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Health and Safety at Work

The voltages present in this drive module are capable of inflicting a severe
electric shock, and may be lethal. It is the responsibility of the owner or user to
ensure that the installation of this equipment and the way in which it is operated
and maintained complies with the requirements of the Health & Safety at Work
Act in the United Kingdom and applicable legislation and requlations and codes
of practice in the UK or eisewhere.

Only qualified personnel should install this equipment, after first reading and
understanding the information in this Guide. The installation instructions should
be adhered to. Any question or doubt should be referred to the supplier of the
equipment.

The manufacturer accepts no liability for any consequences resulting from
inappropriate, negligent or incorrect installation, operation or maintenance of the
equipment, or adjustment of the optional operating parameters, or from
mismatching of the drive to the motor and driven load.

The contents of this Guide are believed to be correct at the time of printing. In
the interests of a commitment to a policy of continuous development and
improvement, the manufacturer reserves the right to change the specification of
the product or its performance or the contents of the User's Guide without notice.

All rights reserved. No part of this book may be reproduced or transmitted in any
form or by any means, electronic or mechanical including photocopying,
recording, or by any information storage or retrieval system without permission
from the publisher in writing.

Copyright © 1998 Controt Techniques plc

/

v

USER'S GUIDE -- VECTOR/VB
Part No. 0433-0001

Issue No 3 — May 1998 /
SOFTWARE VERSION V8 X X



USER’S GUIDE

for the

VECTOR

VB75 to VB1100S

PLUX VECTOR

DRIVES FOR STANDARD
AC SQUIRREL CAGE
INDUCTION MOTORS

0.75 kW to 11 kW




VECTOR

2.1
2.2
23
2.4
25
26

3.1
3.2

4.1
4.2
4.3
44
45
4.6
47

5.1
5.2
53

6.1
6.2
6.3
6.4
6.5

7.1
7.2
7.3
74
7.5
7.6

10

Contents

Features of the VECTOR range of drives
Introduction

Data

General Specifications
Ratings

Derating

Losses and Cooling
Ventilation

Encoder Specification

Instaliation — Mechanical
Mounting
Cooling and Ventilation

Installation — Electrical
Introduction

Power Connections

Fuses and Power Cabling
Guide to Line Choke Sizes
Controi Connections
Terminals

Braking Resistors

Operating Procedures
Keypad and Display
Manipulation of Parameters
Security Code
Commissioning
Commissioning — Safety
Motor Map
Fine Tuning
Protection
Diagnostics — Fault Finding
— Healthy Indications
— Trip Codes and Error Codes
Parameters
Parameters, Values and Function
Numerical Parameters — R-W
Numerical Parameters — R-O
Bit Parameters — R-W
Bit Parameters — R-O
Index of Parameters — Numerical Parameters
-~ Bit Parameters

Page

O WO WWwN~N~NNO® 0 o

-
w N

b e eh ok ea
® N A W

N = o
-~ (O W0 O

WNNNDNDNDNDN
© © 0w 3 WWN

£ HhWWww
N ON 2

— System Logic Diagram — following page 50

Serial Communications
Braking
Electromagnetic Compatibility (EMC)




VECTOR

Illustrations

Fig.

1 VECTOR Drive System Schematic Diagram

2 Locations of principal components

3  Dimensions of VECTOR drives

4  Mounting — Minimum Clearances

5  Typical Enclosure, Heat Dispersal

6  Power Connections

7 Control Connections

8  Terminals — Layout

9  External Braking Resistor — Connections

10 Keypad

11 Parameter Manipulation

12 System Control Overview

13 Multidrop Link and Serial Address

14 RS485/RS422 Connections

15 RS232 Connections

16  External Braking Resistor — Connections

17 Resistor Cooling Curves (typical)

SYSTEM LOGIC DIAGRAM

Page

5
8

10
11
11

12
15
16
18

19
20

22

52
52
52

60
62

Following page 50




VECTOR

FEATURES
of the
VECTOR

RANGE

VECTOR drives have been designed in “bookshelf” format to optimise cubicle space when utilised in
multiple drive systems.

VECTOR drives are designed to operate standard 3-phase induction motors and special high-
frequency motors fitted with encoders.

Insulated gate bipolar transistor (IGBT) inverter output bridge for high speed switching and low power
consumption

Digital control of the output bridge by micro-processor.

Internal control power provided by switch-mode power supply (SMPS) giving regulated control voltage
for a wide range of input voltage.

Choice of four PWM output switching frequencies to match applications.
Acceleration and deceleration with programmable ramps.

Full torque a zero speed.

Constant-speed control at varying loads.

Independent control of torque and speed from zero.

Rapid dynamic response.

Start on to a spinning motor.

Full PID control.

Dynamic braking with on-board power resistor as standard.

Internal monitoring and protection includes I x t overload, current limit, instantaneous short circuit,
earth fault and heatsink overtemperature protection.

External motor-protection inputs from thermistor and/or thermal relay.

Parameter and diagnostic data saved during power loss for fault diagnosis and quick restart without
reprogramming in the event of a trip.

Parameter data input fully digital. No potentiometers and no links to adjust.

A range of aralog input and output signals for compatibility with non-digital equipment and systems.
Control circuits impedance-isolated from power circuits.

Serial communications interconnection standard RS485. Software protocol standard ANSI x 3.28-2.5-A4.

Plug-and-socket connection of power and control wiring ensures rapid and reliable disconnection and
reconnaction of drives.
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DECLARATION OF CONFORMITY

The AC variable speed drive product bookcase Vector power range 0.75kW - 2.2kW and
4.0kW-7.5kW, and 11.0kW, has been designed and manufactured in accordance with the following
European harmoniscd, national and international standards:

EN6(0249 Base materials for printed circuits

IEC326-1 Printed boards: General information for the specification writer

IEC326-5 Printed boards: Specification for single and double sided printed boards with plated
through holes

IEC326-6 Printed boards: Specification for multilayer printed boards

IEC664-1 Insulation co-ordination for equipment within low-voltage systems: Principles,
requircments and tests

EN60529 Degrees of protection provided by enclosures (IP code)

ULY4 Flammability rating of plastic materials

This product complics with the Low Voliage Directive 73/23/EEC and the CE Marking Directive
93/68/EEC.

NP

W. Drury
Technical Director

Newtown
Date: 13 January 1997

Note

This electronic drive: product is intended to be used with an appropriate motor, controller, clectrical
protection components and other equipment to form a complete end product or system. It must only be
installed by a professional assembler who is familiar with requirements for safety and electromagnetic
compatibility ("EMC"). The assembler is responsible for ensuring that the end product or system
complies with all the relevant laws in the country where it is to be used. Refer to the product manual
or EMC data sheet for further information on EMC standards complied with by the product, and
guidelines for instaliation!

Steve Leyland Rev.0
13/01/97 Issue C



VECTOR ADDENDUM
for Issue2 Manual

MODULE DIMENSIONS (PAGES 6 AND 10)

“EW PACKAGE DIMENSIONS (mm)

VB7S - VB200 VB400 - VB1100S
WIDTH 78.5 127
HEIGHT 352 352
DEPTH 323.5 328.5

EARTHING (PAGE 13)

The Protective Earth connection is now an Earth lug on the top of the drive casing.
The connection marked Y on the main power connector 1s now used for connection of
varistors to earth for transient voltage protection. This in not recommended for grounded Delta

systems and this terminal is no longer the protective earth.
EXTERNAL BRAKING RESISTORS (PAGE 18)

VB75 - VB200.

An extra power connector has been added on top of the case to allow access to the DC
Link and Dynamic Braking connections for DC bus paralleling and applications requiring
external Braking resistors.

The Terminal connections are as follows:-

+DC bus.

Not Connected.

INTERNAL braking resistor.
Not Connected.

EXTERNAL braking Resistor.
Not Connected.

-DC bus.

~N A R W e

VB400 - VB1100S

A rtemoveable Link has been fiticd at the bottom of the case to allow disconnection of
the intemal braking resistor, existing terminals already allow for connection of an external
braking resistor and access to the DC bus.
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Hardware Addendum For D’Ax 0.75kW to 11kW

Braking Resistor Protection

In applications which require the use of braking resistors, the braking duty cycle must
be carefully considered. If the resistor is under-specified for the application, the power
dissipated will cause the resistor to overheat, leading to damage to the resistor and
the drive increasing the risk of fire. Use of thermal overload protection relays can
provide a means of either tripping the power to the system if the duty cycle is
exceeded, or sending a signal to a controliing PLC. The relays do not actually try to
break the DC current.

Need to specify:

Prax - maximum power dissipation

tmax - maximum time for P, dissipation
R - total braking resistance

Ve - max d.c. link voltage

During the period of dissipation, the average current through the resistor is given by:
pmax

[avt: = -

Vlﬂax

where; Viya= maximum DC link voltage.

The braking control of the drive actually uses a chopper transistor to switch in the
resistor, so the actual current waveform in the resistor similar to that shown below.

=

The duty cycle of the transistor is given as:

D = l:f = E(—)-n
lpk ton + [nt‘f

The RMS current in the resistor can now be calculated by:

R————

lmm = \/[pkz * D
The relay should be set up for the expected RMS current in the resistor and the value
Of tmai-
Originated by DAXADD.DOC Page 1

o oslater issue:2 Date:24/02/97
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Worked Example 1: Specify a thermal overload for use with a DB140 using its
internal resistor.  The application is working the resistor close to its maximum
specification of 1.5kW for 10 seconds, with 90 seconds cooling time. The nominal
resistance is 80

Data:

Pvnax = 1 5kW

Tmax = 10 seconds
R = 80Q)

V[I(‘, = 750V

Since the continuous rating of the resistor is 150W the average current must be
fimited to

;150

=1.369 Amps
180
Ipk = 750:9.375 Amps
80
Duty = I"-1-)-(-)9:().146
375

Irms = J9.3752-0.146= 3.582 Amps

3.582

Iset = - =0895 Amps
4

This is the current that must be set on the relay so relay type LR2-D1306 (1.0A to
1.6A) should be used.

The short circuit condition will overload the relay by a factor of 8.5, and this will cause
the relay to trip out after approximately 4 seconds.

The diagrams below cover the following drives

Vector CDE Digitax Spindax
VBE400 CDE400 DBE420 SA010
VBES50 CDES550 DBE600 SA016
VBE750 CDE750 DBE750 SA022
VBE1100S CDE1100S | DBE1100S

Electrical Installation
The following diagrams show how to connect the relay to protect the internal resistor for the drives
stated, or external resistors if used.

QOriginated by: DAXADD.DOC Page 2
p.slater issue:2 Date:24/02/97
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.arge bookcase package

internal Resistor

]

5 —

B
o 2 4 6

0 L]
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O]

External Resistor

—

B
2 4 8§

K|

B / Ll

B

B

The internal resistor must be disconnected if an external resistor is being used. The
internal resistor is disconnected if there is no connection between the two way terminal
biock on the bottom of the unit.

Small Bookcase Package Only

internal Resistor External Resistor
Protection Protection
| ' }
[ | [
g8 | 1 3 S 195 98 |1 ) 3 5195
984T 4 2R 98 [ 1 2198
o7 | Y Jes o7 ) Jes
2 4 ) 2 4 6
T o
} J = [ ...... ] ’
>
- I |

NOTE: If external resistors are used, ensure that the internal resistor is disconnected
by removing any wire link between terminals 3 and 5.

Ornginated by DAXADD DOC Page 3
1 slater issue @ Date 24/02/97
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The previous diagrams refer to the following drives:

Vector CDE DigitAx | SpindAx
VBE75 CDE75 DBE140 | SA005
VBE110 |CDE110 | DBE220

VBE150 [ CDE150

VBE220 | CDE220

1
The normally closed contacts 95 and 96 should be

connected in series with the line
contactor coil.

Originated by:

DAXADD.DOC Page 4
p.slater

Issue:2 Date:24/02/97



VECTOR 4 Introduction - 1

1
Introduction

The VECTOR Drive
for Standard Squirrel-cage Induction Motors

VECTOR has been developed to operate standard run-of-production squirrel-cage motors. The
performance of the VECTOR with standard motors is comparable to the performance achieved with more
costly motors specifically designed for flux vector drive control.

True flux vector control requires a feedback so that the rotor position can be monitored continuously. An
incremental encoder on the motor shatft is essential for this purpose (Eg in Fig. 1). It is usually fitted at the
non-drive end and is a simple modification. The feedback encoder, the VECTOR drive and the motor thus
become a true closed-loop system, able to give precise control of torque and speed.

Although the function of the feedback encoder is primarily to transmit the rotor position to the drive logic,
the same signal is utilised for motor speed sensing by measuring the rate of change of position of the
rotor. An additional and separate tacho-generator is not necessary for this purpose.

Standard squirrel-cage induction motors are primarily single-speed machines. The VECTOR drive can
operate standard motors at speeds from zero up to 6000rpm. Further, maximum torque is available from
base speed down to zero speed. In applications where motor speeds below base speed will be used,
motor cooling must be considered in relation to the speeds and torque outputs involved. For high speed
applications above base speed, the quality of rotor balance and bearing type should be specified.

ff there is any doubt about an application which is to involve low-speed or high-speed operation, it is
advisable to consult the supplier of the motor for practical advice.

e ™
TORQUE
REFERENCE
. - d
SPEED = ot

REFERENCE J)
MOTOR 2

MAP
SPEED = d L3

LoopP (TRANSFORMATIONS)

Yy

CURRENT
LOOP

YVYYV

GATE DRIVE
LOGIC

YWY

(OUTPUT STAGE )

1 Schematic representation of the VECTOR power circuit and control system. J

4

+ve

O—




2 - Data VECTOR

Data
2.1 General Specifications
Physical Dimensions
Refer aiso to to Figs. 2 and 3. .
Module Module Width Depth Vertical
type height max including fixing
heat sink centres
mm mm mm mm
VB75-VB220 340.0 75.0 325.0 357 (372%)
VB400-VB1100S 340.0 125.5 325.0 357 (372")

“When fixing brackets are positioned for through-panel mounting — Figs. 2 and 3.

Ingress Protection (IP) Enclosure

VECTOR drives are constructed in accordance with IP20 specification. Internal cooling fans (where fitted)
for the heatsinks conform to IP20.

Power Supply

Balanced 3-phase 50Hz or 60Hz, 380V -10% to 460V +10%. Supply frequency tolerance 48Hz to 62Hz.
Inverter Output

The three phase balanced output can produce up to +6000rpm with 2-, 4-, 6- or 8-pole motors. Maximum
output voltage 1s nominally equal to the input (line) voltage.

Ambient Temperature and Humidity

Ambient temperature range -10°C to +50°C.

Storage temperature range -40°C to +50°C for one year maximum.

Humidity — non-condensing.

Derating

Nominal ratings are atfected by —

+  The altitude of the installation. Where the site is above 1000m, reduce the normal full load current by
1% for each additional 100m.

* The ambient temperature. The drive should be installed where the maximum ambient temperature
will not be exceeded due to heat generated by other apparatus nearby.

*+  Use of the higher PWM switching frequencies — referto 2.2 Ratings and Derating.
Starts per Hour

Motor according to manufacturer's recommendations. Drive limited to 10 starts per hour if started by
switching the supply. If the motor is started only by electronic control of the drive, the number of starts per
hour is unlimited for the drive.

PWM Switching Frequencies
Constant switching frequency selectable from four values — 3.0kHz, 6.0kHz, 9.0kHz or 12.0kHz.




VECTOR Data - 2
2.2 Ratings
Module Motor Maximum Input Input Output
type power continuous current at at
current output 415V 415V
kW A A kVA kVA
VB75 0.75 2.1 3.4 24 1.5
VvB110 1.1 28 45 3.2 2.0
VB150 1.5 3.8 55 4.0 2.7
vB220 22 586 8.7 6.3 4.0
vB400 40 95 13.2 9.5 6.8
VB550 55 12.0 13.5 9.7 8.6
VvB750 75 16.0 16.7 12.0 11.5
VB1100S 1" 22" 23.4 17 16
* See under 2.3 - Derating
Derating

2.3

Modules VB75 to VB750 inclusive can achieve the rated output currents shown in the Ratings table
above, without derating, in a 50°C ambient temperature and 12 kHz Switching Frequency.

* Module VB1100S at 12 kHz Switching Frequency can only achieve rated output current, without
derating, in a 40°C ambient temperature.

