APPLICATION DATA SHEET

This EMX2 Series starter and its accompanying CT's have been selected according to the Application Data detailed below. The starter
must be operated with the CTs supplied. If applying the starter in an alternate application, or outside the maximum starter ratings listed,
consult your local representative.

EMX2 STARTER APPLICATION RATINGS APPLICATION DATA

Model : Application Ref :

Serial Number :

CT Ratio : /5 Motor Data :

Connection Format 1 3Wirell 6 Wire Full Load Current Amps
1 Bypassed kw kW

Maximum Starter FLC : Amps

Maximum Start Current : XFLC Driven Load Data :

Maximum Start Duration : Secs Machine Type

Maximum Starts/Hr : No

Maximum Amb Temp : oC

This starter has been factory set as detailed below. Settings should be verified/modified at commissioning by following the Initial Set Up
section of the Users manual. Commissioning settings and subsequent ammendmends should also be recorded in the spaces provided.

Function ‘ Unit |  Factory Setting Igstt?_lled Ammended ‘ Ammended ‘ Ammended
etting
. DATE | |
PRIMARY MOTOR SET
1. Motor Full Load Current Amps I
2. Current Limit % FLC I
3. Initial Start Current % FLC I
4. Start Ramp Time Secs I
5. Soft Stop Ramp Time Secs I
6. Motor Start Time Constant Secs I
7. Phase Imbalance Protection I
8. Undercurrent Protection % FLC I
9. Electronic Shearpin Protection % FLC I
10. - I
COMMON PARAMETERSETTINGS
11. Phase Sequence Protection I
12. LCD Display Mode I
13. CT Primary Ratio ------ /5 Amps I

14. - factory setting do not adjust
15. - factory setting do not adjust
16. - factory setting do not adjust
17. - factory setting do not adjust
18. - factory setting do not adjust
19. - factory setting do not adjust
20. Software Version

CONDARY MOTOR SETTINGS

21. Motor Full Load Current Amps I
22. Current Limit % FLC I
23. Initial Start Current % FLC I
24. Start Ramp Time Secs I
25. Soft Stop Ramp Time Secs I
26. Motor Start Time Constant Secs I
27. Phase Imbalance Protection I
28. Undercurrent Protection % FLC I
29. Electronic Shearpin Protection % FLC I

COMMON PARAMETER SETTINGS

30. Restart Delay Secs I
32. Phase Imbalance Delay Secs I
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SECTIONAL INDEX

GETTING STARTED

The chart below shows the major activities necessary to install and commission the EMX2 Series starter. It is
recommended that all users refer to at least the sections listed, before commencing work. First time users of
soft start technology, or the EMX2 are strongly encouraged to read this Users Manual completely prior to
installation or commissioning.

PHYSICALLY INSTALL THE STARTER

refer sections :

5. Physical Specification

4

CONNECT DESIRED POWER CIRCUIT

refer sections :

6. Electrical Connection (Power Circuits)

4

CONNECT DESIRED CONTROL CIRCUIT

refer sections :

7. Electrical Connection (Control Circuits)

4

COMMISSION STARTER

refer sections :

8. Commissioning Procedure
9. EMX2 Programming Procedure
10. Trouble Shooting
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SECTIONAL INDEX

SECTION 1 CAUTION STATEMENTS

Details possible causes of equipment damage

SECTION 2 GENERAL DESCRIPTION

Overview of EMX2 Series

SECTION 3 EMX2 FEATURE DESCRIPTIONS

- Start Modes
Uni-Start Constant Current
Uni-Start Current Ramp

- Uni-Stop Soft Stop

- Prestart Protection

- Run-Time Protection
Programmable Motor Thermal Model
Phase Imbalance Protection
Undercurrent Protection
Phase Sequence Protection
Thermistor Protection
Electronic Shearpin Protection
Restart Delay
Phase Imbalance Delay
Starter Overtemperature

- Run-Time Trip Warnings

- Digital Display

- Auto-configuration

SECTION 4 ELECTRICAL SPECIFICATION

- EMX2 Connection Detail
- General Specification
- Current Ratings

SECTION 5 PHYSICAL SPECIFICATION

- Dimensions / Weights
- Bus Bar
Configurations
Adjustment
- Mounting Precautions
- Enclosure Ventilation
- Mounting In Non-ventilated Enclosures
- Component Identification
Front Panel Display
Control Terminations

SECTION 6 ELECTRICAL CONNECTION (POWER CIRCUIT)

EMX2 serIES — i - AMAO00078 Rev A.6



SECTIONAL INDEX

- EMX2 Current Transformer Installation & Connection
- Motor Connection
3 Wire Motor Connection
Wire Motor Connection
- Line Contactors
- Semiconductor Fuses
- Bridging Contactors
- Power Factor Correction
- Dual Speed Motors
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SECTIONAL INDEX

SECTION 7 ELECTRICAL CONNECTION (CONTROL CIRCUIT)

- EMX2 Electronics & Fan Control Supply
- Control Inputs
Start
Stop
Reset
FLC Select
Emergency Stop
- Control Outputs
Main Contactor
Start/Run
Run
Trip
- Analogue Outputs
Motor Current
Motor Temperature
- Typical Installation Formats

SECTION 8 COMMISSIONING PROCEDURE

- Pre-commisssioning Checks
- Commissioning Procedure
- Post-commissioning Procedure

SECTION 9 EMX2 PROGRAMMING PROCEDURE

- Overview Of EMX2 Function Set
- Programming Procedure
Read Parameters
Program Parameters
- Function Adjustment Chart

SECTION 10 TROUBLE SHOOTING GUIDE

Step by Step guide
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CAUTION STATEMENTS

SECTION 1 CAUTION STATEMENTS
Overview : This section highlights potential causes of equipment damage
Content : Caution LISt ..ooeiiiieiee e 1-1

This caution symbol is used throughout the EMX2 Manual to draw special
attention to activities which may result in equipment damage. A summary of these
cautions is listed below.

CAUTION
Such Caution Statements cannot cover every potential cause of equipment
damage but can highlight common causes of damage. It is therefore the installers
responsibility to adhere to all instructions in this manual, to follow good electrical
practice and to seek advice before operating this equipment in a manner other
than as detailed in this manual.

m  Ensure that the EMX2 is completely isolated from the power supply before
attempting any work on the unit.

m  Entry of metal swarf into the cabinet can cause equipment failure.

m Do not apply voltage to the EMX2 control input terminals. These are active
12/24VDC inputs and must be controlled with potential free circuits.

m Do not connect Power Factor Correction capacitors to the output of the EMX2.
If static power factor correction is employed, it must be connected to the supply
side of the EMX2.

m Before installing the EMX2 without a line contactor ensure such connection
meets local regulations and by-laws.

m [finstalling the EMX2 within a non-ventilated enclosure a by-pass contactor
must be utilised to prevent excessive heat build-up.

m [f installing a by-pass contactor ensure phase connections are correctly made
ie L1-T1,L2-T2,L3-T3, or
L1-L4, L2-L5, L3-L6, or
1-2, 3-4, 5-6

m  EMX2 protection features will be invalidated if :
- the EMX2 CTs are installed inside by-pass and/or 6 wire circuits.
- the EMX2 is programmed with an incorrect CT Primary Current (Function 13)
- the EMX2 CTs do not have 5A secondaries
- the CTs do not measure separate phases

m  Removing control voltage from the EMX2 resets the thermal model.

The examples and diagrams in this manual are included solely for illustrative purposes. Users are cautioned that the information
contained in this manual is subject to change at any time and without prior notice.

In no event will responsibility or liability be accepted for direct or indirect or consequential damages resulting from the use or application
of this equipment.

EMX2 serIES 1-1 USERS MANUAL



GENERAL DESCRIPTION

SECTION 2 GENERAL DESCRIPTION

Overview : This section provides overview of EMX2 Series

Content : General DesCription ..........coooiiiiiiiiiiiiic e 2-1

General Description The EMX2 Series is a microcontroller based soft starter incorporating the latest
technologies and has been designed to provide a complete range of the most
advanced soft start and motor protection features.

This Users Manual covers EMX2 models EMX2-0222 thru EMX2-1393.

In operation the EMX2 provides :

improved soft start of motor and load
reduced starting current

improved soft stop of motor and load
programmable motor thermal modelling
phase sequence protection

phase loss protection

undercurrent protection

electronic shear pin protection

motor thermistor protection
performance feedback

In addition, installation, commissioning and maintenance is made easy by the
EMX2's many other sophisticated functions which enhance performance and

reliability and make the equipment suitable for optimising practically all motor
starting applications.

automatic motor connection analysis and configuration
automatic phase sequence analysis and configuration
automatic supply voltage analysis and configuration
automatic frequency analysis and configuration
Uni-Start soft start

current limiting

full voltage starting

run output

trip output (Changeover)

line contactor control

by-pass contactor control

motor run current display

motor temperature display

three wire or six wire operation

Uni-Stop soft stop

simple, accurate and repeatable programming procedures
diagnostic fault display

EMX2 serIES
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EMX2 FEATURE DESCRIPTIONS

SECTION 3

Content :

EMX2 FEATURE DESCRIPTIONS

Overview : This section describes the purpose and operation of each feature of the EMX2

Series Starters. [For Commissioning & Programming procedures refer sections 8 & 9]

Start Modes
Uni-Start Constant Current..........cccccoeevviieeens 3-1
Uni-Start Current Ramp .......ccccoeeeeiiiiiininennn. 3-2
Uni-Stop Soft Stop ... 3-3
Prestart Protection .........ccccccoiiiiiiiiie 3-4
Run-Time Protection .........cccccciiiiiiiinnn, 3-5
Programmable Motor Thermal Model ............ 3-6
Phase Imbalance Protection ..............cccccce.. 3-8
Undercurrent Protection .........ccccccoiiiiiinneen. 3-9
Phase Sequence Protection ...........ccc.oveee. 3-9
Thermistor Protection ... 3-9
Electronic Shearpin Protection .................... 3-10
Restart Delay .......ccccocooiiiiiiiiieeie, 3-10
Phase Imbalance Delay ............cccccoieeeeenn. 3-10
Starter Overtemperature ...........ccccccoeeeeinnnns 3-10
Run-Time Trip Warnings ........cccooveiieeeeneennn. 3-11
Digital Display ......ccccooviiiiiiiieiieeeeeiieeee e 3-11
Auto-configuration ..........ccccciiiiiii i, 3-12

Uni-Start Constant
Current Soft Start

Uni-Start Constant Current soft start quickly ramps motor starting current to the
user programmed Current Limit (Function 2). Voltage is then dynamically controlled
to accurately maintain the programmed start current. Motor starting current
remains at the programmed set point until full speed is approached and the current

falls to run current levels.

A key feature of the EMX2 is the inclusion of Uni-Start technology. Uni-Start is an
advanced method of control which dynamically adjusts starter output to match the
motor characteristics as they change during starting and stopping. Uni-Start

Control is operative in all EMX2 start and stop modes.

This feature eliminates the motor instability sometimes experienced with ordinary
soft start systems. Uni-Start Constant Current provides particular advantage in
pumping applications where both starting and stopping times can be adjust to
minimise fluid hammer without the need for dedicated 'pump start' units.

Current Limit
(Function 2)

MOTOR
FLC (A)

100%-|

100% SPEED

EMX2 serIES
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EMX2 FEATURE DESCRIPTIONS

The required setting for the Current Limit function is installation dependant and
should be programmed such that

a. at a minimum the motor is supplied start current sufficient to enable it to
produce adequate torque to easily start the connected load.

b. desired starting performance is obtained.

c. EMX2 ratings are not exceeded, refer to the Application Data Sheet on the

first page of this Users Manual.

FUNCTION 2 CURRENT LIMIT

Description Sets the start current as a percentage of motor nameplate
FLC, as set in Function 1 (Motor FLC).

Start Current = Motor FLC X Current Limit

(Function 1) (Function 2)
Display Units % FLC  (eg. 350%)
Limits/Range Minimum : 100% Maximum : 550 %
Factory Setting Refer Application Data sheet on page 1 of this manual

Uni-Start Current

Ramp Soft Start Uni-Start Current Ramp start mode modifies the Constant Current start mode by
allowing the user to program both an Initial Start Current (Function 3) and a Start
Ramp Time (Function 4), as well as the Current Limit (Function 2).

Current Limit |
(Function 2)

MOTOR
FLC (A)

ion
100%

Initial S{E{"jtn&urre t ‘
[

Start Ramp Time
(Function 4)

BAA10261

CURRENT RAMP should be considered in preference to CONSTANT CURRENT
start mode in applications where :

a. required start torque can vary from start to start. ie conveyors : loaded,
unloaded.

b. starting time of easily broken away loads needs to be lengthened. ie pumps

C. supply capacity is limited. ie generator sets.

The Current Limit (Function 2) should be set so that the motor can accelerate easily
to full speed.

The Initial Start Current (Function 3) should be set such that the motor begins to
rotate as soon as a start is called for. Setting the Initial Start Current equal to the
Current Limit (Function 2) defeats the Current Ramp Mode.

EMX2 serIES 3-2 USERS MANUAL



EMX2 FEATURE DESCRIPTIONS

The Start Ramp Time (Function 4) should be set to optimise overall starting
characteristics for the connected load. Setting the Start Ramp Time to 0 seconds
defeats the Current Ramp Mode.

FUNCTION 3 INITIAL START CURRENT

Description Sets the initial start current as a percentage of motor
nameplate FLC, as set in Function 1 (Motor FLC).

Display Units % FLC  (eg 230%)

Limits/Range Minimum : 100% Maximum : 550 %

Factory Setting Refer Application Data sheet on page 1 of this manual

Description Sets the rate at which current rises from the Initial Start
Current (Function 3) to the Current Limit (Function 2).

Display Units Seconds

Limits/Range Minimum : 0 sec Maximum : 30 sec

Factory Setting Refer Application Data sheet on page 1 of this manual

Uni-Stop Soft Stop  The EMX2 is equipped with a user selectable and adjustable Uni-Stop soft stop
function (Os - 100s).

Uni-Stop Soft Stop, when enabled, reduces the voltage applied to the motor,
causing the motor to stall and decelerate to zero speed. The effect of this is to add
inertia to the load and thereby reduce the rate of deceleration.

Uni-Stop technology dynamically adjusts starter output to match the motor
characteristics as they change during stopping.

Uni-Stop Soft Stop eliminates the motor instability sometimes experienced with
ordinary soft stop systems. Uni-Stop provides particular advantage in pumping
applications where both starting and stopping times can be adjusted to minimise
fluid hammer without the need for dedicated 'pump soft start' units.

% VOLTAGE 4

T T T T T T T
0 5 10 15 20 25 30 35 40
TIME (sec)
BBA10105

STOP RAMP TIME—

If utilising the Uni-Stop Soft Stop function and a line contactor, the contactor must
not be opened until the end of the stop ramp time. The EMX2’'s Main Contactor
Control relay can be used to provide appropriate contactor control.

The Soft Stop Ramp Time (Function 5) should be adjusted such that it provides
optimum stopping performance for the application. Setting the Soft Stop Ramp
Time to 0 seconds defeats the soft stop function.
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EMX2 FEATURE DESCRIPTIONS

Description Sets the soft stop ramp time for soft stopping of the motor.
Set the ramp time for 0 (zero) seconds for no soft stop.
Display Units Seconds
Limits/Range Minimum : 0 sec Maximum : 100 seconds
Factory Setting Refer Application Data sheet on page 1 of this manual
Protection The EMX2 provides an integrated protection package which operates on three

levels to prevent damage and also to allow management of motor operation so as
to avoid trip conditions.

m  Prestart Circuit Analysis/Configuration
m  Run-time Protection Systems
m  Run-time Trip Warnings

Prestart Circuit

Analysis &

Configuration To prevent damage from incorrect installation or supply problems the EMX2 Series
starters perform an automatic system analysis at the first start after each power up
of the control voltage to the EMX2. Tests performed include :

Motor circuit

Motor connection configuration

Frequency range

Voltage range

Supply circuit

Upon successful completion of the tests voltage is applied to the motor. Failure of
any of these pre-start checks causes the EMX2 to :
m frip and illuminate the appropriate indication. (Refer to Trouble Shooting
Section later in this manual)
m change the state of the trip relay contacts.

Relay Operation

CLOSED

START
SIGNAL

,— ‘ OPEN

I -100%
OUTPUT
VOLTAGE ‘ ‘ ‘

‘ -0%
MAIN ‘ CLOSED
CONTACTOR

= OPEN
START/ ‘ CLOSED
RUN 1 1 1 OPEN
RUN CLOSED
(BRIDGING ‘ ‘ ‘
CONTACTOR — OPEN

‘ ‘ CLOSED
TRIP

H OPEN

BAA10258
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EMX2 FEATURE DESCRIPTIONS

Run-time
Protection

CAUTION

The EMX2 starters provide the following run-time protection systems.

Programmable Motor Thermal Modelling
Phase Imbalance Protection

Thermistor Protection

Undercurrent Protection

Shearpin Protection

Starter Overtemperature Protection
Phase Sequence Protection

Operation of any of these protection features causes the EMX2 to :

m trip and illuminate the appropriate indication. (Refer to Trouble Shooting
Section later in this manual)

m change the state of the trip relay contacts.

