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Issue 10/06 Foreword

Foreword O
User Documentation < )

WARNING
Before installing and commissioning the inverter, you must read all safety

instructions and warnings carefully including all the warning labels attached to the

replace missing or damaged labels.

Information is also available from:

Regional Contacts
Please get in touch with your contact for Technical Suppert in‘your Region for

guestions about services, prices and conditions of w Support.
Central Technical Support

The competent consulting service for technieal issues'with a broad range of
requirements-based services around ou d systems.

Europe / Africa

Tel: +49 (0) 180 5050 222 \

Fax:  +49 (0) 180 5050 223 (b

Email: adsupport@siemens

America
Tel:  +1423 262 2522\
Fax:  +1 423 262 2589

Email: simatic.hotline@s A lemens.com

Should any questions or problems arise while reading this manual, please contact
4 the Siemens office concerned using the form provided at the back this manual.
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Definitions and Warnings Issue 10/06

Definitions and Warnings

/N\
/N\
/N\

PE

@ = Ground

DANGER

indicates an immanently hazardous situation which, if not avoided, will result in
death or serious injury.

WARNING

indicates a potentially hazardous situation which, if not avoided, could result in
death or serious injury.

CAUTION

used with the safety alert symbol indicates a potentially hazardaussituation
which, if not avoided, may result in minor or moderate injury.

CAUTION

used without safety alert symbol indicates a potentially, hazakdous situation which,
if not avoided, may result in a property damage.

NOTICE

indicates a potential situation which, if not avoidedymay result in an undesirable
result or state.

NOTE

For the purpose of this documentation,*Note%indicates important information
relating to the product or highlights part efithe documentation for special
attention.

Qualified personnel

For the purpose of this Ipstruetion Manual and product labels, a "Qualified

person" is someone who isifamiliar with the installation, mounting, start-up and

operation of the equipment,andythe hazards involved.

He or she must have the following qualifications:

1. Trained and authgrized\to’energize, de-energize, clear, ground and tag circuits
and equipment ifi acc@rdance with established safety procedures.

2. Trained in theqpropers€are and use of protective equipment in accordance with
established, §afetyyprocedures.

3. Trainedhiprendering first aid.

+ PE - Protective Earth uses circuit protective conductors sized for short circuits
where the voltage will not rise in excess of 50 Volts. This connection is
normally“@sed to ground the inverter.

L - Is'the ground connection where the reference voltage can be the same as
the Earth voltage. This connection is normally used to ground the motor.

Use foriptended purpose only

The equipment may be used only for the application stated in the manual and only
in conjunction with devices and components recommended and authorized by
Siemens.
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Safety Instructions

The following Warnings, Cautions and Notes are provided for your safety and as a
means of preventing damage to the product or components in the machines
connected. This section lists Warnings, Cautions and Notes, which apply generally.
when handling MICROMASTER 440 Inverters, classified as General, Transport &
Storage, Commissioning, Operation, Repair and Dismantling & Disposal.

Specific Warnings, Cautions and Notes that apply to particular activities are
listed at the beginning of the relevant chapters and are repeated or supplemented
at critical points throughout these sections.

Please read the information carefully, since it is provided forg/6ur personal
safety and will also help prolong the service life of your MICROMASTER 440
Inverter and the equipment you connect to it.

General

WARNING
» This equipment contains dangerous voltages and controls potentially

dangerous rotating mechanical parts. Nons€empliance with Warnings or
failure to follow the instructions contained inithis,manual can result in loss of
life, severe personal injury or serious damageito property.

» Only suitable qualified personnel shouldwork®an this equipment, and only after
becoming familiar with all safety notices, installation, operation and
maintenance procedures contained,in thisymranual. The successful and safe
operation of this equipment is dependent upon its proper handling, installation,
operation and maintenance.

» Risk of electric shock. The BC link capacitors remain charged for five minutes
after power has been remioved. It 1§"not permissible to open the equipment
until 5 minutes after the,pawer has been removed.

The following terminalSycan‘earry dangerous voltages even if the inverter is

inoperative:

+ the power supply/L/ETyN/L2, L3 resp. U1/L1, V1/L2, W1/L3

+ the motor terminals U/V, W resp. U2, V2, W2

+ and depending onghe frame size the terminals DC+/B+, DC-, B-, DC/R+
resp. DCPS,"BCNS, DCPA, DCNA

» HP ratings(@rebased on the Siemens 1LA motors and are given for
guidanee only; they do not necessarily comply with UL or NEMA HP
ratings.

CAUTION
A > Children and the general public must be prevented from accessing or

appreaching the equipment!

» This equipment may only be used for the purpose specified by the
manufacturer. Unauthorized modifications and the use of spare parts and
accessories that are not sold or recommended by the manufacturer of the
equipment can cause fires, electric shocks and injuries.

MICROMASTER 440  Operating Instructions
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NOTICE

» Keep these operating instructions within easy reach of the equipment and
make them available to all users

» Whenever measuring or testing has to be performed on live equipment, the
regulations of Safety Code BGV A2 must be observed, in particular §8
“Permissible Deviations when Working on Live Parts”. Suitable electronic tools
should be used.

» Before installing and commissioning, please read these safety instructions and
warnings carefully and all the warning labels attached to the equipnientgMake
sure that the warning labels are kept in a legible condition and4eplace missing
or damaged labels.

Transport & Storage

> [>

WARNING

Correct transport, storage, erection and mounting, as well.as‘careful operation
and maintenance are essential for proper and safe opefatiomof the equipment.

CAUTION

Protect the inverter against physical shocks and vibratién during transport and
storage. Also be sure to protect it against water (tainfall) and excessive
temperatures (see Table 4-1).

Commissioning

/N\

WARNING

» Work on the device/system byyunqQualified personnel or failure to comply with
warnings can result in severe personal injury or serious damage to material.
Only suitably qualifiedypersonnel trained in the setup, installation,
commissioning and operation‘ef the product should carry out work on the
device/system.

» Only permanently-wired input power connections are allowed. This equipment
must be grounded(IECs536 Class 1, NEC and other applicable standards).

» Only type ByELCBs should be used with FSA to FSF. Machines with a three-
phase power ‘supplyfitted with EMC filters, must not be connected to a supply
via an ELCB (Earth Leakage Circuit-Breaker - see DIN VDE 0160, section
5.5.2 and’EN50178 section 5.2.11.1).

» The follewing.terminals can carry dangerous voltages even if the inverter is
inoperatives
+ _thepower supply L/L1, N/L2, L3 resp. U1/L1, V1/L2, W1/L3
¢ thegnotor terminals U, V, W resp. U2, V2, W2
s and depending on the frame size the terminals DC+/B+, DC-, B-, DC/R+

resp. DCPS, DCNS, DCPA, DCNA

» This equipment must not be used as an ‘emergency stop mechanism’ (see EN
60204, 9.2.5.4)

CAUTION

The connection of power, motor and control cables to the inverter must be carried
out as shown in Fig. 2-11 on page 44, to prevent inductive and capacitive
interference from affecting the correct functioning of the inverter.

MICROMASTER 440  Operating Instructions
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Safety Instructions

Operation

MICROMASTERS operate at high voltages.

WARNING
A ;
» When operating electrical devices, it is impossible to avoid applying

>

hazardous voltages to certain parts of the equipment.

Emergency Stop facilities according to EN 60204 IEC 204 (VDE 0113) must
remain operative in all operating modes of the control equipment. Any
disengagement of the Emergency Stop facility must not lead to uncaontrolled or
undefined restart.

Certain parameter settings may cause the inverter to restart autematically
after an input power failure (e.g. automatic restart).

Wherever faults occurring in the control equipment can lead to sulistantial
material damage or even grievous bodily injury (i.e. potentially dangerous
faults), additional external precautions must be taken or facilities provided to
ensure or enforce safe operation, even when a fault occugs (e.g. independent
limit switches, mechanical interlocks, etc.).

Motor parameters must be accurately configured formotortoverload protection
to operate correctly.

This equipment is capable of providing internal motorjeverload protection in
accordance with UL508C section 42. Refeffo,P0610/and P0335, i’t is ON by
default. Motor overload protection can also be previded using an external PTC
or KTY84.

This equipment is suitable for use inja gireuit capable of delivering not more
than 10,000 (Frame Sizes A to C) or 42,000 (Frame Sizes D to GX)
symmetrical amperes (rms), for a maximum voltage of 230 V /460 V / 575 V
when protected by an H, J or K type fuse, a circuit breaker or self-protected
combination motor controller (for more,details see Appendix F).

This equipment must not pe usediasian ‘emergency stop mechanism’ (see EN
60204, 9.2.5.4)

Repair

Repairs on equipment may only be carried out by Siemens Service, by repair

WARNING
>
centers authorized by Siemens or by authorized personnel who are

>

»

thoroughly acguainted with all the warnings and operating procedures
contained in thistmanual.

Any defegtiveyparts or components must be replaced using parts contained in
the relevant,spare parts list.

Discaofinectthe power supply before opening the equipment for access.

Dismantling & Pisposal

CAUTION

>
>

The inverter’'s packaging is re-usable. Retain the packaging for future use.
Easy-to-release screw and snap connectors allow you to break the unit down
into its component parts. You can then re-cycle these component parts,
dispose of them in accordance with local requirements or return them to
the manufacturer.
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Electrostatic Sensitive Devices (ESD)

The device contains components which can be destroyed by electrostatic
discharge. These components can be easily destroyed if not carefully handled.
Before opening the cabinet/enclosure in which the device is located, you must
electrically discharge your body and apply the appropriate ESDS protective
measures. The cabinet/enclosure should be appropriately labeled.

If you have to handle electronic boards, please observe the following:

Electronic boards should only be touched when absolutely negessary:

The human body must be electrically discharged before touching an electronic
board.

Boards must not come into contact with highly insulating,materials - e.g. plastic
parts, insulated desktops, articles of clothing manufacturedhfrom man-made
fibers.

Boards must only be placed on conductive surfaces.

Boards and components should only be stored and transported in conductive
packaging (e.g. metalized plastic boxes Gmmetal containers).

If the packing material is not conductive; theyboards must be wrapped with a
conductive packaging material, e.g. ¢onductive foam rubber or household
aluminium foil.

The necessary ESD protective measuresyare clearly shown again in the following

diagram:

e a = Conductive floor surface e d=ESD overall

e b=ESD table e e =ESD chain

e ¢ =ESD shoes e f = Cubicle ground connection

||}— —
||}— —

c a

Sitting Standing Standing / Sitting
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1 Overview O

This Chapter contains:
A summary of the major features of the MICROMASTER 440 range. 'S

1.1 The MICROMASTER 440
1.2 FRALUIES ... et e e e e eaan
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The MICROMASTER 440 are frequency inverters for speed and torque control of
three-phase motors. The various models available cover the performance range
from 120 W to 200 kW (for constant torque (CT), alternatively up to 250kW (for
variable torque (VT)).

1.1 The MICROMASTER 440 O

The inverters are microprocessor-controlled and use state-of-the-art Insulated Gﬁe
Bipolar Transistor (IGBT) technology. This makes them reliable and v ile. A
special pulse-width modulation method with selectable Pulse frequenc rmits
quiet motor operation. Comprehensive protective functions provid\eE;N

inverter and motor protection.
With the factory default settings, the MICROMASTER 440 is suita r many
variable speed applications. Using the functionally grouped par ers, the

MICROMASTER 440 can adapted to more demanding ap jons.

The MICROMASTER 440 can be used in both 'stand-alone’ lications as well as

being integrated into 'Automation Systems'. ]

MICROMASTER 440  Operating Instructions
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1 Overview

1.2 Features O
Main Characteristics

>

YV V.V V V YV V V V VY

YV V V V

YV VY

Easy installation 0

Easy commissioning
Rugged EMC design P

Can be operated on IT line supplies

Fast repeatable response time to control signals a
Comprehensive range of parameters enabling configuration foN nge of
applications

Simple cable connection @

Output relays 0

Analog outputs (0 — 20 mA)

6 Isolated and switchable NPN/PNP digital inputs Q

2 Analog inputs:

¢ ADC1:0-10V,0-20mA and -10 to 10@

¢ ADC2:0-10V,0-20mA

The 2 analog inputs can be used as t 4 8" digital inputs

BICO technology
Modular design for extremely flexib iguration

le'c
High switching frequencies (drive i&r specific up to 16 kHz) for low-noise

motor operation
Internal RS485 interfa::Q

Detailed status inform integrated message functions

N
>
$

L 4

N
&
&

L 4
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Performance Characteristics

» Vector Control O
¢ Sensorless Vector Control (SLVC)

+ Vector Control with encoder (VC) 0

> VI/f Control

¢ Flux Current Control (FCC) for improved dynamic response and motor
control

¢ Multi-point V/f characteristic

L 4
Automatic restart \%

>

» Flying restart

» Slip compensation @

» Fast Current Limitation (FCL) for trip-free operation

» Motor holding brake

» Built-in DC injection brake

» Compound braking to improve braking performa

» Built-in braking chopper (Frame Sizes A to,F) far r, r braking (dynamic
>

JOG function

braking)
Setpoint input via:
Analog inputs
Communication interface K\

* & & o o

» Ramp function genera

+ With smoothing

+ Without smoothi\
» Technology control

r
Parameter set h r
+ Motor data sets (DDS)

. Comm% a sets and setpoint sources (CDS)
ti |

Motorized potentiometer
Fixed frequencies Q

Y

Free F ocks
DC i (o) controller
Kinetic Buffering

m Ramp down
Protectio x istics
rvoltage/undervoltage protection

ertemperature protection for the inverter
Ground fault protection

YV V V V

» Short-circuit protection
4 » it thermal motor protection
» PTC/KTY84 for motor protection
tions

» Refer to Chapter 5

MICROMASTER 440  Operating Instructions
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2 Installation 0

This Chapter contains:
» General data relating to installation @
Dimensions of Inverter

>
» Wiring guidelines to minimize the effects of EMI %
» Details concerning electrical installation

2.1 Installation after a Period of Storage @

2.2 Ambient operating CoONItioNS ............oocvveeiiiiieeeiiiieeesieeee s

2.3 Mechanical installation

2.4 Electrical installation ...........coooeveeeiiiiiie e @

MICROMASTER 440  Operating Instructions
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/N

22

WARNING

» Work on the device/system by unqualified personnel or failure to comply with
warnings can result in severe personal injury or serious damage to material.
Only suitably qualified personnel trained in the setup, installation,
commissioning and operation of the product should carry out work on the
device/system.

» Only permanently-wired input power connections are allowed. This equipment
must be grounded (IEC 536 Class 1, NEC and other applicable standards).

» Only type B ELCBs should be used with FSA to FSF. Machines with athree-
phase power supply, fitted with EMC filters, must not be connected to a supply
via an ELCB (Earth Leakage Circuit-Breaker - see DIN VDE 0160, Section 5.5.2
and EN50178 section 5.2.11.1).

» The following terminals can carry dangerous voltages evenyif the inverter is
inoperative:
¢ the power supply L/L1, N/L2, L3 resp. U1/L1, V1/L2, W{L3
+ the motor terminals U, V, W resp. U2, V2, W2
+ and depending on the frame size the terminals DC%/B+, DC-, B-, DC/R+

resp. DCPS, DCNS, DCPA, DCNA

» Always wait 5 minutes to allow the unit to discharge after switching off before
carrying out any installation work.

» This equipment must not be used as an *emergency stop mechanism’ (see EN
60204, 9.2.5.4)

» The minimum size of the earth-bonding €enductor must be equal to or greater
than the cross-section of the power&upply cables.

» If the front cover (Frame Sizes FEX"and GX) has been removed, the fan impeller
is exposed. There is danger of injufy when the fan is running.

CAUTION

The connection of power, mator apd control cables to the inverter must be carried
out as shown in Fig. 2-11#en page 44, to prevent inductive and capacitive
interference from affecting/thetcorrect functioning of the inverter.

MICROMASTER 440  Operating Instructions
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2.1 Installation after a Period of Storage

Following a prolonged period of storage, you must reform the capacitors in the O
inverter.

Frame Sizes Ato F

Voltage L 4
o A

Storage period less thal 0 action necessary

Storage period 1 to 2 yeal Prior to energizing, connect to
voltage for one hour

Prior to energizing, form

__—I .................. —— - StOrage period S:
according to the curve
------------ Storage periodg3 and years: Prior to energizing, form

according to the curve

|
>
lll®llllllnmetw
0,5 1 2 6 8
Fig. 2-1 Forming

Frame Sizes FX and GX
Reforming the ¢a a@an be accomplished by applying 85% of the rated input
voltage for at Ié utes without load.

\
O
¥

L 4
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2.2 Ambient operating conditions O
Tem p erature < ,
Frame Sizes Ato F: Frame Sizes FX and GX:
Permissible output current Permissible output current
[%] [%0] Yy
100 ! 100
\
i ‘\ 95
75 \
\\ 90
\
50 85
constant torque
25| === variable torque

|
-10 ol 10" 20" 30" 40" 50 60 [C] 0 10 40 45 50 55 [Cl
Ambient temperature Ambient temperature

Fig. 2-2 Ambient operating temperature

Humidity Range
Relative air humidity < 95 % Non-conde

Altitude
If the inverter is to be installed at an al > 1000 m or > 2000 m above sea
level, derating will be required

Tmo‘ nd GX TlOO‘
% Frame Sizes
AtoF 0
85F-—--—--t-———
L T E & AEEEE 80|

D)

00 2000 3000 4000 0 1000 2000 3000 4000
de in m above sea level Installation altitude in m above sea level —=

Fig. 2-3 Installation altitude

Shock and@
n

rop the inverter or expose to sudden shock. Do not install the inverter in an
readwhere it is likely to be exposed to constant vibration.

hanical strength to EN 60721-33
> Deflection: 0.075 mm (10 ... 58 Hz)
& > Acceleration: 9.8 m/s’® (> 58 ... 200 Hz)

romagnetic Radiation
Do not install the inverter near sources of electromagnetic radiation.

MICROMASTER 440  Operating Instructions
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Atmospheric Pollution

Do not install the inverter in an environment, which contains atmospheric pollutants
such as dust, corrosive gases, etc.

Water 0

Take care to site the inverter away from potential water hazards, e.g. do not install
the inverter beneath pipes that are subject to condensation. Avoid installing the
inverter where excessive humidity and condensation may occur. ¢

Installation and cooling
CAUTION
The inverters MUST NOT be mounted horizontally. ‘ Z?
The inverters can be mounted without any clearance at either s en mounting
inverters one above the other, the specified environmental ditiohs must not be
exceeded.
Independent of this, these minimum distances must be erved.
» Frame Size A, B, C above and below 100 mm
» Frame Size D, E above and below 300

> Frame Size F above and below 350

» Frame Size FX, GX above 250 mm
below 150 mm
in front 40 mm

No equipment that could have a negati ffect on the flow of cooling air should be

installed in this area. Make sure th o0ling vents in the inverter are positioned
correctly to allow free movement ofiai

N
>
$

Q

L 4

Q
o
&

L 4
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2.3 Mechanical installation

WARNING
A » To ensure the safe operation of the equipment, it must be installed and

commissioned by qualified personnel in full compliance with the warnings laid
down in these operating instructions.

» Take particular note of the general and regional installation and safety
regulations regarding work on dangerous voltage installations (e.g. EN 50178),
as well as the relevant regulations regarding the correct use of tools and
personal protective equipment (PPE).

» The mains input, DC and motor terminals, can carry dangerouswoltages even
if the inverter is inoperative; wait 5 minutes to allow the unit to discharge after
switching off before carrying out any installation work.

» The inverters can be mounted without any clearance at«ither'side. When
mounting inverters one above the other, the specified,envireamental
conditions must not be exceeded. Independent of this, these minimum
distances must be observed.

e Frame Size A, B, C above and below 100 mm
e Frame Size D, E above and below 300,mm
e Frame Size F above and belew 350 mm

e Frame Size FX, GX above 250 mm
below 150 mm
in front 40,mm (FX), 50 mm (GX)

» If the front cover (Frame Sizes FEXsand'GX) has been removed, the fan
impeller is exposed. There is dangeref injury when the fan is running.

» 1P20 protection is only against direet‘contact, always use these products within
a protective cabinet.

Removing from transport pallet (only for frame sizes FX and GX)

During transport, the averteris fastened on the transport pallet with the aid of two
iron brackets.

WARNING
A Note that the, Center of gravity of the inverter is not in the middle of the unit. When

lifting the pallet, the unit can therefore suddenly change position and swing to the
side.

1. Fasten the hoisting crane cable to the hoisting eyes on the inverter (2 eyes,
seé Fig. 2-9 and Fig. 2-10).
2. “Remove the two retaining bolts at the top of the front cover.

8. Unscrew the bolts in the iron brackets on the transport pallet and lift the
inverter off the pallet.

4% Once installation has been completed and the inverter connected, fasten the
two retaining bolts for the front cover at the bottom side of the door.

MICROMASTER 440  Operating Instructions
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2 Installation

Frame Sizes Ato F

Frame Size A

Frame Size B

: 2 4.8 mm

Frame Size D

0.19"

55'mm|

20

160 mm
6.30"
A - B

@ 4.5 mm 138 mm

0.17" 5.43"

Frame Size E

4 mm
6.85"

@%.5 m U[

0.68" D

D 486 mm

@ 17.5 mm

0.68" D

3

Frame Size C

M 5.5 mm

0.22"

19.13"
810 mm
O 31.89"
with
= fil
[ \j [ 110 m
43.70"
235 mm @ -
9.25"
; f
& 235 mm
\ ! 9.25"
300 mm
11.81"
Fig. 2-4 ern for MICROMASTER 440
4
MICROMASTER 440  Operating Instructions
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Frame Size FX

125 125
- 37
= 2
| | ®
.-\Q
)

13755

Fig. 2-5 x

28

tallation dimensions for MICROMASTER 440 Frame size FX

MICROMASTER 440  Operating Instructions
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Frame Size GX

125 125

12

1508.5

1533 7

MICROMASTER 440
6SE6400-5AW00-0BPO

Operating Instructions
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Table 2-1 Dimensions and Torques of MICROMASTER 440
Frame-Size Overall Dimensions Fixing Method Tightening Torque
- mm 73 x 173 x 149 2 M4 Bolts
A m(ijé:txx 4 M4 Nuts 2,5 Nm
Depth inch | 2,87 x6,81 x 5,87 4 M4 Washers or fitting on a with washers fitted
standard rail
Width x mm 149 x 202 x 172 4 M4 Bolts
B |Heightx [ 4 M4 Nuts 2,.?th fitted ¢
Depth inch 5,87 x7,95x%x 6,77 4 M4 Washers with was Itte
Width x mm 185 x 245 x 195 4 M5 Bolts 25
C | Height x - 4 M5 Nuts ’. itted
Depth inch |7,28x9,65x 7,68 4 M5 Washers a itte
Width x mm 275 x 520 x 245 4 M8 Bolts
D | Height x 4 M8 Nuts "
Degth inch | 10,82 x 20,47 x 9,65 4 M8 Washers hers fitted
Width x mm 275 x 650 x 245 4 M8 Bolts
E | Height x 4 M8 Nuts : "
Depgth inch 10,82 x 25,59 x 9,65 4 M8 Washers with washers fitted
X mm 350 x 850 mm x 320
Width x height with filter 1150 | 4 M8 Bolts 30Nm
F | Height x 4 M8 Nuts A h hers fitted
Depth inch | 13.78x33,46x 12,60 | 4 Mg Washers with washers fitte
height with filter 45,28
Width x mm 326 x 1400 x 356 6 M8 Bolts
FX |Heightx [ 6 M8 Nu 13r']\'m +ﬁ0 %f. g
Depth inch |12,80x55,12x12,83 | M8 Wa with washers fitte
Width x mm 326 x 1533 x 545 6 M8 B
GX |Heightx [ 6 M8 Nu 13#"“ +ﬁ° % 5
Depth inch | 12,80 x 60,35 x 21,46 S with washers fitte

L 4

N
S

Q
o
&

L 4

MICROMASTER 440  Operating Instructions
30 6SE6400-5AW00-0BPO



Issue 10/06 2 Installation

231 Mounting onto standard rail, Frame Size A

1. Locate the inverter on the mounting rail usi
the upper rail latch

Release Mechanism

Mounting the inverter onto a 35 mm standard rail (EN 50022) ,-()O

Upper 2. Using a flat blade screwdriver, press the
rail latch release mechanism downwards and engagg
the inverter into the lower rail lat

Lower
rail latch

Removing the Inverter from the rail

1. To disengaged the release mechanism of t
the release mechanism.

2. Apply a downward pressure and the& il latch will disengage.

3. Pull the inverter from the rail. K

I rter, insert a screwdriver into

MICROMASTER 440  Operating Instructions
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2.3.2 Installing communication options and/or pulse encoder

evaluation module O
Sizes Ato F O

NOTE

When installing the following options — PROFIBUS module, DeviceNet module,
CANopen option module and/or pulses encoder evaluation module, the mounting
depth of the drive inverter is increased!

Please refer to the relevant Operating Instructions for the actual pr ur

Sizes FX and GX

The front cover of the MICROMASTER 440 is designed so th trol module
(normally the SDP) is almost flush with the opening in the frent c

If more than one option is to be installed in the electronic , ihis'necessary to
position the entire electronic box further to the rear é

Installing the options
» Remove the front cover: @
e Unscrew two screws at the bottom side t cover.
o Lift front cover up and out.
» Remove retaining screws on the electro :
» Screw on electronic box in correct in;% osition as shown in Fig. 2-7

» Install additional options.
» Reinstall front cover.
=~

-t
Standard installation
Installation position 1

Installation position 2

&7 Options for the electronic box

MICROMASTER 440  Operating Instructions
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2.4 Electrical installation

WARNING O
A The inverter must always be grounded. ( ,
» To ensure the safe operation of the equipment, it must be installed and

commissioned by qualified personnel in full compliance with the warnings laid
down in these operating instructions. 'S

» Take particular note of the general and regional installation and saf
%178),

regulations regarding work on dangerous voltage installations (e.g!
as well as the relevant regulations regarding the correct use of t

personal protective gear.
» Never use high voltage insulation test equipment on cables co @ ed to the

inverter.
» The mains input, DC and motor terminals, can carry dangero oltages even
if the inverter is inoperative; wait 5 minutes to allow discharge after

switching off before carrying out any installation w

» If the front cover (Frame Sizes FX and GX) has be
impeller is exposed. There is danger of inj

CAUTION

The control, power supply and motor leads
them through the same cable conduit/trunking

RS
R
.(,(b
&
O
&

L 4

oved, the fan
1ef) therfan is running.

e laid separately. Do not feed
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241

/N\

General

WARNING

The inverter must always be grounded. If the inverter is not grounded correctly,
extremely dangerous conditions may arise within the inverter which could prove
potentially fatal.