» If module VB1100S must operate in a 50°C ambient temperature, derate as follows —
Switching frequency 9 kHz 20 A maximum continuous current output
Switching frequency 12 kHz 17 A maximum continuous current output

2.4 Losses and Cooling

N = Natural circulation
F = Integral cooling fans fitted

Module Losses Cooling
type 3.0kHz PWM | 12.0 kHz PWM
w W

VB75 45 80 N
vBi10 50 110 N
VB150 60 140 N
VB220 90 170 N
VB400 130 280 F
VBS50 170 370 F
VB750 220 410 F
X vB1100S 260 470 F
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2.5 Ventilation

VECTOR drives do not require external fans. Cooling fans for the heat sinks are built into those modules
that require them.

VECTOR drives may be installed in an enclosure, but care must be taken to ensure that —
+ the drive module is mounted vertically;

- adequate air space is provided within the enclosure to allow for correct air flow over the heatsink
cooling fins.

+ adequate clearance for air flow is provided above and below each module, Fig. 4, page 11.

2.6 Encoder Specification

Incremental shaft position encoder, 5V, 200mA, 1024 pulses per
revolution (ppr), TTL differential line driver.

It is recommended that the encoder is connected by overali-
screened cable having individually-screened pairs.

A
B
For a cable exceeding 150m in length it will probably be B
Cc
c

>

rH_
— L

L1 1|
LI L
I I

r
1 L

necessary to arrange an external supply for the cable because of
the voltage drop due to the cable length. It may also be
necessary to arrange a local power supply close to the encoder.

e

MARKER

.

—
Fixing bracket shown in )
position for surface mounting Display
Position for through- ~ and keypad
panel mounting
<€— Power
terminals

\

P EALARERIS v wevnwm

A ovemmmmsmen Semma—————8

ey

=D T oedn

\!\i‘]‘\\t“ W{ WY

Control terminal
board cover

2 Locations of the principal components of the VECTOR variable speed drive.




VECTOR Mechanical Installation - 3

3
Installation — Mechanical

3.1 Mounting

VECTOR drives are to be installed only in a vertical position, to ensurs the best flow of air for the cooling
fins of the heat sink. Installation vertically above other drives or any heat-producing equipment may result
in overheating.

Location

The installation should be located in a place free from excessive dust, corrosive vapours, gases and all
liquids.

Care must also be taken to avoid condensation of vaporised liquids, including atmospheric moisture. If the
drive is to be located where condensation is likely to occur when the drive is not in use, a suitable anti-
condensation heater must be installed. The heater must be switched OFF when the drive is energised. An
automatic changeover switching arrangement is recommended.

VECTOR drives are not to be installed in classified hazardous areas unless correctly mounted in an
approved enclosure and certified. (Refer also to HAZARDOUS AREAS, Chapter 4 Section 1.)

Fixing brackets
Two alternative arrangements are provided for in the design of VECTOR drives:

Either —
*  the drive may be mounted on an open panel or wholly within a cubicle, in which case the fixing
brackets are located in position A, Fig. 3 Page 10,

or—

*+ the heat sink may project through the mounting panel into a free air space behind, in which case
the fixing brackets are focated in position B.

The fixing brackets are attached to the material of the heat sink or to the frame of the drive by two screws
each. Self-tapping screws are provided, to ensure good earth connection to the supporting framework or
cubicle which should itself be bonded to earth in accordance with good practice.

Where two ot more drives are to be installed side-by-side there must be a gap, 3mm minimum, between
adjacent modules to facilitate removal of the the front terminal cover, Fig. 4 page 11.

3.2 Cooling and Ventilation
The Drive Enclosure

VECTOR drives are protected from damage caused by overheating. A thermal sensor is mounted on the
heat sink. if the temperature rises to 95°C, the drive trips automatically. This setting is not adjustable.

Cubicie-mounted VECTOR drives can be mounted either wholly enclosed, or with the heat sink projecting
though the rear panel. Through-panel mounting allows for physical segregation between the control
section of the drive and the power electronics, enabling the heat-producing (power) section to dissipate
heat without affecting the temperature within an enciosure.

This may be an advantage when a number of drives are to be enclosed in a single cubicie. In any case,
cubicle size must be verified by calculation to ensure that there is adequate space to allow free circulation
of the air within an enclosure. All equipment in the enclosure must be taken into account in calculating the
internal temperaturg. Installation vertically above other drives or any heat-producing equipment may result
in overheating.

As standard, all models of VECTOR drives are equipped with an on-board braking resistor. For special
applications, some servo systems may require braking capacity in excess of the standard. A larger
braking resistor can be connected (models VB400, VB550, VB750 and VB1100S only) externally to
the drive. The on-board resistor must be disconnected (it is essential to consult the supplier of the
drive in this case).

When an external resistor is fitted it is vitally important to take account of the increase in heat generated. It
is recornmended that the external resistor should be mounted where its heat losses cannot affect the drive.
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—
Dimensions mm Alternative positions for
FANS mounting brackets — B A
EXHAUST A for surface mounting
f f B for through-panel. \L J/
) 8] [

11 '

* 20
) ) 340 357
Modules Modules 372
VB75 VB400
VB110 V8550
VB150 VB750
VB220 VB1100S ﬁ
v
L o : ! s N —
L: >‘ l(_ —>, fe——p ——{ k—o
L45 , 77 - 325
60 92 Dimensions
TS A 1255 —> Module type VB...
35> jl&— minimum spacmg 75:17& 150. 220
3 Dimensions of VECTOR drives. ~ 400. 550, 750, 1100S | 100

- J

To find the dimensions of an enclosure

if a cubicle is to be fabricated to suit the installation, there is a free choice of dimensions. Alternatively, it
may be decided to choose a cubicle from a range of standard products. Either way, it is important to take
into account the dimensions of the drive module, and to ensure adequate clearance for air circulation.

The procedure is to estimate two of the dimensions — the height and depth, for example — then calculate
the third, and finally check that it allows adequate internal clearance.

The effective surface area Ag for an enclosure, Fig. 5, containing equipment which generates heat is
calculated from the following equation —
Py
e = S ——————————
K(T-T,0)

where Ag = Effective heat-conducting area in m2, equal to the sum of the areas of the
surfaces which are not in contact with any other surface.

P = Power loss of all heat-producing equipment in watts.
T = Maximum permissible operating temperature o the drive module in °C,
Tamb = Maximum external ambient temperature in °C.
k = Heat transmission coefficient of the material from which the enclosure is

made.
The effective heat-conducting area of a cubicle typically located on the fioor and against one wall, is —

Ae = 2AB+AC+BC
where A is the cubicle height, B is the depth, front to back, and C the width, Fig. 5.

10



VECTOR , Mechanical Installation - 3

Suppose the cubicle height A is 1.8m, and the [ )
depth B is 0.5m, as a first estimate. The actual
figures chosen in practice will be guided by
available space, perhaps, or standard enciosure
sizes.

Since Ag can be found, and A and B are known,
the dimension to be calculated is C. The equation
needs to be rearranged to enable C to be found,
thus —

Ag-2AB = C(A+B)

Ag - 2AB

or — A
© A+B

If an enclosure is to be selected from a stock
catalogue, the corresponding surface area should
be not less than the figure calculated above for A,

As a general rule, it is better to locate heat-
generating equipment low in an enclosure to
encourage internal convection and distribute the
heat. K it is unavoidable to place such equipment . L. .
near the top, consideration should be given to 4 Minimum clearances for air circulation —

. . . . 100mm from the nearest adjacent
increasing the dlmen_smns 9f th.e top at thg expense equipment. Clearance for access, 3mm.
of the height. or to installing internal ‘stirrer’ fans

with drive modules which have no fans of their own \ J
to ensure air-circulation.

> le3mm W—

Enclosure ventilation

If a high IP rating is not a critical factor, the enclosure can be smaller if a fan is used to exchange air
between the inside and the outside of the enclosure.

To calculate the volume of ventilating air, V, the following formula is used —

v 31xP|
T = Tamb
where V. =  Required air flow in m3 h-

Ae = Effective heat-conducting area, in m2, equal to the the sum of the areas of the
surfaces which are not in contact with any other surface.

Power loss of all heat-producing equipment in Watts.
Maximum permissible operating temperature of the drive module in °C.
lfame =  Maximum external ambient temperature in °C.

-0
[} it

s A

The Motor

The VECTOR range of drives is capable of operating
induction motors at speeds below the speed for which
they are intended when driven from a fixed-frequency
supply. Normally, the cooling of the motor is dependent
on a shaft-mounted internal fan. This rapidly loses its
effectiveness when operating at speeds below the normal
near-synchronous speed of operation.

Designers intending to make full use of the benefits of
variable speed controi should give careful consideration
to the possible need for supplementary cooling (by an
external air supply, for example) if the application is one
that requires periods of operation at reduced speed, or :
prolonged acceleration times at full torque. 5 Enclosure with, typically,

Most manufacturers of standard induction motors are able, two surfaces unable to
to provide guidance, as is the supplier of VECTOR drives. § disperse heat.

11



4 - Electrical Installation VECTOR

r TN
0 ,
ENCODER E
CONNECTIONS [— ISOLATOR
TO TERMINALS ‘B’ [
U - S
e e ——
POWER TERMINALS ‘A’
(TOP OF MODULE) o o d
AS VIEWED FROM FRONT
D> ; é - N ™M
855822282
S 3 933
g 2 s
ENCODER E
CONNECTIONS [— ISOLATOR
TO TERMINALS '8 .
-
e —— T
POWER TERMINALS 'A'
(TOP OF MODULE) ° 00 o0 o0 o0
AS VIEWED FROM FRONT
D>z g-aoeng g
55 =622 ¢ a0 3
§88U333,00
=28 e Fo
+
6 Power connections at Connector ‘A’ for
(a) VECTOR modules VB75 to VB220 and
(b) modules VB400 to VB1100S. J
N
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4
Installation — Electrical

4.1 Introduction

SAFETY

The voltages present in the supply cables, the output cables and terminals, the externally-mounted DC
link choke, the external braking circuit if fitted, and within certain parts of the inverter are capable of
causing severe electric shock and may be lethal.

IP Rating

The drive enclosure conforms to international enclosure specification IP20. It is therefore necessary to
consider the location of and access to the module in the light of local safety regulations applicable to the
type of instaliation.

ELECTRIC SHOCK RISK!

Whenever the inverter has been energised, it MUST be ISOLATED. A period of seven minutes
MUST elapse after isolation to allow the DC link choke and internal capacitors to discharge tully.
Until the discharge period has passed, dangerous voltages may be present at the terminals and
within the module.

Persons supervising and performing electrical installation or maintenance must be suitably-qualified
and competent in these duties.

Hazardous Areas

The application of variable speed drives and soft starters of all types may invalidate the hazardous area
certification (Apparatus Group and/or Temperature Class) of Ex-protected squirrel cage induction motors.
Approval and certification should be obtained for the complete installation of motor and drive. (Please
refer also to L OCATION, Chapter 3 Section 1.)

Earthing

The drive must be connected to the system earth by the earth terminal provided on the power terminai
block, Fig. 6.

Earth impedance must conform to the requirements of local industrial safety regulations and should be
inspected anc tested at appropriate and regular intervals.

Control cable screens should be terminated to a OV terminal, Connector B, at the drive end only, to
minimise the possibility of interference.

4.2 Power Connections
Refer to Figs. 6 and 8.

The power terminals are located on the upper surface of the module. The terminals for the control circuits
are on the front, protected by a removable cover. This arrangement enables the power cables to by run in
from above the module and the control wiring from below, with the advantage that the two are well-
separated, for the avoidance of interference with control signals. For cable sizes, refer to page 14.

Protection

The drive must be protected on the supply side sither by hrc fuses (refer to 4.3 below and Fig.6) or by
suitably-rated MCB or MCCB switches equipped with thermal and magnetic trips.

Power Circuit Earthing

Earth cable runs should be as short as possible. Earth loop impedance should be verified in accordance
with the applicable approved code of practice and local regulations.

Screened cable may be used for the output cabling to the motor. Screening should be connected to earth
at Connector 'A’.
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4.3 Fuses and Power Cabling

f Module *Recommended 1 Typical

| type fuse ratings cable size

[ at 380V

| A mm?2
VB75 6 1.0
VB110 6 1.0
VB150 10 1.5
VB220 10 1.5

| VB40o 16 25

, VB550 16 25
VB750 20 2.5

{ VB1100S 35 4.0

L

" As a current peak May appear at power-on bacause of the effect of th
'slow’ fuses is recommended. As an alternative to fuses, mcbs or m

with adjustable thermal and magpnetic trip devices of a suitable rating.

t The cable sizes are for 3-core and 4-core pvc-
and laid in accordance with the maker's defin

4.4 Guide to Line Choke Size

Installations with long cable runs to the motor ma

prevent spurious overload tripping of the drive.

2 DC link capacitor, the use of
ccbs may be used if equipped

insulated armoured cable rated at 600V AC (1000V DC)
ed conditions.

y require the addition of line chokes (inductors) to

The table shows cable lengths above which chokes of 1mH or 2mH, rated according to motor size, may

be typically required.

Module Choke Value Current

type 1mH 2mH Rating
m m A
VB75 30 0 5
VB110 40 125 5
VB150 50 145 5
vB220 60 165 9
VB400 80 200 9
VB550 140 300 20
VB750 140 300 20
VB1100S 200 400 25

14
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4.5

Control Connections
Refer to Figs. 7 and 8.

The control system wiring should be 0.5mm2, screened overall. The screen should be connected to OV at
the drive end only. Control cables and encoder and digital reference cables should be segregated from
the power cables. If they have to cross, they should do so at right-angles. Contactor, solenoid and brake
coils should be fitted with RC suppressors or the equivalent. Please refer alsc to to Encoder Specification,
page 8, and Electromagnetic Compatibility, Chapter 10.

For the RS485 serial link, twisted-pair cables should be used. Serial link connections are illustrated in
Figs. 14 and 15, page 52.

Connector 1
Enable/_____’ B1
External trip B2 f:‘gug{acwg?gg
" B3 | [egammee
" B4 | freammene
o s | |
ogaanade | gg
S| e7 |
«~—— B8 +24 volts
B9 j_o volts

7 Control Terminals ‘B’, connectors 1 and 2.
Typical external connections, terminals B1 to B18.
Terminals B19 to B26 are Encoder connections.

Connector 2

Active current

B10

—(7)—{ B11
Motor B12

thermistor

0to +5V
ov_ | B14
—> B15
Tiov | B16
v B17
B18

Programmable
output CH1

Programmable
output CH2

10 volts

Programmable
input CH4

Programmable
input CH3

-10 volts (10 mA)

100 kQ Programmable
input CH2

100 kQ

+10 volts (10 mA)

Programmable
input CH1

15
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VECTOR

Connector B '

Drive enal 1

2 2
Programmable 1
Inputs 3

0 4
Programmable 2 :
Outputs 1

o 7
+24 volts 8
0 volts 9
Analogue 2 10
Outputs 11
0 volts 12
Analogue 4 13
Inputs 3 14
~—10 volts (10mA) 15
Analogue: 2 16
Inputs 117

+10 volts (10mA)

-
- -]

Encoder

o
[+ ]
Serial itertace
RS485
Connector A
D> =
- e e - oo™
§28%2cse
s==8333
’oooooool

L. Warning disconnect
for two minutes bem"
removing any covers

Panel layout for modules. ..
VB75, VB110, VB150, VB220

Connector B
Drive enable 1
2 2
Programmable
Inputs [ 1 3
0 4
Programmiable 25
Outputs 16
0o 7
+24 volts 8
0 voits 9
Analogue 2 10
Outputs 11
0 volts 12
Analogue 4 13
Inputs 3 14
—10 volts (10mA) 15
Analogue 2 16
Inputs 117
+10 volts (10mA) 18
[C 19
C 20
B 21
B 22
Encode ~
neocer ov 23
+5V24
A 25
A 26

Serial Inmterface
RS485
Connector A
0
0
5> 3%3
[ -t ™
§3re3338°g
===838537X2
L_-----.----J

Warning disconnect power
for two minutes before
removing any covers

]

8  Layout of Power Terminals ‘A’, Control Terminals
The power terminal block is located in the upper face of the drive module.