Relay Operation : Run-Time Trips

‘ CLOSED
START
SIGNAL 4 OPEN
\ g\ -100%
§
T ‘ RAMP PROFILE DYNAMICALLY
OUTPUT é |— ADJUSTED TO MAINTAIN USER
R
VOLTAGE . ‘ PROGRAMMED START CURRENT
-0%
¢ | RUNTIME | TRIP
S
CLOSED
MAIN ‘ ‘
CONTACTOR
- ‘ OPEN
|
START/ ‘ ‘ [CLOSED
RUN H— OPEN
RUN CLOSED
(BRIDGING ‘
CONTACTOR OPEN
‘ ‘ ‘ CLOSED
TRIP
- ‘ OPEN
BAA10259

Run-Time Protection in By-passed Starters

EMX2 run-time protection features remain operative even when the starter is by-
passed with a bridging contactor provided the EMX2 CT's are not also by-passed.
Refer to the Electrical Installation section later in this manual.

Resetting Run-Time Trips

Run time trips may be reset by operation of the EMX2's reset contact.

REMOVAL OF CONTROL VOLTAGE TO RESET TRIP
CONDITIONS RESETS MOTOR THERMAL MODEL

EMX2 serIES
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EMX2 FEATURE DESCRIPTIONS

Operational Overview (Protection Features)

1) OFF mode. In the OFF mode, the starter microcomputer monitors the thermistor inputs and models motor temperature.

a) If the thermistor input is connected to a circuit of resistance greater than 2kohm, the starter will enter the
TRIP mode.

b) If the thermal model exceeds 1.05, the starter will enter the TRIP mode.

2) PRESTART mode. | Inthe PRESTART mode, the main contactor relay output is closed, the starter microcomputer measures the
supply frequency, motor connection ,phase sequence and the presence of all phases. Depending on the
results of these measurements, either auto configures itself and enters the START mode, or trips on an
installation or phase sequence fault.

3) START mode In the START mode, the starter microcomputer monitors the thermistor inputs, the phase imbalance and

models motor temperature.

a) If the thermistor input is connected to a circuit of resistance greater than 2kohm, the starter will enter the
TRIP mode.

b) If the thermal model exceeds 1.05, the starter will enter the TRIP mode.

c) If the Phase Imbalance protection operates, the starter will enter the TRIP mode.

d) If the output voltage from the starter reaches full voltage, the starter will enter the RUN mode.

4) RUN mode In the RUN mode, the starter microcomputer monitors the thermistor inputs, the phase imbalance,.motor run

current and models motor temperture.

a) If the thermistor input is connected to a circuit of resistance greater than 2kohm, the starter will enter the
TRIP mode.

b) If the thermal model exceeds 1.05, the starter will enter the TRIP mode.

c) If the Phase Imbalance protection operates, the starter will enter the TRIP mode.

c) If the undercurrent protection operates, the starter will enter the TRIP mode.

d) If the shear pin protection operates, the starter will enter the TRIP mode.

5) SOFT STOP mode | a) If the stop time is zero, the starter immediately enters the OFF mode.

b) If the thermistor input is connected to a circuit of resistance greater than 2kohm, the starter will enter the
TRIP mode.

c) If the thermal model exceeds 1.05, the starter will enter the TRIP mode.

d) If the Phase Imbalance protection operates, the starter will enter the TRIP mode.

e) As the output voltage approaches zero, the starter enters OFF mode.

6) TRIP mode In TRIP mode, the main contactor, run and start/run contacts are open and the TRIP relay changes mode.
SCR conduction is inhibited.
a) Ifthe RESET is closed, the starter enters the OFF mode.

Programmable
Thermal Motor

Modelling Optimum motor overload protection is provided by the EMX2 through a user
programmable thermal motor model.

Programmed with actual motor thermal characteristics from the motor's data sheet,
the EMX2 is able to thermally model motor temperature. This ensures accurate
protection while still enabling the motor to work to its maximum capability during
both start and overload conditions.

Determining The Maximum Motor Start Time Constant (MSTC)

The EMX2 thermal protection is adjusted by setting the Motor Start Time Constant
(MSTC) (Function 6) according to the motor's thermal capacity.

A motor's thermal capacity can be expressed as the maximum time (seconds) a
motor can maintain locked rotor current conditions, and is often referred to as :
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EMX2 FEATURE DESCRIPTIONS

Maximum Locked Rotor Time
or Maximum DOL Start Time

The motor's thermal capacity can also be expressed as the maximum load inertia
at the motor shaft.

This information is available from motor data sheets, or direct from the motor
supplier. From this information the maximum Motor Start Time Constant (MSTC)
figure may be determined as follows :
1. MSTC = Motor Locked Rotor Time
The motors Maximum Locked Rotor Time, or Maximum DOL Start Time,
expressed in seconds may be used directly as the maximum Motor Start
Time Constant (MSTC) for programming into the EMX2.
Motor Start Time Constant = Maximum Locked Rotor Time
2, MSTC = Normalised Motor Locked Rotor Time
For greater accuracy, the motor's Maximum Locked Rotor Time and Locked

Rotor Current figure can be used together to calculate a normalised
maximum MSTC figure as shown below :

0,
MSTC = ( #LRC
600

2
j X Motor Locked Rotor Time

example : Motor Maximum Locked Rotor Time = 14 seconds
Motor Locked Rotor Current (%) = 650%

2
0,
650 A’j X 14 = 16seconds

MSTC = (—
600

Determining The Appropriate Motor Start Time Constant (MSTC) Setting

The MSTC figure, as calculated above, represents the motor's maximum thermal
capacity, and when used to program the EMX2 will provide accurate motor
protection while also allowing the motor to be operated to its maximum overload
capability.

MSTC figures less than the maximum, as calculated above, may also be used
when programming the EMX2 Thermal Model. Using conservative MSTC settings
should be considered where maximum motor overload capacity is not necessary
for normal motor/load operation. Such settings will trip the motor earlier, thereby
avoiding any unnecessary motor heating.

If maximum motor thermal capacity is not required, a reduced setting may be
established by observing the modelled motor temperature, as shown on the EMX2
LCD Display, and adjusting the MSTC parameter such that after a normal start
which has been preceded by a period of running at maximum load, the calculated
motor temperature is approaching 100%.

Operation

Motor temperature is continuously modelled by the EMX2, even when the motor is
not running. Control voltage to the EMX2 must be maintained at all times to ensure

EMX2 serIES
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EMX2 FEATURE DESCRIPTIONS

the accuracy of thermal calculations. Removing control voltage from the EMX2
resets the thermal model to zero.

When commissioning, or re-comissioning after removal of control voltage from the
EMX2, verify that the motor is cold before starting the motor to ensure accurate
thermal modelling.

Accuracy of the thermal model is compromised if the motor is operated outside its
specification. ie ambient temperature is in excess of rated ambient, motor cooling
fan is blocked or inoperative etc. Motor Thermistor protection should be used to
detect such abnormal conditions.

FUNCTION 6 MOTOR START TIME CONSTANT (MSTC)

Description Sets the motor thermal capacity used by the EMX2
thermal model.

Display Units Seconds

Discrimination 1 second

Limits/Range Minimum : 5 sec Maximum : 60 seconds

Factory Setting Refer Application Data sheet on page 1 of this manual

Phase Imbalance
Protection Phase Imbalance Protection protects the motor against phase imbalance
situations, either before or after the starter.

The EMX2 monitors the three phase currents and bases its calculations on the
difference between the highest phase current and the lowest phase current.
The readings are averaged before the calculation requiring that there is an
imbalance in the average currents drawn.

The allowable phase imbalance is user adjustable. The parameter sets the trip
level in approximately ten percent increments, ie a setting of '2' will cause a trip if
the high phase has an average current of 120% of the lowest phase. This is an

imbalance of about 10% from the average current.
(* accuracy subject to tolerance in current monitoring circuit.)

The phase imbalance protection sensitivity is reduced during starting and stopping
to accommodate the discontinuous waveform.

To ensure maximum motor protection, the Phase Imbalance Protection (Function 7)
should be set to as high a sensitivity as possible without causing nuisance tripping.

FUNCTION 7 PHASE IMBALANCE PROTECTION

Description Sets the percentage imbalance allowed between phases
while the motor is operating.
Display Units Sensitivity level ( 1,2,3 ,4,5,6,7,8,9,10)

Settings .
1 minimum imbalance (highest sensitivity)

10 maximum imbalance (lowest sensitivity)

Factory Setting Refer Application Data sheet on page 1 of this manual
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EMX2 FEATURE DESCRIPTIONS

Undercurrent
Protection The EMX2 provides an undercurrent trip which may be adjusted to trip the starter if
the motor current falls below a pre-programmed minimum current level.

Undercurrent protection can be used to detect changes in motor loading which
may indicate system malfunction. For instance in pumping applications a low motor
current may indicate a pump is running 'dry' and thus in danager of suffering
damage This feature will also detect an open circuit on the output of the starter.

If required, Undercurrent Protection (Function 8) should be set below the minimum
running current of the machine but above the magnetising current of the motor.
Settings lower than the motor's magnetising current (typically 25% to 35%) limit the
protection to detection of open circuit protection only. The practical lower limit is
5%.

The Undercurrent Protection is enabled once the motor has reached full speed.

FUNCTION 8 UNDERCURRENT PROTECTION

Description Sets the lower limit (trip point) for motor load as a
percentage of motor nameplate FLC as programmed in
Function 1 (Motor Full Load Current)

Display Units % (percentage)
Limits/Range Minimum: 0% Maximum : 100 %
Factory Setting Refer Application Data sheet on page 1 of this manual

Phase Sequence
Protection The EMX2 provides a user programmable phase sequence protection which, if
enabled, inhibits motor operation if a prohibited phase sequence is detected.

The Phase Sequence Protection (Function 11) must be disabled (Set to zero) if the
EMX2 is used with reversing contactors on the input.

FUNCTION 11 PHASE SEQUENCE PROTECTION

Description Sets valid phase sequences for phase sequence
protection. Invalid phase sequences prevent operation.
Display Units Valid Phase Sequences

Valid Phase Sequences

0 forward and reverse (no protection)

1 forward (positive) Only (EMX2 trips on reverse phase sequence)
2 reverse (negative) only(EMX2 trips on forward phase sequence)

Factory Setting Refer Application Data sheet on page 1 of this manual

Thermistor
Protection PTC Motor thermistors, if fitted in the motor, may be directly connected to EMX2.

If motor thermistors are not connected, the thermistor inputs terminals (28 & 29)
must be linked. The thermistor circuit should be run in screened cable and must be
electrically isolated from earth and all other power and control circuits.

Threshold resistance - 1800 ohms
Thermistor Current - less than 1.5mA
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EMX2 FEATURE DESCRIPTIONS

Electronic
Shearpin

Restart Delay

Phase Imbalance
Delay

Starter
Overtemperature

The EMX2 provides an Electronic Shearpin protection function which can be
adjusted to trip the starter if motor current exceeds a pre-programmed maximum

current.

Electronic Shearpin protection can be used to detect changes in motor loading
which may indicate the motor is about to jam, thereby allowing the starter to trip
and prevent mechanical damage to the motor, drive chain and/or machine.

The Electronic Shearpin Protection (Function 9 ) should generally be set equal to
Current Limit (Function 2), but may be altered to a lower setting if required.

The Electronic Shearpin Protection is enabled once the motor has reached full

speed.

FUNCTION 9 ELECTRONIC SHEARPIN PROTECTION

Description Sets the upper limit (trip point) for motor current as a
percentage of motor nameplate FLC as programmed in
Function 1 (Motor Full Load Current)

Display Units % FLC

Limits/Range Minimum : 1% Maximum : 900%

Factory Setting Refer Application Data sheet on page 1 of this manual

The Restart Delay allows the user to program a delay period between the end of a
stop and the beginning of the next start. This feature can be used to prevent
inadvertent abuse of the starter and motor caused by high frequency cyclic

start/stop commands.

FUNCTION 30 RESTART DELAY

Description Sets the minimum time between the end of a stop and the
beginning of the next start.
Display Units Seconds (approximate)

Limits/Range

Minimum : 1 second Maximum : 255 seconds

Factory Setting

Refer Application Data sheet on page 1 of this manual

The Phase Imbalance Delay allows the user to program the minimum time a phase
imbalance must be present before the EMX2 will trip the motor.

FUNCTION 32 PHASE IMBALANCE DELAY

Description Sets the minimum time a phase imbalance must be
present before the EMX2 Phase Imbalance protection
trips.

Display Units Seconds (approximate)

Limits/Range Minimum : 1 second Maximum : 254 seconds

The EMX2 is protected from overtemperature operation by sensors on each of the

three power modules.

EMX2 serIES
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EMX2 FEATURE DESCRIPTIONS

Overtemperature situations cause the EMX2 to trip, and it may not be re-started
until the temperature of the power module heatsink assemblies has dropped.

Run-time
Trip Warnings The EMX2 units provides indication and interface of the following three functions
which can provide feedback on approaching trip conditions.

n Overload Operation
[ Motor Current (% FLC)
[ Thermally Modelled Motor Temperature (%)

FUNCTION DISPLAY TYPE

LCD 4-20mA
Overload Operation NO NO
Motor Current NO YES YES
Motor Temperature (Thermal Model) NO YES YES

Overload Operation

The Overload LED on the Front Panel Display illuminates when motor current
exceeds the motor Full Load Current (FLC) as set in Function 1.

Extended illumination of the Overload LED indicates that an overload trip is
approaching should motor current remain high. Pulsing of the Overload LED
indicates transient overloads are being experienced. Such momentary overloads
may be part of normal operation for the connected load. Extended, severe and/or
too frequent transient overloads may cause motor thermal trips.

Motor Current
Provided as both an LCD readout and 4-20mA signal
LCD : Refer to Digital Display description later in this section.

4-20mA : Refer to Analogue Outputs description in the Electrical
Connection (Control Circuit) section of this manual.

Motor Temperature (Thermal Model)
Provided as both an LCD readout and 4-20mA signal
LCD : Refer to Digital Display description later in this section.

4-20mA : Refer to Analogue Outputs description in the Electrical
Connection (Control Circuit) section of this manual.

Digital Display The Digital Display, located on the front face of the EMX2, is used for both starter
programming and displaying run-time parameters.

CREE

POWER

17 START/RUN

0 RUN
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EMX2 FEATURE DESCRIPTIONS

Program Mode Refer EMX2 Programming Procedure section later in this manual.

Display Mode During run, the LCD display may be programmed to display motor current, motor
temperature or alternate between the two.

Motor Current :

Display Units Amps
Limits/Range Minimum : 0 A Maximum : Dependant on CT's

Note that the integrity of the current display is subject to the EMX2 being
correctly programmed with Primary Rating of the connected CTs. During
commissioning of the EMX2 the LCD current display should not be relied upon
until its operation has been verified by measuring motor current by an
independent means.

Thermally Modelled Motor Temperature:

Display Units % percentage
Limits/Range Minimum: 0% Maximum : 105%

The motor temperature is displayed as a percentage of the maximum motor
temperature as calculated by the Thermal Model. The motor temperature
display is indicated by a leading decimal point. ie 90% reads as .90 and 100%
as 1.00. The EMX2 will trip when the motor temperature reaches 1.05.

FUNCTION 12 LCD RUN TIME DISPLAY MODE

Description Sets the parameter shown on LCD display during run
Display Units Parameter Options (0,1,2)

Parameter Options
0 Motor Current (Amps)
1 Motor Temperature (Thermal Model)(%)
2 Current / Motor Temperature

Factory Setting Refer Application Data Sheet On Page 1 Of This Manual

Auto-configuration The EMX2 automatically determines the motor connection, supply frequency,
supply voltage & phase sequence and configures the internal parameters for
correct operation, or inhibits operation if a problem is detected.

At start, the EMX2 is able to determine and configure for 3 Wire or 6 Wire
operation.

The EMX2 will auto-select for 50Hz or 60Hz operation.
The EMX2 will operate for line input voltages as follows

3 wire connection : 220 VAC to 600 VAC
6 wire connection : 220 VAC to 440 VAC
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ELECTRICAL SPECIFICATION

SECTION 4

Content :

ELECTRICAL SPECIFICATION

EMX2 Connection Detail
Specifications
Current Ratings

Overview : This section details the general electrical specification of the EMX2 Series Starters.