Operation with ungrounded (IT) supplies

Filtered

The use of filtered MICROMASTER 4 drives on unearthed mainsssupplies is not
permitted.

Unfiltered

In the case of non-grounded networks, the "Y' capacitor of the, device must be
made ineffective. The procedure is described in Appendixib.

If the MICROMASTER is to remain in operation in non‘grounded networks when a
ground fault occurs during the input or output phasegan, output reactor must be
installed.

Operation with Residual Current Device (Frame Sizes Ayto F)

34

If an RCD (also referred to as ELCB or RCEB) i&ditted, the MICROMASTER
inverters will operate without nuisance tripging;provided that:

» Atype B RCD is used.

The trip limit of the RCD is 300 mA.

The neutral of the supply is grounded:

Only one inverter is supplied fromieach RCD.

The output cables are less than 50 m (screened) or 100 m (unscreened).

YV V V V

NOTE

The residual current opefated cifcuit-breakers used must provide protection against
direct-current components(in the fault current and must be suitable for briefly
suppressing power ptlSe cufrent peaks. It is recommended to protect the
frequency inverter by fuselseparately.

The regulationg‘ef,thesindividual country (e.g. VDE regulations in Germany)
and the regional power suppliers must be observed!

MICROMASTER 440  Operating Instructions
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2.4.2 Power and motor connections

WARNING
The inverter must always be grounded.
+ Isolate the mains electrical supply before making or changing connections to

*

the unit.

Ensure that the inverter is configured for the correct supply voltage:
MICROMASTERS must not be connected to a higher voltage supply.

When synchronous motors are connected or when coupling several metors in
parallel, the inverter must be operated with V/f control charactesistie®(P1300 =
0, 2 or 3).

CAUTION
After connecting the power and motor cables to the properterminals, make sure

that the front covers have been replaced properly before supplying power to the
unit!

NOTICE

L

Ensure that the appropriate circuit-breakers/fusesWiith the specified current
rating are connected between the power supply‘and inverter (see chapter 5,
Tables 5-5).

Use Class 1 60/75 °C copper wire ofly. (forkL compliance). For tightening
torque see Table 5-2.

Operation with long cables
All inverters will operate at full specification with cable lengths as follows:

Frame Sizes AtoF FX and GX
screened 50 m 100 m
unscreened 100 m 150 m

Using the output chgkes specified in catalogue DA 51.2, the following cable lengths
are possible fonthe‘appraopriate frame sizes:

Supply Voltage

200V ... 380V ...400V+£10% 401V ...480V+10% | 500V ... 600 V

240 V£ 10% +10%

Frame Sizes

A _F A..B C D..F|FX,GX|A..C|D..F|FX GX C D...

F

screened

200 m 150m | 200m | 200 m | 300m | 100m | 200m | 300 m | 100 m | 200 m

unscreened

300 225m | 300m | 300m | 450 m | 150 m | 300 m | 450 m | 150 m | 300 m

CAUTION

Ifusing output chokes operation is only permissible with a pulse frequency of
4 kHZ. Make shure that the automatic pulse frequency reductions are disabled.
€oercing required parameter adjusting: P1800 =4 kHz , P0290 =0 or 1.

MICROMASTER 440

Operating Instructions
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Access to the power and motor terminals

Access to the power supply and motor terminals is possible by removing the front
covers (See Fig. 2-8 to Fig. 2-10). See also Appendix B.

After removing the front covers and exposing the terminals, complete power and
motor connections as shown in Fig. 2-11.

Connection of braking unit (only for framesize FX and GX)

A passage opening for access to the intermediate circuit connections h een
provided on the top side of the inverter. It is possible to connect a% aking

L 4

unit (refer to Catalog DA65.11 or DA65.10) to these terminals. The i
shown in Fig. 2-9 and Fig. 2-10.

The maximum cross section of connections is 50 mmz2, but only pro the
crimped area of cable shoes on the equipment side is providedywit eat-
shrinkable sleeve. This measure is important to ensure that,air g and creep
distances are observed.

%
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== . .
(2
& [ &)
. Ground Gro
Ground Ground
Frame Size A Frame Size B&C
Frame Size F

Figy2-8 MICROMASTER 440 Connection Terminals
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Hoisting eyes

Shield connection
Mains cable PE

Cable opening for
mains conection
U1/L1, V1/L2, W1/L3

Cable opening DCPA, DCNA

for connection of an
external braking unit

Mains cable
Phase U1/L1, V1/L2, W1/L3

Connection to
Y-Capacitor

Connection DCPA, DCNA

for external braking unit

Top adjustment rail

Top retaining screw

Connection for dv/dt filter

DCPS, DCNS

Status Display Panel

Elektronic box

Bottom adjustment rail

Bottom retaining screw

Fan <érews

N

@ @f N
ﬁ@

ontrobleads

S

L 4

\@ Fan fuses
Transformer adaption
Motor cable

Phase U2, V2, W2
Motor cable
PE Shield connection

s

S|

T

@ o

[
0 9
&
0
9
®
4
[
6
4
[
[ @
)
6
4 9
] 0
§ 9 0
8 4

. 2-9
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MICROMASTER 440 connection drawing — frame size FX
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Hoisting eyes

Shield connection
Mains cable PE

Cable opening for
mains conection D, L 4
uU1/L1, V1/L2, W1/L3 ® 7

Cable opening DCPA, DCNA
for connection of an 3 20
external braking unit d

Mains cable D) q

Phase U1/L1, V1/L2, W1/L3 P
Connection to 4 ® .

Y-Capacitor N

Connection DCPA, DCNA
for external braking unit ¢

S

Top adjustment rail 4 _
Top retaining screw o

Connection for dv/dt filter
DCPS, DCNS |—

Status Display Panel i s

Elektronic box @

Bottom adjustment rail

\ . I
Bottom retaining screw —% > Z L = . 0
S 4
@ Il o
Fan screws s B ’ ’
3 Q) G :
\ 1

K

Shield con ion

controlleads

\ =
ran$former adaption
otor cable
Uz, v2, W2

Motor cable
f Shield connection

.2-10 MICROMASTER 440 connection drawing - frame size GX
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Frame Sizes Ato F

L3

0 Single Phase
—e— L1
N Optional Optional

Contactor line choke Filter MICROMASTER ¥

O

Ty
PE I i1 PE I
e
N ? o ?
Three Phase
—e— L3
ﬁ Optional Optional

Contactor line choke Filter

1) with and without filter

Frame Sizes FX and GX @
—e—— L3 O

Optional
line choke MICROMASTER

2) without filter
the cOommutation choke is to be earthed using the designated earthing point

1 Motor and Power Connections

MICROMASTER 440  Operating Instructions
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Adaptation of fan voltage (only for frame size FX and GX)
A transformer is installed to adapt the existing line voltage to the fan voltage. O

It may be necessary to reconnect the transformer terminals on the primary side to
coincide with the existing line power. ‘ )

L 4

oV 1L380V 1L400V 1L440V 1L480V

10107308 &7

Y
Connect according input voltage

Fig. 2-12 Adaptation of fan voltage

CAUTION

If the terminals are not reconnected to t lly present line voltage, the fan
fuses can blow.

Replacement for fan fuses
Frame size Fuses (2(e Recommended fuses

FX (90 kW CT) 1A/600V 0 i Cooper-Bussmann FNQ-R-1, 600 V
or comparable fuse

Ferraz Gould Shawmut ATDR2-1/2, 600 V
or comparable fuse

GX (132-200 kW CT) 6 slow-acting Ferraz Gould Shawmut ATDR4, 600 V
or comparable fuse

FX (110 KW CT) 25A

MICROMASTER 440  Operating Instructions
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O

2.4.3 Control terminals
Permitted cable diameters: 0.08 ... 2.5 mm* (AWG: 28 ... 12)
Terminal | Designation Function
1 - Output +10 V
2 - Output 0 V
3 ADC1+ Analog input 1 (+) 4
4 ADC1- Analog input 1 (-)
5 DIN1 Digital input 1
6 DIN2 Digital input 2
7 DIN3 Digital input 3
8 DIN4 Digital input 4
9 - Isolated output +24 V / max. 100 mA
10 ADC2+ Analog input 2 (+)
11 ADC2- Analog input 2 (-)
12 DAC1+ Analog output 1 (+)
13 DAC1- Analog output 1 (-)
14 PTCA Connection for PTC / KT
15 PTCB Connection for PT 4
16 DIN5 Digital input 5
17 DING Digital input 6

18 DOUT1/NC

Digital output 1 )

19 DOUT1/NO

20 DOUT1/COM

21 DOUT2/NO

22 DOUT2/COM

23 DOUT3/NC

24 DOUT3/NO

""A al output 3 / NO contact

Digital output 3 / Changeover contact

26 DAC2+ Analog output 2 (+)
27 DAC2- Analog output 2 (-)
28 — Isolated output 0 V / max. 100 mA
29 RS485 port
RS485 port

Fig. 2-13

A detailed description of the inputs and outputs is provided in Section 3.6.

42

Control terminals of
MICROMASTER 440

111213 14 15 ELIEFA 26 27

Errrrrr

EEVE 3 4 A

1718 10 20 21 25 23 27 20
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244 Avoiding Electro-Magnetic Interference (EMI)

The inverters are designed to operate in an industrial environment where a high
level of EMI can be expected. Usually, good installation practices will ensure safe
and trouble-free operation. If you encounter problems, follow the guidelines stated
below.

Action to Take

>

>

Ensure that all equipment in the cubicle is well grounded using shorigthick
grounding cable connected to a common star point or busbar

Make sure that any control equipment (such as a PLC) connectedto,the
inverter is connected to the same ground or star point as the jinverter via a short
thick link.

Connect the return ground from the motors controlled by the‘inverters directly to
the ground connection (PE) on the associated inverter

Flat conductors are preferred as they have lower impé&dance at higher
frequencies

Terminate the ends of the cable neatly, ensuringfthatunscreened wires are as
short as possible

Separate the control cables from the power cables as much as possible, using
separate trunking, if necessary at 90° tgreach ather.

Whenever possible, use screened leads fagthe connections to the control
circuitry

Ensure that the contactors in the cubigle are suppressed, either with R-C
suppressors for AC contactors oggflywheel' diodes for DC contactors fitted to the
coils. Varistor suppressors are alsg effective. This is important when the
contactors are controlled ffomitheinverter relay

Use screened or armoréd,cables for the motor connections and ground the
screen at both ends uSing the cable clamps

WARNING
Safety regulations mUst net'be compromised when installing inverters!

MICROMASTER 440  Operating Instructions
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2.4.5 Screening Methods

Frame Sizes A, B and C O

For frame sizes A, B and C the Gland Plate Kit is supplied as an option. It allows 0
easy and efficient connection of the necessary screening. See the Gland Plate
Installation Instructions contained on the Document CD-ROM, supplied with the
MICROMASTER 440. &

Screening without a Gland Plate %
Should a Gland Plate not be available, then the inverter can be scre ng the

methodology shown in Fig. 2-14.

Mains power input K
Control cable \
Motor cable
Footprint filter O
Metal back plate
Use suitable cli Xmotor and control cable screens securely to metal back plate
Screeni N

irin

~No o b~ WNBRE

Fig. 2-1 uidelines to Minimize the Effects of EMI

MICROMASTER 440  Operating Instructions
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Frame Sizes D and E

The Gland Plate is factory fitted. If the installation conditions are restricted, the
shield of the motor cable can also be attached outside the cabinet, as shown in
Fig. 2-14, for example.Frame Sizes FX and GX ( )

Frame size F
The gland plate for the control cables is factory-fitted. ¢

Devices without filter: The shield of the motor cable must be attached ouitside the
cabinet, as shown in Fig. 2-14, for example

Devices with filter: The gland plate for the motor cable is factoN

Frame Sizes FX and GX

Connect the wire shields to the shield connection points show tl onnection
drawing (see Fig. 2-9 and Fig. 2-10) .

Twist the shields of the motor cables and screw them to
motor cable.

When using an EMI filter, a power commutating ch% uired. The wire shields

nnection for the

should be fastened to the metallic mounting susfac e as possible to the

components.

>
N
N

L 4

Q
o
&

L 4

MICROMASTER 440  Operating Instructions
6SE6400-5AW00-0BPO 45






Issue 10/06

3 Functions

3

Functions

This Section includes the following:

3.1
3.1.1

3.1.2

3.1.21
3.1.2.2
3.1.2.3

3.1.3
3.14

3.2

3.2.1
3.2.2
3.23
3.24

3.3
3.4

3.5

3.5.1
3.5.2
3.5.3
3.54
3.55
3.5.6

3.5.7

3.5.71
3.5.7.2
3%6.7.3
3.57.4
5. 75
357.6

» Explanation of the MICROMASTER 440 parameters
» An overview of the parameter structure of MICROMASTER 440
» A description of the display and operator control elements and commupications
» A block diagram of MICROMASTER 440
» An overview of the various ways of commissioning the MICROMASTER 440
» A description of the inputs and outputs
» Possibilities of controlling (open-loop and closed-loop) thedICROMASTER 440
» A description of the various functions of the MICROMASTER 440 and their
implementation
» Explanation and information on the protective fufictions
Parameters ........cceuieiiiieee e e e W e e e e e e e e e e e e e 51
Setting / monitoring parameters and parameter attributes ................coeeecvvieeenenn. 51
Interconnecting signals (BICO technology) . ... M .ce oo oiiieeiiiiiee e 57
Selecting the command source P0700 /'selecting the setpoint source P1000....... 57
Selection of command/frequency setpoiNntiPO719 .........ooooviiiiiiiiiieeee e, 59
BICO teChnOology .......cceevieeiiii e e 60
Data SetsS....cooviiiiiieeeeee el 63
Reference quantities ......... i d e 68
Operator panels for MICROMASTER...........ccoooiiiiiie e 70
Description of the BOP (Basic@perator Panel) ..., 70
Description of the AOP (Advanced Operator Panel) ..........cccoccceviieiiiiiieeeee 71
Keys and their functiens on the operator panel (BOP / AOP) .........cccccvviveveeeieenns 72
Changing parameters using the operator panel ..........cccccooeiiiciie e 73
BlOCK diagram .. ..o 74
Factory Settig ... oo 75
COMMISSIOMINGME . .....eeeeeeee ettt s e et s e ee e e e 77
50/60 HZ SEHING ....e e 79
Y To) (0] e o et SR 80
QUICK BONIMISSIONING ......e ettt ettt e st re e e e sneeas 83
Caleulating the motor / control data.............cooiiieiiiiii e 88
Motor data identifiCation..............eeiiiiie i 91
Mag@NetiZING CUITENT ..o e e 95
Commissioning the application ............cooviii i 97
Serial INterface (USS).......ueiiiiiiii e 97
Selection of COMMANT SOUICE .......c.ueiiiiiiiiiie e 98
Digital INPUL (DIN)....eeeieiee et e e e e e e e e e e e s s e nrraeeeaaaeeaaans 98
Digital output (DOUT) ....eeiiie e et e e s 99
Selection of frequency SetPOINt..........cooi i 100
ANAIOG INPUE (ADC) ..ttt 101
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3.5.7.7 ANAIOG OULPUL (DAQC) ...t 102
3.5.7.8 Motor potentiometer (MOP) .........ooiuiiiiiiee e e 103
3.5.7.9 Fixed frequenCy (FF).. .o 104
3.5.7.10 [ L USSR 105
3.5.7.11 Ramp function generator (RFG) .......ccooouiiiiiiiie e 106
3.5.7.12 Reference/limit freQUENCIES .........cooveiiiiiiiiee e 107
3.5.7.13 INVerter ProteCHION ...........ii i s 108
3.5.7.14 1Y [o) (o] gl o]y} (=1 (o] PRSP 108
3.5.7.15 [ Tt o =Y oS 110
3.5.7.16 VECONEIOL ... eeee e e e ool 111
3.5.7.17 Field-orientated coNtrol ... e 113
3.5.7.18 Converter-specific FUNCHONS .........ooiiiiii B e e 118
3.5.7.19 Command and drive data Set..........ccoceeeviieieiiiiee e B 127
3.5.7.20 Diagnostic parameters ... e e 130
3.5.7.21 ENnd of COMMISSIONING.......coiiiiiiieiiiiiieecieee e eeee e e BB e e nee e e 131
3.5.8 Series COMMISSIONING ...cevieiiiiiiiiiiie e B bl 132
3.5.9 Parameter reset to the factory setting..........oooooeic 133
3.6 INPULS / OULPULS ..+ e e e e e e e e e eaaaeenan 135
3.6.1 Digital inputs (DIN)......cooiiieeiiiee e e e i e 135
3.6.2 Digital outputs (DOUT) ....cooiiiiiiieiiiieeeiiieee e i i 8 138
3.6.3 ANalog iNPUES (ADC) ... e e ee e et e e e enee e e e nneeeeeenneeas 140
3.64 Analog outputs (D/A converter) ... M D oo 142
3.7 1070)00100 10 ][or=1110] o I ISR o S SRR 144
3.7.1 Universal serial interface (USS).......... 8 ... 146
3.711 Protocol specification and bus StruCtFE.... My, .ccoovvireeiiiiiie e 148
3.71.2 The structure of net data............coo e b M 155
3.7.1.3 USS bus configuration via COMIInk (RS485)..........ooiiiiiiiiiiieeeeceiee e 164
3.8 Fixed frequencies (FF)...... 0 e e 167
3.9 Motorized potentiometer (MOP) M, .......cveveiiiiiiee et 170
3.10 JOG .. e e 172
3.1 PID controller (technologi€al €oNtroller).............ccueiiiiiiiiiiiee e 173
3.11.1 Closed-l0op PID CORrol. ..o 175
3.11.11 PID motorized potentiometer (PID-MOP) .........ccccoiiiiiiiiiiiie e 177
3.11.1.2 PID fixed setpint (PID-FF)........ooo e 178
3.11.1.3 PID danceRroll CONIIrOl ..........c.ueiieiee e 179
3.12 Setpoint CRBNNEEA:.........cooi i 181
3.12.1 Summation and modification of the frequency setpoint (AFM)..........cccccoovereneen. 181
3.12.2 Rampsfupction generator (RFG) ... 183
3.12.3 OFFIbraking fUNCHIONS ... e 186
3.12.4 Mahual7automatic OPeration ............ccccvviiiiieii i 189
3.13 Free function bIOCKS (FFB) .......ooiiiiiiiiie e 191
3.14 Motor holding brake (MHB)..........ooii e 196
3.15 EIeCtroniC Drakes .......oooo i 202
3.15.1 DT o] =1 {1 o PSR 202
345.2 (7] 02T oo 18] To [ o] =1 (] 3 Vo S 205
3:15:3 DYNamic Braking .......ccoocueeiieiiiiie et 206
3.16 AULOMALIC FESTAIT. ....eiiiiei e e e 211
3.17 FIVING FESTAI ..o 213
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Closed-100p VAC CONTIOL........ccviiiee et
VAC_MaX CONEFOIIET ...
Kinetic buffering (Vdc_min controller)............cooooiiiiiiiiiee e,

POSItioNiNg AOWN FAMIP ....eiiiiiiiiieee e e e

Monitoring fuNCtioNS / MESSAGES .....eveee e
General monitoring functions / MESSAJES .........eveiiiiiie i
[IeY=To [ (o]0 [81=N 1 g o] aT1 (o] ¢ s o [ SRS

Thermal motor protection and overload responses..........ccccceevvveee e
Thermal motor MOdel..........cuiiiiiiiii s
TeMPErature SENSON.........ciiiieeiie ettt

Power module protection ...........cccccooeeciiiiiiiiie e
General overload MONItOriNg .........cccvveeiiiere e s
Thermal monitoring functions and overload responses

Open-loop/closed-loop control technique.......................

VI CONIOL ...
Voltage booSt .........oooiiiiiii s
Slip compensation..............ccccccviieieieeeeiiecinnen

V/f resonance damping.......cccceeeeeeeecnineeeeeeeeeeeec s
V/f open-loop control with flux current co
Current limiting (Imax controller)............s.....0
Vector control..........ccccoeiiiiiiiiiiiienen,
Vector control without speed encoder (
Vector control with speed encoder (
Speed controller..........ccccoeeeeeen i

Closed-loop torque control.... 4.

Limiting the torque setpointd. ...l . e
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WARNING
» MICROMASTER drive inverters operate with high voltages.

» When electrical equipment is operated, then specific parts of this equipment arg
at hazardous voltage levels.

» The following terminals can carry dangerous voltages even if the inverter is
inoperative:
+ the power supply L/L1, N/L2, L3 resp. U1/L1, V1/L2, W1/L3
+ the motor terminals U, V, W resp. U2, V2, W2
+ and depending on the frame size the terminals DC+/B+, DC;, B4 DE/R+
resp. DCPS, DCNS, DCPA, DCNA

» Emergency switching-off devices in compliance with EN 602041EC 204 (VDE
0113) must remain functional in all operating modes of the control device. When
the Emergency switching-off device is reset, then it is not permissible that the
equipment runs-up again in an uncontrolled or undefined,way.

» In cases and situations where short-circuits in the contrel devi€e can result in
significant material damage or even severe bodily injury (i"e, potentially
hazardous short-circuits), then additional external measures or
devices/equipment must be provided in order toenstre or force operation
without any potential hazards, even if a shaftscircuit occurs (e.g. independent
limit switches, mechanical interlocks etc.).

» Certain parameter settings can mean thatthe drive inverter automatically
restarts after the power supply voltage failsyand‘then returns.

» The motor parameters must be preciselyaconfigured in order to ensure perfect
motor overload protection.

» The drive inverter provides internalmotor overload protection according to
UL508C, Section 42. It monitoringfis €habled in the default setting (refer to
P0610 and P0335). The motorioverlgad protection can also be guaranteed
using an external PTC orKTY84.

» This equipment is suitable fopuse in a circuit capable of delivering not more
than 10,000 (Frame Sizes'A,toC) or 42,000 (Frame Sizes D to GX) symmetrical
amperes (rms), for afmaximum voltage of 230 VV / 460 V / 575 V when protected
by an H, J or K type fuse, a circuit breaker or self-protected combination motor
controller (for magre details see Appendix F).

» The drive uniténayynot'be used as 'Emergency switching-off device' (refer to
EN 60204, 9:2.5%4).

CAUTION
Only qualified personnel may commission (start-up) the equipment. Safety

measuresyand warnings must be always extremely carefully observed and fulfilled.
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3.1 Parameters

3.1.1 Setting / monitoring parameters and parameter attributes

The drive inverter is adapted to the particular application using the appropriate
parameters. This means that each parameter is identified by a parameter number ,
parameter text and specific attributes (e.g. readable, can be written into, BICO
attribute, group attribute etc.). Within any one particular drive system, the
parameter number is unique. On the other hand, an attribute can be assignéd a
multiple number of times so that several parameters can have the same attribute.

For MICROMASTER, parameters can be accessed using the follgwing operator

units:

» BOP (option)

> AOP (option)

» PC-based commissioning (start-up) tool "Drive Monitor" oR"STARTER". These
PC-based tools are supplied on the CD-ROM.

The parameter types are the main differentiating feature‘of the parameters.

Parameter \
Read (r....) Write/Read (P....)
"normal” BICO output "normal” BICO input
Read parameters \Write-/Read parameters

Fig. 3-1 Parameter types

Setting parameters

Parameters which can be writt€én into and read — "P" parameters

These are activated/de-activated in the individual functions or parameters directly
influence the behavior of @ function. The value of this parameter is saved in a non-
volatile memory (EEPROM) as long as the appropriate option was selected (non-
volatile data save). Otherwise, these values are saved in the non-volatile memory
(RAM) of thefprocessor, which are lost after power failure or power-off/power-on

operations;

Notation;

P092¢7 setting parameter 927
RO74841 setting parameter 748, bit 01
PO749[1] setting parameter 719 index 1

P0013[0...19] setting parameter 13 with 20 indices (indices 0 to 19)
Abbreviated notation
P0013[20] setting parameter 13 with 20 indices (indices 0 to 19)

MICROMASTER 440  Operating Instructions
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Monitoring parameters

These can only be read — "r" parameters

These parameters are used to display internal quantities, for example states and
actual values. These parameters are absolutely necessary, especially for
diagnostics.

Notation:

r0002 monitoring parameter 2

r0052.3 monitoring parameter 52, bit 03
r0947(2] monitoring parameter 947 index 2

r0964[0...4] monitoring parameter 964 with 5 indices (indices 010,4)
Abbreviated notation

r0964[5] monitoring parameter 964 with 5 indices (indices\0.10 4)
NOTE
» A parameter (e.g. P0013[20]) with x consecutive P0013[0]

elements (in this case: 20) is defined using an index. Xuis P0013[1]
defined by the numerical index value. When transferted to  pgg13[2;
a parameter this means that an indexed parameter can

assume several values. The values are addressed via the
parameter number including the index{Value (e.g. P0013[18]
P0013[0], PO013[1], PO013[2], POO13[3];"RO013[4], ...). P0013[19]
Index parameters, for example, are used for:

= Drive data sets
= Command data sets
= Sub-functions

In addition to the parameterfaumber and parameter text, every setting and
monitoring parameter has‘different attributes which are used to individually define
the properties/characteristics ‘of.the parameter. The attributes are listed in the
following Table which arfe used for MICROMASTER.