Pane! layout for mcdules. ..
VB400, VB550, VB750, VB1100S

‘B’ and Communications Terminals ‘C'.
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4.6

Terminals

Refer to Fig. 8.
Power Terminals Models VB75, VB110, VB150, VB220

No

A1
A2
A3

A4

AS
AB
A7

Description

) Output to motor

)

Frame earth common

) Power supply input

)

Power Terminals Models VB400, VB550, VB750, VB1100S

No

Al
A2
A3

A4

AS
A6
A7
A8
A9
A10

Function Type
Phase U out
Phase V out
Phase W out
Earth

Line t {R) in
Line 2 {S) in
Line 3 (T) in
Function Type
Phase U out
Phase V out
Phase W out
Earth

Line 1 {R) in
Line 2 (S) in
Line 3 (1) in
DC bus negative pole
External braking resistor
DC bus positive pole

Control Terminals

No

B1
B2
B3
B4

85
B6
B7
B8
B9

B10
B11
B12
B13
B14
B1§
B16
B17
B18

Name & Function

ENABLE

Programmabie channel 2
Programmabile channe! 1
Programmable channe! 0

Programmable channel 2
Programmable channel 1
Programmable channel 0
24V 50mA

oV

Analog channel 2
Analog channel 1
ov

Analog channel 4
Analog channel 3
-10V tOmA
Analog channel 2
Analog channel 1
+10V 10mA

Encoder Terminals

B19
B20

B21
B22
B23
B24

B25
B26

Description
1 Output to motor
To system earth

} Power supply input
)

Description
0 to 24V at 1mA — Connect to OV to RUN

INPUTS 0to 24V at 1mA

ouTPUT

OUTPUT channels 5mA maximum

N’ N N R

Serial Link Terminals, RS485
Please refer also to Figs. 13 and 14

C
c MARKER PULSE Chapter 8.
8 ) Connector C
B CHANNEL
B 1
oV §
5V 200mA 4
A ) A CHANNEL 5
A 6
7

INPUT, 10-bit resolution channels, 100kS2 impedance

INPUT , 12-bit resolution channels, 100kQ2 impedance

oV

RX

X
RX

OUTPUTS 0 to 24V at 1mA with SOmA sink and source capability

17
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VECTOR

4.7 Braking Resistors

Modulke
type

VB75
VB110
VB150

VB220
VB400
VB550
VB750
VB1100S |

—_———

External Braking Resistor Connections
Refer to Fig. 9.

ON the larger VECTOR drives,
resistor ot higher rating that the

Resistor
size

80Q, 150W

40Q, 300W

(VB400, VB550, VB750 and VB1
standard on-board resistor for
protect the installation from the risk of damage it is essential th

The internal resistor is disconnected. For th
- The external resistor is fitted with a thermal

Maximum
regenerative
power

1.5kW for 10s, continuous
rating, with a minimum cooling
tire of ¢0s.

A
3.0kW for 10s, continuous

rating, with a minimum cooling
time of 90s.

100S), provision is made to fit an external

increased dynamic braking performance. To
at —

is it is essential to consult the supplier of the drive.
protection relay, wired to trip the supply contactor.

—~

—
ENCODER E
CONNECTIONS =\
TO TERMINALS '@ | @) ¢+ ISOLATOR
bl
" ' ——
EDBR E. Thermal
i Relay
K1
POWER TERMINALS ‘A K1t
(TOP OF MODULE) o) o & Start
AS VIEWED FROM FRONT
°2>32 .E - N ® ox e
§ 6568200303
g§§m555090 Stop
=32 eFo
+
9 A thermal trip relay wired to trip the drive supplE circuit
automatically is essential protection for an External
Dynamic Braking Resistor (EDBR). )
\
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5
Operating Procedures

5.1 Keypad and Display

The Control Pod, Fig.10, combines keypad
and display functions. All operational
functions of the drive and motor can be
controlled and all parameter values can be
changed from the keypad. Parameters and
their vaiues are adjusted by the three keys,
which control the parameters in two modes —

selecting a parameter number

{mode LED illuminated)

and

changing a parameter value
(mode LED illuminated).

Motor start, stop and reverse operations can
be directly controlied from the keypad, which
holds all control parameters.

Parameter identity numbers or parameter 10 VECTOR keypad.
values, as appropriate, are shown in the four- ™ o
window display. The display indicates when a value is negative by a negative sign in a display window.

When parameters are not being read or changed, or after 8 seconds without a keystroke, the display
defaults to the Present Indication. The following description of the method of manipulation of the
parameters is illustrated by Fig. 11.

5.2 Manipulation of Parameters
Refer to Fig. 1°

To SELECT a Parameter Number

The MODE key enables a parameter number to be selected. When the MODE key is pressed the green
LED above the MODE key is illuminated and the number of the last parameter to have been read or
changed is displayed. The parameter number alternates with its present value. If a keystroke is not
made within 8 seconds, the display will default to the Normal Indication of the output of the drive, as
shown in Fig. * 1.

With the Mode LED illuminated, press the UP or the DOWN key once to select the NEXT parameter. To
scroll through parameter numbers either press UP or DOWN repeatedly, or press and hold for fast scrolling.

If a further keystroke is not made within 8 seconds, the display will default to the Normal indication. To
return to the parameter previously selected, press MODE again.

The sequence of parameters is continuous, as shown in Fig. 11, to facilitate quick selection. For example,
it the last parameter selected was b80 and the next required is Pr10, is is not necessary to scroll all the way
down though b00; scroll up, through b99 and Pro0.

To READ a Parameter Value

Select a parameter as above. The display will show the number, alternating with the present value, of
whichever parameter was last read or changed. (lf a further keystroke is not made within 8 seconds, the
display will default to Normal Indication.) if a different parameter is required, press UP or DOWN.
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[

. continuous
in either direction

NORMAL INDICATION 3
(RPM if drive running) § .

PARAMETER
ALTERNATING with 3
PRESENT VALUE

HOLD CYES

PRESENT vaLue (MTOREWEN]

NORMAL INDICATION {m}
(RPM if drive running) B

11 Parameter manipulation

TO ANOTHER
PARAMETER

*k

TO ANOTHER

Only i parameter is R/W,
Values of RO parameters
remain until a different
parameter s selected.
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To CHANGE a Parameter Value

Parameter values cannot be changed from the keypad if the drive is in the TRIP condition. The display
must show either rdY, if the drive is stopped, or the present value of speed if it is running.

NOTE -— Hf a Security Code has been assigned it is not possible to change any R/W parameter values
until the correct code has been entered. Write the correct security code number and press MODE, then
continue. (Any parameter can be read without need for the Security Ccde.) For the procedure for
assigning and changing a Security Code, see below.

Select a parameter as above. When the required parameter is seen in the display, press MODE once.
The display will hold the parameter value steady. If a further keystroke is not made within 8 seconds and
if the parameter is read/write (R/W), the display will default to Present Indicaticn.

Change the parameter value by pressing the UP or the DOWN key. A single keystroke changes the value
by plus or minus one unit. Press either key repeatedly, or press and hold, to increase or decrease the
parameter value to the maximum or minimum available.

For most parameters, a change of value acts immediately on the internal satting. For others, the drive
must be powered-down and up again to give effect to a new value, or a Software Trip (b01) performed;
these parameters are marked by the symbol » in the parameter descriptions starting at page 31, and in
the Indexes of Parameters, pages 49 and 50.

Decimal Values
The display operates an automatic fioating decimal point. According 1o the range of values
of the parameter, the display inserts a decimal point appropriately.

For example, the range of Pri3 is +0.1 to +8.0pu. The display will therefore show all values
between 0.1 and 8.0 with a resolution of 0.1. The range of Pra4 is +3.50 to +31.99 rad s'.
The vaiues displayed will therefore range from 3.50 to 31.99, with a resolution of 0.01.

Negative Values

Reducing a parameter value past zero makes it negative. A negative value is indicated by a
negative sign ‘-’ appearing in the window to the left of the value displayed. Any parameter
which cannot possess a negative value will not reduce below zero.

PRESENT INDICATION

When parameters are not being read or adjusted, the display shows either drive status or running
performance, thus —

DRIVE CONDITION DISPLAY
Healthy and stopped Either rdY
or any selected R-O parameter value.
Healthy and running Either speed in rom (Pr70).
or any selected R-O parameter value.
Tripped Trip Code( flashing), refer to Chapter 6 page 23.

DISPLAY FLASHING

The display flashes when one of the following conditions is present —
= The drive has tripped. A Trip Code is displayed.

« All unused decimal points flash to indicate when the drive output has entered the I x t
overload region.

» Duning installation and commissioning a flashing display may indicate that the feedback
encoder connections are incorrect relative to the direction of rotation of the motor.

5.3 Security Code

To assign or 10 change a code number, select b21 and change to b21 = 0. Press MODE. This permits
access to write a code number. Select Pr25. Enter any number from 100 tc 9999. Set b26 = 0 to store
(save) the code number.
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6
Commissioning

6.1 Commissioning — Safety

Before proceeding with commissioning of the drive, the user MUST...
+  ENSURE THAT mechanical installation is complete.
+  ENSURE THAT electrical installation is complete.

- ENSURE THAT the motor is of the correct size and
rating, and is securely fixed on its mountings.

+  ENSURE THAT the feedback encoder connections are
correct.

» ENSURE THAT the ‘Drive Enable’ control connecition,
terminal B1, is disconnected at this stage, Figs. 7 and
8, AND that the motor is disconnected and isolated.

6.2  The Motor Map

Before a VECTOR Drive can be used, values must be assigned to the five parameters of the Motor Map,
Pra1, Pr42, Pra3, Pra4 and Prd5. These are the parameters that programme the drive to know the
fundamental characteristics of the motor it will operate. This information must be entered, and should be
accurate to 10% or better, otherwise the power contro! will be inappropriate and the motor response may
be affected adversely.

Motor full load current (FLC), Pr41, is obtained from the motor rating plate. It is the vector sum of the
fixed magnetising current and the variable, torque-producing active current.

Motor magnetising current, Pr42, is the current drawn by the motor for excitation of the field. I the
value entered is not correct, the motor will either be wastefully over-excitec! or, if under-excited, will be
unable to produce full torque. The magnetising current value is best obtained from the manufacturer of
the motor. Afternatively, it is possible to measure it directly if the motor can be mechanically disconnected
and run at no load and at the voltage and frequency stated on the rating plate.

As a first estimate, the magnetising current can be derived from the motor power factor, cosd, using the
formula —

Im = Ieie x V1 - (cos)?]
where I, = motor magnetising current
and Igc = motor full load current

Base frequency, Pr43, is the frequency at which full (rated) voltage is delivered to the motor. In a
conventional installation without a variable speed drive this is the frequency of the supply for which the
motor was designed.

Motor full load slip, Pr44, in radians per second, is calculated from the full-load speed and the no-load
speed. It is recommended that the manufacturer of the motor should supply the figures, but measured
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values can be used if the measurements can be made with reasonabile accuracy. The value of Pr44 s
calculated from —
Praq - 0.0525p (Ng - Ny)

where Ny = motor speed at no load
Nf = motor speed at full load
and  p = number of poles

Number of motor poles, Pras, aliows for the operation of motors of two, four, six, and eight-pole
construction. A default value, 4-pole, is installed in the software.

IMPORTANT NOTE
To implement (save) new or changed values written for parameters Pra1, Pra2,
Pra3, Pr4a4 and Pr4s, set b26 = 0.

EXAMPLE
Calculation of values for the Motor Map

NOTE — ANY INTENDED EXTERNAL ‘ENABLE’ CONTROL CIRCUIT MUST BE DISCONNECTED
FROM TERMINAL B1, Figs. 7 and 8.

Power the drive up. Set Keypad Display Mode Selector Prag = 1 to enable the Motor Map parameters to
be displayed and accessed.
For this example, the following are assumed to be the operational data —

*  Power supply 415v

* Motor data as shown in the typical rating plate below

MOTOR 3. 50Hz IEC 34-1
Praq Motor Full Load Current No.
From rating plate, 380V delta connection, kW 3000/2910 r/min
FLC=91A CLF cos$ = 0.90
Scroli to 9.1 $ $ $ 380V
—
A 1A
9) O
Pra2 Motor Magnetising Current Rating plate (typical) showing essential data
Using the formula — for the Motor Map.
Im = Ircx V1 - (coso)]
In = 9.1x \[1-(0.90)
= 9.1x0.4395
= 4.0A
Scroli to 4.0
Pra3 Motor Base Frequency

The drive is to be supplied at 415V, but the motor is rated 380V. To avoid over-fluxing the
motor the VA ratio must be adjusted to compensate.

Praz . Supply Voltage

Motor Voltage

415
= x 50
380

= 54 6Hz

X Motor Base Frequency

Scroli to 54.6
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Pra4 Motor Full Load Slip
The slip frequency is given by —
Ng = Ng - Ng
where N, = base speed
and Ny = full load speed
From the motor rating plate, No = 3000rpm, N¢ = 2910rpm, so that
Ng = 90rpm
The value must be entered in radians per second. Using the expression—
Prasq 0.0525. p. Ng
Praa 0.0525 x 2 x 90
9.45 rad s

Scroll to 9.45

Pras Number of Motor Poles
Typically — 2-pole machines run at  3000rpm 50Hz 3600rpm 60Hz
4-pole machines runat  1500rpm 50Hz 1800rpm 60Hz
6-pole machines runat  1000rpm S0Hz 1200rpm 60Hz
8-pole machines run at  750rpm 50Hz 900rpm 60Hz

Scroll to 2 (for this example)

SAVE and implement the Motor Map parameters entered by setting b26 = 0.

This completes the Motor Map settings. The further procedures required are —
« To verify the encoder connections
« To verify the direction of rotation of the motor shaft

VERIFICATION PROCEDURES

To CHECK the encoder connections —

+ ENSURE that the ‘enable’ circuit is disconnected at terminal Bi AND that the motor

terminals are disconnected and isolated so that there is no possibility that the drive can
turr the motor.

» Power-on the drive.

- Slowly rotate the motor shaft clockwise by hand and watch for a positive count on the
display.

+ K the display reads negative, exchange the leads to terminals B22 and B26, and also
exchange leads B25 and B21. Rotate the motor shaft again to prove a positive reading.

+ If there is a null display, suspect lack of encoder power. Check across terminals B23
AND B24; there should be a +5V reading.

» Betore proceeding, power-off the drive and ISOLATE THE POWER SUPPLY (in
accordancge with any specified safety procedures as appropriate).

* WAIT TWO MINUTES to ensure that capacitive circuits are dischargied.

To CHECK the direction of rotation of the motor —
+ ENSURE that there is no risk of injury or damage when the motor shaft rotates.
« Reconnect the motor cables from the drive, observing safety procedures.

+ Connect the ‘enable’ circuit at terminal B1.
conyinurd..

25



6 - Commissioning ' VECTOR

- Power-on the drive.

Set b22 = 0. This enables the drive to run an unloaded
motor without encoder feedback.

* It the motor speed is too great for accurate observation,
set Pr01 to a low value, eg 10rpm, temporarily.

* The direction of rotation should be clockwise as viewed

from the drive end of the motor. It incorrect, power-off Front view (at drive shaft end)
the drive and ISOLATE THE POWER SUPPLY (in clockwise rotation.
accordance with any specified safety procedures as

appropriate).

* WAIT TWO MINUTES to ensure that capacitive circuits are discharged.
Exchange any two motor phase connections.

Set b22 = 1.

TEST RUN

The drive is now ready to be test-run at 100rpm (defautt speed reference).

Make the following parameter settings —
b02 = 0-—drive enable
Proé6 = s0.— torque limit, motoring
Pro7 = 50— torque limit, regenerating
Also, connect the external ‘Drive Enable’ circuit to terminal B1 (refer to Figs. 7 and 8).

The motor should now run at 100mm in clockwise rotation,

If the motor does not turn, or turns at a very slow speed, then either—

the motor phase Connections are incorrect
or—
the encoder A and B connections are incorrect.

The final preparation is to set other drive parameters as appropriate to the application and duty of the
motor and drive. Note that Pra8, Keypad Display Mode, is at present set to 1; it may be necessary or
convenient to choose a different setting.

A number of parameters may now be monitored, for example —

Speed reference Pro1
Motor speed Pr70
Line Current Prg2

Active current Pr75
etc...

The user may also wish to try the effect of adjusting certain parameters, for example —
Acceleration Rates Pros, Pr10
Deceleration Rates Pr11, Pr12
Torque Limits Prose, Pro7

By setting b07 = 0, the drive speed can be controlied by the analog speed reference potentiometer.