EMX2 CONNECTION DETAIL

L1/1 T2
o o
3 PHASE L2/3 T2/4
SUPPLY o o TO MOTOR
L3/5 T3/6
—O [e,
o_L do
USA AND = =
CANADA ONLY ] B6
o o
110/120V 380/415V ) _l 57
o PT. o
OR 220/240V OR  220/240V 3 J BS
o o
B9
o
P c13
c14 FLC SELECT
o —I
e i
——+0 — o
C24START 44 |
o —l —0 TRIP
C31 42
—0 —
c32 STOP B1
o —1 — o )
C41 B2 RS485 SERIAL INTERFACE
_‘E_* —/ GNDO (EMX2i MODELS ONLY)
C42RESET B3
o —l + o
23 B4 ~
I © ! ° MOTOR
RUN 24 THERMISTOR g5 THERMISTOR
o o
13 B10
S~ +5
MAIN CONTACTOR 14 B11 4-20mA OUTPUT A
L o -0
33 B12
o—o— + 0
START/RUN 34 B13 4-20mA OUTPUT B
L o -0
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ELECTRICAL SPECIFICATION

SPECIFICATIONS The following specifications are common to all models:-

Power Circuit:

Supply Voltage:

Supply Frequency:
Control Voltage:
Fan Voltage:
Current Rating:
Motor Connection:

Control Inputs:

Relay Outputs:

Indicators:

Environmental:

Ambient
Temperature:

Approved To:

Reverse parallel connected thyristors (full wave control)
220 VAC to 600 VAC (3 Wire)

220 VAC to 440 VAC (6 Wire)

Consult local representative for other voltages

48Hz to 52Hz, 58Hz to 62Hz

Refer Marking On Equipment

Refer Marking On Equipment

Refer to Table Of Ratings overleaf

3 Wire or 6 Wire

Active 24 VDC, 8mA approx
(C13,C14) FLC Select

(C23,C24) Start
(C31,C32) Stop
(C41,C42) Reset

5A @ 250VAC/360VA, 5A @ 30VDC Resistive
(23,24) Run (Bridging Contactor Control) (N.O.)
(13,14) Main Contactor Control (N.O.)

(33,34) Start/Run (N.O.)

(41,42,44) Trip (C/O)

Power On, Start/Run, Run, Overload, Phase Sequence, Overcurrent,
Undercurrent, Phase Loss, Thermistor, Shearpin, Installation Fault,
Overtemperature Fault

Degree of Protection: IPO0

Form Designation: Form 1

Rated Insulation Voltage: 2 kV

Rated Impulse Voltage: 2 kV

Pollution Degree: 3

Rated Short-circuit Current: 50 kA

Equipment Class (EMC): Class A.

This product has been designed for Class A equipment. Use of the
product in domestic environments may cause radio interference, in
which case the user may be required to employ additional mitigation
methods.

09C to 45°C (Operating)
-50C to 65°C (Storage)

UL508
CSA 22.2 No 14.
Cv (CISPR-11)
CE (IEC947-4-2)
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ELECTRICAL SPECIFICATION

Continuous Ratings 100% DUTY CYCLE (Off Time = 0 seconds)
Light Load Medium Load Heavy Load
300% x FLC, 10 Sec 350% x FLC, 15 Sec 450% x FLC, 30 Sec
10 Starts/Hr, 45°C 10 Starts/Hr, 45°C 10 Starts/Hr, 45°C
AC53a 3-10:100-10 AC53a 3.5-15:100-10 AC53a 4.5-30:100-10
3 Wire 6 Wire 3 Wire 6 Wire 3 Wire 6 Wire
EMX2-0222 222A 333A 197A 296A 149A 224A
EMX2-0283 283A 425A 253A 379A 190A 285A
EMX2-0359 359A 538A 321A 481A 239A 359A
EMX2-0451 451A 676A 409A 613A 296A 444A
EMX2-0523 523A 784A 474A 711A 345A 518A
EMX2-0621 621A 932A 568A 851A 407A 610A
EMX2-0721 721A 1081A 663A 995A 473A 709A
EMX2-0842 842A 1263A 780A 1170A 544A 816A
EMX2-0892 892A 1338A 834A 1251A 579A 869A
EMX2-1192 1192A 1788A 1020A 1530A 745A 1117A
EMX2-1393 1393A 2089A 1295A 1942A 929A 1393A
Bypassed Ratings 10 STARTS PER HOUR
Light Dut Medium Dut Heavy Dut
300% x FLC, 10 Sec 350% x FLC, 15 Sec 450% x FLC, 30 Sec
10 starts/Hr, 45°C 10 starts/Hr, 45°C 10 starts/Hr, 45°C
AC53b 3-10:350 AC53b 3-15:345 AC53b 4.5-30:330
3 Wire 6 Wire 3 Wire 6 Wire 3 Wire 6 Wire
EMX2-0222 242A 364A 205A 308A 152A 228A
EMX2-0283 314A 471A 265A 397A 194A 292A
EMX2-0359 374A 562A 321A 481A 246A 369A
EMX2-0451 534A 802A 440A 659A 306A 460A
EMX2-0523 594A 891A 508A 763A 356A 535A
EMX2-0621 754A 1131A 616A 925A 422A 633A
EMX2-0721 893A 1339A 726A 1089A 493A 740A
EMX2-0842 1084A 1627A 868A 1302A 571A 856A
EMX2-0892 1176A 1764A 939A 1408A 611A 917A
EMX2-1192 1462A 2192A 1178A 1767A 790A 1185A
EMX2-1393 | 2053A 3079A 1665A 2496A 1122A 1682A
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PHYSICAL SPECIFICATION

SECTION 5

Content :

PHYSICAL SPECIFICATION

options for the EMX2 Series Starters.

Dimensions / Weights .........cccccovviiiiiiiineee, 5-1
Bus Bars

- Configurations .......ccccoveiivi i, 5-2

- Adjustment L 5-3
Mounting Precautions ..........cccccciiiiiiiiicenneennn. 5-3
Enclosure Ventilation ...........cccccciiiiice, 5-3
Mounting In Non-ventilated Enclosures ............ 5-4
Component Identification

- Front Panel Display ....ccccccoiiiiiiiiiiiiiiiiis 5-4

- Control Terminations ..........cccccceiviieeeennnen. 5-4

Overview : This section details the mounting detail, bus bar configuration and ventilation

Dimensions

CABINET HEIGHT = A

T

—-—_J/H* |

o CABINET DEPTH=C

CABINET WIDTH =B

—
-t}

|
-t

HOLE FIXING CENTRES = E |

Y

HOLE FIXING
CENTRES =D

*

MODEL A B Cc D E WEIGHT
EMX2-0222, EMX2-0283 39KG
EMX2-0359, EMX2-0451 40KG
EMX2-0523, EMX2-0621 575 430 270 555 370 42KG
EMX2-0721, EMX2-0842 50KG
EMX2-0892 50KG
EMX2-1192, EMX2-1393 700 560 320 670 500 110KG
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PHYSICAL SPECIFICATION

Input/Output The EMX2 units offer four different input/output power terminal configurations.
Terminal The Bus Bar configuration is user adjustable.
Configuration
Same End Termination il B A B
Detail ° q S S 14

ogm

a
.E
|

M8 —
DIA 0.5 52.5
+ — _
,,,,, fe e oo o |
L1/1 T1/2] L2/3| IT2/4] L3/5 T3¢ A: ‘l( 20
. I
275 . |
X

75 56 56 56 56 56

i

Split Termination Detail ° ° ° y i ,‘7

L1 L2/3 L3/ )
) o

ED

il

ST SR = e &= ety S = g E
T o | °
112 24 T3 L U L3
[e] o o o o o
299 |
187
75
% % 27.5)
L1 L2/3 L35
f
+
+
1
fri72] fr2/al Ta/6]

o

N

o
N
N

75

187
299
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PHYSICAL SPECIFICATION

Bus Bar Adjustment To change the bus bar configeration open the EMX2 cover, loosen and remove the

Mounting
Precautions

Enclosure
Ventilation

bus bar fixing bolts (refer diagram below) and slide the bus bar out of the EMX2.
Then, having oriented the bus bars according to the desired configuration, slide
them back into the starter. Fit the fixing bolts and re-tighten to a torque of 8.5 Nm..

Care must be taken to ensure that foreign matter does not contaminate the jointing
compound and become trapped between the bus bar and its mounting plate.

o o

I N

Fa
\\\>\\

/

Bus Bar Fixing Bolts

Bus Bar Fixing Bolts

Do not mount in direct sunlight

Do not locate near heat radiating elements
Mount the EMX2 vertically

Do Not Obstruct air intakes / exhaust

When mounting a soft starter, or any other equipment which generates heat, into a
vented enclosure there must be sufficient airflow through the enclosure to prevent
excessive heat build up within the enclosure.

Soft starters dissipate approximately 4.5 watts per line amp. The following table
shows the airflow required to limit internal temperature rise of an enclosure
housing a soft starter to +5°C or +10°C.

Where additional heat sources (contactors, cables, isolators etc.) are also housed
in the enclosure, airflow will need to be increased accordingly.

MOTOR HEAT DISSIPATION Airflow m®/minute For:

AMPS (@ 4.5 watts / Amp) 5°C Rise 10°C Rise
125 563 5.6 2.8
150 675 6.8 3.4
175 788 7.9 39
200 900 9.0 45
250 1125 1.3 56
300 1350 135 6.8
350 1575 15.8 79
400 1800 18.0 9.0
450 2025 20.3 10.1
500 2250 225 11.3
550 2475 24.8 12.4
600 2700 27.0 135
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PHYSICAL SPECIFICATION

Mounting In

Non-ventilated

Enclosures If the EMX2 is to be mounted in a non-ventilated enclosure a bridging contactor
should be employed to eliminate heat build up in the enclosure. The Bridging
contactor can be AC1 rated as it only carries the running current of the motor.

The bridging contactor should be controlled by the EMX2 Run output (23,24) and
used to bridge out the SCRs once the motor has started by bridging between:

L1-T1, L2-T2, L3-T3 or L1-L4, L2-L5, L3-L6 or 1-2, 3-4, 5-6

K1

R

L1 (L4) T2 1
o o
L213 (L5) T2/4 c1 "
SUPPLY o o ol
La/5 (L6) T3/6 c1
o o
B6
o
B7
o
23 B8
_ o
BRIDGING CONTACTOR RUN
CONTROL SUPPLY [ 24 %‘3
K1M

BAA10262

Front Panel Display

LCD DISPLAY (E:E:EE

w1 OOOE

POWER
START/RUN

RUN

QVERLOAD

PHASE SEQUENCE

INDICATOR OVERCURRENT

LEDs ] UNDERCURRENT
PHASE L0SS
THERMISTOR
SHEARPIN

INSTALLATION

A TN SN SN S N N O N N TN N AN

OVERTEMPERATURE

Control Terminations
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)

FLC F
SELECT START ~ STOP  RESET \l \’ \ \l RS485 THERMISTOR CTs 4-20mA  4-20mA STARTER B
c13Jcrafcasfcoafcarcsocatfoae] [23 Toa T13 T14 133 [34 Tai Ta2 Jaa ] Bi [B2 |83 (4T85 T86 [ 67188 [89 IBi0]BTilBI2lB13

L 4L 4

1 I RUN _ MAN  START  TRIP — GND + K . - . -
CONTACTOR  /RUN o OUTPUTA OUTPUTB FIELD o
* 400V 230V

I || [ R Il |

CONTROL CONTROL SERIAL LINK  AUXILLARY AUXILLARY CONTROL

INPUTS RELAY OUTPUTS (EMX2i ONLY) INPUTS OUTPUTS SUPPLY
REMOVABLE

CONNECTORS
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ELECTRICAL CONNECTION (POWER CIRCUIT)

SECTION 6 ELECTRICAL CONNECTION (POWER CIRCUIT
Overview : This section details the installation of the EMX2 Current Transformers, as well as
the various power circuit configurations possible with the EMX2 Series Starters.
Content : EMX2 Current Transformer Installation .............. 6-1
Motor Connection
- 3 Wire Motor Connection ...............coeeeeee. 6-3
- 6 Wire Motor Connection ...............ceeeeeee. 6-3
Line Contactors .........ccccceeveveeemerennrinnnnns 6-4
Semiconductor FUSES ........ccooeeveiiiiiiiieiiieeee 6-4
Bridging Contactors ........c.ccccceveviciveeeiiieeeee 6-5
Power Factor Correction ..........ccccccevvvvvevevennnnns 6-5
Dual Speed MOtOrS .........ccocuvvieeeeeeeeecciieeeeeeee, 6-6
Current The EMX2 comes complete with three Current Transformers (supplied loose)
Transformer details of which are shown on the Application Data Sheet on page 1 of this Users
Installation & Manual. These CTs must be installed to measure motor (line) current, and the CTs
Connection secondaries wired back to the EMX2 unit.

Field Calibration Of
Current Monitoring
Circuit

The CTs form part of the feedback loop used by the EMX2 to control and protect
the motor, and have been selected specifically for the application for which the
starter is supplied. No alternate CTs should be used without reference to the local
supplier and appropriate alteration of the EMX2 CT Primary Current Rating
parameter (Function 13).

The CT's are supplied separate from the main unit so that the EMX2 can continue
to provide protection even when by-passed. This eliminates the need for separate
overload protection when a by-pass system is used.

The CTs must be used in a manner that they monitor line current to the motor.
They must not be bridged out by a bridging contactor, if used, and they must not be
installed inside the delta loop if using six wire connection.

The CTs must be wired back to the EMX2 CT input terminals (B6,B7,B8,B9),
ensuring that the common connection is made to terminal No 33. Do not connect
any other circuits to the EMX2 CTs. Do not earth the CTs.

FUNCTION 13 CT PRIMARY CURRENT RATING

Description Sets the value of the primary current of the EMX2 current
transformers. Note : the CTs must have 5Amp secondary
Display Units Amps

Factory Setting Appropriate for the CTs supplied with the EMX2. Refer
Application Data Sheet On Page 1 of this Manual.

If desired, the EMX2 current monitoring cirucitry can be field calibrated to account
for individual component tolerances by measuring the motor running current with a
certified calibrated amp meter, and comparing it with the current displayed on the
EMX2 current display.

The EMX2 can then be calibrated by adjusting Function 13 according to the
following equation:

EMX2 serIES
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ELECTRICAL CONNECTION (POWER CIRCUIT)

Measured Current ]

CT Primary Setting (Function 13) = Installed CT Primary Ratio x [ -
EMX LCD Display Current

ACCEPTABLE CT POSITIONS (3 Wire - Non By-Passed)

ct |uin T2 L Tz] g
= O —t0 o+
cT L2i3 L5) T2/4 L2/3 L5) T2/4 cT
CT (L5) T2/4 | 1 *9) ] »
[ L35 (L6) T3 | s weTe el
86 ) B6 | )
B7 B7
B8 B8
B9 B9

ACCEPTABLE CT POSITIONS (3 Wire -By-Passed)

KM KM
” ”
L~ -
L =
cT L1/ (L4) T1/2 L1/1 (L4) T1/2 eI
CT L2/3 (L5) T2/4 _1‘," L2/3 (L5) T2/4, GT ?!\n
C] L3/5 (L6) T3/6 L3/5 (L6) T3/6 cT
B6 ) B6 i
B7 B7
B8 B8
B9 B9
ﬁozes \mozes

ACCEPTABLE CT POSITIONS (6 Wire - Non By-Passed & By-passed)

K1

M
rd
L
-

o L1/ (L4) T1/2 CT L1/1 (L4) T1IZ°
cT L2/3 (L5) T2/4 @_ cT L2/3 (L5) T2/4 | ( ]; j
CT L3/5 (L6) T3/6 3 L3/5 (L6) T3/6
B6 = B6 N
B7 B7
B8 B8
B9 B9

THE EMX2 START PERFORMANCE, DISPLAYED CURRENT READINGS,
OVERCURRENT, UNDERCURRENT AND SHEARPIN PROTECTION
FUNCTIONS WILL BE INACCURATE UNLESS :

CAUTION EACH OF THE 3 CTS MONITORS A SEPARATE PHASE
THE CTS ARE MONITORING LINE CURRENT TO THE MOTOR
THE EMX2 CT PRIMARY CURRENT RATING PARAMETER (FUNCTION 13)
IS SET CORRECTLY FOR THE INSTALLED CTS
4. THE CONNECTED CTS HAVE 5 A SECONDARIES

Ladi a e
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Motor Connection The EMX2 can be connected to control a variety of different motors in a number of
different circuit configurations.

3 Wire Motor Connection

K1M
D R R T (L4) T2 O

CT
SUPPLY —ol/—-o L2/3 (L5) T2/4 O aa M

T
—o/-—-o L3/5 (L6) T3/6 O as

B6O:

B70

B8O

B9O

BBA10107

The EMX2 may be connected to motors designed star operation or for motor
designed for delta operation, so long as the motor is appropriate for the supply
voltage.

{Lin (L4) T1/2 QLM (L4) T1/29
PL2/3 (L5) T2/49 QL2/3 (L5) T2/49

OL3/5  (L6) T3/6 ¢ OL3/5  (L6) T3/6 ¢

MOTOR TERMINALS MOTOR TERMINALS
STAR CONNECTION — DELTA CONNECTION

6 Wire Motor Connection

K1M

O L11 (L4) T12 © U u

SUPPLY O L2/3 (L5) T2/4 O

i
s s
s

O L3/5 (L6) T3/6 O

O B6

O B7

O B8

O B9

BBA10107

Connect the three OUTPUT terminals (T1/2, T2/4, T3/6) of the EMX2 to the motor
windings ensuring that the connections are made to one end of each winding only.
It is imperative to connect the output of the EMX2 to the same end of each winding
and this is usually marked on the motor terminations.
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ELECTRICAL CONNECTION (POWER CIRCUIT)

——%um (L4)T1/2]

IL2/3 (L5) T2/4

[L3/6 (Le) T3/6]

MOTOR TERMINALS
6 WIRE CONNECTION

The six terminations to the motor windings are usually arranged in two rows of
three so that the links can be fitted across from the top three terminations to the
lower terminations. In this case connect the EMX2 to the top terminations only.
Connect the other three motor terminals to the input of the EMX2 in a manner that
connects the end of each winding to a different phase from the input.

