - AVR is ready to operate no latched errors
Po44 | usB 0 1 (7] USB connected
PO46 | 12V ready 0 1 0
_ UFRO function is ongoing. detected Low
Po49 | UFRO 0 1 0 - Frequency
PO50 | SHORT CIRCUIT _ P 1 P _ S.tracﬁ Current Measurement reached short
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] (] v

oc o =] =] (2]
4 E 2] ey = ;
= o NAME o o el E Comments/Explanations
= = w o s ()
< W < M - . . + © =]
£ o £ = H c X U Y4 —
< > < D 2 -H S T ©
aHaZz =} = = (T < >

PO51 | RELAY - 0 1 0 - Alarm Relay Activated

P@52 | OUT TRIP - 0 1 0 - AVR Output Cutoff

PO55 | OEX - 0 1 0 - Over Excitation Protection Activated

PO57 | LOS - 0 1 0 - Loss Of Sense Protection Activated

PO58 | Gov - 0 1 0 - Generator Over Voltage Protection Activated
~
|—>\| PO59 | Guv - 0 1 0 - Generator Under Voltage Protection Activated
g PO6O | SVU - 0 1 0 - Stator Voltage Unbalance Protection Activated
- Po61 | GCL - 0 1 0 - Generator Current Limit Protection Activated
© _ Winding Temperature Alarm Protection
g Po64 | WTA 0 1 0 - Activated
~ PO65 | WTL _ 0 1 0 _ qudlng Temperature Limit Protection
7, Activated
o Maximum ambient Maximum ambient temperature value AVR is
L o -
- e temperature history c 0 85 0 exposed up to date
é PO94 | Minutes Min 0 59 0 - Generator working time
é PO95 | Hours Hr 0 23 0 - Generator working time
E PO96 | Days D 0 364 0 - Generator working time
g PO97 | Weeks Wk 0 51 0 - Generator working time
E PO98 | Years Yr 0 99 0 - Generator working time
'9 PO99 | Centuries C 0 99 0 - Generator working time
[
=
o
=
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Nominal RMS Reference Voltage.
BEE | RMS Voltage Set vV | 1ee | 480 | 100 Effected by UFRO LAM DROOP and Pots.
0: Sto AVR’s start status flag. Also can be used
P161 | AVR Start 0 1 0 1: Starec to manually start AVR if there is no
) error.
0: Disabled AVR auto start setting. If enabled AVR
BEO2 | AVR Auto-start 0 1 0 1: Enabled will start as soon as there is no errors.
P103 Clear Output 2 1 2 0: Disabled Clear error flags setting. Note: flags will
Errors 1: Enabled automatically turn on if error continues.
AVR wait time in seconds while
P164 | Start Delay S 0 7200 0 generator starting.
AVR ramp up start frequency while
P1@5 | Start Frequency Hz 25 75 25 generator starting. AVR will wait until
— sense frequency reaches this level.
(] ] AVR ramp up time while generator
-t: P10@6 | Soft Start Time S 1 7200 1 starting.
< Reference Change Reference Voltage limit for not causing
= | - Ramp Limit Rate v/s | e.e1 160 0.5 unstable reference while using pots etc.
\ .
P109 I\R/Ié?eTeunTe o 0 0 100 Sets Minimum Reference setpoint limit
',?, Percenta ° percentage according to Reference RMS.
o 9¢
t %) %) 2048 Proportional coefficient of the controller.
P11@ | PID Kp Increasing it will cause faster AVR
2 reaction but worse steady state stability.
w %) %) 2048 Integral coefficient of the controller.
E P111 | PID Ki Increasing it will cause better steady
= state stability but worse reaction time.
§ 0 0 2048 Derivative coefficient of the controller.
< | P112 | PID Kd Increasing it will cause faster AVR
o reaction but worse steady state stability.
g %) 40 65 This point will determine at what
: frequency AVR starts derating output
]
< BN | UFRO Knee Point Hz voltage. It is used while taking block
% load.
E %) %) 80 This rate will determine how much drop
w | P118 | DIP Rate V/Hz will be applied to output voltage. It is
% used while taking block load.
o 0 0 480 This rate will determine how fast should
. output voltage recover after derating.
BN | DWELL Time VIS Increasing it will cause faster recover
time.
. Selection of the recover after derating
P1260 ggrgclg?gge 0 1 1 (1): EI(\I)I:TZII\%ED mode. Should be changed according to
’ block load performance of the system.
Short Circuit Mode Threshold. AVR will
get in to the short circuit supply mode
Short Circuit after this threshold. Attention! This
S Threshold mA | 1000 | 15000 | 4200 Mode will disable LOS GCL and GUV.
Disables after Droop Current drops
below threshold.
. 4:W-U
P122 | Sensing Mode 0 7 4 7 U—V—W
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0: Disabled Auxiliary input mode selection. AUX