Table 3-1 Parameter attributes
Attribute Attribute Description
group
Data types JLhe data type of a parameter defines the maximum possible value range. 3 data
typespare used for MICROMASTER. They either represent an unsigned integer value
(W16, U32) or a floating-point value (float). The value range is frequently restricted by
a/minimum, maximum value (min, max) or using drive inverter/motor quantities.
16 Unsigned, integer value with a size of 16 bits,
max. value range: 0 .... 65535
U32 Unsigned, integer value with a size of 32 bits
max. value range: 0 .... 4294967295
Float A simple precise floating point value according to the IEEE standard format
max. value range: -3.39¢"*® — +3.39¢"%
MICROMASTER 440  Operating Instructions
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Attribute Attribute Description
group
Value range The value range, which is specified as a result of the data type, is restricted/limited by
the minimum, maximum value (min, max) and using drive inverter/motor quantities.
Straightforward commissioning (start-up) is guaranteed in so much that the
parameters have a default value. These values (min, def, max) are permanently
saved in the drive inverter and cannot be changed by the user.
- No value entered (e.g.: "r parameter")
Min Minimum value L4
Def Default value
Max Maximum value
Unit For MICROMASTER, the units of a particular parameter involve the p
(e.g. m, s, A). Quantities are measurable properties/characteristi hysical
objects, operations, states and are represented using characters o ula (e.g. V
=9V).
- No dimension
% Percentage
A Ampere
\Y Volt
Ohm Ohm
us Microseconds
ms Milliseconds
s Seconds
Hz Hertz
kHz Kilohertz
1/min Revolutions per minute [RPM]
m/s Meters per second
Nm Newton meter
W Watt
kW Kilowatt
Hp Horse power
kWh Kilowatt hours
°C Degrees Celsj
m Meter
kg Kilogram
° r degrees)
Access level Th | is controlled using parameter PO003. In this case, only those
p are visible at the BOP or AOP, where the access level is less than or
value assigned in parameter PO003. On the other hand, for DriveMonitor
n RTER, only access levels 0 and 4 are relevant. For example, parameters
ess level 4 cannot be changed if the appropriate access level has not been
t.
Qe following access levels are implemented in the family of MICROMASTER drive
nits:
User-defined parameter list (refer to P0013)
Standard access to the most frequently used parameters
Extended access, e.g. to drive inverter I/O functions
Expert access only for experienced users
4 Service access only for authorized service/maintenance personnel — with password
protection.
As far as the ability to visualize the parameters is concerned, the group assignment of
@ the individual parameters must be taken into account. Parameter P0004 is used for
the control (refer to the Grouping).
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Attribute Attribute Description
group
Grouping The parameters are sub-divided into groups according to their functionality. This

increases the transparency and allows a parameter to be quickly searched for.
Furthermore, parameter PO004 can be used to control the ability to be visualized for
the BOP / AOP.

Main parameter area:

ALWAYS 0 all parameters

INVERTER |2 drive inverter parameters 0200 .... 0299
MOTOR 3 motor parameters 0300 .... 0399 and
0600 .... 0699
ENCODER |4 speed encoder 0400 .... 0499
TECH_APL (5 technical applications / units 0500 .... 0599
COMMANDS |7 control commands, digital /O 0700 .... 0749(and
0800 .... 0899
TERMINAL (8 Analog inputs/outputs 0750 ...,,0799
SETPOINT |10 Setpoint channel and ramp-function gen. 1000 .... 17199
FUNC 12 Drive inverter functions 1200 .... 1299
CONTROL |13 Motor open-loop/closed-loop control 1300%... 1799
COMM 20 Communications 2000,....2099
ALARMS 21 Faults, warnings, monitoring functions® 2100 .... 2199
TECH 22 Technological controller (PID controller) 2200 .... 2399
BICO Description for Binector Input (Bl), Binector Qutput’ (BO), Connector Input (Cl),

Connector Output (CO) and ConnectonOutput 4 Binector Output (CO/BO), refer to
Section 3.1.2.3

BI Binector Input
BO Binector Output
(¢]] Connector Input
CcO Connector Output
CO/BO Connector Output #Binector Output
Data sets Description for theyjeommand data set (CDS) and drive data set (DDS) refer to Section
3.1.3
CDS Command data set
DDS Drive data set
Change state "P" parameters/can/only be changed depending on the drive state. The parameter

value isgiot’accepted if the instantaneous state is not listed in the parameter attribute
"Change state) For instance, the commissioning (start-up) parameter PO010 with the
attribute "€I".€an only be changed in quick start-up "C" or ready "T" but not in run
"

C Quiek commissioning (start-up)
U Operation (run)
T Ready
QC. This parameter attribute identifies as to whether the parameter is included in the quick
commissioning (start-up) (P0010 = 1).
No The parameter is not included in the quick commissioning (start-up)
Yes The parameter is included in the quick commissioning (start-up)
Active This attribute is only of importance in conjunction with a BOP. The "Immediate"

attribute indicates that this value is already accepted when scrolling (when changing
the value with @ or @). Especially parameters which are used for optimization
functions have this property (e.g. constant voltage boost P1310 or filter time
constants). On the other hand, for parameters with the attribute "After actuation”, the
value is only accepted after first actuating the key . These include, for example,
parameters where the parameter value can have different settings/meanings (e.g.
selecting the frequency setpoint source P1000).

Immediately | The value becomes valid by either scrolling with @ or @

After The value is only accepted by pressing
actuation
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The attributes and groups are shown, in the parameter list, in the header line of the
parameter. This is shown as an example in Fig. 3-2 using parameter P0305.

Index
BICO (if available Access level
| oo ’ 3
P0O305[3] Rated motor current Min: 0.01 Level:
CStat: C Datatype: Float Unit A Def:
Der. 316320.0 1

’—b P-Group: MOTOR > Active: first confirm ® QuickComm. Yes
G

roup U Active U QuickComm. | Value range
CStat Datatypes Unit

Fig. 3-2 Header line for parameter P0305 %
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The interrelationship between access level PO003 and the grouping P0004 is

schematically shown in Fig. 3-3.

User access level
P0O003 =1 Standard

P0O004 = 2

Inverter Unit

2 Extended  pooo4 =2, PO003 = 1
3 Expert
4 Seni Parameters level 1
ervice concerning the inverter unit
P0O004 =0

(no filter function) P0004 = 2, PO003 = 3

Parameters
concerni

allows direct access
to the parameters.
For BOP and AOP
depending on the
selected access level

Parameters level 1,2 and 3
concerning the inverter unit

P0004 = 22
PID Controller

P0O004 = 21

Alarms, Warnings &
Monitoring '

P0O004 = 20

Communication
P2000 ... P2099

P00

=2,P0003 =4

ters level 1, 2, 3 and 4
concerning the inverter unit
P0004 = (b
Inverter Unit
P0200 ... P029
\« P0O004 =3
Motor Data

P0300 ... P0399
P0600 ... P0699

P0O004 =4

Speed sensor
P0400 ... P0499

P0O004 = 13

Motor Control -
P1300 ... P1799

P0O004 =10
Setpoint Channel &
Ramp Generator
P1000 ... P1199

P0O004 =5

Technology
Application / units
P0400 ... P0499

‘ P0O004 =7

Commands and
Digital I/0
P0700 ... P0749

P0004 = 8 P0800 ... P089Y

Analogue 1/0
P0750 ... P0799

Fig. 3-3
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4 Parameter grouping / access
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3.1.2 Interconnecting signals (BICO technology)

A state-of-the-art drive unit must be able to interconnect internal and external
signals (setpoint / actual values and control / status signal). This interconnection
functionality must have a high degree of flexibility in order to be able to adapt the
drive to new applications. Further, a high degree of usability is required, which also
fulfills standard applications. This is the reason that within the MICROMASTER
series of drive units, BICO technology (— flexibility) and fast parameterization
using parameters P0700 / P1000 (— usability) or P0719 (— combination
P0700/P1000) have been introduced to be able to fulfill both of these requirements.

3.1.2.1  Selecting the command source P0O700 / selecting thefsetpoint
source P1000

The following parameters can be used to quickly interconnectisetpoints and control
signals:

» P0700 "Selection of command source"
» P1000 "Selection of setpoint source"

These parameters are used to define via whichinterface'the drive inverter receives
the setpoint or the power-on/power-off commandy The, interfaces, listed in Table
3-2 can be selected for the command source POZ00.

Table 3-2 Parameter P0O700

Parameter values | Significance / commangd source

0 Factory default

BOP (operator panel, referto Section 3.2.1)

Terminal strip.
USS on BOP link
USS on EOM link
CB on COM link

|l (IN|~

The following internal or éxternal sources / interfaces can be selected for the
frequency setpoiftysolireé P1000. In addition to the main setpoint (1% position), a
supplementary,setpoint (2"“| position) can be selected (refer to Table 3-3).
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Table 3-3 Parameter P1000

Significance
Main setpoint source Supplementary setpoint source

Parameter values

0 No main setpoint -

MOP setpoint (motorized
potentiometer)

Analog setpoint -

2

3 Fixed frequency -
4 USS on BOP link -
5

6

7

USS on COM link -
CB on COM link -
Analog setpoint 2 -

10 No main setpoint MOP setpoint
11 MOP setpoint MOP setpoint
12 Analog setpoint MOR setpoint

77 Analog setpoint 2 Analog setpoint 2

NOTE

» Communications between the AOP‘and MICROMASTER are established using
the USS protocol. The AOP can pgeleonnected to both the BOP link (RS 232) as
well as at the COM link interface\ (RS 485) of the drive inverter. If the AOP is to
be used as command soufce or setpoint source then for parameter PO700 or
P1000, either "USS on BOP Jink" or "USS on COM link" should be selected.

» The complete list of all'ef theysetting possibilities can be taken from the
parameter list (refer to_parameter list P1000).

» Parameters P0700 and/P1000 have the following default settings:
a) P0700 =2 (terminalgstrip)
b) P1000 =2 (analog setpoint)

In this case, theiselection of the command source is made independently of the
selection ofdhe frequency setpoint source. This means that the source to enter the
setpoint does notfthave to match the source to enter the power-on/power-off com-
mand (command source). This means, for example, that the setpoint (P1000 = 4)
can beseennetted via an external device which is connected to the BOP link
interface via USS and the control (ON/OFF command, etc.) is entered via digital
inputs(terminals, PO700 = 2).

CAUTION

»"When P0700 or P1000 are modified, then the frequency inverter also changes
the subordinate BICO parameters (refer to the parameter list for P0700 or
P1000 in the appropriate tables)

» There is no prioritization (priority assignment) between direct BICO
parameterization and PO700/P1000. The last modification is valid.
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3.1.2.2

Selection of command/frequency setpoint P0719

Parameter P0719 represents a combination of the functionalities of the two
parameters PO700 and P1000. Here, it is possible to changeover the command
source as well as also the frequency setpoint source via a parameter change.
Contrary to PO700 and P1000, for parameter P0719, the subordinate (lower-level)
BICO parameters are not changed. This characteristic/feature is especially used by
PC tools in order to briefly retrieve the control authority for the drive without having
to change the existing BICO parameterization. Parameter P0719 "Selection of
command/frequency setpoint" comprises the command source (Cmd) andsthe
frequency setpoint (setpoint).

Table 3-4 Parameter P0719

Parameter values Significance )
Command source Setpoint‘Seurce (frequency source)

0 Cmd=BICO parameter Setpoint BICO parameter
1 Cmd=BICO parameter Setpoint = MOP setpoint
2 Cmd=BICO parameter Setpoint =/Analog
3 Cmd=BICO parameter Setpoint = Fixed frequency
4 Cmd=BICO parameter Setpoint = USS BOP link
5 Cmd=BICO parameter Setpoint = USS COM link
6 Cmd=BICO parameter Setpoint = CB COM link
10 Cmd=BOP Setpoint = BICO Param
11 Cmd=BOP Setpoint = MOP setpoint
12 Cmd=BOP Setpoint = Analog
64 Cmd=CB,, COM{link Setpoint = USS BOP link
66 Cmd=CB COM link Setpoint = USS COM link

NOTE

» The complete list of alllof the possible settings can be taken from the parameter
list (refer to theyparameter list, P0719).

» Contrary tosparameter P0700 and P1000, subordinate BICO parameters are not
changedifor parameter P0719. This characteristic/feature can be used during
servicesifitheseontrol authority must be briefly and quickly re-assigned (e.g.
selecting afid executing the motor data identification routine using a PC-based
tool).
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BICO technology

Using BICO technology (English: Binector Connector Technology), process data
can be freely interconnected using the "standard" drive parameterization. In this
case, all values which can be freely interconnected (e.g. frequency setpoint,
frequency actual value, current actual value, etc.) can be defined as "Connectors"
and all digital signals which can be freely interconnected (e.g. status of a digital
input, ON/OFF, message function when a limit is violated etc.) can be defined as
"Binectors".

There are many input and output quantities as well as quantities within the Closed-
loop control which can be interconnected in a drive unit. It is possibleito adapt the
drive to the various requirements using BICO technology.

A binector is a digital (binary) signal without any units and which'ean eithier have
the value 0 or 1. Binectors always refer to functions whereby they are’sub-divided
into binector inputs and binector outputs (refer to Fig. 3-4). In this'¢ase, the
binector input is always designated using a "P" parametegwithtattribute "BI" (e.g.:
P0731 BI: Function, digital output 1), while the binector,qutputyjis always
represented using an "r" parameter with attribute "BO" (elg.: r0751 BO: ADC status
word).

As can be seen from the examples above, the(binector parameters have the
following abbreviations in front of the parameterinames:

» Bl Binector Input, sighal receiver (“P"sparameters)

— The BI parameter can be interconnettediwith a binector output as source, by
entering the parameter number offthe'binector output (BO parameter) as
value in the Bl parameter (e.g.: Interconnecting the "BO" parameter r0751
with "BI" parameter P0731 —#POZ31%= 751).

» BO Binector Output, signalsource ("r" parameters)

— The BO parameter can beused as source for Bl parameters. For the
particular interconnectionthe BO parameter number must be entered into
the Bl parameter (e.gw,Interconnecting the "BO" parameter r0751 with "BI"
parameter P0731 s3\P0731 = 751).

Abbreviation and symbol{ | Name Function
BI ):| Binector input Data flow
(signal receiver) —>
Pxxxx
Function
BI: ...
BO = Binector output Data flow
(signal source) —
IXXXX
Function
BO: ...
Fig-8:4 Binectors

A cofinector is a value (16 or 32 bit), which can include a normalized quantity
(without dimension) as well as also a quantity with associated units. Connectors
always refer to functions whereby they are sub-divided into connector inputs and
connector outputs (refer to Fig. 3-5). Essentially the same as the binectors, the
connector inputs are characterized by a "P" parameter with attribute "CI" (e.g.:
P0O771 CI: D/A converter); while the connector outputs are always represented
using an "r" parameter with attribute "CQO" (e.g.: r0021 CO: Smoothed output
frequency).
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As can be seen from the examples above, connector parameters have the
following abbreviations in front of the parameter names:

» Cl Connector Input, signal sink ("P" parameters)

— The CI parameter can be interconnected with a connector output as source,
by entering the parameter number of the connector output (CO parameter)
as value in the Cl parameter (e.g.: PO771 = 21).

» CO Connector Output, signal source ("r" parameters)

— The CO parameter can be used as source for Cl parameters. Fopthe
particular interconnection, the CO parameter number must be enteréd)in the
Cl parameter (e.g.: PO771 = 21).

Further, MICROMASTER has "r" parameters where several bineg¢toreutputs are
combined in a word (e.g.: r0052 CO/BO: Status word 1). This featdre reduces, on
one hand, the number of parameters and simplifies parameterization*via the serial
interface (data transfer). This parameter is further characterized by*the fact that it
does not have any units and each bit represents a digitalgbinary)’signal.

As can be seen from the examples of parameters, theseigombined parameters
have the following abbreviation in front of the paraméternames:

» CO/BO Connector Output / Binector Outputy signal source ("r"
parameters)

— CO/BO parameters can be used asource for Cl parameters and Bl
parameters:

a) In order to interconnect all of the®€O/BO parameters, the parameter
number must be entered intaithe appropriate Cl parameter (e.g.:
P2016[0] = 52).

b) When interconnecting a Singledigital signal, in addition to the CO/BO
parameter numberfthelbit number must also be entered into the Bl
parameter (e.g.: €0734'= 52.3)

Abbreviation and symbol “hName Function
cr > ] Connector input Data flow
(signal receiver) —>
Pxxxx
Function
Cl: ...
co D Connector output Data flow
(signal source) —>
IXXXX
Function
CO: ...
co Binector/connector Data flow
BO B output > ook
(signal source) .
Functions
CO/BO: ...

Fig. 355 Connectors

Inforder to interconnect two signals, a BICO setting parameter (signal receiver)
must be assigned the required BICO monitoring parameter (signal source). A
typical BICO interconnection is shown using the following examples (refer to Fig.
3-6).
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Connector output (CO) ===> Connector input (Cl)
Cl: Main setpoint ‘
Eunction |CO: Act. ADC after scal. [4000h] P1070 | Function
—{r0755 » (755)
P1070 = 755
4
Binector output (BO) ===> Binector input (Bl)

Bl: ON/OFF1
Eunction BO: Status word of ADC P0840
—I r0751 J‘ ») 0))

P0840 = 751.0

Connector output / Binector output (CO/BO)

P2051 =52 Function

CO/BO: Act. status word 1

Functi r0052
unction 10052
‘ tion of digital output 1
PO731 Function
% (52:3)
PO
Fig. 3-6 BICO connections rr@
NOTE
BICO parameters with the , or CO/BO attributes can be used a multiple
number of times.

‘U
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3.1.3

Data sets

For many applications it is advantageous if several parameters can be
simultaneously changed, during operation or in the ready state, using an external
signal.

Examples:
» The drive inverter should be switched-over from motor 1 to motor 2.
_j_@ Motor 1
MM4
L Motor, 2
X
Fig. 3-7 Example: Changeover from motor 1 to motor2

» The control source (e.g. terminal — BOP) ok, setpoint (ffequency) source (e.g.
ADC — MOP) should be changed-over using ayterminal signal (e.g. DIN4) as
function of an external event (e.g. the higher-leveleontrol unit fails). A typical
example in this case is a mixer, which may fet,come to an uncontrolled stop
when the control fails.

Control source: Terminal — BOP
Setpoint (frequenéyisouree): ADC — MOP
P0840,= 722.3
DIN4 [ 2 )
, RO700[0] =2 5
T | >
@ o\c Sequence control
Pp1—o0
o= 0 0
A 4 A 4
P1000[0] = 2
ADC >l " Setpoint Motor
>0 channel [~ control
MOR P1000[1] =1
Fig. 3-8 Example: Changing-over between the control and setpoint (frequency)
source

This funetionality can be elegantly implemented using indexed parameters (refer to
Sectionf3.1.1). In this case, as far as the functionality is concerned, the parameters
are,combined to form groups / data sets and are indexed. By using indexing,
several different settings can be saved for each parameter which can be activated
by changing-over the data set (i.e. toggling between data sets).

1he following data sets apply:
CDS Command Data Set
DDS Drive Data Set
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3 independent settings are possible for each data set. These settings can be made
using the index of the particular parameter:

CDS1 ... CDS3
DDS1 ... DDS3

Those parameters (connector and binector inputs) which are used to control the
drive and enter a setpoint, are assigned to the command data set (CDS). The
signal sources for the control commands and setpoints are interconnected using
BICO technology (refer to Section 3.1.2.3). In this case, the connector and binector
inputs are assigned as signal sources corresponding to the connector and_binector
outputs. A command data set includes:

» Command sources and binector inputs for control commands (digital

signals) e.g.:

+ Selects the command source P0O700
+ ON/OFF1 P0840
¢ OFF2 P0844
+ Enable JOG right P1055
+ Enable JOG left P1056

» Setpoint sources and connector inputs farsetpoints (analog signals) e.g.:
+ Selection of frequency setpoint  P1000
+ Selection of main setpoint P10%0
+ Selection of additional setpoint P1075

The parameters, combined in a command‘data set, are designated with [x] in the
parameter list in the index field.
Index:

Pxxxx[0] : 1% command data set(CDS)
Pxxxx[1] : 2" commandddata'$et (CDS)
Pxxxx[2] : 3" command dataset (CDS)

NOTE
A complete list of allfof'the®€DS parameters can be taken from the parameter list.

It is possible to parameterize up to three command data sets. This makes it easier
to toggle betwéen various pre-configured signal sources by selecting the
appropriate .cemmand data set. A frequent application involves, for example, the
ability to togglebetween automatic and manual operation.

MICROMASTER has an integrated copy function which is used to transfer
command data sets. This can be used to copy CDS parameters corresponding to
the particular application. The copy operation is controlled with PO809 as follows
(refer to'Fig. 3-9):
17 P0809[0] = Number of the command data set which is to be copied (source)
2. P0809[1] = Number of the command data set into which data is to be copied

(target)
3. P0809[2]=1 — Copying is started

Copying has been completed, if P0809[2] = 0.
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P0809[0]=0 1.CDS /\
P08OI[1] = 2

3.CDs [0] 1] 2]

P0809[2] =1  Start copy FO760
P0701 0
P0702

P0703
P0704

P2253
P2254
P2264

1.CDS 2.CDS

Fig. 3-9 Copying from CDS

ameter P0810 and
rameter r0050
"as well as in the

The command data sets are changed-over using the BI
P0811, whereby the active command data set is displa
(refer to Fig. 3-10). Changeover is possible both in
"Run" states.

Selection of CDS

B:CDSbit1 [ Sy layn CO/BO: Act Ctriwd2
P0811 r0055.15
(0:0) r0055.15
BI: CDS b0 loc/rem CO/BO: Act CtrlWd1
1 — - r0054 .15
(0:0) 0054 .15
0 -t
Switch-over time
CDS active <“—aprox. 4 ms
r0050 R M. NG R R
A o R S———
— -
-t

L 4
Fig. 3-10 @ing-over CDS

Q>®
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The drive data set (DDS) contains various setting parameters which are of
significance for the open-loop and closed-loop control of a drive:

» Motor and encoder data, e.g.:

+ Select motor type P0300
+ Rated motor voltage P0304
+ Main inductance P0360

+ Select encoder type P0400
» Various closed-loop control parameters, e.g.:

+ Fixed frequency 1 P1001
+ Min. frequency P1080
+ Ramp-up time P1120
+ Control mode P1300

The parameters, combined in a drive data set, are designated,with'an [x] in the
parameter list in the index field:

Pxxxx[0] : 1% drive data set (DDS)
Pxxxx[1] : 2" drive data set (DDS)
Pxxxx[2] : 3" drive data set (DDS)

NOTE
A complete list of all of the DDS parametersigan bertaken from the parameter list.

It is possible to parameterize several drive data’sets. This makes it easier to toggle
between various drive configurations_(control mode, control data, motors) by
selecting the appropriate drive datafset.

Just like the command data séts;it is'passible to copy drive data sets within the
MICROMASTER. P0819 isduseddo control the copy operation as follows:

1. P0819[0] = Number 6fithe'drive data set which is to be copied (source)

2. P0819[1] = Number of.thendrive data set into which data is to be copied
(target)

3. P0819[2] =1 — g=Copying is started
Copying has been completed, if P0819[2] = 0.

PO#19[0] %0  1.DDS N
PO8Y9[{] =2  3.DDS

PO819[2I=1  Start copy o

P0005

P0291
P0300
P0304
P0305

P2484
P2487
P2488

1.DDS 2.DDS 3.DDS

Fig. 3-11 Copying from DDS

Drive data sets are changed-over using the BICO parameter P0820 and P0821
whereby the active drive data set is displayed in parameter r0051 (refer to Fig.
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3-12). Drive data sets can only be changed-over in the "Ready" state and this takes
approx. 50 ms.

A
Drive running
Drive ready 4+ — — ——
Selection of DDS
Bl: DDS bit 1
"""
5
BI: DDS bit 0
1
0
Switch-over time
DDS active A > i*—aprox. 50ms ™
r0051[1] 3l i ____
Fig. 3-12
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68

Reference quantities
Parameter range: P2000 - r2004

Physical quantities are normalized or de-normalized by the frequency inverter
when data is output or is being entered. This conversion is undertaken by the
particular interface using the reference quantities. The normalization / de-
normalization is carried-out for the following interfaces:

Table 3-5 Normalized interfaces

Interafce 100 %
Analog input

Current input 20 mA
Voltage input 10V
Analog output

Current output 20 mA
Voltage output 10V
uss 4000 h
CB 4000/

Further, for a BICO connection, a normalization isycarried-out if the connector
output (CO) represents a physical quantity and theiconnector input (Cl) a
normalized (percentage) quantity (e.g. PIB.contreller). De-normalization is carried-
out if the inverse situation exists. This n@rmalization / de-normalization should be
carefully taken into consideration, especially for the free function blocks (FFBs).

Reference quantities (normalizationfquantities) are intended to allow setpoint and
actual value signals to be represented in/a standard fashion (normalization / de-
normalization of physical quantities such as setpoint and actual frequency). This
also applies for permanently‘setfparameters that are entered as a "percentage”. A
value of 100 % corresponds,to ayrocess data value PZD of 4000 h (USS or CB) —
or a current / voltage value,0f20 mA / 10 V (analog input / output). The following
reference parameters afd permanently saved reference values are available:

Table 3-6 Normalizationgfunctions

Parameter Designation Value (100 % / 4000 h) | Units
P2000 Reference frequency P2000 Hz
P2001 Reference voltage P2001 \%
P2002 Reference current P2002 A
P2003 Reference torque P2003 Nm
r2004 Reference power ™ * P2000 * P2003 kW

- Reference speed P2000 * 60 / r0313 RPM
- Reference temperature 100 °C °C

- Reference energy 100 kWh kWh
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Example

Using the reference frequency P2000 as example, normalization / de-normalization
is demonstrated via the serial interface "USS at BOP link".

If the connection between two BICO parameters is closed (directly using the BICQ

parameters or indirectly using P0O719 or P1000), that have different representation

types (normalized representation (hex) or physical representation (Hz)), then in the
frequency inverter, the following normalization is made to the target value:

P2016
r0021 [0]
— . USS-PZD _ r0021[Hz]'
_._| P E} | BoP link y[Hex] 2000 4000[Hex]
i % B
X[Hz] y[Hex]
r2015
[0] P1070
USS-PZD A o ~¥2015[1] )
BOP ink |1 ] QT v oaaheg PO
i |
X[Hex] y[HZ]
Fig. 3-13 Normalization / de-normalization

Note

» Analog values are limited to 10 V or®20 mA~A maximum of 100 % referred to
the corresponding reference valyes canybe output / entered as long as no
DAC/ADC scaling is made (factory setting).

» Setpoints and actual valug sighalswia serial interface:

& When transferring using, the PZD part, they are limited to the value 7FFF h.
This is the reason that theymaximum value is 200 % referred to the reference
value.

¢ When transferring datalusing the PKW part, they are transferred dependant
on the data typeyand the units.

» Parameter R1082 (max. frequency) limits the frequency in the frequency
inverter independent’of the reference frequency. When changing P1082
(factory setting: 50 Hz), this is the reason that P2000 should always be
adaptedy(factery setting: 50 Hz). If, e.g. for a NEMA motor, the parameter is set
to 60 Hz, andmo changes are made regarding P2000, then the analog setpoint
/ actdal value is limited to 100 % or a setpoint / actual value signal at 4000 h is
limitedyto 50 Hz!
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3.2 Operator panels for MICROMASTER

MICROMASTER drive units can be optionally equipped with a BOP (Basic
Operator Panel) or AOP (Advanced Operator Panel). The AOP distinguishes itsel
as a result of a plain text display which simplifies operator control, diagnostics as
well as also commissioning (start-up).