This is easiest achieved by replacing each delta link in the motor terminal box by
one phase of the controller.

For example if the delta links are fitted U1-V2,V1-W2,W1-U2

- Connect the incoming phases to L1/1,L2/3,L3/5 on the EMX2.
- Connect the EMX2’s to the motor. T1/2-U1, T2/4-V1, T3/6-W1
- Connect the other motor terminals to the EMX2’s input. V2-L1/1, W2-L2/3, U2-L3/5

SIX WIRE CONNECTION SHOULD NOT BE MADE
WITHOUT USE OF A LINE CONTACTOR AS THE MOTOR
REMAINS CONNECTED TO THE SUPPLY EVEN
CAUTION WHEN THE STARTER IS SWITCHED OFF

Line Contactors The EMX2 is designed to operate with or without a line contactor. In many regions
there is a statutory requirement that a line contactor be employed with electronic
motor control equipment. From a safety point of view, this is the preferable option,
however is not necessary for starter operation. An additional benefit gained by use
of a line contactor is isolation of the starter SCR’s in the off state, when they are
most susceptable to damage from voltage transients.

The EMX2 can directly control a line contactor via the Main Contactor Control
output (13,14).

As an alternative to a line contactor, either a circuit breaker with a no volt release
coil operated by the EMX2 trip output (41,42,44), or a motor operated circuit
breaker can be considered.

If a motor operated circuit breaker is used as a line contactor, the potential delay
between the breaker being told to close and phase power being applied to the
EMX2 could cause the EMX2 to trip on installation faults. This can be avoided by
closing the motorised breaker directly and using the breakers auxiliary contacts to
control the EMX2.

Semiconductor Fuses Fast acting semiconductor fuses can be used with the EMX2 to reduce the
potential of damage to the SCRs from transient overload currents. Refer to your
starter supplier for semiconductor fuse selection advice.
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ELECTRICAL CONNECTION (POWER CIRCUIT)

Bridging Contactors

CAUTION

Power Factor
Correction

CAUTION

If the EMX2 is to be mounted in a non-ventilated enclosure a bridging contactor
should be employed to eliminate heat build up in the enclosure.

Bridging contactor can be AC1 rated as it only carries the running current of the
motor.

The bridging contactor should be controlled by the EMX2 Run output (23,24) and
used to bridge out the SCRs once the motor has started by bridging between L1/1
-T1/2,L2/3 - T2/4, L3/5 - T3/6.

IT IS IMPERATIVE THAT THE BRIDGING CONTACTOR CONNECTS L1/1
TO T1/2,L2/3 TO T2/4 AND L3/5 TO T3/6. ANY OTHER COMBINATION
WILL CAUSE FUSE FAILURE, CIRCUIT BREAKER TRIP AND POSSIBLE

SCR FAILURE.
L1/ (L4) T1/2 CT
o o aa
L2/3 (L5) T2/4 oy M
SUPPLY o o 3~
L3/5 (L6) T3/6 cT
o o
B6
o

B7
(o

23 B8

_ o
BRIDGING CONTACTOR RUN
CONTROL SUPPLY _2; ‘309

K1M

BAA10262

Bridging contactors should be controlled to bridge out the EMX2 during run. The
EMX2's bridging contactor control output should be used to control the bridging
contactor.

If using a bridging contactor

m  Connect between the inputs and outputs of the EMX2 ensuring that with the
contactor closed, L1/1 connects to T1/2, L2/3 connects to T2/4 and L3/5
connects to T3/6.

m  Connect the coil of the bridging contactor through the EMX2 Run relay outputs
to the control voltage.

m  To maintain EMX2 motor protection features ensure CT's are installed outside
the by-pass circuit.

If static power factor correction is employed, it must be connected to the supply
side of the soft starter.

UNDER NO CIRCUMSTANCE SHOULD POWER FACTOR
CORRECTION CAPACITORS BE CONNECTED BETWEEN
THE SOFT STARTER AND THE MOTOR.
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ELECTRICAL CONNECTION (POWER CIRCUIT)

Dual Speed Motors Dahlander Two Speed motor applications are specifically catered for by the EMX2
starters, which includes dual parameter settings to allow individual start and
protection parameters to be programmed for each motor speed. The Dahlander
speed changeover contactors should be connected to the output of the EMX2.
Refer Application Schematic below.

The secondary start and protection parameters (Functions 21 > 29) are operational
when the FLC Select terminals (C13,C14) are linked. To switch between primary
and secondary parameter settings the EMX2 must be stopped, the FLC Select
contact operated, and the EMX2 restarted. (Refer Typical Application 4).

Secondary settings are programmed and operate in an identical manner to the
primary setting.

K3m
e
L
I A
L T4
O
L T5
O
T6
_o//_—o
Kam TO DUAL SPEED MOTOR
~~ Lin (L4 T172 ~ T1 (" DAHLANDER TYPE
O O O
3 PHASE _,. L2/3 (L5) T2/4 » T
SUPPLY o o °
~ L3/5 (L6) T3/6 L T3
Q O 0
K1m
Al 0 °© J—‘ J—‘ °
B6
0
B7
O
B8
O
B9
0
A1
O
A2 _l
o PT.
]
KIA c13
o' —
FLC SELECT
1634 1)
c23 K2A
o —
KM c24 START REMOTE LOW SPEED KIA
o — START INPUT
M c31
o' —
c32 STOP B1 K1A
o —! — -0
s2 c41 RS485 SERIAL B2 REMOTE HIGH SPEED K2A
o — INTERFACE GNDO START INPUT
C42 RESET (EMX2i MODELS g3
o —I ONLY) L + ©
23 B4
o— —— o
© MOTOR
24 RUN | THERMISTOR B E THERMISTOR
13 B10 B4
—
10& MA|N‘_’ 420ma 8‘1’1 oRr st K3M KM
OUTPUT A
ONTACTO _8l |:|
33 B12
3:4 START 420ma T B?S K2A K2Mm K3M
/RUN ouTRUTB _B1 ‘][L |
41 44
L ° K1A K3M K1M
A1 EMX2 TRIP 42
K1A  REMOTE START RELAY (LOW SPEED) 4 Ny
K2A  REMOTE START RELAY (HIGH SPEED) ey
K1M  LINE CONTACTOR (HIGH SPEED)

K2M  LINE CONTACTOR (LOW SPEED)
K3M STAR CONTACTOR (HIGH SPEED)
S1 RESET PUSHBUTTON
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

SECTION 7

ELECTRICAL CONNECTION (CONTROL CIRCUIT

Overview : This section details the connection of control voltage to the EMX2 Starters as well
as describing the EMX2's various control inputs and outputs. Additionally, typical

connectio

Content : EMX2 Electronics Supply ......cccccccceviiiiieiicnnennnn 7-1
Control Inputs
Start o 7-2
StOP i 7-2
ReSet ..o 7-2
FLC SeleCt v 7-2
Emergency StOp ...oooovciiiiiii e 7-2
Control Outputs
Main Contactor ........ccccccevvvviiiieiiiiee e 7-3
Start/RuN oo 7-4
RUN 7-4
THP oo 7-4
Analogue Outputs
Motor Current.......cceeveveiiiee e 7-5
Motor Temperature (Thermal Model) ............ 7-5
Typical Installation Formats .............ccccccceoiie 7-6

n schematics are provided.

EMX2 ELECTRONICS
& FAN SUPPLY

The EM

X2 must be supplied with control voltage which controls both the

electronics and cooling fans. Refer to labeling on the EMX2 for control voltage

options.

The EM

X2 is designed to operate with the electronics permanently supplied. The

electronics must be powered up for the thermal model to function in the OFF state
(motor not running) while the motor is cooling. The electronics must also be
powered up so that the EMX2 can control any line contactor connected.

EMX2 CONTROL VOLTAGE
Canada All Other Countries
United States of Amercia
ELECTRONICS ELECTRONICS
LJ LJ
| a1 | a2 | a3 | | a1 | a2z | a3 ]
L JL U L 4L
110V o 230V 400V o 230V
EMX2 series 7-1 USERS MANUAL



ELECTRICAL CONNECTION (CONTROL CIRCUIT)

Control Inputs

The EMX2 incorporates the following control inputs.

S&ECT START STOP RESET \('—I \'—l \'_l [ ; \ RS485 THERMISTOR CT's 4-20mA  4-20mA STARTER m_l
ci3fciacesfcoacatfcsofcarfcae] [23 T24 113 T14 133 T34 Ta1 [a2 Jas ] 81 [82 [B3 B4 85 [ 86 [ 87 [ B8 [89 [B10]B11]B12]B13
1 [ RUN MAIN START TRIP — GND + . + - + - L 4L d
\J \._I LI U CONTACTOR /RUN u _Lﬁ OUTPUTA OUTPUTB FIELD or 2
8 LI
|

CONTROL

INPUTS
Start (C23,C24) [ active 24 VDC
[ operate with potential free circuit

Stop (C31,C32)

Reset (C41,C42)

FLC
Select (C13,C14)

EMERGENCY STOP

CAUTION

Simult

Four Wire Control : The start circuit must be closed fleetingly to start the
motor. The start signal is latched internally by the EMX2 until either the
starter trips or the stop circuit is opened.

Two Wire Control : In a two wire non latching circuit the start input is linked
and the EMX2 is controlled by closing and opening the stop input.

contacts used for controlling this input should be low voltage, low current
rated. (Gold flash or similar)

active 24 VDC

operate with potential free circuit. (Must be closed for the EMX2 to operate)
contacts used for controlling this input should be low voltage, low current
rated. (Gold flash or similar)

active 24 VDC

operate with potential free circuit. (Must be closed for the EMX2 to operate).
Open circuit to closed circuit transition resets the EMX2

contacts used for controlling this input should be low voltage, low current
rated. (Gold flash or similar)

active 24 VDC

operate with potential free circuit. An open circuit selects the primary motor
parameters and a closed contact selects the secondary parameters. The
FLC Select Input is used primarily to select a secondary set of parameters in
dual speed motor applications. (Refer Dual Speed Motor section of this
manual for further description of FLC Select use).

contacts used for controlling this input should be low voltage, low current
rated. (Gold flash or similar)

aneously opening the STOP & RESET circuits will effect an immediate stop,

and cause the trip relay to operate, and then reset after approximately 8 seconds.

Control Input wiring should be run separately from power wiring to prevent noise
and possible induced voltage.

VOLTAGE MUST NOT BE APPLIED TO THE CONTROL
INPUT TERMINALS. APPLICATION OF VOLTAGE
IS LIKELY TO CAUSE EQUIPMENT DAMAGE.

EMX2 serIES
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

Operational Overview (Control inputs.)

1) OFF mode.

In the OFF mode, the starter microcomputer monitors the START, STOP, RESET and keypad inputs.

a) Ifthe RESET input is open circuit, the EMX2 will ignore all other inputs.

b) If the keypad function key is pressed, the starter will enter the programming mode.

c) Ifthe STOP, START and RESET are closed, the starter will enter the PRESTART mode. NB. The
START input is only monitored in the OFF mode and SOFT STOP mode.

2) PRESTART mode.

In the PRESTART mode, the main contactor is closed, the starter microcomputer executes a number of
measurements, and depending on the results of these, either auto configures itself and enters the START
mode, or trips on an installation or phase sequence fault.

3) START mode

In the START mode, the starter microcomputer monitors the STOP and RESET.

a) Ifthe STOP is open and the RESET is closed, the starter enters the SOFT STOP mode.

b) If both the STOP and the RESET are open, the starter will immediately stop and enter the OFF mode.
c) If the output voltage from the starter reaches full voltage, the starter will enter the RUN mode.

4) RUN mode

In the RUN mode, the starter microcomputer monitors the STOP and RESET.
a) Ifthe STOP is open and the RESET is closed, the starter enters the SOFT STOP mode.
b) If both the STOP and the RESET are open, the starter will immediately stop and enter the OFF mode.

5) SOFT STOP mode

In the SOFT STOP mode, the starter microcomputer monitors the START, STOP and RESET.

In SOFT STOP mode, the output voltage is reduced at the rate determined by the stop time parameter. (soft
stop)

a) If the stop time parameter is zero, the starter immediately enters the OFF mode.

b) If both the STOP and the RESET are open, the starter will immediately stop and enter the OFF mode.
c) Ifthe START and STOP are closed, the starter enters the START mode.

d) As the output voltage approaches zero, the starter enters OFF mode.

6) TRIP mode

In the TRIP mode, the starter microcomputer monitors the RESET input. In TRIP mode, SCR conduction is
inhibited.
a) Ifthe RESET is closed, the starter enters the OFF mode.

Control Outputs

The EMX2 incorporates the following control outputs

SEIESCT START ~ STOP  RESET \('—I \'—l \'_l l ; \ RS485 THERMISTOR CTs 4-20mA  4-20mA STARTER rﬁ—l
ci3]ciaJcasfcoacatleszfcaican] [23 Toa T43 T14T33 T34 Tar Tao Taa ] B1 |82 B3 B4 185 [B6 |87 18889 [B10[B11]BI2[BI3
1 I RUN MAIN START TRIP — GND + . -+ -
\J \_I LI U CONTACTOR /RUN u _LH OUTPUTA OUTPUTB FIELD :oquwL 230:/
N N HEN
I |
CONTROL
RELAY OUTPUTS
Main Contactor (13,14) = Potential Free, Normally Open Relay Contact
] closes when the EMX2 receives start signal, opens when EMX2 stops
applying voltage to the motor and when the EMX2 Trips
| designed to control operation of a line contactor if fitted to the input of the

EMX2. This function is particularly useful when utilising the Soft Stop
function and a line contactor, as it closes the contactor on start and opens
the contactor at the end of the ramp down period.

EMX2 serIES
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

Start/Run (33,34) | Potential Free, Normally Open Relay Contact
] closes when the EMX2 is in either the start mode, run mode or soft stop
mode. ie closed when the starter is expected to be applying voltage to the
motor.
Run (23,24) | Potential Free, Normally Open Relay Contact
| closes when EMX2 is applying line voltage to the motor.
] designed to control a bridging contactor, if fitted, and/or as an Off-Load

control output for compressors, conveyors, pumps etc.
Trip (41,42,44) ] Potential Free, Changeover Relay Contacts
| Changes state when the EMX2 is in the tripped state.

Relay Operation :
Normal Running

START ‘ ‘ CLOSED
SIGNAL
il | ——
1. T oo
R o
s
A RAMP PROFILE DYNAMICALLY
‘ R ADJUSTED TO MAINTAIN USER ‘
OUTPUT T PROGRAMMED START CURRENT,
VOLTAGE ﬁ ‘
STOP
o RUN TIME RAMP TIME -0%
| S ‘ (A% PROGRAMMED)
I I I
MAIN ‘ 1 CLOSED
CONTACTOR
—_— OPEN
I
START/ CLOSED
RUN
— OPEN
RUN CLOSED
(BRIDGING
CONTACTOR| OPEN
‘ ‘ ‘ ‘ CLOSED
TRIP | |
] L
T \ \ \ OPEN
BAA10258
Relay Operation :
Trip
ICLOSED
START
SIGNAL nl OPEN
\E \ -100%
E
RAMP PROFILE DYNAMICALLY

OUTPUT E ADJUSTED TO MAINTAIN USER
VOLTAGE PROGRAMMED START CURRENT
-0%
G . RUNTIME | TRIP

= \
MAIN ‘ \ CLOSED
CONTACTOR i OPEN
\
START/ CLOSED
RUN H— OPEN
RUN CLOSED
(BRIDGING
CONTACTORY) OPEN
H ‘ CLosED
TRIP
B } OPEN
BAA10259
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

Starter Operation (Relay outputs.)

1) OFF mode.

In the OFF mode, the Main Contactor, Start/Run and Run relay outputs are in their normally open state and
the trip relay is in the normal state also.

2) PRESTART mode.

In the PRESTART mode, the main contactor is closed, the starter microcomputer executes a number of
measurements, and depending on the results of these, either auto configures itself and enters the START
mode, or trips on an installation or phase sequence fault.

3) START mode

In START mode, the main contactor is closed, and the start/run is closed.
a) If the output voltage from the starter reaches full voltage, the starter will enter the RUN mode.

4) RUN mode

In RUN mode, the main contactor is closed, the start/run is closed and the run is closed.

5) SOFT STOP mode

In SOFT STOP mode, the run contact is open. The start/run and main contactor are closed. The output
voltage is reduced at the rate determined by the stop time parameter. (soft stop)

a) If the stop time is zero, the starter immediately enters the OFF mode.

b) As the output voltage approaches zero, the starter enters OFF mode.

6) TRIP mode In TRIP mode, the main contactor, run and start/run contacts are open and the trip relay changes state. SCR
conduction is inhibited.
a) Ifthe RESET is closed, the starter enters the OFF mode.

Analogue

Outputs Two 4 - 20mA analogue outputs are provided by EMX2, for interface of :

Motor Current
Motor Temperature

These outputs are useful for load control, remote panel meters etc.