1:-5/+5V input will affect output voltage. In case
BEES | AUX Input Mode ° 3 ° 2: 4mA - 20mA | of external pot connection this input
3: 0V -10V should be disabled.
Pi24 | AUXInputRange | % | © | 100 | 38 C;'I’t"a'géy input's effect range on output
Current Transfer 205: X /5 Current transfer ratio This ratio
P135 Ratio A o 32767 1 1024: X/ 1 determines 1PU DROOP current.
(1) BE:%?%CIOOP DROOP function determines stator
~ | P137 | DROOP Mode (7] 3 0 : current's effect on output reference
2: Load Balance
[} : voltage.
t: 3: Quadrature
'L _ DROOP current phase compensation.
= | P138 BROOP Phgse ° 60 0 Needed if there is phase shift between
ompensation 60
~ current and voltage.
VOLTS Trimmer o VOLTS trimmer effective range on
}?; P139 Effective Range ho o 30 30 output voltage.
Q - - -
STAB Trimmer STAB trimmer effective range on
[ 0
~ B8 Effective Range fo 0 30 30 controller parameters.
7, DROOP Trimmer o DROOP trimmer effective range on
5 P141 Effective Range ho o 10 6 output voltage.
- External Pot o External pot effective range on output
= B | crrective Range %o 0 30 30 voltage.
§ 0: Normally
< | piEg Rela_n_/ Normal 2 1 0 O.pen Determines relay status while there are
o Position 1: Normally no errors
= Closed
o Reset Parameters 0: - )
: P203 To Defaults 0 1 0 1+ Reset Reset all parameters to their defaults.
o
. 0: -
=
® P204 | Reset Engine Hours (7] 1 0 1+ Reset
E 0: Disabled
=2 1: Analog
S 2: Digital
3: Winding ADT A input type selection. This
P27@ | ADT Input Mode (7] 5 0 Temp parameter also effects related
4: Aux Temp protections to selected type.
5: External
Start
6: External Stop
P271 | ADT Temperature °C (] 255 0 Temperature value of the ADT A input.
This value could be Analog Digital
P272 | ADT Value (7] 255 0 Temperature according to input type
selection.
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P400 OEX Threshold A 0 15 5 Over Excitation Trigger Threshold
P4062 OEX Delay S 0 10 10 Over Excitation Delay Time
P406 OEX Relay 0 1 1 (1) E;Zaﬁlee‘;j Over Excitation Error Relay Trigger Flag
P418 LOS Delay S 0 25 5 Loss Of Sense Delay Time
P422 LOS Relay 0 1 1 (1) Eri;al:?lleec(lj Loss Of Sense Error Relay Trigger Flag
P425 GOV Percentage % 0 50 20 Generator Over Voltage Trigger Level
P426 GOV Delay S 0 10 10 Generator Over Voltage Delay Time
0: Disabled Generator Over Voltage Relay Trigger
P430 GOV Relay 0 1 1 1+ Enabled Flag
~ T
B P431 GOV Trip 0 1 1 (1): E;]Zatglee‘f Generator Over Voltage Output Trip Flag
: P433 GUV Percentage % 0 50 (7] Generator Under Voltage Trigger Level
= P434 GUV Delay S 0 10 10 Generator Under Voltage Delay Time
~ - -
0: Disabled Generator Under Voltage Relay Trigger
_g P438 GUV Relay 0 1 1 1+ Enabled Flag
) - 0: Disabled Generator Under Voltage Output Trip
i_, P439 GUV Trip 0 1 0 1+ Enabled Flag
N P441 SVU Percentage % 0 50 20 Stator Voltage Unbalance Trigger Level
5 P442 SVU Delay S 0 30 10 Stator Voltage Unbalance Delay Time
= 0: Disabled Stator Voltage Unbalance Relay Trigger
E P446 SVU Relay 0 1 1 1+ Enabled Flag
< - 0: Disabled Stator Voltage Unbalance Output Trip
g P447 SVU Trip 0 1 1 1+ Enabled Flag
Q. P448 GCL Threshold % 0 300 | 300 Generator Current Limit Trigger Level
E P450 GCL Delay 0 32 10 Generator Current Limit Delay Time
] -
< 0: Disabled
% P454 GCL Relay 0 1 1 1+ Enabled
(G] . 0: Disabled Generator Current Limit Masking on
M P455 GCL Trip 0 1 1 1: Enabled Startup Flag
% P456 WTA Threshold oC 40 200 200 Windling Temperature Alarm Trigger
Leve
o
P458 WTA Delay S 15 10 Winding Temperature Alarm Delay Time
P459 WTA Enable 0 1 0 (1) Erilsaalrl):)lleeg Winding Temperature Alarm Enable Flag
P464 WTL Threshold °C 40 300 250 Winding Temperature Limit Trigger Level
P466 WTL Delay S 0 15 10 Winding Temperature Limit Delay Time
P467 WTL Enable (7] 1 (7] (1) Eri;al:?lleec(lj Winding Temperature Limit Enable Flag
P9S975 | Device BL Version ég 36277 129 Current bootloader version of the AVR.
P9976 | Device SW Version ;g 36277 126 Current software version of the AVR.
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15- Basic Trouble shooting steps:

If the AVR is connected and the generator does not perform according to specified performance, then there
may be problems either with the installation or the AVR settings parameter configuration may be set
incorrectly. In this case, following steps can be applied to fix some of the major possible problems with the
system.

15.1 AVR is connected and there is no voltage at the alternator output:
Troubleshooting: No Voltage Generation on Alternator Stator Terminals

If the AVR is connected to an alternator and fails to generate voltage at the stator terminals during start-up,
follow these steps to diagnose and resolve the issue:

1. Verify AVR Installation: Ensure the AVR is properly installed and wired according to the instructions
in this manual. Confirm that all connections are secure and that wires are correctly routed.

2. Check Field Winding and Wiring: Using a multimeter, verify that the alternator’s field winding is
intact and displays the correct impedance (Q) as specified by the manufacturer. Also, confirm that the
field wiring polarity is correctly matched on the AVR.

3. Measure Residual Voltage: if connected in SHUNT or AUX configuration, disconnect the P1 and P2
terminals from the AVR, run the generator, and check the residual voltage across these wires. It
should be at least 6Vac RMS. If this voltage is absent, flash the field using a 9V DC battery to restore
residual voltage above 6Vac RMS, then reconnect the terminals and restart the generator.

4. Inspect Rotor Diodes: Ensure that all rotor diodes are functioning correctly and are not faulty.

5. Review Configuration Parameters: Confirm that the AVR start control parameters are correctly set
and that no conflicts exist in the start-up sequence.

6. Examine Wiring Harness: Check for any faults, loose connections, or damage in the wiring harness
leading to and from the AVR unit.

By following these steps, you can systematically troubleshoot and resolve issues preventing voltage
generation.

15.2 Voltage is generated but voltage reading is not correct:
Troubleshooting: Incorrect Voltage Reading Under Normal Running Conditions

If the alternator is not generating the correct voltage under normal operating conditions, follow these steps to
identify and resolve the issue:

1. Verify Voltage Range Selection: Ensure that the “voltage range selection” is correctly set according
to the wiring configuration.

2. Check the VLT Pot Setting: Confirm that the required voltage value can be properly set when the
VLT pot is positioned near the middle.

3. Ensure Correct Engine Speed & UFRO Knee Parameter: Check that the engine is running at the
correct speed and that the UFRO Knee parameter is properly set.

4. Inspect Excitor Winding & Field Current: When the generator is running under no-load conditions,
verify that the field current is close to the calculated value. Also, check for any faulty wiring
connections.

DAVRA45 Voltage Regulator
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5.

Examine Rotor Diodes: Ensure that all rotor diodes are in good working condition and functioning
properly.

15.3 Voltage stability issues:

Troubleshooting: Stability Issues During Operation

If the generator experiences stability problems, follow these steps to diagnose and resolve the issue:

1.

Verify Engine Speed: Run the generator under no-load conditions and ensure that the engine
maintains a stable speed without fluctuations. If speed variations occur, check the engine governor
settings to stabilize the speed.

Adjust PID parameters: Set STB pot at its middle position. Connect PC-Tools SW via USB port and
set the PID parameters to give the best performance for your application. If available, use
“‘“AUTOTUNE” function and let the system select optimum PID parameters to match your alternator
frame type.

Inspect Excitor Winding and Wiring: Verify proper excitor winding installation and ensure AVR
terminals are wired correctly. Also, check that voltage sensing parameters are properly configured.

Examine Rotor Diodes: Ensure that all rotor diodes are functioning correctly and are not faulty.

Confirm Stable Operation Under Load: Once voltage stability is achieved, verify that the generator
operates as expected under load conditions. Additionally, check the dynamic response during load-on
and load-off transitions to ensure performance remains within specified limits.

Check Field Winding Power Supply: If the issue persists, evaluate the field winding power
requirements and review how the AVR unit is wired via P1, P2 and P3 terminals. Check power
connections and check harness, make sure that power source is connected properly and correctly.

ENKO KONTROL SISTEMLERI A.S.

(DAVR45 USER MAUNAL, 81 PAGES IN TOTAL)
(UPDATED 08/08/2025, REVISION 03)
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