The remaining procedures are, if necessary, the fine tuning of the functioning of the motor and its driven
load, by adjustment of the PID parameters of the VECTOR. The procedures are explained on the
following pages.
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6.3 Fine Tuning

The VECTOR drive employs a forward-compensation speed loop. The response of the speed loop can
therefore be optimised to a high degree. To achieve this, the user has control of proportional, integral and

derivative (PID) shaping of the speed loop output.

PID Parameters

The characteristics and effects of these three gains is summarised as follows —

Proportional Gain The greater the value of the proportional gain,
the smaller will be the instantaneous speed error
{overshoot) in response to a step change of load.
(This, however, shows poor derivative effect.)

Integral Gair: The greater the value, the quicker the speed
recovers from the effect of a step change of load,
and is necessary to eliminate speed-following
error. Will tend to cause instability if set too high.

Derivative Gain This gain can, in some circumstances, reduce
speed response overshoot at the expense of
smoothness of operation. Excessively high
values result in over-damping and sluggish
response.

in general, the higher the inertia of the system (motor and load
combined), the greater are the levels of proportional and integral gain
required. The default values assigned to these parameters (Pr13 = 3,
Pr14 = 2) reiate to an unloaded motor. Doubling the inertia of the
system would require the values of the P and | parameters to be
doubled.

Stability A system is inherently more stable with lower values of
integral gain.

With systems of low inertia, too high an integral gain will
result in high-frequency instability. This can be
corrected by reducing the I-term.

With high-inertia systems, a high integral gain can
result in low-frequency high-amplitude oscillation, which
can only be corrected by reducing the I-term or
increasing the P-term.

14
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Overshoot.

<

Instability.

Slow response

b

Derivative gain high.

\

Ideal response.

The response of the drive to step changes can be monitored via the spead output on analog output
Channel 1, terminal B11. This facilitates the adjustment of the PID pararneters to achieve the ideal
response, with minimum overshoot and quickness of response together with stability.

The benefits of the PID gains cannot be fully realised if the mechanical installation of the motor and its
load allows any free movement between the two. It is important that couplings should not be slack, and
than any provisions for preventing relative motion, such as tensioners, should be properly adjusted and

maintained.
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6.4 Protection

The VECTOR drive software incorporates protection logic to inhibit output in the event of —
* Motor and cable short circuit or earth fault
* Motor over-temperature
« IGBT stack or heatsink over-temperature
» DC bus over-voltage !
*  Supply under-voltage
* Loss of one phase of the supply

Any fault that causes the drive to trip produces a signal to indicate the cause. Refer to the information
under Diagnostics.

Automatic protection requires two parameters to be set by the user — Pr41 and Pr55.

Prat  Motor full load current (FLC). Enter the appropriate value from the motor rating plate. The
software logic limits the drive output current to 150% of FLC.

Pr55 Peak current time limit. This provides an overload trip integrating overload with time. The
value is adjustable between zero and 60 seconds. What value is chosen will depend mainly
on the application and the type of load being driven. The choice may also be affected by
the characteristics of the motor.

Over-temperature protection of the motor requires a hard-wired input from a motor thermistor to
terminal B13. Also, parameter b16 must be set to 1. The voitage of the thermistor output is read
by parameter Pr88. If the voltage exceeds 2.0V, the drive trip operates.

6.5 Diagnostics — Fault Finding

SAFETY FIRST

Electric Shock Risk

Work on the drive and associated equipment and wiring should be undertaken only by suitably-
qualified competent personnel. if the protective cover of the drive is to be removed, or it any
external terminals are to be worked on, it is essential to WAIT TWO MINUTES after the drive has
been disconnected at the main supply switchgear, to allow internal devices to discharge.

FAULT CHARACTERISTIC ACTION

Display does not illuminate and drive does not run.
Check that Control Pod is connected.
Check mains supply, fuses, circuit breaker.

NOTE — if blown fuses blow again, or breaker trips again,
contact the supplier of the drive.

Check control fuses.

Display shows rdY, motor does not start.
Drive is not enabled. Check b02 , b15, and terminal B1.

Display shows 0, motor does not start.
Incorrect encoder or motor phase connections.
Check wiring of speed reference.
Check that b02 =0
Check the control wiring.

continued...
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FAULT CHARACTERISTIC ACTION

Display shows Trip Code.
Refer to Trip Codes for cause.

NOTES -—
+ Thermal trip devices should never be continually tripped and reset.
+ OC trip can be caused by cable or motor insulation faults.

+ OU trips may be caused by decelerating too rapidly. Increase the value of the decelerating
parameters Pr11 or Pr12 as appropriate or decrease the value of Pr07.

It Err... trip is displayed, try disconnecting the drive from the supply, wait 2 minutes, reconnect
and run the drive. If the fault persists, consult the supplier of the drive.
Drive does not respond to serial communications.
Check —

Serial link parity enable b18
Serial link BCC enable b19
Serial link address Pr22
Baud rate Pr23

Check the wiring and terminations of the serial link cabling.

If after performing any of the above actions the drive still malfunctions,
consult the supplier of the drive for assistance.

GENERAL NOTES

« Any trip, internal or external, immediately inhibits the drive power output bridge. The
motor coasts to rest.

« Internal protection trips are always active and cannot be disabled.

6.6  Healthy Indications

Motor stopped, drive energised, ready to run on command.

Numerical value on display —
Motor running speed, in rpm.
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6.7 Trip Codes

* Any trip, internal or external, immediately inhibits the drive power
output bridge. The motor coasts to rest.

* Internal protection trips are always active and cannot be disabled
(except th trip, by b16).

doC

Et

It

oC

Oh

ou

St

th

uu

* An external tri

b81

b87

Unused
decimals
X flashing

b86

b80

b85S

b82

b8s

b84

b83

t
DC overcurrent trip caused by excess current flowing in the inverter
bridge.
External B2 or

trip has been applied at terminal by b10.

Ixt alarm, time-dependent overload. Drive has entered the Ixt region,
leading to a trip if the load is not reduced.

Integrating overload (Ixt) trip. The output current as defined by Pr41and
Pr55 has reached the allowable limit.

Instantaneous overcurrent trip. Excess current flowing in the IGBT
inverter bridge, caused by shor-circuit or low-impedance earth fault.

Heat sink over-temperature. The heat sink has reached its upper safe
working limit due to loss of ambient air or ambient air too hot.

DC bus over-voltage. Caused by mains supply overvoltage (even if
momentary), or high-impedance earth fault, or excessive regeneration
due to a high rate of deceleration, or insufficient braking resistance.

Software trip.
Motor thermistor (if fitted and connected) impedance high due 1o sensing
excess temperature.

Under-voltage caused by loss of mains supply or low mains supply
voltage (even if momentary).

Err... Alternating with error code number (b90)
b90 Err codes indicate a hardware fault within the drive. Occurs only at
A power-up. Is a lockout condition — refer to Note 4 below.
Error Codes
Err 1 RAM check failure at power-on
Err 2 NVRAM data parity failure at power-on
Err 3 NVRAM data save timeout error
Err 4 MD21 DPRAM check failure at power-on
Err 5 Reference encoder input frequency overflow
Er 6 CPU to drive EPROM software mismatch
Err 7 4-20mA mode set-up failure
Err 8 Overspeed trip

NOTES

1 In the event of an Err 2 or Err 3 trip, the Drive parameters (Motor Map, page 23) shouid be
checked and re-stored before running.

2 Err 5 trip will occur if reference encoder input frequency >100kHz.

3 Err 8 is caused by motor shaft speed overshoot, in excess of the value of Pr35 above the limits set by
Pro3 and Pro4. Systems experiencing this fault should either remove the cause of the excess
overshoot or increase the value of Pr03 and/or Pr04, or more than 10 rpm in the opposite direction if
both Pr03 and Pr04 are in the same direction.

Err codes are normally reset by disconnecting and reconnecting the power supply. if this is not

successful, disconnect the supply, depress simultaneously the UP and DOWN keys at the keypad, and
reconnect whilst holding the UP and DOWN keys.
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7
Parameters

7.1 Parameters, Values and Functions

In the VECTOR digital drive, parameters take the place of the adjustable potentiometers and the movable
links of an analog drive. Parameters are of two basic classes; some are adjustable over a range of real
numerical values and correspond to a potentiometer. These are distinguished by the initial letters Pr
before the parameter number, eg Pr12. The other class is the bit parameter, corresponding to adjustable
links. Bit parameters are distinguished by the initial letter b before the number, eg b21.

Real parameter values range from -9999 to +9999 with a floating decimal point, eg 1.25, 12.5, 125 or
1250. The decimal is dependent on parameter resolution.

Bit Values

Bit values are 0 or 1. Bit parameters represent status variables, which adopt one of two possible states —
for example, enabled or disabled, on or off, forward or reverse, etc.

Both classes of parameter also belong in one of two other sub-classes—

Read-Only (R-O)
These are the parameters which are set by the drive logic. The operator can monitor R-O parameters

by means of the keypad and display or the serial communications link to verify status, but cannot
make any adjustment to them.

Read-Write (R/'W)

Read-write parameters are those which the operator can set by by keypad entry or through the serial
link; they can also be set by background programme execution — by a process controller for
example. Their purpose is to optimise the VECTOR drive performance for a given application. Like
R-O parameters, R/W parameters can be monitored by means of the keypad and display or through
the serial link to verify performance, but uniike R-O parameters they can be adjusted.

Default Values of Parameters

Most R/W parameters have ‘detault’ values, set during manutfacture. New R/W parameter values selected
during operation are stored in the non-volatile memory. Whatever values are last assigned to them
remain after power-down, but the values assigned during manutacture can be recalled by parameter b10.
Exceptionally, the four parameters of the Motor Map have no default value. Values assigned to the Motor
Map parameters remain unless changed by the operator.

Access and Security

Parameters and their values are accessible through the keypad. The software is equipped with a
Security Code (for the user to write as required) which, unless entered first, prevents access to
parameters for the purpose of writing. All parameters can be read without use of the Security Code. The
procedure for assigning and changing the Security Code are on page 21.

Additionally, parameters can be accessed, read, and changed by signals through a serial communications
link from a host computer, a terminal, a process controller, or other communicating device.
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7.2 Numerical Parameters — R/W

Proo

Pro1

Pro2

Pro3

Pro4

«  When the MODE key is pressed, the display will show the number of the parameter
last read or changed.

. Parameters are listed in the sequence in which they appear in the Keypad Display
when the UP key is operated.

. The symbol » beside a parameter number, eg Pr05» indicates that the drive must
be reset by setting b26 = 0 to make a change of value effective. All other RW
parameter values become effective as soon as they are changed.

Nuilt Parameter Used as a destination for programmable analog inputs. Always
reads 00.
Speed Beference 1 Digital speed reference 1, forward or reverse. Functional when

drive is enabled. Motor speed may be limited by Minimum and
Maximum Speed Limits Pr03 and Pro4.

Type R/W, real values

Units Revolutions per minute (rpm)
Range +6000rpm to -6000rpm
Default +100rpm

Related parameters
Pro2 Pro3 Pr04 b06

Speed Beference 2 Digital speed reference 2, forward or reverse. Functional when
drive is enabled. Motor speed may be limited by Minimum and
Maximum Speed Limits Pro3 and Pr04.

Type R/MW, real values

Units Revolutions per minute (rpm)
Range +6000rpm to -6000rpm
Default +100rpm

Related parameters
Prot Pr03 Pr04 b06

Minimum Speed Limit Sets the lower limit of speed. f Pr03 is given a positive value,
the drive will operate the motor at speeds between Pr03 and
Pr04 in the forward direction only. If Pro3 is given a negative
value, the value becomes the maximum speed in reverse.
Also sets a lower base level for the overspeed trip, Pr35.
Limitation: Pro3 < Pr04.

Type R/W, real values

Units Revolutions per minute (rpm)

Range +6000rpm to -6000rpm

Default -1500 rpm
Related parameters
Pro1 Proa

Maximum Speed Limit Sets a maximum above which the speed references are not
effective. Also sets a higher base level for the overspeed trip,
Pr35.
Limitation: Pro4 > Pr03

Type R/W, real values

Units Revolutions per minute (rpm)

Range -6000rpm to +6000rpm

Default +1500 rpm

Related parametars
Proo Prot Pro3
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Pro5»

Determines the response time of the analog input.
Type RW, real values
Units Milliseconds (ms)
Range Select one of 6 values* (ms) 2 4 8 16 32 64 128
Programming code number 0 1 2 3 4 5 6
Default 8ms
Resolution 2.44mV

* Values as utilised at the keypad.

When selecting a value of Pr05 through the Serial Link, send 0, 1, 2, 3, 4, or 5, where 0 = 2ms, 1 = 4ms
.. 5 = 128ms.

When reading parameters through the Serial Link, values are shown in ms.

Pro6

Pro7

Pros

Pro9

Pri10

Pri1

Jorque Limit: Motoring Determines maximum available torque when the drive is

operating in the motoring mode.

Type R/W, real values

Units % of full load torque (FLT)
Range 1% to 150%FLT

Default 150%FLT

Resolution 0.5% steps

JTorque Limit: Regenerating Determines maximum available torque when the drive is

operating in the generating mode.

Type RW, real values

Units % of full load torque (FLT)

Range 1% to 150%FLT

Default 150%FLT

Resolution 0.5% steps

Internal Torque Reference Sets a digital value for torque reference, or torque feed
forward.

Type RMW, real values

Units % of full load torque (FLT)

Range +150% to -150%FLT

Default Zero

Related parameters
b04 b05 Proé Pro7

Eorward Acceleration Rate Sets the rate at which the drive accelerates the motor in a

forward direction, and is in effect an acceleration ramp.

Type R/W, real values

Units milliseconds per revolution per minute
Range +0.01 10 +99.99ms (rpm)-!

Defauit 1.0ms rpm'1

Related parameters
Pr10 Pr11 Pr12

Beverse Acceleration Rate Sets the rate at which the drive accelerates the motor in the

reverse direction, and is in effect an acceleration ramp.

Type RW, real values

Units milliseconds per revolution per minute
Range +0.01 to +99.99ms (rpm)-1

Defauit 1.0ms rpm'1

Related parameters
Pros Pr11 Pri12

r rati Sets the rate at which the drive decelerates the motor in a
forward direction, and is in effect a deceleration ramp.
Type R/W, real values
Units milliseconds per revolution per minute
Range +0.01 t0 +99.99ms (rpm)’1
Defautt 1.0ms rpm-!

Related parameters
Prog Pr10 Pr12
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Pri12

Pri13

Pri14

Pri1s

Pri6

Pr17

Beverse Deceleration Rate Sets the rate at which the drive decelerates the motor in the

Type
Units
Range
Default

reverse direction, and is in effect a deceleration ramp.
RMW, real values
milliseconds per revolution per minute
+0.01 t0 +99.99ms (rpm)’!
1.0ms rpm’1
Related parameters
Prog Pr10 Prit

Speed Loop Proportional Gain ~ Sets the value of the proportional gain compensation. The

greater the proportional term, the smaller will be the
instantaneous speed error in response to a step change of
load. I set too high, Pr13 will cause the speed to overshoot
and oscillate.

Type R/W, real values

Units per unit (pu)

Range 0.1 to 8.0pu

Default 3pu
Related parameters
Pri4 Pri15

Speed Loop Integral Gain Sets the value of the integral gain compensation. The greater
the integral term, the quicker the speed recovers from a step-
change of ioad. Pri4 provides ‘stiffness’ in the system. If set
too high, Pr14 will cause instability in the speed response.

Type R/W, real values

Units per unit (pu)

Range 0.0 to 8.0pu

Defautt 2pu
Related parameters
Pr13 Pris

Speed Loop Derivative Gain Sets the value of the derivative (ditferential) gain
compensation. The derivative term can reduce the speed-
response overshoot in some circumstances. If set too high,
Pr14 will cause instability in the speed response.

Type R/W, real values

Units per unit (pu)

Range 0.0to 8.0pu

Defautt 2er0
Related parameters
Pr13 Pr14

Harg Speed Reference A digital speed reference added to the the post-ramp speed
reference before subtraction of the speed (encoder) feedback.
Disabled when the drive receives a ‘Stop’ command.

NOTE! Pr16 is applied after the speed limits (Pr03, Pr04) and after the

ramps (Pr09 — Pr12) and should be used with care.