SIEMENS L 2

RUNNING we

P00 F=HI Hz

I=48  RPM=1500
V=400v

) 150.00
P

Fig. 3-14 Operator panels

3.21 Description of the BOP (Basic O t nel)
The BOP, available as option, allows drivefin r parameters to be accessed. In
this case, the Status Display Panel (SD e removed and the BOP either
inserted or connected in the door of a cabinet using a special mounting kit
(Operator panel door mounting set) he Attachment A).

he BOP. This allows the
et-up for a particular application. In addition to
t includes a 5-digit LCD display on which the

the keys (refer to Section,3.
parameter numbers rxxxx PXxxx, parameter values, parameter units (e.g. [A],
[V], [Hz], [s]), alarm Axx t messages Fxxxx as well as setpoints and actual

Parameter values can be chan@
MICROMASTER drive unit @

values

NOTE

» Contrary to th r the BOP, parameters do not have to be set or taken
into conside N en establishing the communications between the BOP and
drive in

» ABOP ave a local memory. This means that it is not possible to save

a paramet t on the BOP.

Q>®
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3.2.2

Description of the AOP (Advanced Operator Panel)

An AORP (this is available as option) has the following additional functions with
respect to a BOP:

>

YV VY VYV VYV

Multi-language and multi-line plain text display

Units are additionally displayed, such as [Nm], [°C], etc.

Active parameters, fault messages, etc. are explained

Diagnostics menu to support troubleshooting

The main menu is directly called by simultaneously pressing keys Fn.and P
Timer with 3 switching operations per entry

Up to 10 parameter sets can be downloaded / saved

Communications between an AOP and MICROMASTER are realized using the
USS protocol. An AOP can be connected to the BOP link (RS¥®32) as well as to
the COM link interface (RS 485) of the drive inverter.

Multi-point capable coupling to control (open-loop) and visualize up to 31
MICROMASTER drive inverters. The USS bus must;iin this case, be configured
and parameterized via the drive inverter terminals ofithe“COM link interface.

Please refer to Sections 3.2.3, 3.2.4 and the AOP Manual for additional details.

NOTE

» Contrary to the BOP, for the AOP, the commumications parameters of the
particular interface must be taken intojaccount.

» When inserting / connecting to the drive inverter, the AOP automatically
changes the parameter P2012 (USS-RPZD length) to 4 corresponding to the
interface.

COM link: P2012[0]
BOP link: P2042[1]
» For DriveMonitor, the default'value for the USS-PZD length is set to 2. This

results in a conflict if the"AOP¥and the DriveMonitor are operated, alternating, at
the same interface.
Remedy: Increasg the'USS-PZD length to 4.
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3.2.3 Keys and their functions on the operator panel (BOP / AOP)

Operator
panel/key

Function

Effects

0000

Status
display

The LCD indicates the settings which the drive inverter is presently using.

Start motor

The drive inverter is started by pressing the key. This key is de-activated in the
default setting. Parameter P0700 or P0719 should be changed as follows to
activate the key:
BOP: P0700=1orP0719=10... 16
AOP: P0700 =4 or P0719 =40 .... 46 on the BOP link

P0700 =5 or P0O719 =50 .... 56 on the COM Jink

(]

Stop motor

OFF1 When this key is pressed, the motor comes to a standstill within the
selected ramp-down time. It is de-activated in theydefault’setting; to
activate — refer to the "Start motor" key.

OFF2 The motor coasts down to a standstill by pressing the key twice (or
pressing once for a longer period of time). This function is always
activated.

Direction
reversal

To reverse the direction of rotation of the mGtor, press this key. The opposing
direction is displayed using the minus character (s) or by the flashing decimal
point. In the default setting this fun€tien is de-activated; to activate it — refer to
the "Start motor" key.

@ ©)

Jog
motor

In the "Ready to power-on" statepwhenithiskey is pressed, the motor starts and
rotates with the pre-set jog frequency-*The motor stops when the key is
released. When the motor isyrétating;, this key has no effect.

©)

Functions

This key can be used to digplay ‘additional information.

If you press the key during‘@peration, independent of the particular parameter,
for two seconds, thenghejfollowing data is displayed:

1. Voltage of the DG cugrent link (designated by d — units V).

. Output curfent'(A)

. Output ffequeney (Hz)

. Output,voltage (designated by o — units V).

. The valueyselected in PO005 (if PO005 is configured so that one of the
abovempieces)of data is displayed (1 to 4), then the associated value is not
re-displayed).

The displays /nentioned above are run-through one after the other by pressing

again.

Step funection

Starting from any parameter (rXXXX or PXXXX), if the key Fn is briefly pressed,

themya jump is immediately made to r0000. You can then, when required,

change an additional parameter. After returning to r0000, when key Fn is
pressed, then the system returns to the starting point.

a b WN

Acknowledgement

If alarm and fault messages are present, then these can be acknowledged by
pressing key Fn.

Parameter
access

Parameters can be accessed by pressing this key.

Increase
value

When this key is pressed, the displayed value is increased.

©l[C}(©]

Reduce
value

When this key is pressed, the displayed value is decreased.

RO

AOP menu

Calls the AOP menu prompting (this is only available for AOP).

Fig. 3-15 Operator panel keys
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3.24 Changing parameters using the operator panel

The way that parameter P0719 can be changed will now be described; please use O
this description as a basis when setting all of the other parameters using the BOPO

Changing P0004 — parameter filter function

‘ Step ‘ ‘ Result on the display ‘
i1}
1 Press in order to access the parameter " r UBGB
i)
2 Press @ until P0004 is displayed : POCOY

Pl

3 Press in order to reach the parameter value

level He
4 Press @ or @ in order to obtain the

required value

5 Press to acknowledge the value and to save U ﬂ '1'

the value

6 The user can only see the command parameters.

Changing an indexed parameter PO719 — g the command/frequency
setpoint

‘ Step ‘ Result on the display ‘
L]
1 Press in order to access th m s 0 UU U
Pif)
2 pross (@) until PO719 is gid I P07 18
Lt}
3 Press in order to re ameter value " n000
4 Press in order, isp e currently set D
value
=
Pt
P0OT18
e
Pl
r0000
Hr

display (the display which the customer has
fined)

. 3-16 Changing parameters using the BOP

o NOTE

The BOP sometimes display = PUSY " when changing parameter values. This
means that the drive inverter is presently handling another higher-priority task.
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3.3

Block diagram

External 24 V

PE

1/3 AC 200 - 240 V
3AC380-480V
3 AC 500 - 600 V

SI

L/L1, N/L2

>4.7kQ

YAy,

0

0

~_~ DINT - ~_DIN1
=5 5
| _~ DIN2 o |~ o DIN2 c
o
| _~ DIN3 o " o DIN3 B :>
[e]
(2]
| _~DiNg [~ DIN4 =
Q O o
8 8 ..a
| ~bNs, |~ o DIN5 o
16 16
| _~DN6, | _~ ~__DING
+ 7 i Output +24 V/
— o4y PNP max. 100 mA
T— or ) (isolated)
Output 0 V
o NPN o max. 100 mA
28 28 (isolated)

-20mA
max. 500 Q

-20mA
max. 500 Q

30V DC/5 A (resistive)
250 V AC/ 2 A (inductive)

Motor
PTC
KTY84

@E@
4 1

29 Rs485 | COM link

BOP link

-

BOP/AOP

ngz
&

DCNA
©

External braking
module connection

DCPA
+——o

DCNS

o
DCPS

+—o

dv/dt filter

Connection for

ADCADC
1 2

2O ! ! DIP switch
0-10V (on I/O Board)
voltage 1 2

cB
Option

[

automatic

CEHAY

PE u,v,w

Fig. 3-17
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MICROMASTER 440 — block diagram
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3.4 Factory setting

The MICROMASTER drive unit is shipped from the
plant with a Status Display Panel (SDP, refer to Fig.
3-18). The SDP has two LEDs on the front panel
which display the operating state of the drive inverter
(refer to Section 4.1).

When MICROMASTER is shipped from the plant with
the SDP functioning, it can be operated without any
additional parameterization. In this case, the drive
inverter default settings (which depend on the drive
inverter type / size) match the following data of a 4-

pole motor:

» Rated motor power P0307
» Rated motor voltage P0304
» Rated motor current P0305

» Rated motor frequency P0310

(We recommend a Siemens standard motor.)
Further, the following conditions must be fulfilled:

» Control (ON/OFF command) via digital 4 (refer to Table 3-7)

» Setpoint input via analog input 1 P1000 = 2

> Induction motor \ P0300 = 1

» Self-cooled motor K P0335=0

» Motor overload factor P0640 = 150 %

» Min. frequency @ P1080 =0 Hz

» Max. frequency P1082 = 50 Hz

» Ramp-up time P1120=10s

» Ramp-down time P1121=10s

» Linear V/f characteristi P1300=0

Table 3-7 6 he digital inputs

Digital inputs Parameter Function Active
P0700 =2 Terminal strip Yes
P0701 =1 ON/ OFF1 Yes
P0702 =12 Reversing Yes
P0703 =9 Fault acknowledge Yes
P0704 =15 Fixed setpoint (direct) No
P0705 =15 Fixed setpoint (direct) No
P0706 = 15 Fixed setpoint (direct) No
Via ADC1 P0707 =0 Digital input disabled No
Via ADC2 P0708 =0 Digital input disabled No
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If the various prerequisites are fulfilled and the appropriate conditions present, then
after the motor has been connected and the power connected, then the following is
possible with the factory setting:

> The motor can be started and stopped (via DIN1 with external switch) O
» The direction of rotation can be reversed (via DIN2 with external switch)

» Faults reset (via DIN3 with external switch)

» A frequency setpoint can be entered (via ADC1 with external V'S

potentiometer
default setting of the
Voltage input)

» The frequency actual value can be output  (via D/A convert nverter
output: utput)

The potentiometer and the external switches can be connected h the drive

inverter internal power supply, as shown in Fig. 3-19.

DIP1(1,2) = OFF
ADC1 =ADC2
=0-10V

Analog output

0-20mA
(500 Q)

o™
=z
¢ =
' ON/ x4 ACK
\& 24K OFF
Pre-assignment ¢f the digital inputs DIN1 to DIN3, refer to Table 3-7.

Fig. Recommended wiring for the factory setting
N ave to be made which go beyond the factory setting, then depending on
complexity of the application, when commissioning the drive system, the

artiular function description as well as the parameter list including function charts
be carefully taken into consideration.
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3.5

Commissioning

A differentiation is made between the following scenarios when commissioning O
MICROMASTER: < : ,

» 50/60 Hz changeover » Quick commissioning
» Motor data identification » Calculating the motor / control data
» Series commissioning » Commissioning the application 'S
(Start commissioning) \':
v

Carry-out checklist

NEMA motor
60 Hz / hp ?
Section 3.5.2

50/60 Hz setting
Section 3.5.1

Quick commissioning
Section 3.5.3

A 4

Series commissioning
Section 3.5.7

Enter motor equivalent
circuit diagram data
Section 3.5.4

Commissioning the application
Section 3.5.6

v

CEnd of commissionin@

0

Procedure when commissioning
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When commissioning, initially, a quick or series commissioning should be carried-
out. The actual application should only be commissioned if the drive inverter —
motor combination provides a satisfactory result.

If the drive is to be commissioned from a defined state, then the drive inverter can
be reset to the initial state when it left the plant. This is done as follows:
» Reset parameters to the factory setting

Check list
The following check list should help you to commission MICROMASTER without
any problems and to guarantee a high degree of availability:
» When handling the drive unit, carefully observe all of the ESD méasures.
» All of the screws must have been tightened up to their specifiedterque.

» All connectors / option modules must have been correctifinserted and locked /
screwed into place.
The DC link pre-charging has been completed.

» All of the components are grounded/earthed at the peints provided and all of the
shields have been connected.

» MICROMASTER drive units have been designed foFdefined mechanical,
climatic and electrical ambient conditions,, It isthot'permissible that the specified
limit values are exceeded in operation and, when the drive units are being
transported. The following must be especiallyycarefully observed:

+ Line supply conditions

A\

Pollutant stressing

Gases which can have a.negative impact on the function
Ambient climatic conditiong

Storage / transport

Shock stressing

Vibration stressing

Ambient temperature

+ Installatien altitude

* & & 6 o o o

In addition to cdrrying-out all of the installation work, an important prerequisite for
successfulicommissioning is that the drive inverter is not disconnected from the line
supply while'being‘parameterized. If a line supply failure interrupts commissioning,
then inconsistencies can occur regarding the parameterization. In this case, it is
importantithat the commissioning is re-started (possibly reset and establish the
original¥factory settings (refer to Section 3.5.9)).

N@TE

Whenusing output reactors, the pulse frequency may not be set higher than 4 kHz.
Thedollowing parameter setting is mandatory when using an output reactor:

R1800 = 4 kHz , P0290 = 0 or 1
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3.5.1 50/60 Hz setting

The frequency setting made in the factory can be adapted to the North American O
market, without requiring any parameterization using an operator panel or PC too

using the DIP50/60 switch (refer to Fig. 3-21) under the 1/0 board (refer to the

Appendix C when removing the 1/0O board).

Remove |/O board

Fig. 3-21 DIP switch to change-over between

corresponding to the
= 2, after the power supply
determines the 50/60 Hz setting

The switch determines the value of para
following diagram (refer to Fig. 3-22). Besi

Quick
commissioning
P0010 =1

no
b 4

K no ~" PO100 = 1
?
Y
yes
DIP2 OFF MO

\Z yes
Y A 4 A4

4

Power in kW Power in kW Power in hp
Frequency 50 Hz Frequency 60 Hz Frequency 60 Hz
4
P0100 =0 P0100 =2 P0100 =1

Fig. 3-22 Mode of operation of the DIP50/60 switch in conjunction with PO100
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3.5.2

By changing the setting of DIP50/60 switch, after the drive inverter has been
powered-down/powered-up, the parameters for the rated motor frequency P0310,
max. frequency P1082 and reference frequency P2000 are automatically pre-set.
In addition, the rated motor parameters as well as all of the other parameters which
depend on the rated motor parameters, are reset. The units of the power
parameters are, depending on P0100, are either interpreted as kW value or hp
value.

NOTE
Switch DIP2(1) (refer to Fig. 3-21) under the I/O board has no functionf

Motor circuit

In order to ensure a straightforward, successful commissioning, itjis important that
the circuit connection in the motor terminal box (refer to Fig."3:23) matches the
rated motor voltage entered in P0304 or the rated motorg€urrent PO305.

IEC Motor

u1
U1
Al V1
W1 W1

Delta connection

Star,connection

e.g.: Volts 230 V (Delta connection) / 400 V (Star connection)

NEMA Motor T
C ted . *
Volts Uyl V[ w t%g:ﬁ; Connection P
7
low T, T T T T, 7T, YY
high | T, [ T T T, |T2'T8|T3'T9 Y T
T."% 8
e.g#Valts, 230 V YY (low) / 460V Y (high) T/o/ﬁ T?Q\T
3 2
T1
Connected ) A
Volts U \Y, W together Connection T, TT4
low T T T, | 1T T, | T T T, : AA !.Te 7.‘_
high T, T, T, T, T |T5'T8 | Te Ty A T; TeTs T,
Fig. 3-23 Motor terminal box
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The following must be noted when entering the rating plate data or the ESB data:

» The outer conductor voltage/phase-to-phase voltage (voltage U, between outer
conductors L1, L2) and the outer conductor current (phase current) |, are
always specified on the rating plate.

» The rated motor voltage P0304 and the rated motor current PO305 must always
be entered according to the motor circuit configuration (either delta/star circuit
configuration).

> If rated motor data that are available (P0304, P0O305) are not consistent with the
motor circuit configuration, then an appropriate conversion should be made
which is then entered.

» If equivalent circuit diagram data (P0350, P0354, P0356, PO3583P0360) is
available, then these should be entered according to the mot@r gircuit
configuration. If there is no consistency between the motorircuit.configuration
and equivalent circuit diagram data, then the equivalent gircuitidiagram data
should be converted and entered corresponding to the datayon'the rating plate
(P0304, P0O305).

1 1
h=12=13 I1,A=—J§|1,Y I12=I23=I31=—\/§'I1
U12=U23 =Us1=3,Usy Ut2,a = 7\/15 Un2y Ut2 = Uzs = Usq
Uiz Zi2y Uiz _2
Uiz_5.7 _Z1, Uiz _2 5

I Z128= 73 3

Fig. 3-24 Star / delta’circuit configurations

NOTE

The precise eduivalent circuit diagram data are of extreme important regarding the
stability of the,closed-loop vector control and for the voltage boost applied to the
V/f charagteristieEquivalent circuit diagram data can only be estimated from the
rating plate data; this is the reason that equivalent circuit diagram data is either
determined

- usingfthe motor data identification (refer to Chapter 0), or

- ‘isyentered from a motor data sheet that may be available (refer to Chapter 0).

NQTE
The MICROMASTER series of drive units is not available for 3-ph. 690 V AC.
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87 Hz characteristic

When a motor with a delta circuit configuration (e. g. Vna, motor = 230 V) is fed from a
frequency inverter, where the rated voltage corresponds to the star circuit
configuration (e.g. 400 V frequency inverter), then it is important to proceed as
follows and observe the following:

» The motor must have the appropriate voltage strength.

» Above the rated motor frequency, the iron losses in the motor increase over-
proportionally. This is the reason that above this frequency, the thermal motor
torque should be reduced.

» For the quick commissioning, the rating plate data for the delta circuit
configuration should be entered or the rating plate must be appropriately
converted.

» The drive inverter must be designed for the higher current (delta“€ircuit
configuration).

» The 87 Hz characteristic is independent of the controlftype and can therefore be
used both for V/f control as well as for closed-loop veetor control.

» When using the 87 Hz characteristic, the mechapical,motor limits must be taken
into account (refer to Catalog M11).

For the 87 Hz characteristic, the ratio between thewoltage and frequency (V/f
characteristic) remain constant. This is thegreason,that the following relationships

82

apply:
U
U
A Pn1=—T0Pya P = power
U Una
N1 f =frequency
(400 V) Unt - d
fni=—— fna n = spee:
Una Una p = pole pair No.
(230 V)
/e
min
nN1= (fn1—fna)+ N
P f p
fua(B0 HZ) (87 Hz)
Fig. 3-25 V/f characteristic
Table 3-8 Example 1A7060-4AB10
Delta circuit 87 Hz Star circuit
configuration characteristic configuration
P0304 | Rated moter voltage 230V 400 V 400 V
P0305 | Rated motor current 0.73 A 0.73 A 0.42 A
P0307  |/Rated motor power 120 W 207 W 120 W
P0308( | Cos ¢ 0.75 0.75 0.75
P0310, | Rated motor frequency 50 Hz 87 Hz 50 Hz
P031¢ | Rated motor speed 1350 RPM 2460 RPM 1350 RPM
P@314 | Motor pole pairs 2 2 2

Contrary to the BOP, AOP operator panels or the commissioning program Drive-
Monitor, the STARTER commissioning (start-up) program offers a mask-orientated
quick commissioning, which is especially advantageous for users who are using
MICROMASTER for the first time. On the other hand, BOP, AOP and DriveMonitor
offer, in conjunction with the drive inverter, parameter-orientated quick commissio-
ning where the user is navigated through the menu tree mentioned.
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3.5.3 Quick commissioning

If there is still no appropriate parameter set for the drive, then a quick
commissioning must be carried-out for the closed-loop Vector control and for the
V/f control including a motor data identification routine. The following operator units
can be used to carry-out quick commissioning:

» BOP (option)

» AOP (option)

» PC Tools (with commissioning program STARTER, DriveMonitor)

When the quick commissioning is carried-out, the motor — drive inverter issbasically

commissioned; the following data must be obtained before quick gdmmissioning is
started:

Line supply frequency

Motor rating plate data

Command / setpoint sources

Min. / max. frequency or ramp-up / ramp-down time
Closed-loop control mode

Motor data identification

VV YV V VY

Parameterizing the drive with BOP or AOP

The frequency inverter is adapted to the metor Using the quick commissioning
function and important technological parameters are set. The quick commissioning
shouldn't be carried-out if the rated motoridata saved in the frequency inverter
(4-pole 1LA Siemens motor, star cifcuit ¢enfiguration £ frequency inverter (FU)-
specific) match the rating platesdata:

Parameters, designated with,a * 0ffer more setting possibilities than are actually
listed here. Refer to the parameéter list for additional setting possibilities.

NOTE

» Parameter P0308 ol P309 can only be viewed on the BOP or AOP if PO003 >
2. Depending onhe setting of parameter P0100, either PO308 or PO309 is
displayed.

» The value entered into PO307 and all of the other power data — depending on
P0100 - are eitherinterpreted as kW or hp value.

START

P0003 = 3 WUser access level * 1
1 Standard: Allows access into most frequently used parameters

2 Extended: Allows extended access e.g. to inverter I/O functions

3 Expert (For expert use only)

Factory setting

P0004= O Parameter filter * .
0 All parameters
2 Inverter
3 Motor
4 Speed sensor
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P0010 =1

P0100 =...

P0O100=1, 2

P0100=0

v v

Commissioning parameter *
0 Ready
1 Quick commissioning
30 Factory setting (refer to Section 3.5.9)

NOTE

plate.

P0010 should be set to 1 in order to parameterize the data of the motor rating

[ o |

00

Europe/ North America

(enters the line supply frequency)
0 Europe [kW], frequency default 50 Hz
1 North America [hp], frequency default 60 Hz
2 North America [kW], frequency default 60 Hz

NOTE

OFF= kW, 50 Hz
ON = hp, 60 Hz

For P0100 = 0 or 1, the setting of switch DIP50/60 deter mlue of
P0100 (refer to Section 3.5.1). é

o

NG

P0205 =...| |P0205 =..

Inverter application (enters the required torque

0 Constant torque (e.g. compressors, procegss

chines)

L0

P0366="¢|P0306=".

2 Synchronous motor
NOTE
For PO300 = 2 (synchronou
permitted.

1 Variable torque (e.g. pumps, fans)

NOTE

This parameter is only effective f iveinverters 2 5.5 kW /400 V

Select motor type o1
1 Asynchronous motor (induc'&

only the V/f control types (P1300 < 20) are

| Rated motor voltal

[FU-spec]

(Nominal motor
from rating plate)

P0310 ' P0304

star/delta cireuit ¢
ensure thatit matehes with the circuit| £
conne b& igured at the motor s Sl

5 KW 59134 A

s 0,81 | 1420/min

FU-spec. O ;
VY

3-Mot

ED107/471101 01 001 IEC/EN 60034
16kg IMB3 090L IP55 ThCLF
. 50Hz Z30M00 V Ay

1LATO964-4AA10

)
e

cos(p 0,81 17204min
440-480 V 5

60 Hz 460V A

36-33A

otor current [A] Ezzo Z:E?CE
g plate) i

84

motor power FU-spec.

ominal motor power [kW/hp]

m rating plate)

f P0O100 = 0 or 2, value will be in kW.
If P0O100 = 1, value will be in in hp.

P0307P0305
P0308 P0311

Example of a typical motor rating plate (data for
a delta circuit configuration).

The precise definition and explanation of this
data is specified in DIN EN 60 034-1.

Rated motor cosPhi

(Nominal motor power factor (cos ¢) from rating plate)
If the setting is 0, the value is automatically calculated
P0100 = 1,2: P0308 no significance, no entry required.

[FU-spec|

: Rated motor efficiency

(Nominal motor efficiency in [%] from rating plate)
Setting 0 causes internal calculation of value.
P0100 = 0: P0O309 no significance, no entry required.

[FU-spec|
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P0310 =... Rated motor frequency 50.00 Hz

v

v

P0320 = ...

Q>

L 4

(Nominal motor frequency in [Hz] from rating plate)
Pole pair number recalculated automatically if parameter is changed.

Rated motor speed FU-sp
(Nominal motor speed in [rpm] from rating plate)

Setting 0 causes internal calculation of value.

NOTE

An entry must be made for closed-loop Vector control, V/f control with FCC and®
for slip compensation.

Motor magnetizing current

(this is entered as a % referred to P0305)
Motor magnetizing current as a % relative to P0305 (rated mg
With P0320 = 0, the motor magnetizing current is calculat
using P3900 = 1 - 3 (end of the quick commissioning) — an
parameter r0331.

Motor cooling
(Selects motor cooling system used)
0 Self-cooled: Using shaft mounted fan att
1 Force-cooled: Using separately powere an
2  Self-cooled and internal fan
3 Force-cooled and internal fan

Motor overload factor 150 %
(Motor overload factor in [%] relat

This defines the limit of the maxi current as a % of the rated motor
current (P0305). This parameter4
150 %, and for variable torqu

w
ol
®
o
=,
o
=]
o
=4
o
o
3
3
o
5
Q
N

0 Factory defa
BOP (keyp
Terminal

control terminals 29 and 30)
B = communications module)

L 4
K\ Terminals o=
i
\ ngﬁnk SLEILR Sequence control
i i !
COM link
COM link channel control
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P1000 =...

Selection of frequency setpoint * 2
(enters the frequency setpoint source)
MOP setpoint

Analog setpoint
Fixed frequency
USS on BOP link

USS on COM link (control terminals 29 and 30)

CB on COM link (CB = communications module)

10 No main setpoint + MOP setpoint 4
11 MOP setpoint + MOP setpoint

12 Analog setpoint + MOP setpoint \%

76 CB on COM link + Analog setpoint 2
77  Analog setpoint 2 + Analog setpoint 2

OO WN =

MOP  f------ .

ADC  |f--a

Additonal
setpoint

FF

USS
BOP link

Uss | i___Pl000=12 |
COM link

cB
COM link \
ADC2

Min. frequency 0.00 Hz
(enters the minimum moter, fre cy in Hz)

Sets minimum motg ency at which motor will run irrespective of frequency
setpoint. The value setyhiere is valid for both clockwise and anticlockwise rotation.

50.00 Hz

etpoint Motor
channel control

A 4

Max. frequency
(enters the ma
Sets maximum

frequency se
anticldekwise

motor frequency in Hz)

requency at which motor will run irrespective of the
e value set here is valid for both clockwise and

10.00 s

ich'is too low, then this can result in alarm A0501 (current limit value) or the
inverter being shutdown with fault FO0O01 (overcurrent).

mp-down time 10.00 s

(enters the deceleration time in s)

Time taken for motor to decelerate from maximum motor frequency (P1082) down
to standstill when no rounding is used. If the ramp-down time is parameterized too
low, then this can result in alarms A0501 (current limit value), AO502 (overvoltage
limit value) or the drive inverter being powered-down with fault FOO01
(overcurrent) or FO002 (overvoltage).

MICROMASTER 440  Operating Instructions
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P1300 =...

END

MICROMASTER 440
6SE6400-5AW00-0BPO

OFF3 ramp-down time 5.00s
(enters the fast stop ramp-down time in s)

Enters the time, for example, with which the motor should be braked from the
maximum frequency P1082 down to standstill for an OFF3 command (fast stop),
If the ramp-down time is parameterized too low, then this can result in alarms
A0501 (current limit value), A0502 (overvoltage limit value) or the drive inverter
being shutdown with fault FO001 (overcurrent) or FO002 (overvoltage).