SEFLLSCT START  STOP  RESET \('—l \'—l \'_l [ ; \ RS485 THERMISTOR CTs 4-20mA  4-20mA STARTER fﬁ—l
ci3Jciafcascaa]cat[oap]cat]caz] [23 o4 T3 T1aTs3 [34 [41J42Ja4] [B1TB2]B3 B4 B5 86 | B7 | B8 | B9 [Bi0]Bi1]BI2]BI3
U U LI U AN coltabron RN TP Tt M . .g‘ OUTPUTA OUTPUT B FIELD :oovJ‘”L 230:/
N N LILIL
(I
AUXILLARY
OUTPUTS
% Motor Current (B10,B11) ] 4-20mA Signal, B10(+),B11(-) (Output A)
] Indicates the average current being drawn by the motor as a
percentage of Full Load Current (4mA =0% 20mA = 125%)
Motor Temperature
(Thermal Model) (B12,B13) ] 4-20mA Signal, B12(+),B13(-) (Output B)
] Indicates the modelled motor temperature as a percentage of the trip

temperature. The thermal model is tailored by the Motor Start Time
Constant (Function 6). (4AmA =0% 20mA = 105%). The EMX2
trips at 105%.

EMX2 serIES
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

Typical Installation Formats

The EMX2 Series starters may be connected and controlled in a wide variety of ways. Five common

application formats are detailed in the following application examples.

If none of these options fully meets application requirements further study of this Users Manual should

enable custom design of an appropriate circuit.

APPLICATIONS 1:

A typical application where the EMX2 is applied without a line contactor, and is
controlled by start/stop push buttons.(Ensure local regulations and by-laws permit
operation of electronic soft starters without a line contactor or similar load break
switch).

L1/1 Iﬂ, (L4 T1/2
o o
L273 (L5) T2/4 M
o o
SUPPLY 3~
L3/5 (L6) T3/6
o o
o o
a2eal + J—_
A1 -- Note -- B6
© CHECK PT VOLTAGE | ©
A2 RATING AS MARKED | B7
O  P.T. ON THE STARTER. ©
A3 REFER PAGE 7-1 FOR BCB
FURTHER DETAIL.
B9
[
c13
[}

C14 FLC SELECT
o —I

C23 41
G L/ o

Co4 START 44

o —! TRIP —o

s2 c31 42
o —
c32 STOP B1
o —! — - o
3 c41 RS485 SERIAL B2
o — INTERFACE ~ GND O
C4pRESET  (EMX2i MODELS g3
o — ONLY) + 0
23 B4 B4
] MOTOR
24 RUN THERhfISTOR B5 THERMISTOROR BS5
o [
13 B10
—
MAIN 420ma Tt ©
14SONTACTOR| OUTPUTA  B11
L —-o

33 B12
LEGEND o—— — °
A1 EMX2 34 START 4-20mA 813
S1  START PUSHBUTTON /RUN OUTPUT B _%
S2 STOP PUSHBUTTON
S3 RESET PUSHBUTTON

INSTALLATION PROCEDURE

1. Connect the EMX2 (L1/1, L2/3, L3/5) to the supply and EMX2 Outputs (T1/2,T2/4,T3/6) to the motor using appropriate
fuses and isolator. Ensure the CTs supplied with the EMX2 are installed on separate phases and monitor line current.

2. Connect the EMX2 CT secondaries to the EMX2 CT terminals (B6,B7,B8,B9) ensuring that the common connection is

made to terminal B9.

3. Connect control voltage (400V) to the EMX2 electronic supply. (Terminals A1 & A2).

4. Connect motor thermistors to EMX2 Thermistor input (Terminals B4,B5), If motor thermistors are not connected
ensure that the Thermistor Input is linked.

5. Connect START, STOP & RESET circuits.

6. Commission the EMX2 by following the steps outlined in the Commissioning Procedure section of this Users Manual.

EMX2 serIES
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

APPLICATIONS 2: A typical application where the EMX2, controlled directly via push buttons, is used

to control line contactor (K1M) operation.

K1M A
e LN I—I (L4) T1/2
0 o
L2/3 (L5) T2/4 M
SUPPLY o ° 3~
L3/5 (L6) T3/6
0 o
o o
22a I 0 J—_ J—_
Al -- Note -- B6
o CHECK PT VOLTAGE o
A2 RATING AS MARKED | B7
O P.T.ON THE STARTER. °
A3 REFER PAGE 7-1 FOR | B8
© FURTHER DETAIL. °
B9
o
c13
°™
C14FLC SELECT
0 _I
st c23 41
c24 START 44
o —! TRIP —o
S2 c31 42
_o _|
c32 STOP B1
o —I — - o
3 c41 RS485 SERIAL B2
—o — INTERFACE  GND O
Cap RESET  (EMX2iMODELS g3
s —1 ONLY) + 0
23 B4 B4
o— o,
I MOTOR
24 RUN THERNI”STOR B5 ﬂ\THERNﬂSTOROR B5
KM © o
13 B10
[] 3 — 45
L MAIN 4-20mA
14CONTACTOR| OUTPUTA  B11
L_ —o
33 B12
LEGEND o— m— + o
AT EMX2 START 4-20mA
KIM  LINE CONTACTOR 34 RUN OUTPUTB _ Bc1>3
S1  START PUSHBUTTON L
S2  STOP PUSHBUTTON

S3 RESET PUSHBUTTON

INSTALLATION PROCEDURE

1.

2.

No o

Install the EMX2 between the Line Contactor and the motor, by connecting the output of the contactor to the EMX2
input terminals (L1/1, L2/3, L3/5), and connecting the motor to the EMX2 output terminals (T1/2,T2/4,T3/6).
Connect the EMX2 CT secondaries to the EMX2 CT terminals (B6,B7,B8,B9) ensuring that the common connection
is made to terminal B9.

Connect control voltage (400V) to the EMX2 electronic supply. (Terminals A1 & A2). The control supply must be
sourced from the line side of the contactor so that the EMX2 is able to control the line contactor and provide
continuous thermal modelling.

Connect motor thermistors to EMX2 Thermistor input (Terminals B4,B5), If motor thermistors are not connected
ensure that the Thermistor Input is linked.

Connect START, STOP & RESET circuits.

Wire the coil of the line contactor through the Main Contactor relay output as shown.

Commission the EMX2 by following the steps outlined in the Commissioning Procedure section of this Users
Manual.
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

APPLICATIONS 3: A typical application where the EMX2, connected in six wire configuration, and
controlled directly via an automatic two wire potential free contact, is used to
control line contactor (K1M) operation.

KM
L1 [a1] (L4) T1/2
™M o [
3 PHASE A L2/3 (L5) T2/4 7 M §
SUPPLY ° ° 3~
~ Ly5 (L6) T6|
o_L 1o
A I ) 5 = =
O
B7
O
B8
O
B9
O
A1 -- Note --

© —| CHECK PT VOLTAGE
A2 RATING AS MARKED
O P.T. ONTHE STARTER.
A3 J REFER PAGE 7-1 FOR

o FURTHER DETAIL.
c13
°—
C14FLC SELECT
o —1
Cc23 41
e
C24 START 44
o —I TRIP —o

c31 42
T oz

c32 STOP B1

o —! — — o

s2 c41 RS485 SERIAL B2
o — INTERFACE GND 0

C42RESET  (EMX2iMODELS g3

l o —1 ONLY) + o

23 B4
° o
© MOTOR
24 RUN THERMISTOR g5 E THERMISTOR
o, o,

K1M
B4
M 13 — +B(1)0
L M MAIN 4-20mA b1 OR s
OUTPUT A
ONTACTOR| _Bl
33 B12
LEGEND A — + o
Al EMX2 a4 START 4-20mA B13
KM  LINE CONTACTOR /RUN OUTPUT_B - o
s1 START/STOP POTENTIAL FREE CONTACT
S2 RESET PUSHBUTTON

INSTALLATION PROCEDURE
1. Connect the motor to the EMX2 and supply as shown.
- Connect the incoming phases to L1/1,L2/3,L3/5 on the EMX2.
- Connect the EMX2 to the motor. T1/2-U1, T2/4-V1, T3/6-W1
- Connect the other motor terminals to the EMX2 input. V2-L1/1, W2-L2/3, U2-L3/5

2. Install the CTs supplied with the EMX2 ensuring that they are installed on separate phases and that they monitor
line current. (Installing the CTs within the delta circuit will invalidate EMX2 starting and protection functions)

3. Connect the EMX2 CT secondaries to the EMX2 CT terminals (B6,B7,B8,B9) ensuring that the common connection
is made to terminal B9.

4. Connect control voltage (400V) to the EMX2 electronic supply. (Terminals A1 & A2). The control supply must be
sourced from the line side of the contactor so that the EMX2 is able to control the line contactor and provide
continuous thermal modelling.

5.  Connect motor thermistors to EMX2 Thermistor input (Terminals B4,B5), If motor thermistors are not connected

ensure that the Thermistor Input is linked.

Connect START, STOP & RESET circuits.

Wire the coil of the line contactor through the Main Contactor relay output as shown.

Commission the EMX2 by following the steps outlined in the Commissioning Procedure section of this Users

Manual.

© N
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

APPLICATIONS 4: A typical application where the EMX2, connected controlled directly via an
automatic two wire potential free contact, is used to control a dual speed motor.
This circuit is NOT appropriate for applications requiring Soft Stop.
K3M
~
V
I A
L T4
0
L T5
0
L T6
KZI\./I_ TO DUAL SPEED MOTOR
~A L:1,/1 (L4) TZZ ~ 1;1 DAHLANDER TYPE
3 PHASE L2/3 (L5) T2/4 L T2
SUPPLY = ° © °
~ L3/5 (L6) T3/6 L T3
° © K1M °
Al M ol Lo
B6
0
B7
O
B8
0
B9
O
A1
2]
A2_|
0 P.T.
5]
KIA C13
o _F|LC SELECT
ot
Cc23 K2A
K1M o " START REMOTE LOW SPEED
_034_1 START INPUT KiA
2M c31
o _S|TOP K1A
C32 B1
o —! — - o
§2 Cc41 RS485 SERIAL B2 REMOTE HIGH SPEED K2A
o — INTERFACE GNDo START INPUT
c42 RESET (EMX2i MODELS g3
o —I ONLY) L__ + o
23 Bé_
MOTOR
24 RUN | THERMISTOR g5 H THERMISTOR
(o, [og
13 B10 B4
1° MAINj 420mA +B?1 OR B:5 K3M K1M
EONTACTO| OUTP|£—\ _8 —°/—D—
33 — B12
3:4 STARTT 4-20mA +B‘1’3 K2A K2M KaM
/RUN OUTP|£B _% ‘]:L
41 44
LEGEND K1A K3M K1M
A1 EMX2 TRIP 42
K1A  REMOTE START RELAY (LOW SPEED) ‘]:L Ny
K2A REMOTE START RELAY (HIGH SPEED)
K1M  LINE CONTACTOR (HIGH SPEED) K2M
K2M  LINE CONTACTOR (LOW SPEED)
K3M STAR CONTACTOR (HIGH SPEED)

S1

RESET PUSHBUTTON

INSTALLATION PROCEDURE

1. Connect the EMX2(L1/1, L2/3, L3/5) to the supply and EMX2 Outputs (T1/2,T2/4,T3/6) to the Dahlander speed
changeover contactors as shown. Ensure the mechanical and electrical interlocks, and delay contacts are as
shown. Also ensure the CTs supplied with the EMX2 are installed on separate phases and monitor line current.

2. Connect the EMX2 CT secondaries to the EMX2 CT terminals (B6,B7,B8,B9) ensuring that the common connection
is made to terminal B9.

3. Connect control voltage (400V) to the EMX2 electronic supply. (Terminals A1 & A2).

4. Connect motor thermistors to EMX2 Thermistor input (Terminals B4,B5), If motor thermistors are not connected
ensure that the Thermistor Input is linked.

5. Connect control circuitry as shown.

6. Commission the EMX2 by following the steps outlined in the Commissioning Procedure section of this Users
Manual.
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ELECTRICAL CONNECTION (CONTROL CIRCUIT)

APPLICATIONS 5: A typical application where the EMX2, connected controlled by start/stop push
buttons, is by-passed during run. (Ensure local regulations and by-laws permit
operation of electronic soft starters without a line contactor or similar load break

switch).
K1M
L1/1 |_|A1 (L4) T1/2
o o
L2/3 (L5) T2/4 ¥
o o
SUPPLY 3~
L3/5 (L6) T3/6
o [ A~
s2a fI oL J—_ °
A1 -- Note -- B6
o CHECK PT VOLTAGE | ©
A2 RATING AS MARKED | B7
O P.T.ON THE STARTER. o
R REFER PAGE 7-1 FOR is
FURTHER DETAIL.
B9
o
c13
o
C14FLC SELECT
0 _I
St c23 M
G
C24 START 44
o —I TRIP —0
S2 Cc31 42
_o _|
c32 STOP B1
o — RS485SERIAL o
s3
ff; INTERFACE NDB°2
ey EMX2 MODELS
C42 ONLY B3
—o —I "L+
23 B4 B4
I o
MOTOR
M 24 RUN THERMISTOR 85 THERMISTOROR BS
L] °
13 B10
K1M o —
MAIN 42oma T O°
14CONTACTOR| OUTPUTA  B11
L__ — o
LEGEND 33 B12
o—— T + o
A1 EMX2 START 4-20mA
S1 START PUSHBUTTON 34 RUN OUTPUT B _B<133
S2 STOP PUSHBUTTON L—
S3 RESET PUSHBUTTON

INSTALLATION PROCEDURE

1. Connect the EMX2(L1/1, L2/3, L3/5) to the supply and EMX2 Outputs (T1/2,T2/4,T3/6) to the motor. Ensure the
CTs supplied with the EMX2 are installed on separate phases, monitor line current and are not by-passed by the
bridging contactor.

2. Connect the bridging contactor to by-pass the EMX2(but not EMX2 CTs), as shown.

3. Connect the EMX2 CT secondaries to the EMX2 CT terminals (B6,B7,B8,B9) ensuring that the common connection
is made to terminal B9.

4. Connect control voltage (400V) to the EMX2 electronic supply. (Terminals A1 & A2).

5. Connect motor thermistors to EMX2 Thermistor input (Terminals B4,B5), If motor thermistors are not connected
ensure that the Thermistor Input is linked.

6. Connect START, STOP & RESET circuits.

7. Commission the EMX2 by following the steps outlined in the Commissioning Procedure section of this Users
Manual.
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COMMISSIONING PROCEDURE

SECTION 8 COMMISSIONING PROCEDURE

Overview : This section details commissioning procedures for an EMX2 installation.

Content : Pre-commissioning Checks .........cccccoviieveennnen. 8-1
Commissioning Procedure ..........ccccocveveevnnnnn. 8-2
Post-commissioning Recording ........ccc.cccoeeeee. 8-3

Pre-commissioning Checks

STEP CHECK

1 Ensure that the correct model has been supplied as ordered for the application.

2 Verify that the EMX2 serial number shown on the Application Data Sheet on page 1 of this
manual sheet matches the serial number on the unit.

3 Verify that the quoted start parameters are suitable for the application.

4 Check the C.T.s supplied and/or fitted and ensure that they are equal to the ratio specified
on the Application Data Sheet on page 1 of this manual.

5 Inspect the starter and report any visible signs of damage to the unit.

6 Verify that the control circuit is

a) suitable for the application
b) compatible with the EMX2 control philosophy.

7 Cooling of the EMX2 is important for the long term reliability of the product and for the
elimination of over temperature trips. Ensure that the ventilation is appropriate for the
application. If the EMX2 is not bypassed during run, ensure that there is provision for
sufficient passage of air out of the enclosure to cool the unit. This may require forced
ventilation of the enclosure.

8 Check that the Electronics & Fan PT input is connected to a control supply, using either
terminals A1 and A2, or A2 and A3. NB Only two terminals are to be connected!

9 Apply power to the Electronics PT input, and ensure that the POWER LED on the control
panel illuminates.

10 Following the "Read Parameter" procedures, step through all the parameters 1 - 30
checking them against the Factory Settings.

11 Study the parameters and verify that each parameter is appropriate for the application.
Change any parameters which need to be altered and record the new settings.

12 Program the new settings into the EMX2 following the "Save Parameter" procedures.

EMX2 serIES 8-1 USERS MANUAL
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Commissionini Procedure

1

2

10

11

12

13

14

15

16

Ensure the enclosure is free of metallic swarf and wire offcuts.

Before connecting the output terminals to the motor, carry out an insulation test of the
motor windings to earth. The reading should be in excess of 10 Megohms. If practical, an
insulation test between windings should also be carried out.

Connect the output terminals to the motor.
Ensure that all the main power terminations are tight.

Ensure that the voltage applied to the isolator is correct and that all three phases are
present.

Ensure that the incoming supply is connected to L1/1, L2/3 and L3/5.

If the EMX2 is installed with a bypass contactor, ensure that the contactor is bypassing the
appropriate terminals on the EMX2. L1/1 must connect via the bypass contactor to T1/2,
L2/3 must connect via the contactor to T2/4, and L3/5 must connect via the contactor to
T3/6. If the EMX2 is incorrectly bypassed, damage to the starter can result and supply
fuses fail or circuit breaker will open.

Ensure that the START input to the EMX2 is open circuit. This will ensure that the EMX2
can not start while other test are carried out.