Type R/W, real values

Units revolutions per minute (rpm)

Range -250.00rpm to +250.00 rpm

Defautt zero

Resolution 0.25 rpm (actual; displays 0.1 rpm)
Related parameter
b11 (Bypasses Pr16)

ng of Anal

Type RMW, real values

Units revolutions per volt (rppm V-1)

Range -600.0 to +600.0 rpm V-1

Default +150.0

Related parameters
Pr18 Pr72 Pr84
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Pr18  Speed Reference Offset Reference offset added to the scaled analog speed input Pr17.

NOTE A 2-volt offset applied to a full 10-volt input reference
may cause Err5 overfiow tripping.

Type R/W, real values
Units Volts

Range -10.0 to +10.0V
Defautlt zero

Related parameters
Pr17 Pr72 Pr8a

Pr19 ii t Anal h in
Type RW, real values
Range -999.9 to +999.9
Default 0

Related parameters
Pr20 Pr21 Pr74 Pr86

Pr20  Offset of Analog Input Channel 3, Terminal B14

Type RMW, real values
Units unitary

Range -10.0 to +10.0V
Default 0

Related parameters
Pr19 Pr21 Pr74 Pr8s

Pr21»  Destination of
Analog Input Channel 3  Selects which parameter is controlled by Channel 3 input at Terminal
B14.
Type RW, real values
Range All parameters from Pr00 through to Pr69
Default Proo
Pr22  Serial Link — Address Defines the unique address of the drive.
Type RW, real values
Range 00 to 32
Default 01
Pr23»  Serial Link — Baud Rate Permits the drive Baud rate to be set to correspond with that of
the communicating device.
When READING, the actual value of the Baud rate is
displayed.
When WRITING, integers 0 to 6 represent Baud rates as
below —
Type R/W, real values
Range

Select one of 7 values (Baud) 300 600 1200 2400 4800 9600 19.2k
Programming code number 0 1 2 3 4 5 6

Default 9600Baud
Pr24 - ri For factory test use only
b
Pr25  Security Code When a Security Code has been applied (refer to page 21)to a
drive, R/W parameters cannot be changed unless the correct
code is entered, but all parameters can be read without
hindrance. Drives can be given unique codes.
Type RW, integer values
Range 100 to 9999
Default zero

Related parameters
b21
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Pr26» Destination of Logic Input Channel 0 Selects which bit parameter is controlied by logic

input Channel 0, Terminal B4.

Type R/W, real values
Range All parameters from b00 through to b63
Default b05

Pr27» Destination of Logic input Channel 1 Selects which bit parameter is controlled by logic

input Channel 1, Terminal B3.

Type R/W, real values '
Range All parameters from b00 through to b63
Default b00
Pr28» Programmable Qutput F2 Source Selects which bit parameter controls the state of
logic output Channel 0, Terminal B7.
Type R/W, real values
Range 00 to 99
Defautt b72 (at zero speed)
Pr29» Programmable Qutput F1 Source Selects which bit parameter controls the state of
logic output Channel 1, Terminal B6.
Type R/W, real values
Range 00 to 99
Default b73 (at speed)
Pr30  Qffset of Analog Input Channel 2 Reference offset added to the scaled analog input
Channel 2, Terminal B16.
Type R/W, real values
Range -10.0V to +10.0V
Default 0.0V

Related parameters
Pr31 Pr32 Pr87 Prso

Pr31  Scaling of Analog input Channel 2 (Terminal B16)

Type R/W, real vaiues
Range -999.9 to +999.9
Default 0.0

Related parameters
Pr30 Pr32 Pr87 Pr9o

Pr32»  Destination of Analog Input Channel 2 Selects which parameter is controlled by analog input

Channel 2, Terminal B16.

Type RW, real values
Range All parameters from Proo to Pr63
Default Proo

Related parameters
Pr30 Pr31 Pr87 Pr90

Pr33- Programmable Qutput F2 Source Selects which bit parameter controls the state of
logic output Channel 2, Terminal BS.
Type R/W, real values
Range 00 to 99
Default b64 (drive healthy)

Pr34  Torgue Qutput Scaling (Terminal B10) Provides a means to attain a full-scale (10V) output at

Terminal 10 to agree with a required value of Active

Current (Pr75}.
Type R/W, real values
Range 0 to 600
Defauit 150

Related paramseter
Pr75
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Pr35

Pri6»

Overspeed Trip Threshold Sets the threshold of the Overspeed Trip (Err8).

Expressed in rpm above speed limits Pro3 and
Pro4.

NOTE! If Pr03 and Pr04 are set in the same direction, the
threshold is 10 rpmin the opposite direction. Refer
also to Pr03 page 32, and Note 3 page 30.

Type R/W, real values
Range 0 to 600
Defautt 150
r | i ination  Defines the pararneter to which the F2 logic input is
destined.
NOTE! As standard, logic input F2 default to Et. To enable
F2 to be directed to a parameter, and to disable the
default Et, links LK27 and LK28 must be moved to
the right, je towards the terminal block.
Type R/W, real values
Range Oto 63
Default 0 (detault action is Et trip)

Pr37 through to Pr39 Reserved for MD21 Applications

Prao

Pr4at»

Pr42»

Pr43»

Pras»

Drive Model Adjusted during manufacture, and not adjustable thereafter.
Type Preset

Motor Full Load Cyrrent (FLC) Rated FLC of the driven motor must be entered before the

drive is operated. The available range of vaiues is dependent
on the drive model.

Type RW, real values

Units Amps

Range
VB75 1.5A102.1A VB400 3.8Ato 9.5A
VB110 1.5A to 2.8A VBS50 5.6Ato 12A
VB150 2.1At03.8A VB750 9.5Ato 16A
VB220 28At05.6A VB1100S 12Ato 22A

Default Parameter b10 ‘Reset to Default’ DOES NOT AFFECT Pra1

I isi I The value should preferably be obtained from the
manufacturer of the motor. Alternatively, it can be measured
by operating the motor without load and at rated frequency and

voltage.

Type R/W, real values

Units Amps

Range 25% to 85% of Full Load Current setting

Defauit Parameter b10 ‘Reset to Default’ DOES NOT AFFECT Pra2

Motor Base Frequency Motor base frequency is the output frequency at which the
drive delivers the (motor) rated operating voltage.

Type R/W, real values

Units Hz

Default ' Parameter b10 ‘Reset to Default’ DOES NOT AFFECT Pra3

Motor Full Load Slip The value should preferably be obtained from the
manufacturer of the motor. Alternatively, it can be measured
by operating the motor at rated frequency, voltage and load.

Praa = 0.0525p(n, - ng)
where — p = number of poles
Ng = no-load speed, and
n = full-load speed

Type RW, real values

Units radian per second

Range 3.51031.99 rad 5™

Default Parameter b10 ‘Reset to Default' DOES NOT AFFECT Pr44
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Pr45»

Pra6»

Pra7

Pras
Prago

Prs0

Pr51»

Pr52

Motor Poles Sets the drive to correspond with the number of poles of the
motor.

Type R/W, real values

Range 2,4,60r8

Default Parameter b10 ‘Reset to Default’ DOES NOT AFFECT Pras

Inverter Switching Frequency Sets the frequency at which the inverter generates the PWM
output waveform. Higher values produce less acoustic noise

but increase the inverter heat losses.
NOTE! Drive modules VB1100S requires derating at 9kHz and 12kHz.
Please refer to Section 2.3 page 7.

Type R/W, real values
Units kHz
Range Select value in kHz 3kHz 6kHz 9kHz 12kHz
Programming code number 0 1 2 3
Default 3kHz
Torque Demand Slew Rate Limits the rate-of-rise of torque, thus limiting the mechanical
impulse fed into the system. Too high 2 value can cause
oscillation
Type R/W, real values
Units ms. %1
Range 0t 5.0
Default 0
RESERVED
Keypad Display Mode Selector
Programming
code number Display mode...
0 Display the full menu of parameters
1 Display all except b80 to b91
2 Display a mini-menu —
b00 to b17, Proo to Pr20, Pra9 to Pr52, and Pr70 to Prg9.
Detault 2
Scaling of Programmable Analog Quiput Channel 1, Terminal B11
Type R/W, real values
Range -999.9 to +999.9
Default 150.0
Related parameters
Pr51
Source of Analog Qutput Channel 1 Selects which real parameter controls the output
of analog output Channel 1, Terminal B11.
Type R/W, real values
Range All parameters from Pro0 through to Pre9
Detault Pr70
Related parameters
Prs0
Speed Reference Percentage Trim Adds a trim to the final speed reference. For
example, if the selected speed reference is Pro1,
the trim applied is —
Pr52
Pro1x (1+ ——
( 100 )
Type R/W, real values
Range - 50.0 to + 50.0 per cent
Default zero
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Pr53  1x1 Threshold Current Sets the value of current above which the I x t protection will
begin to integrate.
Typeo RW, real values
Units Amps
Range as Pra1
Default as Pra1
Pr54  Zewo Speed Window Defines the limits between which the ‘zero speed’ relay
operates.
NOTE! If Pr54 = 0, the relay may oscillate.
Type RW, real values
Units pm
Range zero to 50rpm
Default 6rpm

Pr55  Cunrrent x Time Limit (I x t) Defines the time for which the peak current is permitted, and thus
sets the I x t overload trip.

Type RW, real values
Units seconds
Range 0.5 to 30s in steps of 0.5s
Default 30

Related parameters

Pr53

Pr56  Ak-Speed Window Defines limits between which the ‘at speed’ relay operates.
Type RW, real values
Units pPm
Range zero to 50rpm
Default 6rpm
NOTE — It Pr56 = 0, the relay may oscillate.

Pr57  Last Trip Holds the Trip Code of the last maifunction causing a trip. This
data is stored in non-volatile memory and is not destroyed by
loss of supply power.

Type R-O, real values

Related parameters
b80 b81 b82 b83 b84 b85 b86 b87 b88 bsg

PrS8  AESERVED
Pr58  RESERVED
Pr60 to Pr69 Reserved for MD21 applications.
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7.3 Numerical Parameters — R-O

Pr70

Pr71

Pr72

Pr73

Pr74

Pr75

Pr76
Pr77

Pr78

Pr79

Pr8o

Motor Speed Monitors motor actual speed in rpm. This is the value normally
displayed at the keypad when the drive is running.

Type R-O, integer values

Units rpm

Range +6000 to -6000
Monitors actual frequency delivered to the motor.

Type R-O, integer values

Units Rz

Range 0 to 400Hz

Analog Speed Reference Monitors analog speed reference.

Type R-0O, integer values

Units pm

Range +6000 to -6000

Shaft Revolutions Counter Monitors shatt revolutions after each power-up. Each complete
forward revolution is recorded as one positive integer. If the

maximum is reached, the counter continues from zero.

Type R-O, integer values
Units One unit per complete revolution
Range +8191 10 -8192
Analog Input Channel 3 Monitor ~ Monitors the Channel 3 (terminal B14) input after scaling.
Type R-O, real values
Uniis Volts
Range +10V
i I Monitors the active current supplied to the motor as a

proportion of full load active current, and is therefore a measure
of the ratio of torque applied to maximum torque.

Type R-O, integer values
Units per cent
Range - 150% to +150%

Speed Reference — pre-Ramp  Value of the speed reference before the ramp generator.
Speed Reference — post-Ramp Value of the speed reference after the ramp generator. Ramp

can be bypassed by b14.

DC Bus Voltage Monitors the actual voltage of the DC bus link, within the
operating range.

Type R-O, real values

Units Volts

Range 400V to 800V

RESERVED

Ixt Accumulator Monitors the percentage of I x t accumulated when the drive is

above the overload threshold, indicating how close to trip. Trip
at 100%. Time to trip (, in seconds) is calculated from —

2
tip = 1.04 x Prs53 « PI55
Prg822 - (Pr53 + 10%)2
Type R-O, integer values
Units per cent
Range 0 to 100%
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Pr81  Speed Error Monitors the speed error, ie the difference between the set
speed (reference) and actual motor shaft speed.
Type R-O, real values
Units pm
Range + 930 rpm
Prg2 r L r Monitors the total current delivered to the motor.
Type R-O, integer values
Units amps
Range 0 to 150% FLC of motor
Pra3 i h ition Monitors the angular displacement of the motor shatt relative to the

position it held on each occasion when the drive is powered-up, or
relative to the encoder marker pulse if used.

Type R-O, integer values
Units Degrees of rotation
Range 0 to 360° Resolution 0.1

Pr8a  Analog Input Chanpel 1 Conversion Value
Units Volts, -10,00 to +10.00
Resolution 0.0tV
Accuracy 10-bit

Pr85  Analog input Channel 2 Conversion Value
Units Volts, -10,00 to +10.00
Resolution 0.01V
Accuracy 10-bit

Pr86  Analog Input Channel 3 Conversion Value
Units Volts, -10,00 to +10.00
Resolution 001V
Accuracy 10-bit

Pr87  Monitor Analog Input Channel 2 after Offset and before Scaling
Units Volts, -10,00 to +10.00
Resolution 001V
Accuracy 10-bit

Pr88 h 14 Conversion Val
Units Volts, 0 to +10.00

Pr89 rmi 1
Units Volts, -10.00 to +10.00
Resolution 0.01V
Accuracy 12-bit

Proo itor — Anal nnel
Type R-O, integer values
Units Volts
Range -10.0V to +10.0V
Detault 0.0V

Related parameters
Pr30 Pr31 Pr32 Prg7

Pro1 Speed Loop Output Monitors the value of compensated speed loop demand.
Normally, this parameter is configured as a torque demand for the
torque loop.

Range -150 to +150 per cent
Pro4 to Pr9s8 Reserved for MD21 applications
Prog ware Version Number
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7.4 Bit Parameters — R/W

b00

b01

bo2

bo3

bo4

bos

b06

Null Parameter Used as a destination for programmable digital outputs.
Always reads AO.

Software Trip The function of this pararneter is to perform a trip only. It does
not have the effect of a ‘Power-off Reset', for which function
b26 must be used. !

Type R/W, digital

Function b01 = O Trip the drive

Drive Enable Enables or disables the drive after power-up. Normally, when

the drive is poweraed-down, b02 remains as set. To enable the
drive, b02 must be setto 0 and a (negative logic) signal is also
required at terminal B1. (if b15 = 0 , b02 resets to default on
power-off — refer to b15.)

Type R/W, digitat
Default 1
Function b02 = 0 Enable
b02 = 1 Disable
Related parameters
b15 b67 b6s

Refer also to Control Terminal B1
Dove Reset Resets the drive to operational status after a trip, provided that

the cause of the trip has been corrected or removed.
Type R/W, digitat
Default 1
Function b03 = 0 Reset

b03 = 1 Normal status
Related parameters
b64 b80 b81 b82 b83 b84 bss
b86 b89 b9o

Control Mode — torque demand Selects control by speed error with torque demand or by speed error

only. Effectively bypasses the intemal torque reference Pro8.

Type R/W, digital
Default 1
Function b04 = 0 Torque control
b04 = 1 Speed control
Related parameters
b05 Pros
Zero Torque Reference Applies a zero torque demand.
Type R/W, digital
Detault 1
Function b0S = 0 Zero torque demand
b05 = 1 Speed reference
Related parameters
b06 Pro2 Pro5 Pros Pr17
NOTE! — Default is controlled by logic input FO.
Provides the choice of external digital speed references.
Type RMW, digital
Defautlt 1
Function b06 = 0 Speed reference 2

b06 = 1 Speed reference 1
Related parameters Pro1 Pro2
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b07

b08

b09

b10»

b11

b12

b13

AD Speed Reoference Selector  Selects either analog or digital internal speed reference input.

Type RW, digital
Defautlt 1
Function b07 = 0 Analog speed reference

b07 = 1 Digital speed reference
Related parameters
Pro1 Pro2 Pr16 Pr72

Stop Sets a zero speed reference sither pre- or post-ramp,
dependent on the setting of b20.
When b08 = 0, the drive is DISABLED when motor speed reaches zero. If the motor speed

does not reach zero, due to there being a value in Pr16 or due to an over-running load, the drive
does not disable.