Control mode Op

(enters the required control mode)
0 V/f with linear characteristic
1 V/fwith FCC
2 V/f with parabolic characteristic
3 VI/f with programmable characteristic
5 VIt for textile applications
6 VI/f with FCC for textile applications
19  VI/f control with independent voltage setpoint
20 Sensorless Vector control
21 Vector control with sensor
22 Sensorless Vector torque-control
23 Vector torque-control with sensor

Selection of torque setpoint * 0
(enters the source for the torque setpoint)

No main setpoint

Analog setpoint

USS on BOP link

USS on COM link (control terminals 29 and 30)
CB on COM link (CB = comimunications module)
Analog setpoint 2

N~NoohNO

Select motor data identificatign ¥refer to Section 0)
0 Disabled

1k

Speed controller optimjzation *
0 Inhibited

In order to optimize the,speed controller, the closed-loop vector control (P1300 =

20 or 21) must be aetivated. After the optimization has been selected

(P1960 = 1), Alarm’AQ542 is displayed.

End of quick commissioning 0
(start of the“motor calculation)

0 No quiek commissioning (no motor calculations)

1. » Mator calculation and reset of all of the other parameters, which are not
included in the quick commissioning (attribute "QC" = no), to the factory
setting

2 Motor calculation and reset of the 1/O settings to the factory setting

3“7 Only motor calculation. The other parameters are not reset.

NOTE
For P3900 = 1,2,3 — P0340 is internally set to 1 and the appropriate data
calculated (refer to Section 3.5.4).

End of the quick commissioning/drive setting

If additional functions must be implemented at the drive inverter, please use the
Section "Commissioning the application” (refer to Section 3.5.7). We
recommend this procedure for drives with a high dynamic response.
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WARNING

The motor data identification routine (refer to Section 0) may not be used for loads
which are potentially hazardous (e.g. suspended loads for crane applications).
Before the motor data identification run is started, the potentially hazardous load
must be carefully secured (e.g. by lowering the load to the floor or by clamping the
load using the motor holding brake).

354 Calculating the motor / control data

The calculation of the internal motor / control data is initiated using_parameter
P0340 or indirectly using parameter P3900 (refer to Section 3.5.3) or'R1910 (refer
to Section 0). The functionality of parameter P0340 can, for example, be used if the
equivalent circuit diagram data (refer to Fig. 3-26) or the momentofinertia is
known. Possible settings for parameter P0340 are describethin Table 3-9. Table
3-10 lists which parameters are calculated for the differeptisettings.

Table 3-9 Possible settings for parameter P0340

Parameter Description

P0340=0 No calculation is made

P0340 =1 Starting from the rating plate parameters,(P0300 - P0335) the motor equivalent
circuit diagram parameters (P0850, - R0369) and the motor weight / moment of
inertia (P0344, P0341) are determined.

The V/f- | vector control parameters andreference quantities are then pre-assigned
(this includes all calculations frem P0340 = 2,3,4).

P0340 =2 Starting from the rating plate parameters, the motor equivalent circuit diagram
parameters (P0350 - P0369) are €alculated (without any additional pre-assignments
being made).

P0340 =3 Starting from the,moter equivalent circuit diagram parameters (P0350 - P0369) and

motor weighty, momeént of inertia, moment of inertia ratio (P0344, P0341, P0342),
the V/f- / vectorieontrolyparameters are determined (contains all of the calculations
from P0340 54).

P0340 =4 Starting from the ‘metor equivalent circuit diagram parameters (P0350 - P0369) and
motor weight// mement of inertia, moment of inertia ratio (P0344, P0341, P0342),
the vettor control parameters are pre-assigned.

NOTE

» When exiting the quick commissioning with P3900 > 0 (refer to Section 3.5.3),
internally, P0840 is set to 1 (complete parameterization).

» For the motor data identification (refer to Section 0), after the measurement has
been,completed, internally P0340 is set to 3.

» Egquivalent circuit diagram data always refer to the star circuit configuration
equivalent circuit diagram. If data for the delta equivalent circuit diagram are
available, then this should first be converted into the star equivalent circuit
diagram data before being entered.

» £If equivalent circuit diagram data (P0350, . . ., P0360) is available, then this
must be entered according to the motor circuit configuration being used (a star
circuit configuration requires star-type equivalent circuit diagram data). If there
is no consistency between the motor circuit configuration and the equivalent
circuit diagram data, then the equivalent circuit diagram data should be
converted according to the motor circuit configuration actually being used
(P0350, = P0350y, etc.).

MICROMASTER 440  Operating Instructions
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Table 3-10

Calculated parameters

P0340 =1

P0340 =2

P0340 =3

P0340 = 4

P0341[3]

Motor inertia [kg*m”2]

P0342[3]

Total/motor inertia ratio

P0344[3]

Motor weight

P0346[3]

Magnetization time

P0347[3]

Demagnetization time

P0350[3]

Stator resistance (line-to-line)

P0352[3]

Cable resistance

P0354[3]

Rotor resistance

P0356[3]

Stator leakage inductance

P0358[3]

Rotor leakage inductance

P0360[3]

Main inductance

P0362[3]

Magnetizing curve flux 1

P0363[3]

Magnetizing curve flux 2

P0364][3]

Magnetizing curve flux 3

P0365[3]

Magnetizing curve flux 4

P0366][3]

Magnetizing curve imag 1

P0367[3]

Magnetizing curve imag 2

P0368[3]

Magnetizing curve imag 3

P0369[3]

Magnetizing curve imag 4

P0625[3]

Ambient motor temperature

XAIX|IX XXX || X | X[ X|X]|X]|X]|X]X

P1253[3]

Vdc-controller output limitation

P1316[3]

Boost end frequency

P1460[3]

Gain speed controller

P1462[3]

Integral time speed controller

P1470[3]

Gain speed controller (SlVC)

P1472[3]

Integral time n-ctrl. (SKVC)

XX | X|X|X|[X

X | X | X | X

P1520[3]

CO: Upper torque limit

P1521[3]

CO: Lower torque limit

P1530[3]

Motoring power limitation

P1531[3]

Regenerative powerdimitation

P1715[3]

Gain current gontrollen

P1717[3]

Integraltime current controller

P1764[3]

Kp of n.adaption'(SLVC)

P1767[3]

Tn of fi=adaption (SLVC)

X | X | X ]| X

X | X | XX

P2000[3]

Refesencefrequency

P2002[3]

Réferenge’current

P2003[3]

Reference torque

P2174[8}

Torgue threshold M_thresh

P2185[8]

Upper torque threshold 1

P2186[3]

Lower torque threshold 1

P2187j3]

Upper torque threshold 2

P2188[3]

Lower torque threshold 2

P2189[3]

Upper torque threshold 3

P2190[3]

Lower torque threshold 3

X IXIXIXIX|IX] XXX X X]X]IXPX XXX X XXX X [XPYX X XXX X X[ X XXX |X[X[X]|X][X]|X]|X]X]|X]|X

When calculating the motor / control data using P0340, there are different
scenarios (refer to the following flowchart), which can be called-up as a function of
the known data.

MICROMASTER 440
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START

Factory setting

P0340 = 1

Calculation of motor parameters OA
This parameter is required during commissioning in order to optimize the
operating behavior of the drive inverter. For the complete parameterization
(P0340 = 1), in addition to the motor / control parameters, parameters are pre-
assigned which refer to the rated motor data (e.g. torque limits and reference
quantities for interface signals). A list of the parameters, which are calculated,
depending on the setting of P0340, are included in the parameter dist.

no

0 No calculation
1 Complete parameterization
2 Calculation of equivalent circuit data
3 Calculation of V/f and Vector control data
Il 4  Calculation of controller settings only
Additional Cata-
log and/or ECD
data known ?
yes
P0341 = ..| | Motor inertia [kgm?] FU-spez,
P0342 = ..| | Total/motor inertia ratio FU-spez,
Motor weight (entered in kg) FU-spez.|

Calculation of matordparameters
4  Calculatesithe controller setting (refer to parameter P0340)

Stator resistafice (Iife-to-line) (entered in Q) FU-spez.

Stator resistance in @ of the motor which is connected (from line-to-line). This
parametemvalug,also includes the cable resistance.

Roter resistance (entered in Q) FU-spez.

Definesythe rotor resistance of the motor equivalent diagram (phase value).

Stator leakage inductance (entered in mH) FU-spez.|
Definestthe stator leakage inductance of the motor equivalent diagram
(phase value).

Rotor leakage inductance (entered in mH) FU-spez.|
Defines the rotor leakage inductance of the motor equivalent diagram
(phase value).

Main inductance (entered in mH) FU-spez.
Defines the main (magnetizing) inductance of the motor equivalent diagram
(phase value).

Calculation of motor parameters 0 |

3 Calculation of V/f and Vector control
All of the parameters, dependent on the ECD data are calculated and, in
addition, the controller settings (P0340 = 4).

90

The motor parameters have been calculated and it is now possible to return to
the additional parameterization in the Section 3.5.7 "Commissioning the
application”.
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3.5.5

Motor data identification

MICROMASTER has a measuring technique which is used to determine the motor
parameters:

» Equivalent circuit data (ECD, refer to Fig. 3-26) — P1910 =1
» Magnetizing characteristic (refer to Fig. 3-27) — P1910=3

For control-related reasons, we absolutely recommend that the motor data
identification is carried-out as, starting from the rating plate data, it is onlypossible
to estimate the equivalent circuit data, the motor cable resistance, the IGBT let-
through voltage and the compensation of IGBT interlocking times. Forexample, the
stator resistance is extremely important for the stability of the closed-loop,Vector
control and for the voltage boost for the V/f characteristic. The motor data
identification routine should be executed, especially if long feeder ¢ables or if third-
party motors are being used.

If the motor data identification routine is being started forhe firststime, then the
following data (refer to Fig. 3-26) is determined, startingfromthe rating plate data
(rated [nominal] data) with P1910 = 1:

» Equivalent circuit data

» Motor cable resistance

> IGBT on-state voltage and compensatien of IGBTgating dead times

The rating plate data represent the initialization,values for the identification. This is

the reason that it is necessary to have cofrect and consistent input of the rating
plate data when determining the data specified"above (refer to Section 3.5.8).

Stator res. (L2L)
0400001 ... 2000.00000 [Ohm]
I P0350.D (4.00000)

Inverter ! Cable : Motor
| | Rotor leak.induct.
i P0350 = 2(Reape * Rs) 0.0 ... 1000.0
i : P0358.D (10.0)

On-state voltage Gating dead time I
0.0..20.0 [V] 0.00..3.50 [us] . Cablegesistance .
P1825 (1.4) P1828 (0.50) 0l0,... 1200 [Ohm] | 0.00001 ... 1000.00000

Stator leak.induct Rotor resistance

0.0...300.0 [Ohm]

|

T T [ /P0520(00) | P0356.D (10.00000) P0354.D (10.0)
: . —
\ g | I | hd | I
| RCable | Rs Los
! I Main inductance

. | == | 0.0... 30000 Ly

i Ceavle i P0360.D (10.0)
| |
| |
T T

Fig. 3-26 Equivalent circuit diagram (ECD)

lfY addition to the equivalent circuit data, the motor magnetizing characteristic (refer
to Fig. 3-26) can be determined using the motor data identification (P1910 = 3). If
the motor-drive inverter combination is operated in the field-weakening range, then
this characteristic should be determined, especially when Vector control is being
used. As a result of this magnetizing characteristic, MICROMASTER can, in the
field-weakening range, more precisely calculate the current which is generating the
field and in turn achieve a higher torque accuracy.
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@ [%]
A

P0365
P0364

100 %
P0363

P0362

[

P0366 P0367 100 % P0368 P0369 i, [%]

0

Al
Rl = 331

Fig. 3-27 Magnetizing characteristic

After selecting the motor data identification usingypatameter P1910, alarm A0541 is
immediately generated. The motor identificationroutine is started by the ON
command and different excitation signals,are‘impressed in the motor (DC and AC
voltages). This measurement is carried-outiwith the motor at a standstill and it
takes, including the data calculation pefselection (P1910 = 1.3) between 20 s ... 4
min. The identification time depends on theymotor and increases with its size (this
takes approx. 4 min for a 200 kW motor).

The motor data identificationfroutine must be carried-out with the motor in the cold
condition so that the motor‘esistance values saved can be assigned to the
parameter of the ambienttemperature P0625. Only then is correct temperature
adaptation of the resistances'possible during operation.

The motor data identificationtreutine operates with the results of the "Complete
parameterization" P0340 £ 1/or the motor equivalent diagram data which was last
saved. The results Become increasingly better the more times that the identification
routine is execlted (up ta'3 times).

WARNING
> Itis not pemmissible to carry-out the motor identification routine for loads which

are poténtiallyghazardous (e.g. suspended loads for crane applications). Before
starting the)motor data identification routine, the potentially hazardous load
mustybe'secured (e.g. by lowering the load to the floor or clamping the load
using the motor holding brake).

> Whenrstarting the motor data identification routine, the rotor can move into a
preferred position. This is more significant for larger motors.

MICROMASTER 440  Operating Instructions
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NOTE

>

Y

The equivalent circuit data (P0350, P0354, P0356, P0358, P0360), with the
exception of parameter P0350, should be entered as phase values. In this case,
parameter P0350 (line-to-line value) corresponds to twice the phase value.

Equivalent circuit diagram data always refer to the star circuit configuration
equivalent circuit diagram data. If data for the delta equivalent circuit diagram is
available, then this data must be converted into the star equivalent circuit
diagram data before being entered (refer to Section 0).

The motor cable resistance P0352 is defined as phase value

During the motor identification routine, the stator resistance and the meter cable
resistance are determined and entered into parameter P0350. Mfs@ correction is
made in parameter P0352, then MICROMASTER defines the/motoneable
resistance using the following relationship: P0352 = 0.2 * P@350.

If the motor cable resistance is known, then the value can be entered into
parameter P0352 after the motor data identification. The statorresistance is
appropriately reduced as a result of this entry and is therefore more precisely
adapted to the actual application.

It is not necessary to lock the motor rotor for the/motor, data identification
routine. However, if it is possible to lock themotor/rotor during the identification
routine (e.g. by closing the motor holding brake);then this should be used to
determine the equivalent circuit diagrapmdata.

The following formula can be appliedyto,chieck the correctness of the motor
rating plate data:

Py =3 % Vyy# Iny * cos@ #* M = V8 Vya* Iys* COSQ * M

with Py rated metor’power

iy, VNa rated motorvoltage (star / delta)
Iny, Ina rated motor curfent (star / delta)
cosg power., factor

n efficiency.

Motor data identification routine

START
Factory setting

P0625 = ? Ambient motor temperature (entered in °C) 20°C

v

The 'motor ambient temperature is entered at the instant that motor data is
being determined (factory setting: 20 °C).

| Motor temp. - P0625| ke difference between the motor temperature and the motor ambient
<5°C2

temperature P0625 must lie in the tolerance range of approx. + 5 °C. If this is
not the case, then the motor data identification routine can only be carried-out

yes

no

after the motor has cooled down.

Allew thé motor
to cool down

L
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P1910 =1

Select motor data identification with P1910 = 1 L0
p1910 = 1: Identifies the motor parameter with parameter change.
These are accepted and applied to the controller.
When p1910 = 1 is selected, Alarm A0541 (motor data identification active)
is output, and internally p0340 is set to 3.

Starts the motor data identification run with p1910 =1

The measuring operation is initiated with the continuous (steady-state) ON
command. The motor aligns itself and current flows through it. Diagnostics is
possible using r0069 (CO: Phase current).

After the motor data identification routine has been completed, p1940'is reset
(p1910 = 0, motor data identification routine inhibited) and Alarm,A0244 is
cleared (deleted).

In order to set the frequency converter into a defined state,Jap’OFF1 command
must be issued before the next step.

Select motor data identification with P1910 =3 o0
p1910 = 3: Identifies the saturation characteristic with parameter change.
When p1910 = 3 is selected, Alarm A0541 (motor datatidentification active)

is output and internally, p0340 is set to 2.

Starts the motor data identification run with/P1940 = 3

The measuring operation must be startedywith.a.continuous ON command.
After the motor identification routine has‘been,completed, p1910 is reset
(p1910 = 0, motor data identificatiofweutine inhibited) and Alarm A0541 is
cleared (deleted).

In order to set the frequency convetter into a defined state, an OFF1 command
must be issued before the next step.

If problems occur during théjidentification run, e.g. the current controller oscillates,
then the rating plate data‘should,be re-checked and an approximately correct
magnetizing current P0320 entered. The motor data identification routine should
then be re-started by callinghP0340 = 1 (refer to Section 3.5.4).
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3.5.6 Magnetizing current

» The value of the magnetizing current r0331/P0320 has a significant influence Q
on the closed-loop control. This cannot be measured at standstill. This
means that the value is estimated for standard 4-pole 1LA7 SIEMENS
standard using the automatic parameterization P0340=1 (P0320=0; result in
r0331).

> If the deviation of the magnetizing current is too high, then the values for the

magnetizing reactance and those of the rotor resistance will not ble to
be accurately determined.

» Especially for third-party motors it is important that the magnéetizi urrent
that is determined, is carefully checked and if required, ap i
corrected.
The procedure to manually determine the magnetizing current e-calculate

the equivalent circuit diagram data when the drive is operatéd with¢closed-loop
vector control (P1300 = 20/21) is shown in the following.
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START
Quick Quick commissioning routine
commissioning Using the quick commissioning routine the frequency inverter is adapted to the
—>l motor and important technology parameters are set.
Motor data Motor data identification routine
identificationdentif

Using the motor data identification routine motor equivalent circuit diagram
data is determined using a measuring technique.

Operation under
no-load conditions|

Criterium
fulfilled ?

no yes

Determing the magnetizing current

In order to determine the magnetizing current (P0320/r0331), thelmotor should
be accelerated up to approximately 80% of its rated speed under no-load
operating conditions.

In so doing, the following conditions must be carefully maintained:
— the vector control must be activated, P1300 =20.21
— no field weakening (r0056.8 = 0)
— flux setpoint, r1598 = 100 %
no efficiency optimization, P1580 = 0%
No-load operation means that the metor'is Operated without a load (i.e.
no coupled driven machine).

Under steady-state conditions, a gurrent r@02%is obtained that approximately
corresponds to the rated magnetizing ctrrent r0331. (the current is always
less than the no-load current foria purel/f control).

Measuring and entering the mdgnetizing current and therefore the associated
new calculation of the equivalentcircuit diagram data of the motor is an
iterative procedure. It must’berepeated at least 2-3 times until the following
criteria are fulfilled:

— The more accurate thewalue of the magnetizing current that was
entered, the better the flux setpoint (r1598=100%) matches the flux
actual value(r0084=96..104%) of the observer model.

— The output™m adaptation (r1787) of the observer model should be
as lowfas/pessible. Good values lie between 1-5%. The less that the
Xh adaptation of the observer must operate, the sensitivity of the motor
parameters after power failures are that much less sensitive.

NOTE

In orélerde display r0084 at the BOP/AOP, the LEVEL 4 parameters must be
enabled using service parameter P3950=46.

Calculating P0320 0

Now, the new value can be entered in P0320 from the determined flux-
generating current component r0029 by applying the following equation.

P0320 =r0029 * 100 / PO305

P0340%5,1

Calculating the motor parameters o
The values of the motor equivalent circuit diagram data are calculated from the
entered rating plate data. In addition, the parameters of the controls are pre-set
(subsequently optimized) (P0340 = 3).

l*
( ENDY )
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Commissioning the application

After the motor — drive inverter combination was commissioned using the quick or
series commissioning, in the following step parameters should be adapted and set
according to the technological requirements. As an example, the following points
should be considered:

» Functional requirements of the drive inverter (e.g. closed-loop process control
with PID controller)

Limit values

Dynamic requirements
Starting torques

Load surge requirement
Overload

» Diagnostics

YV VYV V V

If the application includes a function, which is not covered byathe quick or series
commissioning, then the following sections of the function,description or the
parameter list should be considered.

Adapting the drive inverter to the application

START

3.5.7.1

The parameters designated with * offer moreysetting possibilities than are listed
here. Refer to the parameter list for additional setting possibilities.

Factory setting

User access level * I

1 Standard: Allows access ifto most frequently used parameters
2 Extended: Allows extended agtess e.qg. to inverter I/O functions
3 Expert (For expert useyonly)

Serial Interface (USS)

USS baud rate 6 |possible
Sets baud rate fer USS communication. Settings:

4 2400 Baud
USS address 0 g 3288 gzﬂg
Sets unique‘address, for inverter. 7 19200 Baud
USS PZDglength 2 g g?ggg gaug

I -bi i au

Defines the number of 16-bit words in PZD part of USS telegram. 10 76800 Baud
USSPKW length 127 | 11 93750 Baud
Defines'the number of 16-bit words in PKW part of USS telegram. 12115200 Baud
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3.5.7.2

3.5.7.3

PO701 = ...

98

Selection of command source

Selection of 2
command source
Selects digital command source.
0 Factory fault setting
BOP (keypad)
Terminal
USS on BOP link
USS on COM link
CB on COM link

OO N-

BOP

Terminals

USS
BOP link

USS
COM link

CB
COM link

Sequence control

A A

A / ) 4

Setpoint Motor
channel control

Digital input (DIN)

Function digital input 1 1
Terminal 5

1 ON/OFF1
Function digital input 2 12
Terminal 6
12 Reverse
Function digital input 3 9
Terminal 7

9 Fault acknowledge
Function digital input 4 [ 15 |
Terminal 8
15 Fixed setpoint (Direct selection)
Function digital input 5 18
Terminal 16
15 Fixed setpoint (Direct selegtion)

Possible Settings:
Digital input disabled
ON / OFF1
ON + Reverse hOFF4

0
1
2
3 OFF2-
4
9

coast 1o standstill

OFF3'="quick(ramp-down
Fault acknowledge
10 JOGuight
11, JOG)eft
12 "Reyerse
13 (MORyp (increase frequency)
14 ““MOP down (decrease frequency)
154, Fixed setpoint (Direct selection)
160 "Fixed setpoint (Direct selection + ON)
17,_4Fixed setpoint (Binary coded selection + ON)
21 Local/remote
25 DC brake enable
29 External trip
33 Disable additional freq setpoint

Function digital input 6 E E 99 Enable BICO parameterization
Terminal 17
15 Fixed setpoint (Direct&election)
Function digital ifigut™ 0 ON>39V. OFF <17V
Via ana?lc.)g input; Terminal 3 DIN? 1 DINS 1
0 Digitallinput disabled ) )
\ EZO \ Ezo
Functiondigitalidput 8 0 3 107
4b 116

Via analog input, Terminal 10

0 Digitalinput disabled

Debauncetime for digital inputs

Defines“debounce time (filtering time) used for digital inputs.

0 No debounce time

1 £2.5 ms debounce time
20" 8.2 ms debounce time
3 12.3 ms debounce time

PNP / NPN digital inputs

1]

Change-over (toggles) between high active (PNP) and low active (NPN). This applies to all

digital inputs simultaneously.

0 NPN mode ==> low active
1 PNP mode ==> high active
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DIN channel (e.g. DIN1 - PNP (P0725 = 1))

--------- O KI.9 PNP/NPN DIN
I P24 (PNP) 0..1 P0701
6 K28 P0725 (1)
. 0V (NPN) ]
| A J Debounce time: DIN
' 24V 0..3
| P0724 (3) A 4
! y ﬁ y I

~ | ol 06 24V, (T 0O
T OTN A~ glmmming
o o’ r0722

! 1 1 1 & 10722.0
| " CO/BO: Bin.i
| Y

Digital output (DOUT)

BI: Function of digital output 1 *|_ 923
Defines source of digital output 1.

BI: Function of digital output 2 *|_ 2.7
Defines source of digital output 2.

BI: Function of digital output 3*/_ 0.0
Defines source of digital output 3.

Invert digital output
Defines high and low states of relay for a
given function.

Common Setti
52.0 Drive re
52.1 Dnve r

warning active

iation, setpoint / actual value
Control from PLC (PZD control)

A Maximum frequency reached

.B Alarm: Motor current limiting

2.C Motor holding brake (MHB) active
52.D Motor overload

52.E Motor direction of rotation, clockwise
52.F Frequency inverter overload

53.0 DC brake active

020,000 020000

DOUT channel

Invert DOUTS

int. 24 V
P0748 (0 CO/BO: State DOUTs max. 100 mA
T 0747 '
. Fct. of DOUT 1 biKI.Q

i

o o } COM_, KI.20

XXXX.Y NO . KI. 19
| MO6 K

NC » KI. 18

Relay : Text
DC30V/5A
AC250V/2A
max. opening / closing time
5/10 ms
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3.5.7.5

100

Selection of frequency setpoint

Selection of frequency setpoint
0 No main setpoint

1 MOP setpoint

2 Analog setpoint

3 Fixed frequency

4 USS on BORP link

5 USS on COM link

6 CBon COM link

7 Analog setpoint 2

10  No main setpoint + MOP setpoint
11 MOP setpoint MOP setpoint
12 Analog setpoint + MOP setpoint

+

76 CB on COM link + Analog setpoint 2
77 Analog setpoint 2 + Analog setpoint 2

NOTE

In addition to the main setpoint, a supplementary setpoint

Example P1000 = 12:

@ :
\}‘D

entered using P1000

=0

P1070 ClI: Main setpoint
P1000 = 12 ? P1070 = 755
r0755 CO: Act. ADC after scal.
P1075 Cl: Additional
P1000 =12 ? P1075 = 1050
r1050 CO: Act. Ou
MOP  f------ |
! Sequence control
ADC  f--q |
N i !
H ]
FF bt
1
1
Uss i Setpoint Motor
BOP link E channel control
USs {_____P1000
COM link
CB
COM link
ADC2 L 4
BI: Disabl ional Setpoint 0:0
Deaktiviert sollwert (ZUSW).

Cl: Addi tpoint

Defines t
Co ttings:
5 Analog input setpoint
1 ed frequency setpoint

05 MOP setpoint

e of the additional setpoint which is added to the main setpoint.

dditional setpoint scaling

Common settings:
1 Scaling of 1.0 (100 %)
755  Analog input setpoint
1024 Fixed frequency setpoint
1050 MOP setpoint

ines the source to scale the additional setpoint.
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3.5.7.6  Analog input (ADC)

P0756 = ..| |ADCtype 0 O

Defines the analog input type and activates the monitoring function of the analog input.