Apply the control supply to the EMX2, and ensure that all fans are running freely and the
POWER LED is illuminated.

Check the status of all the control inputs by measuring the voltage across them. The
STOP and RESET should show zero volts if closed. If two wire control is employed, then
the STOP input should be open and have a terminal voltage of between 12 and 24 VDC.
The FLC selector input should be open and measure 12 - 24 VDC.

Connect an ammeter in the circuit to display the current during start. A sufficiently rated
Clamp type meter would be satisfactory, or a clamp meter on a CT output could be used.

Calculate the expected start current from the parameters programmed into the EMX2.
[Current Limit (%) (Function 2) x Motor Full Load Current (A) (Function 1)]

Ensure that the motor, couplings and machine are ready for an attempted start.

Start the motor using the EMX2 and monitor the start current and the direction of rotation.
If the direction of rotation is incorrect, stop the machine, isolate the starter and swap two
phases on the input or the output of the starter. If the measured start current does not
match the calculated start current, stop the motor and check the CT wiring, CT ratio and
the parameters set in the starter.

Compare the measured current with the current displayed on the EMX2 display. If the
display is incorrect, check the CT wiring, CT ratio and the parameters set in the starter.

If the motor does not start easily and appears to "run out of start torque", check that the
load is correctly matched to the motor, and provided the starter is appropriately rated,
increase the start current and/or current limit parameters in the EMX2. If the motor starts
very easily, it may be possible to achieve a good start at a reduced start current. This may
be desirable in some installations to reduce supply disturbances or acceleration rates.

EMX2 serIES

8-2 USERS MANUAL
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STEP CHECK

17

18

If a Bypass contactor is employed, ensure that it closes once the motor has reached full
speed and the start current has fallen. Once the bypass contactor has closed, ensure that
the EMX2 displays the correct current. If the Bypass contactor bridges out the CTs as well
as the SCRs, the current will read close to zero.

Ensure that the motor and machine operate satisfactorily without nuisance tripping. It may
be necessary to trim the undercurrent, Shearpin and phase imbalance protection
parameters.

Post Commissioning Recording

Record function setting on the Application Data Sheet form on page 1 of this users
manual and file the Users Manual in an appropriate location for future reference.

EMX2 serIES 8-3 USERS MANUAL



COMMISSIONING PROCEDURE

EMX2 serIES 8-4 USERS MANUAL



EMX2 PROGRAMMING PROCEDURE

SECTION 9 EMX2 PROGRAMMING PROCEDURE
Overview : This section provides instruction on the use of the EMX2 Data Entry Key Pad and
details adjustment of EMX2 user programmable functions.
Content : Overview of EMX2 Function Set ....................... 9-1
Function List ......cooviii e, 9-2
Programming Procedure ...........ccccoociieeeneeenn. 9-3
- Read Parameters ..........cccoooiiiiiiiiiiiiiiieeces 9-4
- Program Parameters ...........ccccccciiiiiiiiiinnen. 9-5
Function Adjustment Chart .............ccccevrinnenn. 9-6
Overview of EMX2

Function Set

The EMX2 has four parameter categories, each accessable from the Front Panel
Display :

1.

Primary Motor Settings : parameters/set points for use with to single speed
motors or the primary motor speed in dual speed motor applications. The
Primary Motor Settings are User Programmanble and are activated by an
open circuit on the FLC SELECT input (terminals C13,C14).

Secondary Motor Settings : parameters/set points for use with the
secondary motor speed in dual speed applications, or for dual parameter
settings in special applications. The Secondary Motor Settings are User
Programmable and are activated by a closed circuit on the FLC SELECT

input (terminals C13,C14).

Common Settings : parameters/set points common to both Primary and
Secondary Motor Settings. The Common Settings are always active
independent of the FLC SELECT input.

System Parameters : displays non adjustable system parameters.

EMX2 SerIies
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EMX2 FUNCTION LIST

FUNCTION DESCRIPTION CATEGORY
0 Run Mode
1 Motor Full Load Current
2 Cl_'".'rent Limit Primary Motor Settings
3 Initial Start Current (active when FLC SELECT (terminals C13,C14) open)
4 Start Ramp Rate
5 Soft Stop Ramp Rate Use For -
6 Motor Start Time Constant Single Speed Motors
7 Phase Imbalance Protection Dual Speed Motors (Primary Speed)
8 Undercurrent Protection
9 Electronic Shearpin Protection
11 Phase Sequence Protection .
. Common Parameter Settings
12 LCD Dlsplay Mode . (active for both Primary and Secondary Motor Settings)
13 CT Primary Current Rating
14
15
16 Factory Settings
17 (Do NOT adjust)
18
19
20 EMX2 Software Version System Parameters
(read only)
21 Motor Full Load Current
22 Cl'u.'rent Limit Secondary Motor Settings
23 Initial Start Current (active when FLC SELECT (terminals C13,C14) closed)
24 Start Ramp Rate
25 Soft Stop Ramp Rate Use For -
26 Motor Start Time Constant Dual Speed Motors (Secondary Speed)
27 Phase Imbalance Protection
28 Undercurrent Protection
29 Electronic Shearpin Protection
Common Parameter Settings
30 Restart Delay (active for both Primary and Secondary Motor Settings)

EMX2 SerIies
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Programming The EMX2 Function set points are adjustable using the Data Entry Key Pad
Procedure

START/RUN

RUN

OVERLOAD

PHASE SEQUENCE

OVERCURRENT

UNDERCURRENT

PHASE LOSS

THERMISTOR

SHEARPIN

INSTALLATION

(o ]
QQQQQQQQQQQQI

OVERTEMPERATURE

1. LCD Display : Used to display Function Number & Function set points
during EMX2 programming.

2. Down Arrow Key : Use to decrease the parameter count shown on the LCD
Display. The count will decrease slowly at first, and then at a fast rate if the
key is pressed and held.

3. Up Arrow Key : Use to increase the parameter count shown on the LCD
Display. The count will increase slowly at first, and then at a fast rate if the
key is pressed and held.

4. Store Key : Use to store the altered Parameter screen set point into
memory.
5. Function Key : Use with the Up and Down arrow keys to select the required

Function Screen.

6. Fault/Status Display : Displays Status/Fault information when EMX2 in run
mode. All LEDs illuminate when EMX2 in programme mode or when the
Function Key is pressed.

The Program Mode can be activated only when :
- The EMX2 is stopped, and all trip states reset.
- The Reset Circuit (Terminals C41,C42) is closed

The EMX2 cannot be run when in the program mode.
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READ PARAMETER PROCEDURE

STEP 1

Screen

Enter Program Mode & Select Desired Function

G05

‘)
7, POWER

1.
2,

3. When the required function number is displayed,

Press and hold the <FUNCTION> Key. All
Fault/Status Display LEDs should illuminate.
Using the <UP> or <DOWN?> keys select the
required function number.

release the <FUNCTION> Key. The LCD Display
changes to show the parameter set point currently
stored in memory.

STEP 2

Repeat Step 1 for each Function to be read.

STEP 3

po0g

v

POWER

Exit Programming Mode

1.

Using the <FUNCTION> and <DOWN> keys select
Function 0 (RUN MODE). All Fault/Status Display
LEDs, except the POWER LED should now
extinguish.

EMX2 SerIies
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PROGRAM PARAMETER PROCEDURE

STEP 1

G55

‘)
0 POWER

Enter Program Mode & Select Desired Function
Screen

1. Press and hold the <FUNCTION> Key. All
Fault/Status Display LEDs should illuminate.

2. Using the <UP> or <DOWN> keys select the
required function number.

3. When the required function number is displayed,
release the <FUNCTION> Key. The LCD Display
changes to show the parameter set point currently
stored in memory.

STEP 2

HO6

POWER

Alter Function Setpoint

1. Review the current parameter set point and, if
necessary, use the <UP> or <DOWN> keys to
display the desired new set point.

(Note that pressing the <FUNCTION> Key will
return the display to the last stored parameter set
point)

STEP 3

Store The New Function Setpoint

1. Press the <STORE?> key to store the displayed set
point into memory.

2. Verify the new set point has been correctly stored
by pressing and then releasing the <FUNCTION>
Key. The LCD display should now show the new
setpoint.

STEP 4

Repeat Steps 1, 2 & 3 for each Function to be set.

STEP 5

Exit Programming Mode

1. Using the <FUNCTION> and <DOWN> keys select
Function 0 (RUN MODE). All Fault/Status Display
LEDs, except the POWER LED should now
extinguish.

EMX2 SerIies
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TROUBLE SHOOTING

SECTION 10 TROUBLE SHOOTING GUIDE

Overview : This section details the EMX2 diagnostic displays and provides assistance in
identifying system faults.

Content : Trouble Shooting Chart ..........ccccceeviiireinnen. 10-2

READ MANUAL COMPLETELY PRIOR TO CONNECTING
AND COMMISSIONING THIS EQUIPMENT

Fault finding and/or repair of this
equipment must be undertaken only by suitably
qualified personnel.

WARNING

ELECTRICAL SHOCK HAZARD

ENSURE THE EMX2 IS COMPLETELY
ISOLATED FROM THE POWER SUPPLY BEFORE
ATTEMPTING ANY WORK ON THE UNIT

EMX2 serIES 10-1 USERS MANUAL



IVNANYIN SH3sSN z-0l S3AM3S ZXINT
‘uejsal Ajgleipswiwil
uay) dois 0} ZX|NT 9y} papuUBWIWIOD aAeY
"pajel JusLInd Mo ‘8bejjoA MO| 8 pinoys jndul sy} pue juaiusul g Aew sjeubis indul
Buljjos3u00 40y pasn sjoejuo) "OAAPZ dAloe si indul dojs ay) |0J43uU02 3y} ‘unJ Bulnp 1no20 0] sieadde
12y} 810N "ZXNT 8y} 0} ynouio doys ayy jo Ayubeiul ayy Ao duy uone|eisu| ue | “syo8yd uels-aid
Bulnp Ajuo 1no20 ued sduy uone|jeisul
*ZXWN3T 8y} 01 Indul 8y} uo juasald ase sabejjon
mwmsa 2aly] ,wmmo_o J10]3BJUO0D 8y} uaym jeyl ¥oay) 100 10joeyuod ayl
0] Pa}oauU09 AJ}INJIID [0J3U0D By} Xo8Yd ‘ajelado Jou Saop J0JOBIUOD BY}
1] "He}s 0} paJinbal s| Jale)ls sy} usaym sajelado J0JOBU0I 8y} 8INSud (n
*10}0BJU09 8y} Jo Indul 8y} uo abeyjjon aseyd iy} 8y} ainseaw (1
:pasn si Jojoejuod indui ue |
"'S9SN} dUI|UI JO} Y8y ‘uasald si abejjoa
ou J| "G/€7 /21 ‘L/L 1 "2XINT 8y} 0} Indul 8y} uo sabejjon
aseyd 8aly) 8y} ainsesaw ‘pasn Jou S| J0joeuo9 Indul ue |
"'S9SN} dUI|UI 10} YO3YD
indul a8y} uo Juasald s)jOA Ou }| “1oje|os] 8y} Jo Indjno sy} pue
Joje|os! ayj 0} Indul ayy uo sabeyjon aseyd aaiy} sy} ainsesw aum Xis ul paaim Ajoaiioour Jojow (B S
‘paso|o Joje|osi Indul ayy YnpA “Jolejosi indul sy 818007 alim 8.y} Ut palim AjoaLiooul Jojowr - (3 INOI NOLLYTIVLSNI > | om0
Buiso|o jou Jojoejuod (o N
. paj|elsul Jou sasny J0}onpuodiwas Jo Alddns  (p [
. ﬁ®>O_QE® # Jojow 0] pajl) Jou syul| Ao FQ
Joje|osi 5930 pue Jojow ayj 03 suoijoauuod ayj %oayd HNaIID uado ue uodo Joielos 1ndino A SSOT3SVHd 4
10 80UB}SIS3I J0 BN[eA UBIY B S 818U} J1 "€/2T - 9/SL ‘L/LT - P/ZL ‘S/ET Sodo qu_m_qm_ e Am 0
=Z/LLI0 /LT - 9/€L ‘S/E€T - /2L '€/ - 2/LL o'l 'anjeA mo| Aten e . . . TEEOR0 0
aq ||Im pue Bulpuim Joje}s 8y} Jo doue)sIsal 8y} 8q PINOYS SIYy| [eulw.s} ‘swe|qoud jo esnes >_®v___ ISON o= e R
HJQC_ ue pue |euiwla} 5930 yoes usamiaq aduejlsisal MO| JNEY QYO TH3A0 g
B 9q p|NOYs aJay} ‘Uoi}o8uuod alim XIS 8y} Ul pajoauuod S| Jojow ayj | (n ndino yoes uo s}NaIID snonupuod (g [ —
‘pakojdwa sindui 8y} uo juasaid aseyd saiyy (e T —
11 J0]e|0s! IndINO pue Jojow By} 0} SUOIIDBUUOD BY} 3}23YD ‘}INdIID [HSV1dl ¥amod>>] s 0

9 UoOag

uado ue 1o souejsIsal Jo anjeA YBiy e S| a1ay) §| “enjea moj AleA e aq
I pue BulpuIM JOJES BU) JO OUE)SISBI BY} 89 PINOYS SIUL "9/E1 ‘#/ZL
‘2/L 1 "9'l "s[eulwsa) INdino 881y} ||B UsaMIag 8oue)sISal MO| AIsA B

8 p|NOYS aJay) ‘UOoI}O8UUOD 8JIM 831Y]) 8} Ul P81OSUUOD SI J0JoW 8y J| {

"uoljoauU09 Indino ayj ainseasw ‘uado Joje|os! Jndul ay) £_>>.

1S31/NOILOV

: puy 0}
sj0adxa ZX T Y} PajenIul SI Lels B USYA

SYo8y) Helsald
1V ‘Sso7 @seyd 40 ‘eseyd @94yl ON

3ISNVI / NOILdIYOS3A

OO9O)

INOLdINAS / AV1dSId




IVNANVIA SH3sN

€01

s3a3s ZXINT

‘uieBe A1 pue Aejaq eS8y 8y) JO 1NosWI) J0) HeAA

Aiddns yo8y)H

1S31/NOILOV

aAlleIadQ uonoundg Aejaq Lelsey =

uoneiqijed JO INQ JouIaAoS Jesuss) (g
Bujuuny si Jojow ajiym eseyd aalyy Jndur jo sso (e

swajqoJd Jo asned A[ayI| 1SON

zHz9-85 (d
ZHegG-8y (e
: Jayye aq 0} sy} s1oadxa pue Aouanbauy

Ajddns ay} sainseaw zx N3 9yl

abuey JO IO Adousnbal4 =

3ISNVI / NOILdIYOS3A

[Hsv14dl ¥3amod >>

FUNIVEIdNEIE3A0
NOIVTWISNT
NdEvIEs
WoISWeIHL
SSOT3SVHd
INgendEEaNn
INgEnOEIno
FONINOISISVAd
QYOTH3A0

L

NNY/L18v1S

QU IV VI VI VIR

H3IMOd

OO9D)

INOLdINAS / AV1dSId




IVNNYIA SY3SN -0l S3M3s ZXINT
FWNIVEIdNEE3N0 O
[NOI NOILYTIVLSNI >> | Tommwsi 0
"Hejsal Ajgjelpawiw] .
uay} dols 0} ZX|\|J 9y} papuewIWOd dAeyY SoEE 0
“pajel JuaLINd Mo ‘obe)jjoA Mo| 8q pinoys jndul siy} pue juspiwisiul 8q Aew sjeubis ndul T 0
Buljjojuoo Joj pasn sjoeuo) “DAAYZ @Aloe si indul dojs ay) [0u0d 8y} ‘unJ BulNp JN20 0} sieadde “H”HH“E M
18y} 810N ZXT 9yl 03 unaJid dois ayy jo Ajubajul ayy Ao duy uoneelsu| ue j| "sxo08yo Jeys-aid R —
Buninp Ajuo un220 ueo sduy uone|elsu| —0
: n Nu— NNE/IEVIS 4
god [0J)U0D B 8q P|N02 818U} USY} ‘WYOMEE Uey) Jojealb INOI ¥3MOd >> | wios 0
Apueioyubis §| 'syYOS 8y} ybnouy) abeyes| ssaoxe aq pjnod QQ@@
aIay} uay} ‘swyoyee uey) ssa| Apueoyiubis J| “swyoyee “_smvﬁm_omw__m Am
0} 8S0J0 8q p|noys aduejsisal syl "9/¢l - §/€71 ..V\N|_| - €/ SYOS 8y ybnouyy abeyes| ucmo_h_cm._w (6
‘2/LL - 1/17 "eseyd yoeas uo jndino pue jndul sy} usamiaq wiogeem Aiddns pepoisip Alen (4 _
aouej)sisal ay) ainseaw ‘(ayenbape jou aJe siajwW indjno 0} pajoauLOod Jojow Isnf uey} Joyjo syndud (8 d0

-}INW Jo siajdaw wyo abejjoAn moj) 18]S} uonensul A0S
e Buisn pue ‘pajosuuodsip Jojow pue Alddns ayy yioq ypm
‘[enba 0y 8s0[0 A1oA 8q pjnoys sabejjoa ay] "9/c1