Type R/W, digital
Default 1
Function b08 = 0 Decelerate to zero speed
b08 = 1 Normal status
Speed BReference Invert Permits digital or analog externals speed reference signal to be
inverted.
Type R/W, digital
Default 1
Function b09 = 0 Invert speed reference

b09 = 1 Normal status

Beset Parameters to Default Enables all parameters to be returned to their default setting

simultaneousty.
NOTES —

1 No effect on Pra1, Pr42, Pra3, Praa, and Pr4S.
2 After reset, a ‘store’ must be performed — refer to b26. Default values are assumed on

next power-up.
Type RW, digital
Default 1
Function b10 = 0 Reset to default values

b10 = 1 Normal status

Bypass for Hard Speed Reference

Type R/W, digital
Default 0
Function b11 = 0 Normal

b11 = 1 Bypass active

Shaft Encoder Revolutions Counter Reset

Type R/W, digital
Defauit 1
Function b12 = 0 Continuously reset
b12 = 1 No action
Related parameters
Pr73
r-up i i Enables the drive, after being powered-down in a tripped state,
to be returned to that same state after the next power-up. The
drive is then unhealthy, requiring the correction or removal of
the cause of the trip, if it still remains, before applying the reset,
' b03.
NOTE! — does not apply in the case of under-voltage trip UU.
Type R/W, digital
Default 1
Function b13 = 0 Power-up in Last Trip State

b13 = 1 Normal status
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b14

b15

b16

b17
b18

b19

b20

b21

Bamp Bypass Enables the acceleration and deceleration ramps to be
bypassed and thereby disabled as a group.

Type RMW, digital

Default 1

Function b14 = 0 Ramps bypassed

b14 = 1 Normal status

Auto or Manual Start Mode By setting parameter b15 = 0, b02 is forced to default on

power-down so that, on power-up, 'the drive is disabled,
requiring b02 to be set 1o 0 to enable. (An enable signal must
also be applied at terminal B1.) After the first power-up, b02
must be set to zero to run the drive. The drive will subsequently
start automatically unless b15 is set to 0.

Type RW, digital
Defautt 1
Function b15 = 0 Causes b02 = 1 (Disable) on power-up

b15 = 1 Normal status of b02
Related parameters
b02 b67 b68
Refer also to Control Terminal B1

Motor Thermistor enable Enables the motor thermistor sensing circuitry.

Type R, digital
Default 1
Function b16 = 0 Sensing circuit disabled

b16 = 1 Normal status
RESERVED

Serial Link Parity enable Selects whether or not a parity bit is included in Serial Link

transmissions.

Type RW, digital
Default 1
Function b18 = 0 No parity bit

b18 = 1 Include parity bit

S_e_riaLLinls._BLQQk_nggmmmmg Selects whether or not a block checksum (BCC) error

check is included in a Serial Link communication.
NOTE! After a Serial Comms message, a rogue character must be
included. If b19 = 0 the rogue character is ignored.

Type R/W, digital
Deftautt 1
Function b19 = 0 No BCC

b19=1 BCC

Bamma_&mﬂam Selects a zero speed reference before or after the Ramp

function. Hard stop provides fulltorque deceleration, which may
not be desirable in some applications.

Type RW, digital
Default 1
Function b20 = 0 Hard stop

b20 = 1 Ramp to stop

Security Code Key Enable Locks the Security Code Pr2s against accidental or

unauthorised alteration of the code. The current code must be
entered to enable b21 to be changed. (This is not required until
acode is assigned.)

Type RW, digital
Defauit 1
Function b21 =0 Pr25 can be changed

b21 = 1 Pr25 cannot be changed
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b22 Qpen-Loop Mode Selects open or closed loop operation. Provides a crude open-
loop control mode to turn and unloaded motor. May be
convenient to use during commissioning, but must not be used
continuously, ie in normal operation.
Type RW, digital
Default 1
Function b22 = 0 Open loop (no encoder)
b22 = 1 Closed loop (encoder feedback normal
b23 RESERVED
b24 Logic Qutputs Inversion If b24 = 0, the logic of all three logic outputs, FO to F2, is
inverted. Qutputs will be activated (+24V) for a logic 0.
Type RW, digital
Default 1
Function b24 = 0 Logic inverted
b24 = 1 Not inverted
b25 i n jon If b25 = 0, the logic of all three logic inputs, FO to F2, is inverted.
Zero volts will equal logic 1.
Type R/W, digital
Defautt 1
Function b25 = 0 Logic inverted
b25 = 1 Not inverted
b26 Hard Reset Provides an effective ‘Power-off Reset’. It is necessary to use
this function in order to save certain parameters, eg the Motor
Map parameters Pr41 to Pr45.
Type RW, digital
Default 1
Function b26 = 0 Hard reset performed
b26 = 1 Normal status
b27 Common Torque Limit The two available torque limits, Pr06 and Pr07, can be
separately active, or the Pr06 value can be applied to both.
Type RW, digital
Default 1
Function b27 = 0 Pr07 will be set to the value of Proé
b27 = 1 Pr06 and Pro7 torque limits are separate
b28 Bamp Hold Stops the advance of the ramp when activated. When de-
activated, allows the ramp to advance.
Type R/W, digital
Default 1
Function b28 = 0 Ramp value hoid
b28 = 1 Normal ramp
b29 RESERVED
b30 Jorgue Mode Selection Controls the manner in which torque is applied in relation to
direction (sense) of speed demand; speed override control
depends on torque mode.
Type: , R/W, digital
Default 1
Function b30=0 Torque applied in either direction dependent on the sign (+ or -)
of the torque reference parameter Pr08. Speed override limited
only by speed clamps Pr03 and Pr04.
b30 = 1 Torque applied if the sense of the speed and torque demands
are the same. Speed override set by speed reference.
b31 to b61 Reserved for MD21 applications
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7.5 Bit Parameters — R-O

b64

b65

b66

b67

b68

b69

b70

b71
b72

b73

Drive Healthy Indicates that the drive is in a healthy state, ie it is powered-up
and no faults are detected.
Type R-O, digital
Function b64 = 0 Drive not healthy
b64 = 1 Drive healthy
Leogic Function FO Status Indicates the status of input terminal B4.
Type R-O, digital
Function b65 = 0 Logic level ‘low’

b65 = 1 Logic level ‘high’

Logic Function F1 Status Indicates the status of input terminal B3.

Type R-O, digital
Function b66 = 0 Logic level ‘low’
b66 = 1 Logic level ‘high’
Drive Enable Input Status Indicates the status of input terminal B1, drive enable signal.
Type R-O, digital
Function b67 = 0 Logic level ‘low’

b67 = 1 Logic level ‘high’
Related parameters
b02 b08 b15 b68

iv ] Indicates the condition of the drive, whether enabled or
disabled.
Type R-O, digital
Function b68 = 0 Drive disabled

b68 = 1 Drive enabled
Related parameters
b02 b08 b1S b67

Eorward or Reverse Rotation Indicates the condition of the motor — whether rotating forward

or reversa.
Type R-O, digital
Function b69 = 0 Motor running in reverse
b69 = 1 Motor running forward

i Indicates the status of input terminal B10.
Type R-O, digital
Function b70 = 0 Logic level ‘low’
b70 = 1 Logic level ‘high’
Related parameter

Pr36
RESERVED
Drive at Zero Speed Indicates a condition of the drive — whether speed <Pr54.
Type R-O, digital
Function b72 = 0 Drive running
b72 = 1 Drive at zero speed
Drive at Speed Indicates a condition of the drive — whether speed < Set
Speed +Prs6.
Type R-O, digital
Function b73 = 0 Drive not at set speed

b73 = 1 Drive at set speed
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b74

b75

b82

b85

JTorque Limit Indicator Indicates that the torque limit has been reached. Also indicated
at the Control Pod display (decimal points flashing).

Type R-O, digital

Function 74 = 0 Drive within torque limit

b74 = 1 Drive at torque limit

Motor Thermistor Alarm Indicates that the motor thermistor has operated due to high
temperature. Does NOT trip the drive. (Only when b16 = 1,
circuit enabled.)

Type R-O, digital

Function b74 = 0 Motor overtemperature

b74 = 1 Motor temperature within limit

Qver-current Trip (OC) Indicates that an over-current trip condition exists — output
current has exceeded upper limit programmed for the motor.
May indicate a motor earth fault or short circuit, but the cause
may be incorrect setting of the Motor Map parameters Pr41 to
Pras5 inclusive.

Type R-O, digital

Function b80 = 0 Trip inactive

b80 = 1 Trip active

RC Link Current Trip (dOC) Indicates that the drive has tripped because the DC link current
has exceeded the permitted maximum. May indicate a motor
earth fault, short circuit or power semiconductor device failure.

Type R-O, digital
Function b81 = 0 Trip inactive
b81 = 1 Trip active
Qver-voitage Trip (OU) Indicates that the drive has tripped because the DC link voltage
has exceeded the permitted maximum.
Type R-O, digital
Function b82 = 0 Trip inactive

b82 = 1 Trip active

Under-voltage Trip (UU) Indicates that the drive has tripped because the DC link voltage
has fallen below the permitted minimum. The cause may be a
disturbance in the power supply to the drive.

Type R-O, digita!

Function b83 = 0 Trip inactive

b83 = 1 Trip active

Motor Qver-temperature Trip (th) Indicates that the drive has tripped because the motor

temperature sensor has operated (terminal B13).
Type R-O digital

Function b84 = 0 Trip inactive
b84 = 1 Trip active

Drive IGBT Stack Over-temperature Trip (Oh) Indicates that the drive has tripped

because the inverter stack has exceeded the maximum
, permitted operating temperature.

Type R-O digital
Function b85 = 0 Trip inactive
b85 = 1 Trip active
Lx tTrip (It) indicates that the drive has exceeded the maximum permitted
time on overioad.
Type R-O digital
Function b86 = 0 Trip inactive

b86 = 1 Trip active
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b87

bss

b89

b90

External Trip (Et) Indicates that the drive has received a trip signal from an
external source &t terminal B2.
NOTE!" if links LK27 ancl LK28 are in the position to the LEFT, an Et

trip will occur.
Type R-O digital
Function b87 = 0 Trip inactive
b87 = 1 Trip active
Software Trip status (St) Indicates that ths Miscellaneous Trip bit parameter b01 has
been set to trip.
Type R-O digital '
Function b88 = 0 Trip inactive

b88 = 1 Trip active

Ix t Alarm (flashing decimals) Indicates that the drive is in an overload condition and that a
trip will follow if the condition persists.

Type R-O digital
Function b89 = 0 Alarm inactive
b89 = 1 Alarm active

Hardware Fault (Err...) Indicates that the self-diagnostic system has detected an
internal fault. The supplier of the drive should be asked to
assist.

Type R-O digital

Function b90 = 0 Trip inactive

b90 = 1 Trip active

b91 to b99 Reserved for MD21 applications
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7.6 Parameters Index

Numerical Parameters

Proo

Pro1
Pro2
Pro3
Pro4
PrO5»

Pro6
Pro7
Pros
Prog
Pr10

Pr11
Pr12
Pri3
Prig
Pri15

Pri6é
Pr17
Pri8
Pr19
Pr20

Pr21»
Pr22
Pr23»
Pr24
Pr2s

Pr26»
Pra27»
Pr28»
Pr29»
Pr3o

Pr31
Pr32»
Pr33»
Pr34
Pr3s
Pr36»

READ-WRITE (R/'W)

Nuil parameter

Speed reference 1

Speed reference 2

Minimum speed limit
Maximum speed limit

Analog Speed Reference filter
Torque limit — motoring
Torque limit — regenerating
Internal Torque Reference
Forward acceleration rate
Reverse acceleration rate

Forward deceleration rate
Reverse deceleration rate
Proportional gain

Integral gain

Derivative gain

Hard speed reference
Analog speed input scaling
Speed reference offset
Channel 3 input scaling
Channel 3 offset

Destination of Channe! 3

Ser:al link address

Seral link Baud rate

Factory set security key

Security code

Destination, programmable input FO
Destination, programmable input F1
Source, programmable output F2
Source, programmabie output F1
Analog input channel 2 offset

Analog input channel 2 scaling
Anaiog input channel 2 destination
Source, programmable output FO
Torque output scaling (Terminal B10)
Overspeed trip threshold
Destination, programmable input F2

Pr37 to Pr39 Reserved for MD21

Pr40

Pr4i»
Pra2»
Pr43»
Praa»
Pr4s»

Pr46»
Pr4a7
Pr4s
Pra9
Pr50

Drive model

Full load gurrent
Magnetising current
Base frequency

Full load slip

Motor pole count

Inverter switching frequency
Torque demand slew rate
Reserved

Keypad dispiay mode selector
Scaling anal. output 1

Pr51» Source analog output 1
Pr52 Speed reference trim
Pr53 I x t threshold current
Pr54 Zero speed window
Prs& Ixttime limit
Pr5€ At-speed window
Pr57 Last trip
Pr58, Pr59 Reserved
Pr6a to Pr69 Reserved for MD21

READ ONLY (RO)
Pr70 Motor speed
Pr71 Motor frequency
Pr72 Analog speed reference
Pr73 Shaft revolutions counter
Pr74 Analog input channel 3 monitor
Pr75 Active current
Pr76 Speed reference — pre-ramp
Pr77 Speed reference — post-ramp
Pr78 DC bus voltage
Pr79 Reserved
Prgso I'x t accumulator
Pr81 Speed error
Pr82 Motor line current
Pr83 Relative shaft position
Pr84 Analog input channel 1 conversion
Pr8s Analog input channel 2 conversion
Pr8é Analog input channel 3 conversion
Prg7 Analog input channel 2 post-offset
Prgs Analog input channel 4 conversion
Prgs Analog output channel 1 value
Proo Analog input channel 2 monitor
Pro1 Speed loop output
Pr94 to Pros Reserved for MD21
Prog Software version number
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Bit Parameters

READ-WRITE (R'W) READ ONLY (RO)
b00o Null parameter b64 Drive healthy
b01 Software trip b6% Function status Fo
b02 Drive enable bé6 Function status F1
b03 Drive reset b67 ‘Drive enable’ Input status
bo4 Control mode — torque b68 Drive enabled/disabled status
bo5 Zero torque reference b69 Forward or reverse rotation
bos Speed reference selector b70 Function status F2
bo7 A/D Speed reference selector b71 Reserved
bos Stop: b72 Drive at zero speed
b09 Spew«d reference invert b73 Drive at speed
b74 Torque limit indicator
b10»  Reset parameters to default b75 Motor thermistor alarm
b11 Harc speed reference bypass
b12 Shaft encoder revs counter reset b80 Trip (OC)
b13 Power-up in Last Trip state b81 Trip (dOC)
b14 Ramp bypass b82 Trip (OU)
b83 Trip (UU)
b15 Auto or Manual Start mode bss4 Trip (motor) (th)
b16 Motor thermistor enable
b17 Reserved b85s Trip(inverter) (Oh)
b18 Serial Link parity enable b86 Trip (It)
b19 Seriai Link BCC enable b87 External trip (Et)
b8s Software trip (St)
b20 Ramp to stop or ‘Hard stop’ b89 Ixtalarm (...)
b21 Security code key enable b0 Hardware fault (Err...)
b22 Open-loop mode
b23 Reserved b91 to bo9 Reserved for MD21
b24 Inversion, logic outputs

b2s Inversion, logic inputs

b26 Hard Reset

b27 Common torque limit
b2s Ramp hoid

b29 Reserved

b30 Torque mode selector

b31 to b61 Reserved for MD21
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VECTOR Serial Communications - 8

8
Serial Communications

A communications link is standard in all VECTOR drives. It is a machine-machine link, enabling one or
more drives to be used in systems controlled by a host such as a process logic controller (PLC) or
computer. VECTOR drives can be directly controlled, their operating configuration can be altered, and
their status can be interrogated by such a host, and continucusly monitored by data logging equipment. A
host can operate up 1o thirty-two VECTOR drives, Fig. 13, and up to 99 if line buffers are used.

The communication port of the drive module is the terminal block ‘C’, Fig. 8. The standard connection is
the RS485, Fig. 14, or RS422 4-wire link; 3-wire RS232 can be connected also, Fig. 15. Protocol is ANSI
x 3.28 - 2.5 - A4, as standard for industrial interfaces.

8.1 Fundamentals

Logic processors, such as computers, PLCs, and the communications system of VECTOR drives
communicate by means of binary logic. Binary logic is ‘two state’, and is readily implemented by an
electrical circuit which is either on or off. In VECTOR drives, the on-state is represented by a positive
voltage, and the off-state by zero volts. The two voltages thus represent two distinct units of data, each
being a binary digit (‘bit’) — either 0 or 1.