0 Unipolar voltage input (0 to +10 V)

1 Unipolar voltage input with monitoring (0 to 10 V)

2 Unipolar current input (0 to 20 mA)

3 Unipolar current input with monitoring (0 to 20 mA) @
4 Bipolar voltage input (-10 to +10 V)

NOTE %
For P0756 to P0760, the following applies: \

Index 0 : Analog input 1 (ADC1), terminals 3, 4
Index 1 : Analog input 2 (ADC2), terminals 10, 11

Value x1 of ADC scalingl_ 9V | po7e1>0
0 < P0758 < P0760 || 0> P0758 >"POZ60

Value y1 of ADC scaling| 00% | %
This parameter represents the 100 %
value of x1 as a % of P2000 %

(reference frequency). ASPmax

Value x2 of ADC scaling [ 10V |
P0O760 |—>

Value y2 of ADC scaling 100.0 %
This parameter represents the

value of x2 as a % of P2000 P0758
(reference frequency).

\

10V Xigge, ™A
_~'Po57 P0759 20 mA

1

P0761 =..| |Width of ADC deadband| 90V PO761
Defines width of deadband on )
analog input. P0757 = P0761

pPo762 = ..| |Delay, ADC signal loss \m

Defines the delay time be the’loss of the analog setpoint and fault message FO080
being displayed.

ADC channel S ~ o & O
_ REEe 10754 P1000
P0753 aaaa Po7et
l l l l Setpoint >
ADC ADC
scaling [ dead r0755
T 9 zone
P0762 =I 0752
P0756  P0761 T
T O
Wire |—| F0080
breakage
sensing r0751
r0722
r0722.6)9) Pxxxx]
P0707

» Function
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3.5.7.7  Analog output (DAC)
P0771=..] |Cl:DAC .

Defines function of the 0 - 20 mA analog output.

21 CO: Output frequency (scaled according to P2000)

24  CO: Frequency inverter output frequency (scaled according to P2000)
25 CO: Output voltage (scaled according to P2001)

26 CO: DC link voltage (scaled according to P2001)

27 CO: Output current (scaled according to P2002)

NOTE

For PO771 to P0O781, the following applies:
Index 0 : Analog output 1 (DAC1), terminals 12, 13
Index 1 : Analog output 2 (DAC2), terminals 26, 27

A 4
P0O773 =... Smooth time DAC ﬂ

Defines smoothing time [ms] for analog output signal. This parameter enables smoothing
for DAC using a PT1 filter.

A 4
po775=..| |Permitabsolute value

Decides if the absolute value of the analog output is used. If enabled, this parameter will
take the absolute value of the value to be outputed. If thefvalue was originally negative then
the corresponding bit in r0785 is set, otherwise it isicleareds

0 OFF

1 ON

A 4
Po776 =..| |DACtype [ o |
Defines the analog output type.
0 Current output
1 Voltage output

NOTE

e PO0776 changes the scaling of#@774 (0 —20 mMA < 0-10V)

e Scaling parameters P0778{P0780 and the dead zone are always entered in 0 — 20 mA
For the DAC as voltage output, the DAC outputs must be terminated using a 500 Q resistor

P0777 =..| |Value x1 of DAC scaling 0% mA

Defines the output characteristie,value
x1 as a %.

This parameter repregéfts theslowest 20
analog value asg@ % 'of P200x

(depending on thetsettifigsof PO771). P07*§2

po778 = ..| |Valueyl of DAC,scalifg \L PO781
A

This parameter, represents the value for| P0778
x1in mA. Yi

y
Po779 = .| |Value x2\ef DAC scaling 100.0 %
Definesithe output characteristic value -
x2 as a@b. PO777 P0779 100% %
This parameter represents the lowest X, X,
analeg value as a % of P200x
(depending on the setting of PO771).

This parameter represents the value for x2 in mA.

Valfie y2 of DAC scaling | 20 |
o

Width of DAC deadband
Sets width of deadband in [mA] for analog output.

MICROMASTER 440  Operating Instructions
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RRRS
DAC channel SS3 8 0774
P0773 PO775 ’1— ’i— ’1— ’1— P0781 I
Funcion P07 DAC |, Gegd |+ ‘0
XXX scaling L5
zone A
P0771 = xxx |
1:‘_ r0785 > &
0 785

3.5.7.8  Motor potentiometer (MOP) %
P1031 =..| |Setpoint memory of the MOP 0

Saves last motor potentiometer setpoint (MOP) that was active before command or
power down.

0 MOP setpoint will not be stored
1 MOP setpoint will be stored (P1040 is updated)

Inhibit negative MOP setpoints L
0 Neg. MOP setpoint is allowed
1 Neg. MOP setpoint inhibited

A

A

P1040 =..| |Setpoint of the MOP 5.00 Hz
Determines setpoint for motor potentiometer co
MOP ramp-up and ramp-down times are definec e parameters P1120 and P1121.
Possible parameter settings for the selecti o
MOP up MOP down
DIN P0719 =0, PO700°=2 04 P0702 = 13 P0703 = 14
PO719 (DIN2) (DIN3)
P0719 =
BOP UP button DOWN button
USS on PO719 USS control word USS control word
BOP link 41 r2032 Bit13 r2032 Bit14
USS on [PQ719= 0, § 7<?r0 =5,P1000=1 | yss control word USS control word
COM link \ P0719 = 51 r2036 Bit13 r2036 Bit14
CB 19=0, P07gr0 =6,P1000=1 | (B control word CB control word
PO719 = 61 r2090 Bit13 r2090 Bit14

Q>®
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3.5.79 Fixed frequency (FF)

:

P1001 =..| |Fixed frequency 1 0.00 Hz
Can be directly selected via DIN1
(PO701 = 15, 16)

'

€

:

Fixed frequency 2 5.00 Hz
Can be directly selected via DIN2
(P0702 = 15, 16)

&y
=
o
o
N

=
=
o
S
T
N

Fixed frequency 3
Can be directly selected via DIN3
(PO703 = 15, 16)

&y
=
o
o
w

When defining the function of the/digital inputs

Fixed frequency 4 15.00H2| (50701 to PO703), three different types can be
Can be directly selected via DIN4 selected for fixed frequencies:
(PO704 = 15, 16) 15 = Direct selection (Binaryicoded)
Y - In this particulagmodenthe appropriate
P1005 Fixed frequency 5 . 20.00 Hz digital input always Selects the associated
Can be directly selected via DIN5 fixed frequencyfe.g.:
(P0705 = 15, 16) Digital inpfit 3)= selects fixed frequency 3.
3 ) 25.00 Hz If sexeraliinputs are simultaneously active,
P1006 Fixed frequency 6 . ' then'these aresSummed. An ON command is
Can be directly selected via DING additionallyyrequired.
(PO706 = 15, 16) 16 ={Direct Selection + ON command
. 30.00 Hz (binary-coded +0On/ Offl)
Fixed frequency 7 /BnIgelEe In thisimode, the fixed frequencies are
- selegted as for 15, however these are
Fixed frequency 8 [35.00Hzl &4 Combined with an ON command.
17= Binary coded selection + ON command
Fixed frequency 9 40.00 Hiz| (BCD-coded + On/ Off1)

Bhe BCD-coded operating mode is effective for
digital inputs 1 to 3.

N
o
I
N

Fixed frequency 10

Fixed frequency 11

Fixed frequency 12

Fixed frequency 13

(0]

=)
o = ' >
o o o
S S S
T T T E
N N N N

Fixed frequency 14

Fixed frequeney, 15 65.00 Hz

Fixed frequengy code - Bit 0 \; 1 Direct selection

Defineésthe selection method for fixed 2 Direct selection + ON command
freqUenCies) 3 Binary coded selection + ON command
NOTE

For settings 2 and 3, all parameters P1016 to
P1019 must be set to the selected value so that
the drive inverter accepts the ON command.

Fixed,frequency code - Bit 1 \;

Fixéd frequency code - Bit 2 R

Fixed frequency code - Bit 3 1

Fixed frequency code - Bit 4 1 1 Direct selection
2 Direct selection + ON command

Fixed frequency code - Bit 5 1
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3.5.7.10 JOG

p1058 = ...
p1059 = ...

p1061 = ...

O

JOG frequency right 5.00 Hz A
Frequency in Hz when the motor is
rotating clockwise in the jog mode. JOG
JOG frequency left 5.00 Hz Af
Frequency in Hz when the motor is p1082
rotating counter-clockwise in the jog (fra) 4
mode. 01058
JOG ramp-up time 10.00 s
Ramp-up time in s from 0 to the
maximum frequency (p1082). JOG ramp-
up is limited by p1058 or p1059.
JOG ramp-down time 10.00 s >t
Ramp-down time in s from the maximum ~+— p1060 p1061 —»
frequency (p1082) to 0.
A0923
DIN Tippen rechts ) t
"0" >
BOP Q
USS "
- Tippen links
S0P Ink OO S b W .
uss
COM link fi
B P1082 ; :
COM link P1058
t
P1059, .- : -
. ] e = T
P1082 3 S8 1-1-8
o o o o
L 4

Q
&
&

L 4
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3.5.7.11 Ramp function generator (RFG)

p1091 = ..| |Skip frequency 1 (entered in Hz) [0-00Hz ;
Defines skip frequency 1, which avoids out
effects of mechanical resonance and
suppresses frequencies within +/- p1101
(skip frequency bandwidth). | . /
Skip frequency 2 \M // A
\ VA
Skip frequency 3 0.00 Hz T = P — TN
—»| & Skip freguency
Skip frequency 4 0.00 Hz v : bandwidth»f
’ 01091 in
Skip frequency bandwidth 2.00 Hz Skip frequency
(entered in Hz)
Ramp-up time 10.00 s Af
(enters the accelerating time in s) ?10532
fmax
v fi
p1121 = ..| |Ramp-down time 10.00 s
(enters the deceleration time in s)
-t
i— p1120 —p>i 1121 i
Rump-up initial rounding time | 0.00%,] The rounding times are recommended as
(entered in s) abrupt responses can be avoided therefore
Ramp-up final rounding time E :—;‘/(;J:gg stress and damage to the mechanical
(entered in s) The ramp-up and ramp-down times are
Rump-down initial rounding timem-oo s |extended by the component of the rounding
(entered in s) ramps.
Ramp-down final rounding(timé& | 0.00s
(entered in s)
Rounding type 0
0 Continuousgmoothing
1 Discontinyous smoothing

p1135=_.| |OFF3ramp‘dewn time 5.00s

Defines ramp-down time from maximum frequency to standstill for OFF3 command.
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3.5.7.12 Reference/limit frequencies
p1080 = ..| |Min. frequency (entered in Hz) 0.00 Hz

'

p1082 = ...

P2001 = ...

P200‘:'3 =..

Sets minimum motor frequency [Hz] at which motor will run irrespective of frequency
setpoint. If the setpoint falls below the value of p1080, then the output frequency is set to
p1080 taking into account the sign.

Max. frequency (entered in Hz) 50.00 Hz

Sets maximum motor frequency [Hz] at which motor will run irrespective of the frequency
setpoint. If the setpoint exceeds the value p1082, then the output frequency isdimited. The
value set here is valid for both clockwise and anticlockwise rotation.

Reference frequency (entered in Hz) 50.00 Hz

The reference frequency in Hertz corresponds to a value of 100 %.

This setting should be changed if a maximum frequency of higher than 60 Hz/is required.

It is automatically changed to 60 Hz if the standard 60 Hz frequency was selected using
p0100.

NOTE

This reference frequency effects the setpoint frequency as both theifrequency setpoints via
USS as well as via PROFIBUS (FB100) (4000H hex £ 100 % p2000) refer to this value.

Reference voltage (entered in V) 1000 v
The reference voltage in Volt (output voltage) corrésponds/io a value of 100 %.

NOTE

This setting should only be changed if it is neg€ssary to,output the voltage with a different
scaling.

Reference current (entered in A) 0.10 A
The reference current in Amps (output curfent) corresponds to a value of 100 %. Factory
setting = 200 % of the rated motor curreAty(P0305).

NOTE

This setting should only be changediif it isypécessary to output the current with a different
scaling.

Reference torque (entered fyNm) 0.12 Mn
The reference torque in Nmgeorrésponds to a value of 100 %. Factory setting = 200 % of
the rated motor torque at @ constant motor torque determined from the appropriate motor
data.

NOTE

This setting shotld, only, be £hanged if it is necessary to output the torque with a different
scaling.
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3.5.7.13

p0290 = ...

[Po292 =...

P0295 = ...

3.5.7.14

108

Inverter protection

Inverter overload reaction
Selects reaction of inverter to an internal over-temperature.
0 Reduce output frequency
1 Trip (FOO04 / FOO05)
2 Reduce pulse frequency and output frequency
3 Reduce pulse frequency then trip (FO004)

Inverter monitoring Inverter overload reaction

i PO2%0_ _  _.
r0036 l i2t i_max control ‘—>| A0504
! ’ P0294 (Ur) |
I Current control . A0505
o areniconol |6 soeee |
0037 eat sin |
L I > temperature > A0506
; P0292 !
! BT f_pulse . F0004
L temperature CT |
| P0292 | F0005
Inverter temperature warning [ 15°C |

Defines the temperature difference (in °C) between,theiOvertemperature trip threshold and
the warning threshold of the inverter. The trip threshold"is stored internally by the inverter
and cannot be changed by the user.

Temperature warning threshold of inverter & .warn
Twarm = Tip - P0292

warn

Temperature shutdown threshold.ef.inverter T trip

Temperature MM440, Frame Size
A -C D-F F FX GX
600V [ 95 kW [110 kW |132 kW |160 kW | 200 kW
CT CT CT CT CT
Heat sink 1108C [ 95°C | 80°C | 88°C | 91°C | 80°C | 82°C | 88°C
IGBT 140.C | 145°C | 145°C | 150 °C | 150 °C | 145°C | 147 °C | 150 °C
Input rectifier - - - 75°C | 75°C | 75°C | 75°C | 75°C
Cooling air - - - 55°C | 55°C | 55°C | 55°C | 50°C
Control board - - - 65°C | 65°C | 65°C | 65°C | 65°C
Delay, fan_shutdown 0s

This defines theydelay time in seconds between powering down the frequency inverter and
then poweting-down the fan. A setting of 0 means that the fan is immediately shut down
(powered*down).

Motor protection

In@addition to the thermal motor protection, the motor temperature is also included
in the adaptation of the motor equivalent circuit diagram data. Especially for a high
thermal motor load, this adaptation has a significant influence on the degree of
stability of the closed-loop vector control. For MM440 the motor temperature can
only be measured using a KTY84 sensor. For the parameter setting P0601 = 0,1,
the motor temperature is calculated / estimated using the thermal motor model.

If the frequency inverter is permanently supplied with an external 24V voltage, then
the motor temperature is also tracked/corrected using the motor temperature time
constant — even when the line supply voltage is switched-out.
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A high thermal motor load and when the line supply is frequently switched-
out/switched-in requires, for closed-loop vector control

— that a KTY84 sensor is used, or
— an external 24V power supply voltage is connected

P0335 = ... Motor cooling (Selects motor cooling system used) 0

0 Self-cooled: Using shaft mounted fan attached to motor
1 Force-cooled: Using separately powered cooling fan

2 Self-cooled and internal fan

3 Force-cooled and internal fan

P0601 = ..| |Motor temperature sensor o |

Selects the motor temperature sensor.

0 No sensor

1 PTC thermistor (PTC)

2 KTY84
When "no sensor" or "PTC thermistor (PTC)" is selected, the motortemperature is
determined on the basis of the value estimated by the thermalfmoter model.

|

Fault
F0015 P0601 =2 ’—»
5V = r0052
>0 & Bit13
T,=4s o
Signal 0 olNO senser
ADC i H  loss | PTC o 1T
detection Q\1 ° i UI ] Motor
5 olKTY 0 >1 temp.
PTC reaction
KTY I = r0035
P060 |¥ 1, 4
I e L, 1L[ P0610
—o 0
Equivalent —|-> I
circditdata Thermal r0631 P0604
Power dissipation motor
Pkor ——> model r0632
I—> r0633

P0604 = .| |Alarm threshol®, moter overtemperature 130.0°C

Defines the alarmpthreshold for the motor overtemperature protection. This threshold, where
either a shutdown,(trip) ©r Imax reduction is initiated (P0610) always lies 10 % above the
alarm threshold.
Atrip =11 M wam = 1:9°P0604 Bam - Warning threshold (P0604)

By, Trip threshold (max. permissible temperature)

The glarpy threshold should be at least 40 °C greater than the ambient temperature P0625.
P06042 P0625 + 40 °C

P0610 = 4| |lmverter temperature reaction 2

Defines reaction when motor temperature reaches warning threshold.

04" No reaction, warning only
1 Warning and Imax reduction (results in a lower output frequency)
2 Warning and trip (FO011)

p@640 = ...|" |Motor overload factor [%)] 150.0 %

Defines motor overload current limit in [%] relative to p0305 (rated motor current). Limited to
maximum inverter current or to 400 % of rated motor current (p0305), whichever is the
lower.
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3.5.7.15 Encoder
P0400 =... Select encoder type \L Parameter | Terminal Track Encoder output
Selects the encoder type.
0 Inhibited P0400 = 1 A I I single ended
1 Single-track pulse encoder A T e T differential
2 Two-track pulse encoder s
AN LTI 1
The table shows the values of
P0400 as a function of the P0400 = 2 A I I in ed
number of tracks:
A rential
AN
B
BN

110

In order to guarantee reliable operation, the DIP switches onithe enceder module must be

set as follows depending on the encoder type (TTL, HTL)
/'

Type Output
single ended differential
TTL (e 111111
1XP8001-2)
HTL (e.g.
1XP8001-1) 101010

Encoder pulses per revolution
Specifies the number of encode

Reaction on speed signal |
Defines the calculation me\\
0 No transition
1 Transition into SLV

Allowed speed difference
Parameter P0492 defines ff
(fault FO090).

CAUTION
p0492 =0
With p0492

10.00 Hz

requency threshold for the loss of the encoder signal

ss than the value of P0492, the loss of the encoder signal is determined using an
propriate algorithm. P0494 defines the delay time between detecting the loss of the
signal and initiating the appropriate response.

TION

p0494 = 0 (no monitoring function):

With p0494 = 0, the loss of the encoder signal at low frequencies is de-activated. As a
result, at these frequencies, a loss of the encoder signal is not detected (loss of the encoder|
signal at high frequency remains active as long as parameter p0492 > 0).
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3.5.7.16 VI/f control

Control mode

P1300 =...

frequency is defined.
0 V/fwith linear
1 V/fwith FCC
2 V/f with parabolic characteristic
3 V/f with programmable characteristic (— P1320 — P1325)

Continuous boost (entered in %)
Voltage boost as a % relative to PO305 (rated motor current) and P0350

0

The control type is selected using this parameter. For the "V/f characteristic" control type,
the ratio between the frequency inverter output voltage and the frequency inverter output

P1310 is valid for all V/f versions (refer to P1300). At low output freque e ‘effective
resistance values of the winding can no longer be neglected in order to in the motor
flux.
Vi Linear V/f
Boost voltage
Vmax
4
y
Vn o2
(P0304) Oy >t
N >
A oSS
actual Voot !
VConBoast,100 T 6\&4{:0\ ! > t
Fo® i P1310 active
<S50
Q 1A
VConBoost 501 H 0
: >t
0 faoostend fn f rl'nax'
(P1316) 0310) (P1082)
v
P1311 =.| |Acceleration boost (entére ) [ 0.0% |

MICROMASTER 440

Voltage boost for acc ti
results in a voltage bgost
for accelerating
acceleration op
accelerates or

aking as a % relative to P0305 and P0350. P1311 only
en ramping-up/ramp-down and generates an additional torque
raking. Contrary to parameter P1312, that is only active for the 1°
& er the ON command, P1311 is effective each time that the drive
es

oost-Spannung Glltigkeitsbereich
ON d
OFF >t
lf'T —
- »t
P1311 aktiv
A
1
0 -t
0 » f
fBoost end fn fmax
(P1316) (P0310)  (P1082)

6SE6400-5AW00-0BPO
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P1312 = Starting boost (entered in %)

generator output.

Voltage boost when starting (after an ON command) when using the linear or square-law
V/f characteristic as a % relative to PO305 (rated motor current) or P0350 (stator
resistance). The voltage boost remains active until
1) the setpoint is reached for the first time and
2) the setpoint is reduced to a value that is less than the instantaneous ramp-function

0.0 %

O

Programmable V/f freq. 0-0Hz
coord. 1

Sets V/f coordinates
(P1320/1321 to P1324/1325) to
define V/f characteristic.

8l

P1320 =..

A 4

max

(Vg M

max)

P1321 =...| |Programmable. V/f volt. [0-0Hz
coord. 1

P1322 = | |Programmable V/f freq. 0-0Hz
coord. 2

P1323 =..| |Programmable V/f volt. [0-0Hz
coord. 2

P1324 = | |Programmable U/f Freq. [0-0Hz
coord. 3

P1325 =. | |Programmable V/f volt. |0-0Hz
coord. 3

v
pP1333=..| |Starting frequency for FCC

(entered as a %)
Defines the FCC starting frequen
function of the rated motor fre
P0310
100
P0310
100

frcc = -P1333

fFCC+Hys = ’ (P1 333+

NOTE

The constant voltagefoo0s
continually decrease:
FCC.

10is
to switching-in

a
(P

L 4

f3 f,
P1324 P0310

“10395[%)
100[%]

-P0304[V]

meX
P1082

f

Switch-over

FCC

f

FCC+Hys

> f

Slip comp
(entered in

H
i

P133

output frequency of

Dynamic dj
inverter so that motor speed is kept constant
indep, otor load.

0.0 %

Range of slip compensation :

%

A

P1335 {

» fout
» —

6% 10%

100 %

N

ance damping gain V/f

es resonance damping gain for V/f.

0.00

112
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3 Functions

3.5.7.17 Field-orientated control

Limitations

O

p0640 = ...

v

Motor overload factor [%]

Defines motor overload current limit in [%] relative to p0305 (rated motor current). Limited to
maximum inverter current or to 400 % of rated motor current (p0305), whichever is the

lower.
min (r0209, 4 - p0305) .100
p0305

p0640max =

L 4

p1520 = ...

CO: Upper torque limit/FC-spec.

Specifies fixed value for upper Resultant
torque limitation. torque limit
M| A

P1520 gef = 1.5-r0333

Power
limitation

Stall
limita

Torque limitation

P1520 max = +4-r0333

p1521 = ...

CO: Lower torque limit[FC-spec.
Enters fixed value of lower
torque limitation.

P1521def = —1.5-10333
P1521max = £4-r0333

b

p1530

Motoring power limitation
Defines fixed value for the max

motoring active power.

P1530 gef =2.5-P0307
P1 530 max = 3 . P0307

A 4

p1531 = ...

MICROMASTER 440

FC-spec.
X. permissible

Regenerative power Jimit
Enters fixed valg for the
regenerative ac

&

P1531def =
P1531 max =&

L]

Constant
power

M A

p1530

p1530

p1531

Operating Instructions

6SE6400-5AW00-0BPO

113



3 Functions

Issue 10/06

Sensorless vector control (SLVC)

p1300=20

161B=:|

8

p1611 = 4

7

114

Control mode 0

20 Closed-loop Vector control — speed without encoder

SLVC can provide excellent performance for the following types of application:
e Applications which require high torque performance

Applications which require fast respond to shock loading

Applications which require torque holding while passing through 0 Hz
Applications which require very accurate speed holding

Applications which require motor pull out protection

Filter time for act. freq (SLVC) 4 ms
Sets time constant of PT1 filter to filter the frequency deviation of speed gentroller in
operation mode SLVC (sensorless vector control).

Decreasing the value leads to a higher dynamic of the speed regulation. Instability is seen
if the value is to low (or to high). p1452 = 2 can be set for most applications.

Gain speed controller (SLVC) 3.0
Enters gain of speed controller for sensorless vector control {SLVC):
Integral time n-ctrl. (SLVC) 400 ms

Enters integral time of speed controller for sensorless vector control (SLVC).

p1488 '\, p1489

r1490 150 ms T T
IL < Dreep

\ 28 2 p1496 p0341 p0342

p1492|—>-jf’-.(LO 11 A
Precontrol

p1470 p1472

31

Kp Tn |

\ ~—— » ~——~ »
— S —~

Torque'
setpoint

Liri508 > Yroo79 >

Freq. setpoint

Act. frequency N

from observerimodel

*) only active, if pre-control is enabled
(p1496 > 0)

Continudus tofgue boost (SLVC) [50.0 % |
Sets continuous torque boost in lower frequency range of SLVC (sensorless vector control).
Valué'isgentered in [%] relative to rated motor torque r0333.

p:1610fis only effective in the open-loop mode between 0 Hz and approx. +p1755.

Acc.%terque boost (SLVC) 0.0 %
Setsacceleration torque boost in lower frequency range of SLVC (sensorless vector
control). Value is entered in [%] relative to rated motor torque r0333.

p1611 is only effective in the open-loop mode between 0 Hz and approx. +p1755.

In opposite to p1610 the acceleration torque boost p1611 is only in operation during
acceleration/deceleration.

MICROMASTER 440  Operating Instructions
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p1750 = ...

p1755 = ...

MICROMASTER 440
6SE6400-5AW00-0BPO

Control word of motor model 1]
This parameter controls the operation of the sensorless vector control (SLVC) at very low
frequencies. This therefore includes the following conditions:

Bit00 Start SLVC open loop 0 NO 1 YES
(Operation directly after an ON command)
Bit0l1l Zero crossing SLVC open loop 0 NO 1 YES
(zero crossing)
fA Start fA Zero crossing s

5= A
Closed loop Closed loop

\

p1755
.. Open loop

es the best result at low
frequency.

5.0 Hz

(SLVC), thereby SLVC switches over

Start-freq. motor model (SLVC)

Torque

\4

limitation
r0062
Frequency "
setpoint
P p1750/p1755 Act. output
p1452 — { open/closed Current voltage
. loop controller
Flux setpoint
closed loop A )
¢ o R
=i N s 3
Flux setpoint !u
open loop Current i
measurement | I,
A
Act. angle
A
Act. output
(‘) Act. frequency () frequency;
A_ .
Slip
Observer model »—o
closed loop 0_,_0//)_ —‘
Operating Instructions
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Vector cont

rol with encoder (VC)

First step: Parameterizing the speed encoder (refer to Section 3.5.7.15)

When commissioning Vector Control with encoder-feedback (VC), the drive
should be configured for V/f mode (see p1300) first. Run the drive and compare
r0061 with r0021 that should agree in:

sign

magnitude (with a deviation of only a few percent)

Only if both criteria are fulfilled, change p1300 and select VC (p4300s=21/23).
Encoder loss detection must be disabled (p0492 = 0) if torque jisslimited
externally., e.g.:

closed-loop winder control

traversing / moving to a fixed endstop

when using a mechanical brake

Control mode
21

Vector control with sensor

Sets time constant of PT1 filter to smooth actual speed ofispeed controller.