-G/€1 /2L - €/21 '2/LL - L/11] 9l “eseyd yoes uo jndino
0} Indui wo.y abe}joA 8y} aiNsSeaw :uolje||ejsul alim XIS
‘[enba 0} 8s0[0 A1oA 8q pjnoys sabejjon

dUL "9/€1 - G/€1 ‘P/2L - €/21 ‘2/LL - /L7 "'l ‘eseyd yoes
uo jndino o} 3ndul wouy abe}jon ay) ainseaw ‘apow 440
ay} ul Japuels ay) pue ‘yndul ayj uo abejjon aseyd aauy}
yum ‘fesnau ou yum Aiddns e uo uonejjeisul aiim aaliy)
"S}JJOA Q| UBY) SS9| peal p|noys siyl ‘(yYpes Jo) [esjnau pue
sindino ay) usamiaq abe}joA ay} ainseaw ‘epow 440 dy}
ul Jaye)s ay; pue ‘indul sy} uo abeyjon aseyd aaiy) yum
‘lesinau paypes yim Aiddns e uo uolje(jeisul aiim aaliy)

1S31/NOILOV

(p

(g

(e

UOoI}O8UU0D aJIM XIS Ul Buuim joaui00ul  (p
UOI}08UU0D BJIM 831y} Ul Buuim Jojow j081100ul (9
Alddns ay} jo aseyd auo uo abejon mo| (g
Ajddns ayj jo aseyd auo ul yiys aseyd aionss (e

:aJe swa|qoud Jo sasned Aoy SO

‘way} usamjaq diys uonejal aseyd

ay} sainseaw pue aseyd yoes uo jndino
ay} pue ndul 8y} usamiag WIOABM

ay) sJojuow ZX N3 9yl ‘Hede saaibap
0zl "'l ‘Jayjo yoea 0} aAlje|al pauoljisod
Apoauioo pue yuasaid aq 0} saseyd aaiy)
ay) syoadxe zxNT 9y} ‘Buiue)s aiojeg

JIne4 uonejjejsuy|

3ISNVI / NOILdIYOS3A

[HSV14] NOILYTIVLSNI >>

[HsV14]l ¥3amod >>

FUNIVEIdNEEIA0
NOIVTWISNT
NdEvI RS
WoISWe3RL
SSOT3ISVHd
INgggnog3aNn
INggEnoEIno
FNINOISISVHd
aomwo
Nwe

NNY/LEYLS

QD QY VWV Q Q QD QV QD QD

H3MOd

OO

BEHEH

INOLdINAS / AV1dSId




IVNANVIA SH3sN

S-0l

s3a3s ZXINT

‘ojelidoidde
se Bumas aouanbag aseyd plle isnlpe Jo sajqeo

"9pew S| Juswalnseaw pijeA B Ssajun Lejs
10U [|IM pue @ouanbas aseyd palinbal

ay} yum sjeuiwlay indur ay} uo souanbas
aseyd painseaw ay} saiedwod zZX|NJ ayL

[NOI 3ON3IND3S ISVYH >>

[NOl ¥amod >>

ECINEEENEIEENG)
NOILYTIVISNI
NIdEV3HS
HOLSINH3HL
SSOT3SYHd
JIEEETREE]
IN3HdNOH3IAO
JON3NO3S 3SVHd
QVOT43A0

NNy

NNE/LEYLS

AN N S N S N N S N N N N O N AN

H3IMOd

OOOP)

1S31/NOILOV

3ISNVI / NOILdIYOS3A

Ajddns ajejoy ‘|| uonoun4 ul pawwelbold saousnbag “u__l_mm
€ uonoag | aseyd plieA ayi 1suiebe aouanbas aseyd Buiwooul ay} 3}oayn aouanbag aseyd pleauy| —

'sg0d J8qqnug [NO] TN LYHIANTLLTAO >> | Fvemammo 0
3y} pue g0Od |041U0) UIB\ 8Yj 0} pa1oauuod Ajainoas OITVTTVISH 0
ale speg| Josuas ainjeladwa) [eussiul ZXN 3 au) 1eyl AJLaA spes| Josuss ainjeladwsa) ZXNT 8soo| (9 VRS ¢
sBunels Japels ay} puokaq Buiuels papusixa (p EOISRESRT g
i Bunelado jou suey Buijood (o SSOT5VH g
ejul Jle }sneyxa jo uoneinaial (g ANGHHNOHHCNN 4
Jle 8y} 0} yoeq Bunenolio-al Jou si Jie }sneyxa pajeay ainsug uonepuan Jood (e IO 0
:aJe swa|qoud Jo sasned Aoy SO SONGNO3S 367H8 ¢
‘sbuned Jaye)s uiypm si Ainp Bunesado [enjoe jey) ainsug o M
"S[}I| B P9J003 dABY SHuisjeay ayj [pun IS 0
‘pajunow usaq sey Jauels ay) yoiym | duy ainjesadwa) JoA0 ue Jaye Ajjeipawiwi [INOI ¥amOd >> || @ 0
0}UI 8INSOJOUS 8y} Ul UONB|IIUSA 8)enbape si alay) Jey} ainsug uejsal jou pue duj [im pue ainjesadwa) §6®®

Juisieay |eulajul 8y} siojiuow ZxNJ oYL

‘sBunel jlun paaoxa jou
G uonoesg so0p alnjesadwa) jusiquie aielpawwl SIaue)s jey) ainsug alnjesadwapanQ ZxINT

INOLdINAS / AV1dSId




IVNANVIA SH3sN 9-01 SIFIS XN

ECIVEEEEIEENG) 0

NOILVTIVLSNI o

NIddV3HS o

[NOl HOLSINYIHL >> | wmmer ¢

oy SSOT3SVHd 4

yull Buioys ou pue pajoauuod jou m_oﬁ_E‘_mc.“ (o M“H“DMHM“: H

“}IN2JID JOISIWIBY) Ul InoJi0 uado  (q R ’

(Apoauloo Bunesado siojsiwiayy) Jojow joy (e — ’

:aJe swajqoud Jo sasned A[ayI| 1ISON - ”

JINJJID JOolsiwiay] 1oay)d NAIEVIS o

"jussauid }jne} Jojsiwiay) [NO] 43IMOd >> | s 0

(gg'yg) s|eulwia) JoisIWLIBY] Jojow ZX T SSoJoe pajl) e S| 848y} JI (Weysal jou Jo) duy [im pue g@@@
SI )Ul| B Jey} 8INSUS Pa}oauu09 aJe SIOISIWIBY] JOjow OU J| 1ndul Jo)siwiay} 8y} siojuow X3 dyL

€ uonoas "|009 0} JOJOW I0J HeAA du] Joysiwiay

$10 8y} ybnoayy
Buissed juaiind Jojow 0} |euonlippe JusLINd (8
duy Jo dojs Jaye uoos 00} pauelsal Jojoly  (p
108.100Ul Bues Jeyoweled Alewnd 1) (0
108.100U1 Buyes Jsyeweled o) Jojow (g
papeojano Joow (e
:aJe swajqoud Jo sasned A9y SO

(-Buidduy-a1 a10)9q paads ued 0} 186 Ajuo
Aew Jojow ay} ‘|lews si uiblew jewJiayy

8y} §| "IN220 0} pejsal Joy e Joy Ajjualoins T 0
|002 0} pamojje 8q }shw Jojow ay]) gN FomvTwIsw o
‘einmesaduwa) —
‘paads ||} 0] ajeIa|9d0e Ajisea | duy ay) mojaq ainjesadwa) e payoeal sey S—
0] JOJOW 8y} MOJ|e 0} 8jenbape si oljey Jualin) Uels ainsug [pow |[eway} 8y} [jun du} JuaLnd JSA0 TR0
ue Ja)e LIejsal B MO|[e Jou [|IM ZXANT dUL [NOI LNJHHNOHIAO >> | Tewmmo 0
"Jo]0W 94,60 Sayoeal ainjeladwa) pajjspowl Mwmmméa H
pPajoauu09 ay) J0} A|}081409 18s aJe (9 uonoun4) Jueisuo) ay) 4 duy [Im ZXINT 9y “sJeyeweled o ”
awl] Jeis Iojo pue (| uonound) D74 JOIO 8insug | Jaue)s ay) Ul }8s JUB)SUOD auWll} Le}s ojow TS 0
ay) Buisn ainjesadwa) J0j0w pajoadxa w03 0
"He}sal pue }asal ‘{000 0} 8w} Jojow | 8y} S|apow Ajjesljewayiew pue Jojow auy}
€ uonoas MO||V "PEOJISA0 JOJOW JO 8SNED 10} PEO| JO/puUk JojJow Y08y | Agq umelp Jusiind a8y} siopuow ZX|NJ a8yl
du] sunaianQ

1S31/NOILOV 3ISNVI / NOILdIYOS3A INOLdINAS / AV1dSId




IVNANVIA SH3sN

-0l

s3a3s ZXINT

9 uonoeg

9 uonoeg

€ uonoeg

€/2T1-9/EL LV T¥/2L'G/eT-2/LL
10 L/L1-9/€L's/eTvieL'e/e-e/LL

ale suoleuiquod a|qeldaddy “aseyd
awes ay} uo aq jou }snw ndui ay} 1ng ‘yndul ue oy
sjndjno ayj JO yoes wolj painseaw ag jsnw }INaJI0

‘sjndul 8y} wody suey ay} aje|os!

0} S9SN} JINJJID |0J3UOD BY} SAOWAI 0} Alessadau

aq Aew }i 1eyy 8joN “(9/€L-¥/Z2L-2/1L1) ‘sindino

3y} usamiaq painseaw s}NJJID ON 89 p|noys aJay |

‘sjndui pue syndino ay)
10 yoea usam)aq UN2JID 8y} ainseaw ‘Jajew e Buisn

pue Alddns ayj wouy zX|NT 8y} siejos! Ajg1e|dwo) alIp 9
‘sjndjno saly} ay)
10 yoea usamjaq }INdJI10 8y} ainseaw Jajaw e buisn
pue Alddns ayj wouy zX|NT 8y} aiejos! Ajg1e|dwo) alIp €
-9)9|dwod

SI J0JOoW 8y} 0} ZXIAIT @Y} WO} 1INDJID 8y} ey} ainsu]

oseyd

yoes .o} |esjnau 0} aseyd pue ‘eseyd o} aseyd ainses|y
ndul zxINT 8y} Je Juasald ase saseyd 9aly) ||e ey} ainsug

1S31/NOILOV

S10 ybnouyy
Buissed jualind Jojow 0} [euolIppe Jusund  (}
Buuim “1 9 108100Ul (8
sonel "] 0 [enbaun  (p
juiof Jegsng Jo ajqeo 8soo| (0
wajgold Jojow (q
abeyjon ur moj aseyd suo (e

:aJe swa|qoud Jo sasned Aoy ISON

"sjwi| Josald ay} apisino

uoIIPUOD SNONUUOD B S| aJay} JI sduy pue
(s|gej09)es Jasn) sisjaweled Jaue)s ay)
uI }8s Jwi| ajqeidasoe ay) yum paledwod
s| aseyd }samo| ay} pue aseyd 1saybiy
ay} usamjaq aoualaylp ayl "seseyd
994y} 8y} uo Buimoj} sjuaLINd By} Usamiaq
aoualaylp ay} seje|nojed pue aseyd yoea
UO UMEBIP JUS.IND 8y} SJojuoW ZXNT 8yl

du] sso7 eseyd

3ISNVI / NOILdIYOS3A

[NOI SSO13SVHd >>

[NOl ¥amod >>

ECIVEEEEIEENG)
NOILYTIVLSNI
NIddV3HS
HOLSINEIHL
SSOT3SYHd
FUERENREN))
IN3HENOE3INO
3ON3NO3S 3SVH
Q¥OTH3A0

NNy

NNY/LEYLS

DIV IV IV RV QDD

H3IMOd

OO9O)

INOLdINAS / AV1dSId




IVNANVIA SH3sN 8-0l SIFIS XN

JHNLYHIdNILEINO
NOLLYTTVLSNI
[NOI NIdYV3AHS >> ] e
HOLSIWH3HL

SSOT3SYHd
ZXN3
10 IndjNO UO PaIOBUUOD UOI}O3II0D J0joe) Jamod (D

pawuwel peoj uaaup (q
papeolano AjpJanss Jojow (e
:aJe swa|qoJid Jo sasned Ajay| ISO

LN3HENOH3ANN
IN3HEN0Y3N0
3ON3NO3S 3SVH
QVOT43N0

NNy

NNY/LBYLS

‘pepesoxe sI sisleweled Japels ay) Ul 18s [INO] ¥aMOd >> | wwe
ywi uid Jesys ay) JI sduy pue Jojow 8y}
Agq UMEp JUB.LIND BY) SJojUOW ZXINT 9YL

A TN SN N N S N N N T N SANY

"He)sal pue 1asay

€ uonoag "PEOJJAA0 SNOBURJUEBISUI JO BSNED IO} PEO| PUB JOJOW o3y du] uidieays o1uoa09|3
JHNLYHIdNILEINO 0
NOILVTIVISNI 0
NIdHY3HS 0
HOISIWEIHL o
SSOT3SVHd 4
Aap Bujuuns dwind (q INO] INIHNNONIANN >> | memmme——
s)|aq uaxo0uq (e TR 0
:aJe swa|qoud Jo sasned Aoy ISON Mwmmwwwé M
‘siojoweled UH,;E M
Jallels ayj Ul 189S Jiwl| Juaing lspun [NOl ¥3mod >> | s 0

‘1EBISaY pue }osay 3y} Mojaq sj|e} siy} JI sduy pue Jojow ay}
O JuaLINd Buluunl 8y} siojuow ZX NG YL QQ@@

‘g uoljouN4 Ul }8s [9A9] Juadinoiapun ayj je duy |[Iim
€ uonoesg ZXINT dYL "uoien}s Jualinalapun JO 8sSned 10} PeO| o3y du] jusiinoiapun 010NN

1S31/NOILOV 3ISNVI / NOILdIYOS3A INOLdINAS / AV1dSId




IVNANVIA SH3sN

6-01

s3a3s ZXINT

/ Uoioag

jusesaud ale saseyd Ajddns |je ainsug

(ev'ev' 1Y) sleuiwdsy Alddng ue4 pue
[03u0D ZXNT 8y} 03 palidde si abe)joA 1081100 8y} ainsug

CXINT /W)
0) palidde abe)joA |011U0D “1084I00Ul 1O ‘ON

‘Alleoneng bupeiado
10 Buluonoun joN Aeidsiq |aued juol

€ uonoeg

‘Buipeo] auiyoewy/Iojow 308y
"peOolISA0 8y} Jo apnjiubew ay) uo Buipuadap du JuaLINIISA0
ue asned Aew 9]e}s pPapeo|IaA0 Ue Ul uoiiesado papuaixg

‘sadA)

peo| awos 40} uoljesado Jojow Jed [ewIOU B 8Je SPEOJJOAD
wJ9] Joysuaisuel] Juswaldinbal uonesidde uo juepuadag

1S31/NOILOV

[NOl peolisrng =

[Bunexol4] uoneosipu| peoan) =
‘peojano ul bujesado Jojop

3ISNVI / NOILdIYOS3A

JENIVEIANILEIA0
NOILVTIVISNI
QEETERS
HOISIEIHL
ESQESTE]
INZEENOEIaNN
INSEENOEIA0
3ON3N03S F5VAd
aAvOT1d3N0 >>| wwowmo

Ng

NAE/IEVIS

[NOl ¥43amOd >> || w=mo

DIV IV IV RV QDD

INOLdINAS / AV1dSId




IVNANVIA SH3sN

0L-01

s3a3s ZXINT

1S31/NOILOV

3ISNVI / NOILdIYOS3A

‘Sjiw| s|jgemojje
€ uonoas "SHWI| ZXIAIT ulym st juiod 1as paswwesboud ainsug apIsino s juiod }8s Jajeweled
"ON uonjoun4 Jayjoue o} buinow 810j9q ‘Aey <3¥0LS> sbumes uonoun4
6 Uonoesg ay) buisn Ag palois aq i1snw sbumas paswuwelboud Jasn ‘alnpaoolid Buiwwesboud 1081100U]| pawwelbolid 8101S 10N [IIM ZXINT
'sg0d [0juod pabewep aoejdal painseaw si
JUB.LIND OU }| "S8OUBSWNJIID [BLWIOU JBpUN WG uey) Jayealb
JuaLINd D e ainseaw pnoys Jajawwe ay] ‘syindul [04uod
ay) JO yoea yym salias ul Jayawwe ue Buioeld Aq sindul
|013u00 J9s9Y @ dOiS ‘Hels ZXINT 8y} Jo Aubaiul ayy Ajusp "sindu jo53u0D ZXNT pabewe(
(ev'2v' 1Y) sleulwdsy Alddng ued pue "ZXINT 8}
[0JJu0D) ZXINT 8y} 03 paljdde siI abe}joA 1081100 8y} ainsu] 0} palidde abej}joA [013U0D ‘}081100U|
ZXINT dois ‘Buluuni si zxIN3
ZXIN3T 1950y "J@sal Jou ajels duy ZX T
"IN2UID J8say Jo Alubajul yoayo "PasO|9 J0U }IN2JID 19SaYy
‘uonouny weiboud
6 Uonoasg paJisap 109]8s 0} sAay <dN> NV <NOILONNL> Y}0Qg asn ainpaoolud Buiwwesboud 1081100U| apo|N weiboud 183 10N [IIM 2XINT