By fixing a time duration for each bit, a series of bits transmitted can be recognised by a receiver. If, also,
a series or group always contains the same number of bits it becomes possible to construct a variety of
different ‘characters’ that the receiver can recognise anc decode. A group of four bits has sixteen
possible variants — 0000, 0001, 0010, and so on to 1111. Each of the sixteen variants represents one
‘hexadecimal’ character-unit — the decimal numerals 0 to 9 followed by the six letters A to F — making 16
different and distinct characters.

The scope of the data that can be represented is much increased if two hexadecimal characters are
combined to make a simple code. Since there are 16 hex characters, two in combination will produce 16
x 16 = 256 possible different characters. Using this as the basis of a code, it becomes possible to
represent a large number of symbols, or units of data, by means of only two hex characters, each of four
bits, making eight bits in all and known as a ‘byte’.

Early in the development of computer technology it was recognised that a long stream of bits without, so
to speak, any punctuation marks would be unmanageable and at risk of transmission errors passing
unrecognised. The byte was adopted as a standard unit. To ensure that each byte is distinct, a start bit
and a stop bit are added. The convention is that the start bit is a 0 and the stop bit a 1.

Each byte, therefore, occupies a finite time in transmission, tiut the interval between successive bytes is of
no importance. Only the structure — the ‘framing’ or ‘character format’ — of the byte is significant. There
is more than one convention for ‘framing’ the character. The format in VECTOR drives is ten bits as
shown diagrammatically on the following page.

‘Low’ ASCII character byte
1st hex character 2nd hex character
Stant Seven data bits, variable Parity | Stop
bit N bit bit
0 isb msb 1

The parity bit is used by the receiver of the message to check the integrity of the data
byte.

The character set used in VECTOR drives is the 'low’ American Standard Code for Information
Interchange (ASCII), comprising 128 characters, decimally numbered 0 to 127. In the low ASCH set, the
first hex character extends only from decimal 0 to 7, binary 0000, 0001 etc to 0111. This being so, the
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VECTOR

V30 V31 V32 V33 V34
30 31 32 a3 34 _
R IR 7[R 1 IR R IT A [T R
g 1 i 1
RS485 MULTIDROP LINK PortA Port B
— max 32 drives per port
Host
Controller

13 Serial address Pr22. Unique identity code for up to 32 drives
per communications port at the host.

RECEIVE
TRANSMIT
A A
oV |

g

) Screen

Twisted-pair cables

14 RS485 or RS422 serial
communications link
connections. Cable
must be screened.

RECEIVE
TRANSMIT
A Al [&
'DV—I

cona| @@@@@

) Screen

15 Connections for RS232 link.
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first bit is always 0 and can be the start bit. The remaining three bits of the first hex character and the four
bits of the second hex character are available to denote any of the 128 characters in the low ASCI set.
The parity bit, and the stop bit, 1, are attached at the end.

The first 32 characters in the ASCII set (hex 00 to 1F and the ‘space’ character, hex 20, decimal 32) are
used to represent special codes. These are the Control Cades, each of which has a particular meaning.
For example, 'start of text’ is STX, and, from a keyboard, is made by holding down the Control key and
striking B once {Control-B). This is hex 02, and the actual transmission is the binary byte 0000 0010. The
drive is programmed to know that this character signals that a command will follow, whereas EOT
{Control-D) will be followed by information or a request. If a host has a vdu screen, control characters
appear on it in their ASCII format— ETX, EOT atc.

The components of all messages between the host and a VIECTOR drive are formed of ASCIl characters.
The format of a message, ie the sequence in which the characters appear, is standardised for messages
of each different kind, and is explained under Structure of Massages, below.

Preliminary Adjustment of the Drive

Each drive requires a unique identity number, or serial address, set by parameter Pr22. The baud rate,
Pr23, and the parity enable bit, b18, require to be set to match the host. Data, drive status and the
parameter set-up can be read from the drive in any mode, provided only that the drive is energised, and
that the serial address, Baud rate and parity bit parameters are correctly set.

8.2 Components of Messages

Control Characters

To conform to the standard structure of a message, the stages of a message are signalled by control
characters. Each character has a specific meaning, a standard abbreviation, and is transmitted and
received in ASCIl code. If a message is initiated from a keyboard, the control characters are keyed by
holding the Control key down while making a single-letter keystroke. Of the 32 control characters in the
ASCII set, the six in the following table are used in VECTOR serial communications.

CONTROL CHARACTERS in VECTOR VB75-1100 DRIVES

|

Character Meaning ASCllcode | Keyed as
HEX Control...

EOT Reset, or ‘Now hear this’ 04 D

or End of Transmission

ENQ Enquiry, interrogating the drive 05 E

STX Start of text 02 B

ETX End of text 03 C

ACK Acknowledge (message accepted) 06 F

BS Backspace (go to previous parameter) 08 H

NAK Negative acknowledge (message 15 U

not understood)

Serial Address '

Each drive is given an identity or address (Pr22, Fig.13) so that only the drive that is concerned will
respond. For security, the format is that each digit of the two-digit drive address is repeated, thus the
address of drive number 23 is sent as four characters—

The serial address follows immediately after the first control character of the message.
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VECTOR

Parameter ldentification

For transmission by serial link, parameters are identified by a number. The serial identities of parameters
Pro0 through to Pro9 are 0 to 99. For example the identity for Pr 23 is 23.

The serial identities of bit parameters b00 through to b99 are 100 to 199. Thus, the identity for parameter
b23 is 123

Each numerical parameter writes and reads a variable numerical value within its range, whatever the
value happens to be at the time, with three exceptions — Pr05, Pr23, and Prd49. Each of these can hold
one of a group of fixed values. Their programming code numbers and the values corresponding to them
are ~—

Pros Pr23 Prag
WRITE READ WRITE READ WRITE READ
(ms) (Baud)

0 2 0 300 0 Preselection
1 4 1 600 1 of menu

2 8 2 1200 2 display

3 16 3 2400

4 32 4 9600

5 128 5 19.2

Data

Data to be sent or requested occupies the next six characters after the parameter number. Data is
handled as a floating point signed decimal number. All of the operating parameters of the drive are
numerical values, such as frequency, load, current, etc. For example, speed is given by the range +6000
to -6000, the value being in rom. The value ‘95rpm in a reverse direction’ may be sent as —

- 0 9 5 . 0

— but different formats are valid so long as there are up to six characters preceded by a space or by a
sign, + or - A single space is treated as a ‘+* sign. For example, for the value of 60, all of the following
are valid —

+ 6 0 ) o] 0 = 60
6 o = 60

- 6 0 0 = -60

- 0 0 6 0 . = -60

The state of bit-parameters is transmitted and received as real-value data, of value 0 or 1. Again, the
format is flexible so long as no more than 5 characters are comprised, and not more than one space-
character is used, for example —

+ 0 0 0 1

— and so on.
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Block Checksum (BCC)

To permit the drive and the host to ensure that messages from one to the other have not become
corrupted in transmission, all communications other than interrogatives and acknowledgement may be
terminated by a block checksum character (BCC, page 57) if selected. BCC is selected by b19 = 1. If not
selected (b19 = 0), BCC is ignored on reception, but a random character must be attached at the end of
the string. A Carriage Return (ODH = Control-M) is sent on transmit.

8.3 Structure of Messages

Host to Drive
Messages trom the host to the drive are of two kinds —

a request for information, or —
a command

Both kinds must start with the control character EOT (Control-D) to indicate that a message is being sent.
This is followed by the serial address of the drive receiving the message. The format of the data and the
choice of control character to terminate the message is different for the two kinds.

For an information request, sending the parameter number instructs the particular drive addressed to
supply data relating to that parameter. A data request message is terminated by the control character
ENQ to indicate that the host is ready to receive data in reply.

For a command, a control character after the serial address tells the drive that the message is to be an
instruction concerning its operational parameters, and that the next part of the message will be the

instruction data. The instruction data occupies six characters. An instruction message is terminated by
control character ETX foliowed by a block checksum (BCC, page 57).

Drive to Host
Messages from the drive to the host are of two kinds —

a reply to a data request, or —
acknowledgement of a message.

in reply to a data request, the stant control character is STX, and is followed by the parameter number to
confirm the request from the host, and then the six characters of data. The message is terminated by the

control character ETX and a block checksum (BCC).

A message is acknowledged by the control character ACK if understood, or NAK if invalid, wrongly
formatted or corrupt.

Muttiple Drives

A message can be sgnt to two or more more addresses simultaneously. If several drives are always to
respond to the same raquest or instruction, all must be given the address 0 (zero).
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8.4 Sending Data

Host command —

reset - address - start of text - parameter - 6 characters - end - BCC

For example, the message to the drive —

“change set speed of drive number 14 to 476rpm in reverse”
would be sent as —

CONTROL| ADDRESS |CONTROL| PARAM DATA CONTROL

Eor  1|1]aal stx |olol1|-lal7z]el|.]|0] ETX | #

Control-D : Control-B Control-C | BCC
—_ J

Send again, with different parameter and/or data

The drive will respond with an acknowledgement, either —
ACK if the message is understood and implemented, or —

NAK if the message is invalid, the data is too long, or the BCC is incorrect.

if a vaiue sent is outside the limits for a parameter, the drive will respond with NAK.

8.5 Reading Data

The drive will send any data to the host, provided that the request is valid. The format of a data request
message is —

Host raquest —

reset - address - parameter - end

For example, to find the speed set point Pr01 of drive number 12, send —

CONTROL ADDRESS PARAM CONTROL

EOT t1112(1210]0 1 ENQ
Control-D Control-E

The drive replies in the following form —

start - parameter - 6 characters of data - end - BCC

For example —

CONTROL PARAM DATA CONTROL
8STX O!0 |1 |+ 417 |6]. |0 ETX ,
Control-B Control-C  jBcC

The reply first confirms that the data sent is the speed set point, Pr01; the six characters immediately
following give the present setting in rpm. The first character is either + or -, to indicate direction of
rotation; the remainder is the numerical value —

“forward at 476rpm” in this example.
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Repeat Enquiry

The negative acknowledgement NAK (Control-U) can be used at a keyboard to cause the drive to send
data repeatedly for the same parameter. It saves time when wanting to know if or how a value is changing
over a period.

Next Parameter

To obtain data from the same drive for the next parameter in numerical order, send the positive
acknowledgement ACK (Control-F). The drive will respond by transmitting the data relating to the next
parameter in sequence.

Previous Parameter

To obtain data from the same drive for the previous parameter in numerical order, send backspace BS
(Control-H).

invalid Parameter Number

It the host sends a parameter number which the drive does not recognise, eg 223, the drive will respond
with NAK. .

8.6 Block Checksum (BCC)

To ensure that data received can be verified, a block checksum is attached to the end of each command
or data response. The BCC is automatically calculated by the sending logic and is derived in the following
manner.

First, a binary exclusive-OR (XOR) is performed on all nine characters of the message after the stan-of-
text command.

For example i the the message to be sent to drive number 14 is —

“set speed to 476rpm in reverse”

it is sent as --
Reset EOT (Control-D)
Serial address 1144
Start of text STX (Control-B)

Not included in BCC calculation

BCC calculation starts here

Parameter Parameter number
Reverse - (a minus sign)

476 476

End of message ETX (Control-C)

finally, BCC, calculated as shown

Each of the separate digits,
- 4 7 & andControl-C

is represented by a hexadecimal character
and caliculated in binary as shown in the table on the following page. The XOR is the final summation.
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VECTOR

Character Binary Code

(Prot) 1 0011 0001
- (minus) 0010 1101
4 0011 0100
7 0011 0111
6 0011 0110
ETX (Controi-C) 0000 0011
XOR 0010 1010

The final XOR is 00101010 = 2A (hex) = 42 (decimal) — which is represented by the character *.

Thus the complete message 1o set the speed of drive number 14, say, to 476rpm in reverse is —

CONTROL| ADDRESS [CONTROL | PARAM DATA CONTROL
EOT (1 11414 STX 0]0 - 716 ETX *
Control-D Control-B Control-C | Bcc

NOTE — Tnhe ASCIl characters from 00 to 1F (hex), plus ‘space’, are used only for control codes. The
transmitted BCC must therefore exceed the value of 32 (decimal). Whenever the XOR produces a
(decimal) number not greater than 32, it is necessary to add 32 to it to avoid confusion with the control

characters.
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9
Braking

8.1 Introduction

When an AC motor is mechanically driven, it operates as a generator provided that a voltage is applied at
its terminals. When torque is provided by the inertia of the driven load rather than by the electrical power
supply, the motor delivers power.

During deceleration ol an AC motor and its load, a proportion of the stored kinetic energy can be
converted by the motor into electrical energy and returned to the inverter. When a high-inertia load is
decelerated in a short fime the energy delivered can be too great for the DC link capacitance to absorb
alone. The effect is to increase the voltage of the DC link and a DC overvoltage trip may occur as a result.

As industrial inverter drives are able to absorb in the DC link capacitor only a small proportion of the
energy stored in the driven load when it is at full speed, greater dynamic braking torque can be applied to
a motor only if an electrical load, ie a resistor, can be switched into the DC link to absorb stored energy.
Excess voltage in the DC link is prevented by the switching of the braking unit under the control of a
dedicated braking control circuit. The duty of the braking control unit during regeneration is to prevent the
DC voltage rising above: maximum and to prevent overcharging of the DC bus capacitor.

Inherent in the characteristic of this type of inverter drive is the constant VA ratio of the output (constant
torque) below base frequency, and constant voltage (constant power) above base frequency.

Because of the constant-VA characteristic, regenerated power declines towards zero speed. When
coasting to a stop, the drive system is ordinarily brought finally to rest by its fixed losses which are mostly
friction.

As regenerated power is maximum and constant at any speed above base frequency, this is where the
braking resistor does most of its work. The maximum braking torque is a function of the regenerated
current, which is inversely proportional to resistor value at constant voltage. Choice of resistor value
determines the braking torque.

The power rating of the resistor, on the other hand, depends upon the braking duty cycle — the braking
time and the repetition time — and on the cooling available for the resistor. Data for the calculation of
resistor values and ratirgs are given below, with an example.

Separately, the resistor must be protected against continuous overioad by a thermal trip relay, as shown in
Fig. 16.

8.2 Braking Resistors

Module Raesistor Maximum
type size regenerative
power

VB75 1.5kW for 10s, continuous
VB110 80Q, 150W rating, with a minimum cooling
VvB150 time of 90s.

VB220

VB400 3.0kW for 10s, continuous
VB550 40Q, 300W rating, with @ minimum cooling
VB750 time of 90s.

. VB1100S

External Braking Resistor Connections
Refer to Fig. 16.

ON the larger VECTOR drives, (VB400, VB550, VB750 and VB1100S), provision is made to fit an external
resistor of higher rating that the standard on-board resistor for increased dynamic braking performance. To
protect the installation from the risk of damage it is essential that —

- The internal resistor is disconnected. For this it is essential to consult the supplier of the drive.
« The external resistor is fitted with a thermal protection relay, wired to trip the supply contactor.
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1 A
ENCODER E
CONNECTIONS T i~
TO TERMINALS 'B° | @ H ISOLATOR
. v l !-—
4“‘( [+
NI s S —
EDBR — Thermal
¢ Relay
K1
POWE R TERMINALS ‘A K1
(TOP OF MODULE) ddd8b6bdo0 34 Start
AS VIEWED FROM FRONT
S>3 £ - Vo a8
o © 0 0@ a4
%%93555090 Stop
==2 o350
15 A thermal trip relay wired to trip the drive supplE circuit
automatically is essential protection for an External
Dynamic Braking Resistor (EDBR).
o —

APPLICATION of the BRAKING RESISTOR
IMPORTANT NOTE

The application of an external braking resistor absolutely requires that the internal resistors
are first disconnected.

Maximum DC link voltage is 70V above normal DC bus voltage, Pr78. The resistor, cabling and insulation
must be suitable for this operating voltage.

Install the braking resistor in accordance with instructions provided by its supplier or manufacturer. The
braking resistor MUST incorporate a thermal trip device, which MUST be connected to a trip release
mechanism on the supply-side contactor or circuit breaker, Fig. 16.

The following notes are for guidance in the selection of resistors. In case of uncertainty, the supplier of
the drive should be asked for advice. In any case, when ordering resistors, complete data about the
installation and the application should be made available to the resistor supplier, who should be asked to
provide appropriate overload-factor and cooling curves.