Decreasing the value leads to a higher dynamic,of'the,Speed regulation. Instability is seen if
the value is to low. p1442 = 2 can be set forlimost applications.

0
4 ms

Filter time for act. speed

Gain speed controller
Enters gain of speed controller.

3.0

Integral time speed controller [ 400 ms |
Enters integral time of speed contraller.
p1488 p1489
r1490 s I I
C < Droop
0
\ 2R 2 p1496 jp0341 p0342
.
Precontrol
p1460 p1462
Kp Tn
P —
Fregmsetpoint __[-_-_"_-_-__ >~ ¢+ » ——
I - ~ > Torque
setpoint
p1442
508 > YJwoors >

Agt. frequency R

*) only active, if pre-control is enabled
(p1496 > 0)

from encoder

116
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Supplementary torque setpoint

>

>

In the vector mode — with / without encoder — the speed controller can be
subordinate to a constant or variable supplementary torque.

The supplementary setpoint can be used to advantage for hoisting gear with low
intrinsic friction when starting in the vertical direction. The supplementary torque
setpoint must always be impressed in the hoisting (raising) direction (please
observe the sign!). As a result of the supplementary torque, also when lowering,
a slip is immediately established that has a stabilizing effect on the closed-loop
control (there is no significant load sag).

The sign of the supplementary torque setpoint can be determinedias fallows in
the commissioning phase with the appropriate care and takingdnto aeeount all
of the relevant safety regulations:

Hoist (raise) a minimum load using the hoisting gear and read-aut.the sign from
parameter r0079 (the sign of r0079 corresponds to the sign ofithe
supplementary torque setpoint).

An empirical value of approx. 40 % of the rated motor torque r0333 has lead to

good results for existing hoisting gear
(carefully observe the sign!).

Cl: Supplementary torque setpoint w Freguent settings:
Selects the source of the supplementary torque 2889 Fixed setpoint 1 as a %
setpoint. 2890 Fixed setpoint 2 as a %

755.0  Analog input 1

755.1 Analog input 2
2015.2 USS (BORP link)
2018.2 USS (COM link)
2050. 2 CB (e.g. PROFIBUS)

Droop
‘_
Pre=
control
Kp Th
_ g PI r1538
S~—
- i Speed
Freq. setpoint _ | controller ‘ > —>
_I_Ti T Torque
e 1539 11539 setpoint
:

Act. frequeney,

Cl: Addttrq. setp

P4511°C
0:0)
Ti Kp Thn
*) only active, if pre-control is enabled SLVC: P1452 P1470 P1472
(P1496 > 0) VC: P1442 P1460 P1462

MICROMASTER 440  Operating Instructions
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3.5.7.18 Converter-specific Functions

Flying start

p1200 = ...| [Flying start

inverter until the actual motor speed has been found.

0 Flying start disabled
Flying start is always active, start in direction of setpoint

Flying start is always active, only in direction of setpoint
Flying start is active if power on, fault, OFF2, only in direction of set
Flying start is active if fault, OFF2, only in direction of setpoint

OO WN =

Starts inverter onto a spinning motor by rapidly changing the output frequency of the

L 4
Flying start is active if power on, fault, OFF2, start in direction of se 'n@
Flying start is active if fault, OFF2, start in direction of setpoint

JZ)O

Motor-current: Flying start (entered in %)
Defines search current used for flying start.

100 %

Search rate: Flying start (entered in %)

turning motor.

Sets factor by which the output frequency changes durin i rt to synchronize with

100 %

Automatic restart

Disabled
Trip reset after power on

p1210 = ... Automatic restart
Configures automatic restart function. \
0 \

Restart after mains blackout

1

2

3 Restart after mains brown

4 Restart after mains bro

5 Restart after mains black d fault

6 Restart after mains bro I ut or fault

[ 1]

o
O
N

O
Q>®

L 4

MICROMASTER 440  Operating Instructions
118 6SE6400-5AW00-0BPO



Issue 10/06 3 Functions

Holding brake

» Series / commissioning for hazardous loads

— lower the load to the floor

— when replacing the frequency inverter, prevent (inhibit) the frequency
inverter from controlling the motor holding brake (MHB)

— secure the load or inhibit the motor holding brake control (so that the brake
cannot be controlled) and then — and only then — carry-out quick
commissioning / parameter download using the PC-based tool (e.qg.
STARTER, AOP)

» Parameterize the weight equalization for hoisting gear applications
— magnetizing time P0346 greater than zero
— min. frequency P1080 should approximately correspond to the metor slip
r0330 (P1080 = r0330)
— adapt the voltage boost to the load
a) V/f(P1300=0...3): P1310,P1311
b) SLVC (P1300 =20): P1610, P1611

» Itis not sufficient to just select the status signal r0052%hit 12 "motor holding
brake active" in PO731 — P0733. In order to activate the motor holding brake, in
addition, parameter P1215 must be set to 14

» Itis not permissible to use the motor holding‘brake as operating brake. The
reason for this is that the brake is genefrally,only dimensioned/designed for a
limited number of emergency braking,operations.

» The brake closing / opening times cai'be,taken from the appropriate manual.
The following typical values have been taken from Motor Catalog M11
2003/2004, Page 2/51:

Motor size Brakestype Opening time [ms] | Closing time [ms]
63 2L M8 005-ANAXX 25 56
71 2M8 005-2NAXxX 25 56
80 2LM8010-3NAXxX 26 70
90 2L M81020-4NAXX 37 90
100 2LM8/040-5NAXxX 43 140
112 2BM8 060-6NAXX 60 210
132 2LM8 100-7NAXx 50 270
160 2LM8 260-8NAXx 165 340
180 2LM8 315-0NAXxx 152 410
ggg 2LM8 400-ONAXX 230 390
Holding brake enable [ o |
Enables/disables holding brake function (MHB).
0 Motor holding brake disabled
1 4 'Motor holding brake enabled
NOTE
The following must apply when controlling the brake relay via a digital output: P0731 = 52.C (= 52.12)
(refer to Section 3.5.7.4 "Digital output (DOUT)").

MICROMASTER 440  Operating Instructions
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P0731=52.C

P0748 =0

p1216 =

pl217 = ...
L 4

120

BI: Fct digital output 1 523 | Frequent settings:
Defines the source for digital output 1. | 52.0 Ready to power-up 0 Closed
NOTE 52.1 Ready 0 Closed
The brake relay can also be controlled |52.2 Drive operational 0 Closed
from another digital output (if thisis | 52.3 Fault present 0 Closed
available) or using a distributed I/O 52.4 OFF2 active (present) 1 Closed
module. Analog to DOUT 1, it should |52.5 OFF3 active (present) 1 Closed
be guaranteed that the 1/Os are 52.6 Power-on inhibit active (present) 0 Closed 4
controlled by the status bit “MHB 52.7 Alarm active (present) 0 sed
active”. 52.8 Deviation, setpoint/actual value 1£C
52.9 PZD/PLC control 0s
Inverting digital \L 52.A Maximum frequency reached losed
outputs 52.B  Alarm: Motor current limit osed
This parameter allows the signals 52.C Motor holding brake active Closed
to be output to be inverted. 52.D Motor overload Closed
52.E Motor dir. of rotation, €leckwi 0 Closed
52.F Frequency inverte r 1 Closed
53.0 DC brake active 0 Closed
53.1 Actual freq. f_act 2167 (f_off) 0 Closed
DOUT channel Invert DOUTs
int. 24 vV
/BO: State DOUTs max. 100 mA
BI: Fct. of DOUT 1 K9
- [Po731C | |
Function D)) (52:3), COM_
XXXX.Y M. KI.20
P0O731 = xxxx.y +
DC30V/5A
AC250V/2A
- max. opening / closing time
5/10 ms

fore the ramp-up starts.
ime + relay opening time

mp-down (entered in s)

P1217 > brake closing time + relay closing time

MICROMASTER 440

Operating Instructions
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Braking functions

DC-Bremse

P1230 = ...

P1232 =...

MICROMASTER 440

Priorities are assigned to the various braking functions. For instance, if a DC brake
or a compound brake is activated, then this has a higher priority than the dynamic
brake (resistance-type braking).

DC braking

P1233 >0
?

Compound
braking

P1236 > 0
?

Dynamic
braking

P1237 >0
?

yes

no

A 4

DC braking
enabled

Compound braking
enabled

Dynamic braking
enabled

disabled

Bl: Enabling the DC brake
This enables DC braking using a signal that was used from an\external source. The

function remains active as long as the external input signaliis, active. DC braking causes
the motor to quickly stop by injecting a DC current

Bl: Enable DC brkh

Il

i P0347

1
0 >
t
If]A ) Y /f_set
f*
DC braking
A <
f_act
‘/ g t

.

Il
Wil

DC braking active
A

U VTR

10053 &
Bit00 _g

Note: DC brakes€an be applied in drive states r0002 = 1, 4,5

\

6SE6400-5AW00-0BPO

BC braking current (entered in %) \M
Defines level of DC current in [%] relative to rated motor current (P0305).
Operating Instructions
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122

|

command.

Duration of DC braking (entered in s)
Defines duration for which DC injection braking is to be active following an OFF1 or OFF3

Os

OFF1/OFF3 |

O

DC braking start frequency (entered in Hz)

the start frequency for the DC brake.

-
. - F0347 4
OFF2
It| A Y LAY Y
P1234 OFF2
\<braking
Pt
DC braking active
r0os3 1
Bit00 0 »t
33
® . > N
OFF1/OFF3 & ot
4
OFF2
-t
It A
P1234 |t E TN OFF2
O DC braking
\ \@FZ
-t
DC braki A
r0 1
>t
\ P1233
| 650 Hz

MICROMASTER 440

Operating Instructions
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Compound braking
P1236 =...| |Compound braking current (entered in %) 0%

Defines DC level superimposed on AC waveform after exceeding DC-link voltage threshold
of compound braking. The value is entered in [%] relative to rated motor current (P0305).
(see also Vdc controller ").

IfP1254=0:
Compound braking switch-on level UDC Comp =1.13~\/E-Vmains =1.13. \/E-P021O
otherwise : -
Compound braking switch-on level UDC_Comp =0.98-r1242
P1236 =0 P1236 > 0
Without Compound braking With Compound braking
14 f_set |14 f_set
f act _f act
L >t
i i
t AN
W~
|"IDC-Iink LlDC—Iink
A
UDC»Comp I
>t >t

Dynamic braking

Dynamic braking [ o ]

Dynamic braking is activated'using parameter P1237 — the nominal (rated) duty cycle as
well as the switch-in duratiomyef the braking resistor are also defined.

Inhibited

Load duty cy€le 5%

Load duty gycle 0, %

Load duty cyele 20 %

Load dutyycycle’50 %

Loadfduty cyele 100 %

Using the dynamic brake, the regenerative feedback energy is transferred to the external
brakingmresistor using the chopper control (braking chopper); it is converted into thermal
energy (heat) in this resistor. This dynamic braking allows the drive to be braked in a
contralledfashion. This function is not available for sizes FX and GX.

abhwN-=0O

Chopper resistor

Chopper

' |
5 L =1,
7 I T control [ 7
| ! ﬁ_ !

MICROMASTER 440  Operating Instructions
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Vdc controller

P1240 =...| |Configuration of Vdc controller 1 Vocy
Enables / disables Vdc controller. r1242
0 Vdc controller disabled L
1 Vdc-max controller enabled
v

P1254 =... Auto detect Vdc switch-on levels 1
Enables/disables auto-detection of switch-on | Vp¢ ,.-controller active
levels for Vdc control functionalities. ] A
0 Disabled r0056 Bit14
1 Enabled 0

A

A\

<« A0911 —»

y

[f] &

€
A
3
1
'
'
'
'
'
/

PID controller

P2200 =...| |Bl: Enable PID controller 0.0

PID mode Allows user to enable/disable the PID controllet, Setting to 1 enables the PID
controller. Setting 1 automatically disables nofmalrampjtimes set in P1120 and P1121 and
the normal frequency setpoints.

Cl: PID setpoint 0.0
Defines setpoint source for PID setpoint infiut.

Cl: PID trim source 0.0
Selects trim source for PID setpoint. Thisésignal is multiplied by the trim gain and added to
the PID setpoint.

Ramp-up time for PID setpoint 1.00s
Sets the ramp-up time for theyPID"setpoint.

:

i

Ramp-down time for PID setpoiht 1.00s
Sets ramp-down time for PID/sétpoint.

Cl: PID feedback 755.0
Selects the source of the PID feedback signal.

ok

=
o
©
o
S
R

Max. value for PID¥eedback
Sets the upper limit forthe value of the feedback signal in [%]..

Min. value fonPIDfeedback 0.00 %
Sets loweplimit foralue of feedback signal in [%]..

BE G

PID propertional gain 3.000
Allowsruser to”set proportional gain for PID controller.

RID integral time 0.000 s
Sets, intégral time constant for PID controller.

PID output upper limit 100.00 %|

Sets upper limit for PID controller output in [%].

MICROMASTER 440  Operating Instructions
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Example:

MICROMASTER 440

PID output lower limit
Sets lower limit for the PID controller output in [%].

0.00 %

PID
MOP | © — o| v
J 8 8 S §
ADC P2254 ol o o ol o 5
PpD| [PD]| [PID O__O\‘-*E
PID I; P2253 :I—VSUM >RFG|PT1 PID /71 il o
o © A PIDG o0
15 |" "ND
BOP link ol o
uss PID [PID
COM link P2264 PT1| —~"[SCL
CB f
COM link P2200 P2265 P2271
ADC2
Parameter | Parameter text Exa
P2200 Bl: Enable PID controller PID controller active
P2253 ClI: PID setpoint PID-FF1
P2264 ClI: PID feedback ADC
P2267 Max. PID feedback Adapt to the application
P2268 Min. PID feedback Adapt to the application
P2280 PID proportional gain P2280 Determined by optimizing
P2285 PID integral time P2285 Determined by optimizing
P2291 PID output up P2291 Adapt to the application
P2292 PID output lo P2292 Adapt to the application

6SE6400-5AW00-0BPO
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Free function blocks (FFB)

P2800 =...

126

Enable FFBs 0 O
Parameter P2800 is used to activate all free function blocks (generally, P2800 is set to 1).

Possible settings:

0 Inhibited
1 Enabled

Activate FFBs | 0.0 |

Parameter P2801 is used to individually enable (activate) the free function blo P2801[0]
to P2801[16] (P2801[x] > 0).

Further, parameters P2801 and P2802 are used to define the chronologica e of
all of the function blocks. The table below indicates that the priority incr: left to
right and from bottom to top.

Possible settings:
0 Inactive

1 Level1 0
2 Level2
0 Level3

Example: @

P2801[3] = 2, P2801[4] = 2, P2802[3] = 3, P2802[
FFBs are calculated in the following sequence:
P2802[3], P2801[3], P2801[4], P2802[4]
The active function blocks are calculated every

Activate FFBs
Parameter P2802 is used to individually e e (activate) the free function blocks P2802[0]
to P2802[13] (P2802[x] > 0).

Possible settings:

0 Inactive
1 Level1
2 Level2
1 Level 3
Priority 2 .
Iow4—|h|gh
Level 3 -
Level 2 =
o
Level 1 =
. o
Inactive 0
™ N~
‘—N‘—Nx—tff‘:&&ﬂ__N‘—mmva‘—mN ||~
Joonon|2(2/2|Q i ==l 4 4[4 “aaao
515 |alalElElEIEln|n|nkk|o|0|0|0|00|x|x|x|=Z|=Z|=
Slnn<<|FIFlFlFEIZIx|0|0|Z|Z|Z X |X|X|O|0|0|<<|<<|< g
| | | | | | | = | © | | | O | N | | © | e e | e e | | et | |
9, I~/ O O &ML=, | O, 7 | | o [ o | | 0, | O 10, &[N | O,
NN NN NN == e e e e e e e e = = = =
[ellelleollellolloleo}lelollolleolleollelleolellellollolollellellollello}lle}e]
00 |00 |00 (00 |00 |©0 |0 |00 |90 |00 | €O (00 |00 |00 |00 (O |00 |00 |00 (€O (00 [Q0 |00 (00 [0 |0
NN N NN NNNNNNNNNNNN NN NN NN NN
o Y W W R W W W N W o W N WY o W P N P N T
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3.5.7.19 Comm

and and drive data set

P0810 =...| |Command data set CDS bit 0 (local / remote)
Selects the command source in which bit 0 should be read-out to select a command data
set (CDS).
Selecting CDS
BLCDSbit1  f o ___ CO/BO: ActCtriwd2®
(0:0)
Bl: CDS b0 loc/rem
Mmoo —-
0
Changeover time ;  Changeove
Active CDS A —> *— approx.4ms > 5‘_appr 4 ms
r0050 P I B
2H—————- CO: Active CDS
—_— _
0 -t

The currently active command data set (CDS) isdi
Select Active
cDS cDS K

d using parameter r0050:

r0055 | r0054 | r0050

1.CDS

o

bit15 | bit15
0 0

2.CDS

3.CDS

3.CDS

0 1
1 0
1 1 2

Most fre

722.0
7221
722.2
722.3
722.4
722.5
722.6
722.7

guent settings:

703 must be set to 99, BICO)
(P0704 must be set to 99, BICO)

2O

r CDS changeover:
mand source via terminals and setpoint source via analog input (ADC)

Carry-out commissioning for CDS1 (P0700[0] = 2 and P1000[0] = 2)

Connect P0810 (P0811 if required) to the CDS changeover source
(PO704[0] = 99, P0810 = 722.3)

Copy from CDS1 to CDS2 (P0809[0] = 0, P0809[1] = 1, P0809[2] = 2)
Adapt CDS2 parameters (P0700[1] = 1 and P1000[1] = 1)

MICROMASTER 440  Operating Instructions
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!

P0810 = 722.3
DIN4 [ O
: P0O700[0] = 2 5
Terminals T ™o Sequence control
0
Sop PO700[1]=1 L1 X 7
\ 4 v
P1000[0] = 2
ADC il Setpoint Motor
o channel [ control
P1000[1] = 1

Drive data set (D

DS) bit 0

Selects the command source from which bit 0 should be read-out to seléct aydrive data set.

[ o |

A
Operation _ ==
o) | | ] 1 IR
>t
Select DDS
BL:DDSbit1 ] I AT & CO/BO: ActCtrlWd2
©0) -
BI: DDS bit 0 CO/BO:ActCtrwWd2
1 S iiniainieiainb -
(0:0) 0
>t
. Changeovertime Changeover time
Active DDS A —™ *approx/0ms, ~ ™ *approx. 50 ms
r0051[1]
3l e Y& 5 __
- ,
CO: ActiveDDS
e NN _
0 -t
The currently active drive datagSet (DDS) is displayed using parameter r0051[1]:
Select Active
DDS DDS
r0055, | r0054 | ro051 [0] | r0051 [1]
bit05 | bit04
1.DDS 0 0 0 0
2. DDS 0 1 1 1
31DDS 1 0 2 2
3,DDS 1 1 2 2

Mostifrequent settings:

722.0 "= Digital input 1 (P0701 must be set to 99, BICO)

7221 = Digital input 2 (P0702 must be set to 99, BICO)

722.2 = Digital input 3 (P0703 must be set to 99, BICO)

722.3 = Digital input 4 (P0704 must be set to 99, BICO)

722.4 = Digital input 5 (P0705 must be set to 99, BICO)

722.5 = Digital input 6 (P0706 must be set to 99, BICO)

722.6 = Digital input 7 (via analog input 1, PO707 must be set to 99)
v 722.7 = Digital input 8 (via analog input 2, P0708 must be set to 99)

128
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Example:
1. Commissioning steps with a motor:
— Carry-out commissioning at DDS1.
— Connect P0820 (P0821 if required) to the DDS changeover source 0
(e.g. using DIN 4: P0704[0] = 99, P0820 = 722.3).

Copy DDS1 to DDS2 (P0819[0] = 0, P0819[1] = 1, P0819[2] = 2).

Adapt DDS2 parameters S
(e.g. ramp-up / ramp-down times P1120[1] and P1121[1]).

DIN —» Sequence control
A A A
A 4 \ 4 \ 4
SuUMm
ADC [—» setpoint > AFM > RFG
A
P0820 =722.3

DDS1 parameters.
e DDS changeover source

Motor 2
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3.5.7.20

r0035

r0036

r0052

r0054

r0063

r1079

130

Diagnostic parameters

CO: Motor temperature O

Displays the measured motor temperature in °C.

CO: Frequency inverter utilization
Displays the frequency inverter utilization as a % referred to the overload. In so doing, the

value is calculated using the It model. S
The It actual value relative to the maximum possible ’t value provides the level of
utilization.

CO/BO: Act. status word 1
Displays the first active status word (ZSW) of the frequency inverter (bi
used to diagnose the inverter status.

CO/BO: Control word 1
Displays the first control word (STW) of the frequency inverter an
the active commands.

CO: Actual frequency
Displays the actual frequency in Hz.

Frequency actual values:

\ii
SLVC Frequency actual value
(observer
model) r0063
r0313
60 - P0408
oH Freq.act.value fr. the encoder
Encoder r0061
P1300 = 21,23 and P0400 = 0 --> FO090
CO: Selected fr% e tpoint
Displays the selgcte quency setpoint.
The followi ncy setpoints are displayed:

r1078 total setpoi SW + ZUSW)
P1058 JOG freguency, clockwise

P105 uency, counter-clockwise.
O: g. Setpoint after dir. ctrl.
e setpoint (reference) frequency in Hz after the function block to reverse the
direc of rotation.

Of" Frequency setpoint after RFG
splays the total frequency setpoint (reference value) in Hz after the ramp-function
generator.
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3.5.7.21 End of commissioning

P0971 = 1| | Transfer data from RAM to EEPROM 0 O
0 Inhibited

1 Start RAM->EEPROM
All parameter changes are transferred from the RAM memory into the EEPROM memory
and therefore saved in the MICROMASTER in a non-volatile fashion.

NOTE 4
When using a BOP or AOP, MICROMASTER automatically carries-out the %

RAM—EEPROM data save operation.
If the parameterization is carried-out using the commissioning tools - STN
omati

DriveMonitor — then data is not automatically saved in the EEPROM. Al >
RAM—EEPROM data save can be selected by pressing the appropriat ﬁ on button.

! STARTER DriveMonitor
[ CIETE O
|

RAM — EEPROM Online-EEPRO

END %

NOTE

If P0971 is used to start data save from R o EEPROM, then after the data
has been transferred, the communicati ry is re-initialized. This means that
communications via USS as well as alsowia the CB board are interrupted for the

time it takes to reset:

» The connected PLC (e.g. ) goes into stop

» The STARTER start-up @ buffers the communications failure

» For the DriveMonitor -up.program, "NC" (not connected) or "drive busy" is
displayed. \

» The "busy" text is di the BOP operator panel

After reset has bee@ d, for the start-up programs STARTER and

DriveMonitor agd the BOPR operator panel, communications are automatically re-

established. :

Q>®
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3.5.8 Series commissioning

The parameter set can be read-out (upread) from the drive converter via the serial O
interface and saved on the hard disk / floppy disk or in a non-volatile memory (e
EEPROM) using the following

» PC Tools (e.g. STARTER, DriveMonitor) or the
» Operator panel AOP .
(please refer to Fig. 3-28).

The interfaces of the drive inverter with USS protocol and the fieldbus es
(e.g. PROFIBUS) which can be used to transfer parameters, can b serial

interface. %

Option is absolutely required for the
Parameter transmissio 1 connection
sources via download 1) Option: Operator panel door mounting kit

for single inverter control
2) Option: PC to inverter connection kit
3) Option: AOP door mounting kit
L 4 for multiple inverter control (USS)

\ 4) Option: RS232-RS485 Converter
5) With PROFIBUS:
SIMATIC NET

With CANopen or DeviceNet:
see user organisation

ig. Upread / download using AOP and PC Tools

If th is already an appropriate parameter set for the drive, which, for example,
as created by either upreading or by programming offline, then this can be
downloaded into the drive inverter. This means that it is possible to transfer the
ameter set from drive inverter A to drive inverter B which, for identical
applications (e.g. series machines, group drives) allows data to be copied and
4 therefore in turn fast commissioning.

MICROMASTER 440  Operating Instructions
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/N

3.5.9

WARNING

» For series commissioning, all of the communication interfaces as well as also
the digital and analog interfaces are re-initialized. This results in a brief
communications failure or causes the digital outputs to switch.

» Potentially hazardous loads must be carefully secured before starting a series
commissioning.

» Potentially hazardous loads can be secured as follows before starting series
commissioning:
+ Lower the load to the floor, or
+ Clamp the load using the motor holding brake

(Caution: During series commissioning, MICROMASTER mushbe prevented
from controlling the motor holding brake).

> If the motor holding brake (refer to Section 3.14) is controlledhby the
MICROMASTER, then series commissioning may not bétarried-out for
potentially hazardous loads (e.g. suspended loads fog€rane'applications).

Parameter reset to the factory setting

The factory setting is a defined initial state of all of the,drive inverter parameters.
The drive inverters are shipped from the faciofymin this state. The drive inverters
have the following default settings:

» Control via the digital inputs
a) ON/OFF via DIN1
b) Direction of rotation reversalvigyDIN2
c) Fault acknowledgement,via’DIN3
» Setpoint input via analogdinput 1
» Signal output via the digitaloutputs
a) Fault active via DOWU] 1
b) Warning active viawnDOUJ 2
» Actual frequency viatheé analog output
» The basic V/f characteristic is the control mode (P1300 = 0)

» Induction moter (RO300 = 1)

When appropriately cennected-up and with the appropriate motor — drive inverter
combinatioRMICROMASTER drive inverters are ready to run when shipped from
the factorywitheubrequiring any additional parameterization.

You can re-establish the initial state at any time by carrying-out a parameter reset
to the factoryssetting. This undoes all of the parameter changes which were made
since the drive inverter was supplied. This value is designated as "Def" in the
parameter list.

MICROMASTER 440  Operating Instructions
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Reset to the factory setting

U

START

v

P0003 =1 | |User access level
1 Access level, standard

P0004 = 0 | | Parameter filter
0 All parameters

P0010 = 30 | | Commissioning parameter
30 Factory setting
P0970 = 1 | | Factory reset @ 0
1 Parameter reset to the default values

Y The drive inverter carries-out a parameter reset (duration, ap r(@”md then
automatically
exits the reset menu and sets Q
P0970=0: Disabled
END P0010=0: Ready (b

NOTE

When resetting the parameters to the fagt
is re-initialized. This means that commu ia USS as well as also via the
CB board are interrupted for the time i ake the reset:

» The connected PLC (e.g. SIMAT es into stop
» The STARTER start-up program\b the communications failure
program, "NC" (not connected) or "drive busy" is

Lian:

, the communications memory

displayed.