INOLdINAS / AV1dSId




IVNANVIA SH3sN

L1-01

s3a3s ZXINT

/ Uooas

/ Uojoas

€ uonoeg

6 UONoeg

'sgDd [0juod pabewep aoejdal painseaw si

JUBLIND OU }| "S8OUBISWNJIID [BLWIOU JBpUN WG uey) Jayealb
JuaLInNd D e ainseaw pnoys Jajawwe ay | ‘sindul [04uod
ay} JO yoea yym sauias ul Jayawwe ue Buioeld Aq sindul
|o13u00 J8s9Y @ doiS ‘WElS ZXINT 8y} Jo Aybajul ayy Ajusp

(ev'zv' V) sleulwis) Alddng ued pue
[0JJu0D) ZXINT 8y} 03 paljdde si1 abe}joA 1081100 8y} ainsu]

‘Ryney s

JO AJ}09.100Ul PB}OBUUOD S| [0JJUOI/YDIMS BY} ‘PasO|d SI YOUMS
By} UM S|eulw.a) ay} Jo Jay}ie ssoloe painseaw DAAYE

S| @19y} }| "S|eulwls) ay} ssoloe abejjoa ay) Buunsesw

pue Jajaw }JoA e Buisn paxyoayo aq Aew Ajubajul 3InoaD
"SHINDJIO D1U0J}O8| YUM 3SN 10} 8|ge}NS pInoys S}NJJI0 asay)
Ul pasn S}oBU02 YoUMS "sindul [0Jju09 109198 D4 pue jasay
‘doig ‘We)S ZXINT 03 pa10auu0d S)N2JID Jo Ajubajul ayy AjLuap

"PONI SI Mul| B 8JNSUS ‘Pa}OBUUOD 8l SHNDIID |BUISIXD
ou J| "pasol0 8. (Z#D'L D) Sleulwss) Josay pue (Zed‘LED)
s|euiwla) doig ZXINT 8y} 0} Pajosauu0d SHNJUID Jey) ainsug

‘uiebe Ay pue Aejag Ue)say ay) JO Jnoswi} 1oj HepA

(A0 NNY) 0 uonoun4 jo8j8s 0} sAey
<NMOG@> pUB <NOILINN4> 8y} buisn Aq spow weiboud }1x3

1S31/NOILOV

‘synduy [013U0D ZXNT pabeweq

"ZXIN3 8y} 0} paydde
ab6e}|0A |043U0D 1984100UI 1O ‘ON

‘uado s)Ina.I0 19say Jo/pue doig
‘aAielado uonouny Aejeq pelsey

‘pajeUlWN 8l 37
IV "opow weliboud ui s sI ZXINT

3ISNVI / NOILdIYOS3A

‘leubis
Hels 0] puodsay 10N seoq ZXINT

INOLdINAS / AV1dSId




IYNNVIA S¥3SN zL-0L S3AM3S ZXINT
"Aj@8J} uIn) peo| pue Jojow ainsug ‘powwel peo/Jojon
‘(pasealoul aaey sjuswalinbal anbuo) Uels Aym uienaose
‘Bumas jwiT uaun) Bunsixa ay) Je paads ||n} 0} pajels|sooe
Ajsnoinaid sey peoj pue Jojow ay} j| : JLON) "paads
[IN} O} peO| 8y} 8)eI8|929. 0} anblo] juaidiyns aonpoid ued ‘poadg ||In4 o1
€ uolPas | Jojow 8y} Jey} os (z uonound) Buies JwiT Jualing sy} asealou| Jua.N) MEeIS Jualoinsuy| a]eJa|ao0y/Aemeyealg JON S80( JOJON
paso|D (62 < L suonoun4) Alepuoosas
uadQ (6 < | suonoun4) Atewnd
(6‘g sjeuruua])
induy 309198 914
uayp\ aanesado 198 Jajaweled
(sbumes
ajelidosdde Jojow Alepuodag - Aiewld al)
9 uonoesg se aAljelado ale sbupas Alepuodag pue Alewld ainsug ‘pasn Buiaq jas Jejoweled 1981100U|
‘lenuew sy} jo abed 1si 8y} uo
199yS ejeq suoneolddy ay} ul pajielep se sbunel wnwixew
ZXINT 9y} paaoxa jou op siajewedled (1 uonoundg) 974 JOJOI
9 uooss pue (z uonound) ywi usaun pawwelbouid sy Jey) ainsug papaaox3 sbuney wnwixep Japels
"0)9 s1010JU09 Buibplig Ag passedAq
JOU ale pue jualind aul Jojuow Aayj ey ‘saseyd jualayip
9 uooss uo paj|eIsul ale s1 9 ZXINJ 994y} 8y} JO yoes jey} ainsug ‘uone|esul D 10984100u|
‘lenuew siy} jo abed isua1 ay)
uo }9ayg ejeq uonedl|ddy ayj ul pajiejap pue ZXNJ au} yum
9 uooss pajiddns asoy} ale zxX|NJ @Y} 0} pPa}oauU0d S0 dy} aInsug | "ZXIAJ 9y} 0} Pajoauuod s 9 1091100U|
"S19 ZXINT pajjeisul ay) 4oy 18s A|30a1i09 (g} uonoung) bumes
s| Buney uaung Alewid 19D ‘Sl uoniound ey ainsug Buney juaing Alewid 19 1081100U|
"ON uo1dun4 Jayjoue ‘ainpaoold buiwwesboud
0} Buinow ai0jeq ‘Aey <3¥0.LS> 8y} Buisn Aq palols aq 1081100Ul 0} anp pajoadxa ‘JualIng ues pawwelbold
6 uonoas 1snw sbumes pawwelboud Jasn ‘syuiod }8s uonouny yoayo se }9s Jou spuiod 18s uonoun4 0] jualayig uaind Uels painses|y

1S31/NOILOV

3ISNVI / NOILdIYOS3A

INOLdINAS / AV1dSId




IVNANVIA SH3sN €L-0l SIFIS XN

"SJ0}OBJUOD
aul| Joj josyu0d ajeldosdde sepinoid (1Sl S|eulwsa])
ndino Aejal Jojoejuo) uiely ZXN3 8yl ‘paejdwod si doys "1In2J19 dojs ajelidoiddeul
J uonoag | Jos ayy [nun uado Jou S80p ‘pasn JI “J0JOBJUOD Uil 8y} 8JNsu] Aq pajesado Buiaq J0joeju0D Bul ajesadQ JoN saoq dois 1os
SHOS X93UD alnjied4 YOS
(¥€ B €€'2€’ 1L €) Ssleulws)
9 uoloas "po}oaUU0D A)}081100 ale S,1 D ZXINT 8Jnsug ZXIN3 0} pejosuuod jou s1 9 ZXINT

“Jole)S 8y} Jo apIs Indul 8y} Uo payy
aq 1snw pasn JI ‘sioloedes uol08.I0)) J0joe JaMod "abewep
Jalels asneo ueo sy "ZXIAT 8yl Jo Indino ay) uo pa1osuuod “ZXINF Jo Indino o) pe1osuuoo
9 uonoaeg ale sionoeded UOI084I09 J0Joe) Jeamod ou Jey) ainsug sJojioeded uol08.I0)) J0)0B JOMOd Ue1g pajjouodun 4o 10d

(‘papeo| Ajineay si sulyoew ay) usym Aemeyealq

Jojow ul Aejap swos aq Aew alay) dwey juaiin) uels

-lun Buisn usypA : 3LON) '18S A3081109 si (€ uonound) Juaing ‘paleniu] s| Weis v Ajelelpawiw|
€ uoNoas HEelIS |eniu] 8y} ainsus dwey jualing pejs-iun buisn y| "MO| 00} }8S juaiin) LEelS [eniu| Aemeealg JON s20( JOJoWN

1S31/NOILOV 3ISNVI / NOILdIYOS3A INOLdINAS / AV1dSId




IVNANVIA SH3sN

v1-0l

s3a3s ZXINT

'sg0d [02ju0d pabewep aoe|dal

paJnseaw S| JUalind Ou §| "S8OUB)SWNJIIO [BLLIOU JBpuUn
YWwg uey} Jajealb jualind D e ainseaw pinoys Jajpwiwe
ay] 'Indul 19918S D14 Y} YIM SaLIas Ul Jajewiwe ue
Buioe|d Aq yndul [013U02 198188 D14 By} Jo Alubajul ayy AJUsA

'sjndu| josu0) X NT pebeweq

"Buntiopn 10N 30919S 14 2XINT

€ uonoeg

¢ Uonoeg

‘uiebe Ay pue Aejag He)say ay) JO Jnoswi} Joj HepA

‘Ryney s

JO AJ}09.100Ul PB}OBUUOD S| |0JJUOD/YDIMS BY} ‘PasO|D SI YoUMS
By} UM S|eulwla) 8y} JO Jay}ie ssoloe painseaw DAAYE

S| @19y} }| "S|eulwls} ay} ssoloe abejjoa ay) Buunsesw

pue Jajaw }JoA e Buisn payoayo aq Aew Ajubajul 3InoaD
"SHINDJIO D1U0J}08|S YUM 3SN 10} 8|gelNS pInoys S}NJJI0 asay)
Ul pasn S}oBU02 YoUMS "sindul [0Jju09 109|198 D4 pue jasay
‘doig ‘We)S ZXINT 03 pa1oauuod S)NaUID Jo Ajubajul ayy Ajuap

1S31/NOILOV

‘onnelado uonoun) Aejeq peisey =

SHUNAID |043u0) Ajneq

uonesadQ Jaye)s Jusiwialu|

3ISNVI / NOILdIYOS3A

INOLdINAS / AV1dSId




INDEX

A
Analogue Outputs
Motor Current .........ocoiiiiiii e, 7-5
Motor Temperature (Thermal Model) .. 7-5
Application Data Sheet ...........cccooviviiiiieniiciee i
B
Bus Bar Adjustment ..o 5-3
Bus Bar Configuration ..........ccccoiiiiiiiiiniieeieee 5-2
Bypass Contactors
Use for Non-ventilated Enclosures .. 53
Control Of ..o 6-5
C
Calibration of EMX2 current monitoring circuit ........... 6-1
Caution Statements ... 1-1
Commissioning Procedure
COMMISSIONING .eeeiiieieiiiee e 8-2
Post-commissioning Recording .......c..cccceeeneee. 8-3
Pre-commissioning Checks .........ccccocovniinneene 8-1
Commissioning Record i
Common SettingS  ....ooveiiiiiiieee e 9-1
Control Inputs
Operational Overview ..........ccccocveveencieeneennne. 7-3
Ratings 4-2
SHAM oo 7-2
SHOP it 7-2
Reset ........ 7-2
FLC Select 7-2
Control Outputs
Operational Overview ...........ccccceeeeiieeeniiennns 7-5
Ratings ....cccocvevrienne 4-2
Main Contactor ... U £X)
Start/Run ..... e 74
Run .......... 7-4
Trp e e 74
CoNtrol SUPPIY oot 71
Current Ratings
EMX2 Series ....ccccooviiiiiiiiiiieeee e 4-3
Application Specific .. i
Current Output ........ccee. 7-5
Current Transformers (EMX2)
Installation ... 6-1
Calibration of ... 6-1
Connection of ......ccccceviiieieiieeee . 641
Programming EMX2 for connected CTs ........... 9-12
D
Digital Display
Program Mode .......ccccoviiniiiiiiiici e 9-3
Run Mode .... e 311
DIMEeNSIoNs .......ccoociiiiiiiiiie e 5-1
Dual Speed Motors
OVEIVIEW .ot 6-6
Program EMX2 for use with : ........cccooiiiiienene 9-1
E
Electronic Shearpin Protection
Description  ......ooiiiiie e 3-10
Adjustment of :
(primary motor speed) ........cccccovviiiienieennnn. 9-10
(secondary motor speed) ........ccceceeeiiennnn. 9-17
Electronics Supply Y £
Emergency StOp ......ccocviiiiiiiiiciee 7-2
F
FLC Select INPUt ...ocoeveeeiie e 7-2
Function List ..o 9-2
G
General Description .........cccoeiiiiiiiiiee e 2-1
H

Input/Output Bus Bar Configuration ............ccccceeceeenee. 5-2
J
K
L
LCD Display
Description .......coeieiiiiiiiiee e 3-11

Adjustment of ...
Line Contactors

USE O e 6-4
Control Of ..o 6-4
M
Main Contactor Control Output ..........cccceeiiiiiiiiinens 7-3
Motor Connection
BWIrE i 6-3
6 Wire (Inside Delta) ........ccccovoieiieniinieeieee, 6-3
Dual Speed Motors ........cccceeeiiieeiiiieeiee e 6-6
Motor Current
LCD Display .....coccverveeiieiieeniee e

Analogue Signal (4-20mA)
Motor Start Time Constant (MSTC)

DeSCription ......eeiiiiiiieieeeeee e 3-6

Adjustment of 9-8
Motor Temperature

LCD Display .....cceceeeenieiienieieeiesieeesec e 3-11

Analogue Signal (4-20mMA) .....ccoeviiiiiiiiieene 7-5
Mounting Precautions .........ccccccoviiieiiiiiieceeeee 5-3
N
0)
OUEPUL A e 7-5
Output B ..o, wee 15
Output/Input Bus Bar Adjustment ....... e 53
Output/Input Bus Bar Configuration 5-2
Ouput Signals (4-20mA)

Motor Current .......ccooevveciiniiereeeeeee e 7-5

Motor Temperature ..........cccccceeeiieiiiiieiieeee 7-5
Overtemperature Protection (Starter) ...........cccceeeene 3-10
Overload Indication LED .........ccccoviviiiiiieinecee, 3-11
P
Parameter List ... 9-2
Phase Imbalance Protection

DeSCription ......ecoiviiiiieieeeeee e 3-9

Adjustment of :

(primary motor setting) .......

(secondary motor setting)
Phase Sequence Protection

Description ......coveviiiiiieee e 3-9

Adjustment of ... 9-11
Power Factor Correction 6-5
Primary Motor Settings 9-1
Programming Procedure ... 9-3
Programmable Motor Thermal Model

DescCription ......oooiiiiiiiiee e 3-6

Adjustment of :

(primary motor speed) ........

(secondary motor speed)

Protection

Overview

Prestart

Run-Time

Run-Time Trip Warnings
Protection

Programmable Motor Thermal Model

Phase Imbalance

EMX2 serIES

__a__

USERS MANUAL



INDEX

Thermistor ... 3-9
Undercurrent ........ccooeeeeeiiieeeee e 3-9 U
S 75 Underourent eotcton g
Starter Overtemperature .............cccccccoeevevennnne. 3-10 Agjicsrtlrelonq of ;
(primary motor setting) .......cccccoeeeeiieiinnne.
R (secondary motor setting)
ReSet INPUL ......ooiiiiii e 7-2 Uni-Start Constant Current Soft Start
Restart Delay ........ 3-10 Description .......ooiiiieiie 3-1
Run Control Output 7-4 Adjustment of :
(primary motor setting) .........ccocceeeiiiieeinen. 9-6
S (secondary motor setting) ........c.cccooveeveenne. 9-13
Schematic 4-1 Uni-Start Current Ramp Soft Start
T Description .......coveeiiiiiiiiie e 3-2
Secondary Motor Settings ........ccccvvveeiieeniiinicniceiene 9-1 Adjustment of -
Semiconductor FUSES .......cccceevveeeeiiiieeeiiee e 6-4 (primary m.otor setting)
Sheargm Pr.otsctlon 3-10 (secondary motor setting)
Ag_sucsrtlrr;éonr; o.f”' .................................................... - Uni-Stop Soft Stop
Justn ' . DescCription ......oooiiiiiii e 3-3
(primary motor setting) .......c.cccceeerieenieennnn. 9-10 Adjustment of :
g (secondary mgtor setting) sl (primary m.otor setting) ..o 9-7
ggctvé'tr; rtMl\ﬁ(t)%re(S:onnectlon """"""""""""""""""""""""" 6-3 (secondary motor setting) ..........cccoceeerinnnne. 9-14
Uni-Start Constant Current ..........cccccooeereeenenne 3-1
Uni-Start Current Ramp ......coccvvveveiiiiiiieeeeeee 3-2 \")
Soft Stop Modes Ventilation
Uni-Stop Soft Stop ....eovvieiieiiiiieccceeee 3-3 Non Ventilated Enclosures ..........ccccccovvvrcieeenen. 5-3
Specifications .................. 4-2
Start Input ... 7-2 W
Starter Overtemperature Protection .... 3-10 Weights 5.1
Start/Run Control Output ................ 7-4 OIS v
Stop Input ..o 7-2
System Parameters .........ccccooiiieiiiiiiiiee e 9-2 X
T Y
Temperature Output 7-5
Thermistor Protection 3-9 Z
Three Wire Motor Connection ..........cccoceevveiieeneennne. 6-3
Trip Control Output .....cccviieeiiiceeeeeeee e, 7-4
EMX2 series ~b-- USERS MANUAL