The size and rating of the resistor are calculated with respect to the power to be absorbed, the rate at
which power will be delivered, and the time-lapse between successive decelerations.

Kinetic energy of the motor and load = 0.5 J w2
where J = total moment of inertia (kg m2) of the motor and driven machine.

NOTE If there is gearing between the motor and the driven machine, J is the value
reflected at the motor shaft.

o = angular velocity (radians s'), or, alternatively, use 2r x n

As the energy is propartional to the square of the angular velocity, most of the energy in the system is
concentrated at the higher operating speeds, and is initially deliverad to the resistor at the start of the

decelaration. If the motor is operated at speeds above base frequency, the energy delivered to the
resistor is constant until the speed falls below base frequency.

Resistors intended for braking duty should be capable of tolerating thermal shock. ‘Pulse rated’ resistors
are recommended.
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Terms
The value of a resistor is its resistance in ohms. Note that a resistor of Jow value will draw a high current.

The rating of a resistor is the measure of the power (kW) that it is designed to absorb continuously.

Recommended values —

Module Resistance Rating Short-time Cooling
type value rating time
Q w 10s S
VB75 to VB220 80 150 1.5kW 90
VB400 to VB1100S 40 300 3.0kW 90
If an external braking resistor is used, the maximum braking currents are —
Module Max braking
type current
A rms
VB75 to VB220 2
VB400 to VB1100S 20
EXAMPLE

A load inertia of 0.5kg m2 is to be decelerated from 15001pm to rest. Calculate the braking resistor

value ($2) and power rating (kW).

DATA

Drive type VB750

Motor

Motor nominal torque rating
Decelerating tirne
Repeat cycle time
Load inertia (J)
Res:stor value (R)
Resistor rating (P,)
Res:stor operating voitage (V)

t

2 x

J

7.5kW
7.5kW
47Nm

to be determined
30 seconds
0.5kg m?

to be calculated
to be calculated

660V (Pr78 + 70V)

The first essential step is to determine the minimum decelerating time, t,.

X n

60

X

Mb max

Maximum deceleration occurs at 150% of motor nominal torque. The value to apply for My may is
therefore 1.5 x 47 = 70.5, and the decelerating timeis —

A practical deceleration time ty can now be decided. For this example, let t; = 2s.

Calculate the actual braking torque My, required to decelerate the load in 2s —

¥

ty

Mp

2 x 05 «x

1500

60

X

705

= 1.11 seconds

2n x J x n
60 x 4
2n x 0.5 x 1500
" 60 x 2
= 39 Nm
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Braking poweris —
2 x M, x 1500

P = in KW
b 60 x 108
2r x 39 x 1500
Pb =
60 x 103
= 6kW

Resistor value R !

The VB750 drive is capable of regenerating up to 150% of rated current (11.25kW) for up to 30 seconds
maximum. This is in excess of the 6kW required for this application.

The value of the resistor is —

R v2 6602
Py 6 x 108
= 7286Q

Resistor power rating P,

As the braking resistor operates intermittently, its power rating is ‘intermittent’ rather than ‘continuous’.
Advantage can be taken of the overioad rating of the resistor by applying an overioad factor, which will be
derived from a set of cooling curves which can be obtained from the manufacturer or supplier of the
resistor.

e =
REPEAT CYCLE TIME
30s Smin
15s l 1min l 30min
v 4 v
10 \ '\ ‘\
1 \

et
foesaramrene=1
"]

QOVERLCAD FACTOR
o
L
L
"
_

E-S

N
\ \\‘\ NN
2 N RN

N N ~ \
1 %&; N\>\
0.5 1 2 5 10 20 50 100 200 500

DECELERATION TIME seconds

17 Typical cooling curves for power resistor overioad factors. These
curves are typical examples only. For practical application use curves
supplied by the resistor manufacturer.

62



VECTOR Braking - 9

In this example, deceleration time is taken as 7s, repeat cycle time 30 seconds. From Fig.17, reading
from 7s on the horizontal axis and vertically to the 30-second curve, the overload factor is 2.

The power rating of the chosen resistor is —

Pb

Pr O/L factor

6kW
2

= 3kW

For practical purposes, it can be assumed that 15% to 20% of energy dissipated during regenerative
braking are due to electrical losses in the motor and drive, and mechanical losses in the motor and load,
all of which which would assist braking.

In practice. using the recommended resistor value will result in extra braking torque being available.
However, the rate of energy feedback from the load inertia is determined by the rate of deceleration.

If the rate of deceleration is unchanged, the VECTOR drive will compensate the duty cycle of the braking
transistor so that the average power-absorption remains constant.

CAUTIONARY NOTES

The installation MUST be equipped with a thermal protection relay operating a trip release
on the supply switchgear (Fig. 16).

The resistors fitted internal to the drive MUST be disconnected.
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10
Electromagnetic Compatibility

IMMUNITY

+
if the instructions in this guide are observed, VECTOR drives exhibit excellent immunity to interference
from externai sources. In accordance with normal good practice, relays, contactors and switches in power
circuits adjacent to the drive should be fitted with suppressors if they control inductive loads.

Additionally, the VECTOR drive has been subjected to noise-level tests in accordance with IEC 801 pt. 4,
without adverse result.

EMISSIONS

Because of the fast semi-conductor switches used to ensure high elactrical efficiency, PWM drives emit
some radio-frequency energy, mainly by conduction through the input supply and the motor cables. It is
possible for this energy to disturb nearby communications or measuring systems if they are sensitive in
the frequency range 100kHz to 10MHz.

Emission can be minimised by using the lowest switching frequency selectable for the drive.

Motor Chokes

Motor chokes can be of service if long cable runs — in excess of 200m — are necessary. The
chokes will also assist in the reduction of radiated radio-frequency interference (RFI) from the
cables between the drive and the motor, by limiting the rate-of-rise of voltage in the cables.

Using inductors of increased size can also assist in the reduction of motor noise, but this will be at
the expense of high-speed torque.

in either case, the supplier of the drive should be asked for advice.

Motor Cable

The motor cable carries the highest radio-frequency voltage and current. The electric and magnetic
fields associated with the cable diminish rapidly with increasing distance, and sufficient attenuation
can usually be achieved by ensuring the segregation of signal cables to a separation distance of at
least 0.3m from the motor cable. Parallel runs exceeding about 10m shouid be avoided if possible.

Emission from the motor cable can be greatly reduced by using a screened or armoured cable.
The best effect is obtained if the screening is earthed at both ends — to the motor frame and to the
drive earth terminal.

Supply Cable

If emission into the supply causes trouble, a suitable filter must be installed. The supplier of the
drive should be asked to advise.

64
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CYPRUS - Nicosia

Euro Techniques SA
Peru 359 6to OF 603 - 1067
Buenos Arres
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o
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Phésarias Industrial Auto Centre Tel: [357] 2361918
18-5 Makarios Avenue Fax: [357] 2363268
CY 1065 Nicosia After Hours: [357] 2368324

CZECH REPUBLIC - Brno Drive Centre .Q

Control Techniques Australia Pty Lid
106 Drummond Street

Tel: [61] 3 9563 4550
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Victoria 3166
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Control Techniques - VUES s.ro Tel: [420] 545 321112
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61400 Brno After Hours: [42] 545 321112
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AUSTRIA - Linz Drive Centre Lo
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Tel: [45] 4369 6100
Fax: [45] 4369 6101
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DENMARK - Arhus (Mid Jylland) Sales Office 2

Control Techniques GesmbH  Tel: [43] 7229 789480
TraunuferstraBe 109 Fax: [43] 7229 7894810
A-4052 Anstelden After Hours: {43] 7215 3502

BELGIUM - Brussels Drive Centre = 4
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Control Techniques A.S Tel: [45] 8625 5755
Elkeervej 30 Fax: [45) 8625 1755
8230 Abyhoj After Hours: [45) 4369 6100

EGYPT - Cairo

Control Techniques NV/SA Tel: {32] 2725 2721
Hoge Wei 1 Fax: [32] 2725 4940
1830 ZAVENTEM

BRAZIL - Sao Paulo

Samiram Tel: [202] 360 5950
7 El Shahid Abdel Moneim Riad St Fax: [202] 360 8019
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FINLAND - Helsinki Drive Centre E
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Rua Nazare Rezak Farah 51
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iy =
CANADA - Toronto Drive Centre @
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Leroy Somer Tel: [33] 54564 5454
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=
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GERMANY -Darmstadt Drive Centre g

lel: {49} 6251 1770-0
Fax [49] 6251 1770-98

Control Techniques GmbH
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P
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Kelapa Gading Permai
Jakarta Utara 14250

Tel: [62] 21 4525146
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INDONESIA - Surabaya Drive Centre

Control Techniques GmbH
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J L Mayjen Sungkono
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Vasiladiou 2
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Tel: [30] 1 42 25 B15/816
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HOLLAND - Rotterdam Drive Centre g

Eleetric Drives Ltd
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Co Kiidare

Tel: (353} (0) 45 433044
Fax: [353] (0) 45 433622
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Control Techniques BV
O Box 300
3360 Ah Siiedrecht

fel: [31) 1844 20555
Fax: [31] 1844 20721
After Hours: [31] 1844 20555

HONG KONG_Sales Office £ T}

DOR Drives Systems Ltd
Talp#ot Industrial Zone

PO Box 10542
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Tel: [972] 2678 0984
Fax: {972] 2678 2457

ITALY - Milan Drive Centre BT it

Control Techniques China (Hong Kong) Tel: [852] 2979 6271
20/F., Sing Pao Building Fax: [852] 2979 5220
101 King's Road
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HUNGARY - Budapest Drive Centre ‘ﬁg;

Comtrol Techniques SpA Tel: [39] 2575 751
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ITALY - Vicenza Drive Centre -

Control Technika Hungary Kft Tel: [361] 265 7262
1108 Budapest, X. Venyige V3 Fax: [361] 260 5483
Budapest

ICELAND - Reykjavik

Control Techniques SpA
Via Ortigara 13
36051 Creazzo (Vicenza)

Tel: [39] 444 396200
Fax: [39] 444 341317

KOREA - Seoul Drive Centre e Ao

Samey Tel: [354] 6623311
Grandagandur 11 Fax: {354] 5623356
101 Reykjavik After Hours: [354] 65644318

e
INDIA - Madras Drive Centre b:iv;r

Control Techniques Korea
4 Floor, Sehwa Building
66-3 MNonhyun-Dong
Kangnam-Ku

Seout

Tel: [82] 2 344 56183/84/85
Fax: [82] 2 344 56181
After Hours: [82] 17 345 6183

A
il

MALAYSIA - Kuala Lumpur Drive Centre *@.

Control Techniques India Ltd Tel: [91] 44 4961123 / 4961130
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Chennai 600-096

Madras

INDIA - Bombay Drive Centre

Con#rol Techniques Drives
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Control Techniques Eipro Tel: [91]) 212 751201 / 751202
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Pune 411 033
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O Box 342
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NORWAY - Oslo Drive Centre
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‘é"
s

ASI Control Techniques A.S.
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» O Box 7044
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PAKISTAN - Lahore
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Fax: {92] 42 5712798/7235360

Ampere Technology Inc
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POLAND - Warszawa
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Fax: [63] 2 894 5401

SELS s.c.
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PORTUGAL - Porto

Tel: (48] 22 480842
Fax: [48) 22 481648
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>
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Siliconics (Pty) Ltd
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SAUDt ARABIA
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Fax: [27] 11 462 1941
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PO Box 321
Riyadh 11411

SINGAPORE Drive Centre

Tel' [966) 1 47 79 111
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Control Techniques
Singapore Pte Ltd
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219 Henderson Road

Singapore 159556
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Tel: (65} 271 6377
Fax: [65] 272 1302
After Hours: |65] 709 9512

SLOVENIA - Ljubljana

PS Logatec

podijetje za projektiranje
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Fax: [386] 61 743487

SPAIN - Barcelona Drive Centre g,

Control Techniques lberia S. A, Tel: [34] 3 680 1661
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Harvest Engineering (Pvt) Ltd  Tel: {941} 686040
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Colombo After Hours: [941) 503283

SWEDEN - Stockholm Drive Centre g~
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SWITZERLAND - Zurich Drive Centre E,

CTS Control Techniques GmbH Tel: [41] 56 493 0036
Im Langacker 31 Fax: [41] 56 493 0068
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TAIWAN - Taipei Sales Office

Control Techniques Taiwan Tel: [886] 2 3259555
6 Fioor, No. 2 Jen Ai Road Fax: [886) 2 7029630
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Taipei

TAIWAN - Taipei

Scientrade Enterprise Co Ltd
7F-2 No.123 Section 4

Pa The Road, Taipei

Taiwan

Republic of China

Tel: (886] 2 753100 1 to 9
Fax: [886) 2 7470464

THAILAND - Bangkok Drive Centre @‘ il

Controi Technicues Thailand Ltd Tel: 66 2580 7644
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Bangkok 10900

TURKEY - Istanbul Drive Centre
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Sanayii Ve Ticaret A. S.
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U.A.E. - Dubai

Leroy Somer Middie East
Dwsion of Emerson vV Finc
DO Rox 17034 Jehe Al
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lel: 1971] 4 B38 650
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U.K. - Leeds Drive Centre ;e,

U.S.A. - Cleveland Drive Centre 'fg.

Control Techniques Drives Inc  Tei: [1] 216 717 0123
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Otdbury, Warley

West Midlands, 8369 4 1

Tel: [44] 121 544 5505
Fax: [44] 121 544 5204
After Hours: [44] 121 544 5585

U.K. - Luton Drive Centre

Control Techniques Drives Inc  Tel: [1] (606) 689 4900
1125 Petersburg Road Fax: {1] (606) 689 5344
Hebron, KY 41048

U.S.A. - San Francisco Drive Centre "@

Control Techniques Tel: [44] 1582 583322

Unit 26 North Luton Industnal Fstate  Fax: [44] 1582 575156
Sedgwick Road After Hours: [44] 1582 583322
Luton

Bedfordshire | U4 D1

U.K. - Northampton

ADI - Control Techniques Inc
2512 Tripaidi Way

Hayward

California 94545

Tel: [1] 510 264 4940
Fax: {1] 510 264 4949

e Ty
-

U.S.A. - Los Angeles Sales Office

Control Techniques Precision Tel: [44] 1604 646333
Systems Ltd Fax: {44) 1604 642225

81-83 Tenter Road After Hours: [44] 1604 491700
Moulton Park, Northa: npton

Northants NNZ 6AX

URUGUAY - Montevideo

Control Techniques Drives Inc  Tel: [1] 310 906 3945
12222 Bell Ranch Drive Fax: [1] 310 941 3529
Santa Fe Springs

CA 80670

VIETNAM - Hanoi Drive Centre @

Secoin S.A. Tel: [5982] 293815 / 230850
Gral Aguilar 1270 Bis Fax: [5982] 292584
C P 11800
Montevideo
s
. . e R
U.S.A. - Providence Drive Centre e

Control Techniques Vietnam (Hanoi) Tel: [84] 4 834 5349
52/40 Nghia Tan Tu Liem Fax: [84] 4 836 4981

Hanoi After Hours: {84] 4 8346 914
VIETNAM - Ho Chi Minh Drive Centre ("

Control Techniques Drives Inc  Tel: {1] 401 333 3331

4 Blackstone Valley Pace Fax: {1} 401 333 6330

Lincoln After Hours: [1] 401 333 0080
Rhode Island (02865

Control Techniques
Vietnam Co Ltd

(Ho Chi Minh)

70A Truong Cong Dinh St
Tan Binh District, Ho Chi Minh City

Tel/Fax: [84] 8 8425157

s
U.S.A. - Charlotte Drive Centre «.f‘,; YUGOSLAVIA
Control Techniques Drives inc  Tel: [1] 704 393 3366 Sever Tel: [381] 24 45333 / 24 42705
2716 Interstate Street Fax: [1] 704 393 0900 24000 Subotica Fax: [381] 24 41941

Cnariotte
North Carolina 28208

After Hours: [1] 716 692 2442

U.S.A. - Dallas Drive Centre -

Control Techniques Drives inc  Tel: [1] 972 783 1831

1226 Exchange Drive Fax: [1] 972 783 9978
Richardson After Hours: [1] 800 459 0664
Texas 75081
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