» The "busy" text is disp e BOP operator panel

After reset has been completed;*for the start-up programs STARTER and
DriveMonitor or the BO '@ ator panel, communications are automatically re-

established.
L 2 \
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3.6 Inputs / outputs

3.6.1 Digital inputs (DIN)

Number: 6+2
Parameter range: r0722 — P0725
Function chart number: FP2000, FP2200
Features:

- cycle time: 2ms

- switch-on threshold: 10.6 V
- switch-out threshold: 10.6 V
- electrical features: electrically isolated, short-circuit proof.

External control signals are required for a drive converter to,be able to operate
autonomously. These signals can be entered via a serial intefface as well as also
via digital inputs (refer to Fig. 3-29). MICROMASTER has 6digital inputs which can
be expanded to a total of 8 by using the 2 analog inputs:iLhe digital inputs, as far
as their assignment, can be freely programmed to créate afunction. Whereby,
regarding the program, it is possible to directlyassignghe function via parameters
P0701 - PO708 or to freely program the functionusingiBICO technology.

DIN channel (e.g. DIN1 - PNP (P0725 = 1))

--------- O K9 PNP/NPN DIN
! P24 (PNP) 0..1 P0701
O K28 PO725 (1)
. 0V (NPN) I
I y Debdunce time: DIN
: 24V 0..3
| P0724 (3) ) 4
I v v ] Function
o/ | CO 00 24 V |T Ol
i °| NG D el ng T ing & 0722 > Pxox Bl ...
X 1 1 [07220 ) )
| " CO/BO: Bin.inp.val
[ oV

DIN channel (e.gy DINL - NPN (P0725 = 0))
I

O K9 PNR/NPN DIN
I P24 (pR) 0.1 o701
--------- © K28 P0725 (1) I
. 0\ (NP
I y Debounce time: DIN
24V 0..3

P0724 (3) \ 4
\ 4 ﬁ \ 4 Function

I
|
y 0
| 0 o\ 24y T 9|
s °| No— | | & r0722 Pxxxx BI: ...
\ [r0722.0 ) )
| CO/BO: Bin.inp.val
I

A 4

oV

Fig. 3-29 Digital inputs
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Parameter P0725 is used to define as to whether digital inputs DIN1 - DING are
logical "1" when appropriately connected to 0 V or 24 V. The logical states of the
digital inputs can be de-bounced using P0724 and read-out using parameter r0722
(BICO monitoring parameter). Further, this parameter is used to parameterize
BICO for the digital inputs (refer to BICO parameterization in the following Sectio

P0O701 — PO706 (digital inputs 1-6) or PO707 — PO708 (analog inputs 1-2)

The possible settings of the individual inputs are listed in Table 3-11. .

Table 3-11 Parameters P0701 — P0O706

Parameter value | Significance

0 Digital input disabled

1 ON / OFF1

2 ON-+reverse / OFF1

3 OFF2 — coast to standstill

4 OFF3 — quick ramp-down

9 Fault acknowledge

10 JOG right

11 JOG left

12 Reverse

13 MOP up (increase frequency

14 MOP down (decrease freq Y)
15 Fixed setpoint (direct sele

16 Fixed setpoint (direct s + ON)

99 Enable ameterization

Example:
An ON/OFF1 cemmand should be realized using digital input DIN1.

P0700 = rol enabled via terminal strip (digital inputs)
/OFF1 via digital input 1 (DIN1)

NOTE

If an ana@ﬂ (refer to Fig. 3-33) has been configured as digital input, then the
followingyli alues apply: <17V DC - "0"

>39vDC—"1"

MICROMASTER 440  Operating Instructions
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BICO parameterization

If the setting 99 (BICO) is entered into parameters P0701 — P0708, then the BICO O
wiring is enabled for the appropriate digital input. The output parameter number of

the function (parameter, included in the parameter text BO) should be entered int

the command source (parameter which contains the code Bl in the parameter textD

Example:

An ON/OFF1 command should be realized using digital input DIN1. L 4
P0700 = 2 Control enabled via digital inputs
P0701 =99 BICO enabled for DIN1
P0840 = 722.0 ON/OFF1 via DIN1

NOTE

Only experienced users should use the BICO parameterization or applications
where the possibilities provided by PO701 — P0708 are no | r adequate.
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3.6.2
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Digital outputs (DOUT)

Number:
Parameter range:

3

r0730 — P0748

Function chart number: FP2100
Features:
- cycle time: 1ms

L 4
Binary states in the drive can be output via the digital outputs. As resultéthe fast

cycle time, it is possible to control external devices and to display the sta
time. In order that higher powers can also be output, the internal sighal

is amplified using a relay (refer to Fig. 3-30).

Relay:

- max. opening / closing time:
- voltage / current

5/10 ms
30VDC/5A

o

O

O

real
evel)

Y

31: Fct. of DOUT 1

P0731.C

il: Fet. of DOUT 2

P0732.C

Invert DOUTs
0.7
P0748 (0)

T

250VAC/2Q

Invert DOUTs
0..7
P0748 (0)

CO/BO: State DOUTs

r0747
r0747.2

M
COMS .25
N
....... o K|24
NC |
C 523

Fig. 3-

e
(di

ital outputs

Table (refer to Table 3-12).

which are to be output, are defined using the "BI" parameters P0731

output 1), P0732 (digital output 2) and P0733 (digital output 3). For the
finition, the "BO" parameter number or "CO/BO" parameter number and the bit
er of the particular state should be entered into P0731 — P0733. Frequently
d states including the parameter number and bit are shown in the following

Table 3-12  Parameters P0731 — P0733 (frequently used functions / states)
Parameter value | Significance
52.0 Drive ready

MICROMASTER 440
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52.1 Drive ready to run

52.2 Drive running

52.3 Drive fault active

52.4 OFF2 active 0
52.5 OFF3 active

52.6 Switch-on inhibit active

52.7 Drive warning active 2 4
52.8 Deviation, setpoint / actual value

52.9 PZD control (Process Data Control)

52.A Maximum frequency reached

52.B Warning: Motor current limit

52.C Motor holding brake (MHB) active

52.D Motor overload

52.E Motor running direction right

52.F Inverter overload

53.0 DC brake active

53.1 Act. frequency f_act >= P2167 (f_o

53.2 Act. frequency f_act > P1080 (f_mi

53.3 Act. current  r0027 >= P217

53.6 Act. frequency f_act >= setpoi

NOTE

A complete list of all of the binary s
can be taken from the parameter li

N
>
$

meters (refer to "CO/BO" parameters)

L 4

Q
o
&

L 4
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Analog inputs (ADC)

Number: 2
Parameter range: P0750 — P0762
Function chart number: FP2200
Features:
- cycle time: 4 ms
- resolution: 10 bits ¢
- accuracy: 1 % referred to 10 V / 20 mA
- electrical features: incorrect polarity protection, short-circuit
Analog setpoints, actual values and control signals are read-into xinverter
using the appropriate analog inputs and are converted into digital si / values

using the ADC converter.
The setting as to whether the analog input is a voltage inpu@w a current

input (20 mA) must be selected using the 2 switches DIP1(1, he 1/O board as
well as also using parameter PO756 (refer to Fig. 3-31).

Possible settings of P0O756; ‘
0 Unipolar volta%a input (0 t&+10V)
Unipolar voltage i onitoring (0 to 10 V')

Unipolar current inp to 20 mA)

1
2
3 Unipolar n ut with monitoring (0 to 20 mA)
4 Bipolar v i (-10 V to +10 V) only ADCA1

Fig. 3-31 DIP switch and PO756 for ADC current / voltage input

O
&/@ing (analog input type) of PO756 must match that of switch DIP1(1,2) on
t

he¥/O board.
e bipolar voltage input is only possible with analog input 1 (ADC1).

pending on the ADC type or source, the appropriate connection must be made.
Using, as an example, the internal 10 V voltage source, a connection is shown as
an example in the following diagram (refer to Fig. 3-32).
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Voltage input Current input
KL1 10V dkL1 10V
— bkiz ov k2 ov
| |
> 47KO ': KL3 ADC+ 0..20mA ; KL3 ADC+ A
1 KL4 ADC- ::> é . KL4 ADC- b ::>
i i *
LKL10_ADC+ LKL10_ADC+
| KL11_ADC- ::> KL11 ADC-
|
Fig. 3-32 Connection example for ADC voltage / current input !

The ADC channel has several function units (filter, scali

one) (refer to

Fig. 3-33).
~
E r0754 P1000

| DIP switch P0756 P0753 o 0761 I

i Function

"KL

9 “ABe7] ADC [ A ADC -]

T _ADC+

AKL type || D dead zone 0755

i ADC?

i 0752
r0722 )
r0722.x

Fig. 3-33 ADC channel\
NOTE

When the filter time co
ADC input signal th
control loop, this
immunity to noi

MICROMASTER 440
6SE6400-5AW00-0BPO
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3.6.4 Analog outputs (D/A converter)

Number: 2
Parameter range: r0770 — PO785
Function chart number: FP2300
Features:
- cycle time: 4 ms
- resolution: 10 bit
- accuracy: 1 % referred to 20 mA

Setpoints, actual values and control signals inside the drive inverteriare read-out
via the D/A converter using these analog inputs. The digital signalts,conyerted into
an analog signal. All of the signals can be output via the D/A which contain the
"CO" abbreviation in the parameter text (refer to list of all of the BICO parameters
in the parameter list). Parameter P0771 defines, by assigning theyparameter
number, the quantity which is output as analog signal throughythe D/A converter
channel (refer to Fig. 3-34). The smoothed output frequeficyis output, e.g. via the
analog output, if PO771[0] = 21.

r0020 CO: Freq. setpoint before REG
r0021 CO: Act. filtered frequeney.
r0024 CO: Act. filtered output freq.
r0025 CO: Act. filtered output voltage
r0026 CO: Act. filtered DCxlink™Volt)
r0027 CO: Act. filteredyoutputieurrent

.r.(')052 CO/BO: Act. status werd 1
r0053 CO/BO: Act. status word 2

r0054 CO/BO: Aétyeontrel word 1 |
i

<
KL. £
D/A conv. D 0
Function IXXXX P0771 channel > | D/A cony a
A D/A conv.— o

Fig. 3-34 Signal output threugh the D/A converter channel

In order to adaptthe'signal, the D/A converter channel has several function units
(filter, scaling, dead“zone) which can be used to modify the digital signal before
conversiony(refento Fig. 3-35).

RRES
DAC channel § E E E PO781 0774
PO773 P0775 l l l l :
: DAC -
Eunction DAC D
771 i \

Xxx scaling > gggg A 5
P0771 = xxx I
1 r0785 |

i 10785 )

Fig. 3-35 D/A converter channel
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With parameter PO775 = 1, negative values can be avoided on the input side of the
DAC channel. If this parameter is activated, the absolute value is always entered in
the input of the DAC scaling (the DAC characteristic is mirrored on the Y axis).

If the value was originally a negative one, the corresponding bit in r0785 is set for
detection.

NOTE

The analog outputs only provide current outputs (0 ... 20 mA). A0 ... 10 V voltage,
signal can be generated by connecting a 500 Ohm resistor across the outputs. The
voltage drop across the resistor can be read using parameter r0774 if the
parameter PO776 is changed-over from current output (P0776 = 0)to,vi

output (PO776 = 1). The D/A scaling parameters P0778, P0O780 and,th

converter dead zone must still be entered in mA (0 ... 20).
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3.7 Communications
Parameter range: P2009 —r2091 O
Function chart number:
CB at COM link FP2700, FP2710
USS at COM link FP2600, FP2610
USS at BOP link FP2500, FP2510

4
MICROMASTER 440 has 2 serial communication interfaces which,ca
simultaneously used. These interfaces are designated as follows in ollowing
text:

> BOP link

» COM link

Different units, such as the BOP and AOP operator panels,@h the start-up
software DriveMonitor and STARTER, interface module IBUS DP,

DeviceNet and CAN as well as programmable controls Wi munication
processors can be connected at this interface (refer

144

PROFIBUS  DeviceNet
board

DriveMonitor/
STARTER

DriveMonitor/
STARTER

r— r— = 3)* 4)*
| : 2)* I 1) : ) )
l_ _——d l_ —_ -]
1/’ ) \~\
I, \
N (] (@] ]
| t N !
\
o ’I’
BOPink [ T
[
\ i *  Option is absolutely required for
the connection
1) Option: Operator panel door mounting kit
for single inverter control
2) Option: PC to inverter connection kit
'S 3) Option: AOP door mounting kit
for multiple inverter control (USS)
4) Option: RS232-RS485 Converter
3-36 Serial communication interfaces - BOP link and COM link
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The BOP, a programming / operator unit (e.g. AOP, PC with DriveMonitor /
STARTER) or a programmable control with communications processor can be
connected via this BOP link. Data transfer between MICROMASTER and the
programming / operator units is realized using the USS protocol via the RS232
interface (point-to-point data coupling). Communications between the BOP and
MICROMASTER uses a optimized interface which takes into consideration the
somewhat limited resources of the BOP. If the BOP is replaced by an USS unit
(PC, AOP), then MICROMASTER automatically identifies the interface of the new
unit. This is also true for the inverse replacement sequence. The BOP link interface
can be adapted to the particular unit using the following parameters (referd®yl able
3-13).

Table 3-13  BOP link

BOP link — interface
BOP on BOP link USS‘an BOP'link

No parameter P2009[ 1} r2024[1]
P2010[4] r2025[1]
P2014[1] r2026[1]
P2012[1] r2027[1]
P2013[1] r2028[1]
P2014[1] r2029[1]
r2015 r2030[1]
P2016 r2031[1]

r2032

r2033

Communication modules (CB) such as PROFIBUS, DeviceNet, CANopen and also
programming / operator units (e.g. PCsywithvthe DriveMonitor / STARTER start-up
software and AOP) as well as programimable controls with communication
processor can be connected4o the COM link. The plug connector allows the
communication modules to‘be cannected to MICROMASTER. On the other hand,
the programming / operator, units, must be connected to the MICROMASTER
through terminals 29/30. As for, the' BOP link, data is transferred between
MICROMASTER and thé pregramming / operator unit using the USS protocol. In
so doing, for the COM link§ the 'USS protocol is transferred via the bus-capable
RS485 interface. Essentially'the same as the BOP link, the COM link also
automatically defines if a gommunications module is replaced with a USS unit (PC,
AOP). The COM link can be adapted to the particular unit using the following
parameters (refer to Table 3-14).

Table 3-14 “C@M link

COM link —interface
CB on COM link USS on COM link

P2040 r2053 P2009][0] r2024[0]
P2041 r2054 P2010[0] r2025[0]
r2050 r2090 P2011[0] r2026[0]
P2051 r2091 P2012[0] r2027[0]
P2013[0] r2028[0]
P2014[0] r2029[0]
r2018 r2030[0]
P2019 r2031[0]

r2036

r2037
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NOTE

» A communications (CB) module as well as a programming / operator unit can

be simultaneously connected to the COM link interface via terminals 29/30
(USS). This is the reason that the communications module has priority over
USS. In this case, the USS node (USS station) via the COM link is de-activate

» Contrary to PROFIBUS, the RS485 port (terminals 29/30) is not optically isolated
(not floating). When installing the system, it must be ensured that EMC faults go
not result in communication failures or damage to the RS485 drivers.

NG

Universal serial interface (USS)
Parameter range: P2009 - r2037

Significance CC@ BOP link
USS basic setting
USS baud rate P2010[1]
USS address P2011[1]
USS-PZD length P2012[1]
USS-PKW length P2013[1]
PZD data
Received data r2018[8] r2015[8]
r2036 r2032
r2037 r2033
P2019[8] P2016[8]
r0052 r0052
r0053 r0053
Alarms:
Faults:

Function chart number: , FP2510, FP2600, FP2610
Features:

— electrical featurés: electrically isolated USS at the BOP link with PC-
04 converter connecting set

\ Not electrically isolated USS at COM link
(terminals 29 /30)
— cycle ti

440): 8 ms (process data PZD)
Background (parameter ID value PKW)
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Tcycle,master Tcycle,USS Tcycle,slave(MM4)
Master Slave

(MICROMASTER)

Baud rate + interval time

Telegram length %
Number of nodes (slave)

L 4

Fig. 3-37 Cycle times

NOTE
From the user’s perspective, the total cycle time between the master and slave is ificance. As
shown in the diagram above, this time depends on several factors. 0

Using the USS protocol, a user can establish a serial t-to-point data link and a

serial bus data link between a higher-level master
systems. Master systems can be, for example, PL
PCs. MICROMASTER drive converters are al

The USS protocol allows the user to implement

telegram traffic (— a fixed telegram length
tasks. In this case, the protocol with vari

s
th
t

several slave
IMATIC S7-200) or
ves on the bus system.
tomation tasks with cyclical
ary) as well as visualization
ram length is advantageous, as

texts and parameter descriptions can beftr: red in one telegram without

chopping up the information.

>
N
N

L 4

Q
o
&

L 4
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3.7.1.1  Protocol specification and bus structure

The USS protocol has the following significant features:

» Supports

+ a multi-point-capable link, e.g. EIA RS 485 hardware or

+ a point-to-point link, e.g. EIA RS 232

Master-slave access technique

Single-master system

Maximum 32 nodes (max. 31 slaves)

Operation with variable or fixed telegram length

Simple, reliable telegram frames

The same bus mode of operation as with the PROFIBUS (DIN 19245 Part 1)

Data interface to the basic unit according to PROFILE variablerSpeed drives.
This means that, when the USS is being used, informatign isstransferred to the
drive in the same way as with the PROFIBUS-DP.

Can be used for start-up, service and automation
» PC-based service tools (e.g. STARTER and, DriveMonitor)
» Can be easily implemented in customized systems

YV VYV VY VYV

Y

Protocol specification

The USS protocol defines an access teghniquesaccording to the master-slave
principle for communications via a seriallbus. The point-to-point link is included as
a sub-quantity.

One master and a maximum ofi31 slaves can be connected to the bus. The
individual slaves are selected by the master using an address character in the
telegram. A slave can nevertrapsmit without first being initiated by the master so
that direct information transfer between individual slaves is not possible. The
master function cannot be transferred (single-master system). The following
illustration shows a bus/configuration using drive technology as an example.

Higher-level computer

"Master"

MICROMASTER MICROMASTER MICROMASTER MICROMASTER

"Slave" "Slave" "Slave" "Slave"

Fig.43-38 Serial linking of MICROMASTER (slaves) with a higher-level computer
(master)
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The telegram has the following structure:

>

Each telegram begins with the start character STX (= 02 hex), followed by the
length information (LGE) and the address byte (ADR). The net characters then

follow. The telegram is terminated by the BCC (Block Check Character).

For single-word data (16 bit) in the net data block (= net character block), the

high byte (first character) is always sent and then the low byte (second
character).

The same applies to double-word data: the high word is sent first followed by ¢
the low word.

The necessary settings / parameter assignments must be made ‘bet e
master as well as at the slave and can no longer be changed i eration.
The protocol does not identify tasks in the net characters. The ¢ ts of the

3.7.1.2 "Structure of the net data".

net characters/data for the MICROMASTER drives is disc§ ection

STX LGE ADR 1. 2. n BCC

Fig. 3-39 Telegram structure

Information is coded as follows:

Abbreviation | Significance Explanation

STX Start of text 02 hex

LGE Telegram length Contains the telegram length

ADR Address ' Contains the slave address and the
telegram type (binary coded)

Net data, contents are dependent on
the request

Data security characters
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In the address byte, information other than the node number is coded:

The individual bits in the address byte are assigned as follows: O
STX LGE ADR 1. 2. n BCC 0
< n net characters ———

Bit No. 7 6 5 4

<+ Slave nodes No. 0 to 31

[ - 1: Broadcast, address bits (No. 0 to4) are valuated
0: No broadcast
1: Mirror telegram Q
0: No mirror telegram

= 1: Special telegram ( nation, see below)
= 0: Standard; bi to 6'are valid and must be evaluated

Fig. 3-40 Assignment of the address byte (ADR)

The master ensures cyclical telegram &ansfer. The master addresses all of
the slave nodes one after the othervithva task telegram. The addressed nodes
respond with a reply telegram @ ce with the master-slave procedure, the
) ust send the reply telegram to the master
before the master can addre e next slave node.

The sequence of the addressedslave nodes can be specified, for example, by

entering the node numb ) in a circulating list (polling list) in the master. If it
is necessary to addres slaves in a faster cycle than the other slaves, their
node number can ocz S al times in the circulating list. A point-to-point link can

be implemented by imea f the circulating list, in which case only one node is
entered into the Girc
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Example of configuration 0
1 21
3 7
Master 5 1
0
1 7 8 5 21
MICROMASTER with the addresses 0, 1, 3, 5, 7 and 21
Nodes 0 and 1 are signalled twice as often as others

Fig. 3-41 Circulating list (Example of configuration)

The length of a cycle time is determined b
occurrence of data exchange with the in

needed for the sequential
odes.

du

Cycle time

A

Telegram run time for reply from node 1
Reply delay time from node 1

Telegram run time for task for node 1

Processing time in the master

Fig. 3-42 cl e

e toyinconstant reply delay and processing times, the cycle time is not fixed.

he STX start character (= 02 hexadecimal) by itself is not sufficient for the slaves
early identify the start of a telegram because the bit combination
02/hexadecimal can also occur in the net characters. For this reason, a no-
character start interval of at least 2 character run-times before the STX is specified
@ for the master. The start interval is part of the task telegram.
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Table 3-15  Minimum start intervals for various baud rates

Baud rate in bit/s Start interval in ms

2400 9,20 ms

4800 4,60 ms

9600 2,30 ms
19200 1,15 ms
38400 0,57 ms
57600 0,38 ms
76800 0,29 ms
93750 0,24 ms
115200 0,19 ms

Only an STX with a preceding start interval identifies the valid'stafst of a telegram.
Data is always transferred in accordance with the diagram illustrated below (half-
duplex mode):

sTx|LGE|ADR| 1. |} n |BCC STX
- Master transmits . N Slave transmits -
Start Reply delay Start
pause time pause
EBCC STX|LGE|ADR| 1. BCC
Fig. 3-43 Transmit sequence

The time interval betweenthelast character of the task telegram (BCC) and the
start of the reply telegram (STX) is’known as the reply delay time. The maximum
permissible reply delay timeyis 20 ms, but it must not be less than the start interval.
If node x does not respand within the maximum permissible reply delay time, an
error message is depositedsin the master.

The master thah sends the telegram for the next slave node.

Bus structure

The data transfer#medium and the physical bus interface are essentially
determingd by\what the bus system is used for. The physical interface of the USS
protocehis‘based on the "Recommended Standard RS-485". For point-to-point
links; asub-quantity of EIA RS-232 (CCITT V.24) or TTY (20 mA current loop) can
be,used as the physical interface.

The USS bus is based on a linear topology without branches. Both ends of the line
ferminate at a node. The maximum cable length (50 m) and therefore the maximum
distance between the master and the last slave is limited by the characteristics of
the cable, the ambient conditions and the data transfer rate [EIA Standard RS-422-
A Dezember 1978, Appendix, Page 14]

The number of nodes is limited to a maximum of 33 (1 master, 32 slaves).
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Master

\

Slave Slave Maximum 32 slaves Slave

First node Last/node

Fig. 3-44 USS bus topology

The two ends of a bus line (first node and last node) mustbe terminated with bus
terminating networks. (refer to Section 3.7.1.3). Poipt-tespoint connections are
handled just like bus connections. One node has the master function and the other
has the slave function.

Data is transferred in accordance with Standard EIA 485. RS 232 can be used for
point-to-point links. Data transfer is always half-duplex — i.e. alternating between
transmitting and receiving — and it must beicontrelled by the software. The half-
duplex technique allows the same cablgs to befused for both data-transfer
directions. This permits simple and inexpensive bus cabling, operation in
environments subject to interferencé and,a high data transfer rate.

A shielded, twisted two-wire cable is used as the bus cable.

Table 3-16  Structural data

Conductor diameter 2 x = 0,5 mm2
Conductor >16 x 0,2 mm
Lay ratio > 20 twists / m

Braided, tin-plated copper wire, diameter &J > 1,1 mm2
85 % optical coverage

Overall shield

Overall diameter ~@ 5 mm

Depending on the requirements regarding flame retardation,

External shoggh deposits after burning etc.

NOTE
»pAllinformation should only be considered as a recommendation.

>, Deviations or different measures may be required depending on the particular
reguirements, the specific application and the conditions on site.
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Table 3-17  Thermal and electrical characteristics

Cable resistance (20°C) <40 Q/xu
Insulation resistance (20°C) > 200 MQ/km
Operating voltage (20°C) >300V

Test voltage (20°C) > 1500 V
Temperature range -40 °C <T 280 °C
Load capability >5A
Capacitance <120 pF/m

Mechanical characteristics
» Single bending: < 5 x outer diameter
» Repeated bending: < 20 x outer diameter

Recommendations

» Standard cable, without any special requirementss
Two-core, flexible, shielded conductor in accordance with VDE 0812, with
colored PVC sheath. PVC insulation resistantito oil, resistant to cold and
petroleum products.

Type: LiYCY 2 x 0,5 mm2
e.g. Fa. Metrofunk Kabel-Union GmbH, www.metrofunk.de
Postfach 41 01 09, 12111 Berlin

» Halogen-free cable (no hydrochloric'aeid is generated when the cable burns):
Halogen-free, highly flexible, resistant to'extreme heat and cold. Sheath
manufactured from a special ASS silicon-based composite.

Type: ASS 1 x2 x 0,5 mm?2
e.g. Fa. Metrofunk Kabel-Union GmbH, www.metrofunk.de
Postfach 41 01 09,, 12941 Berlin

» Recommended if halogen-free and silicon-free cables are required:

Type: BETAflam 145 C4flex? 2x0,5 mm?2
e.g. Fa. StudersKabel:AG, http://www.studer-kabel.ch/
Herrenmattstrasse 20, CH 4658 Daniken

The total cable jength of the USS connection may not exceed 50 m (max. cable
length).

The max. datatransfer rate depends on the number of connected nodes (devices)
as well agfon therclosed-loop control technique / function selection (processor
utilization), Nominal values can be taken from the following table:

Table!3-18 4 Max. number of nodes (devices) depending on the max. data transfer rate

Max. data transfer rate Max. number of nodes (devices)
VI/f control Closed-loop vector control
9.6 kbit/s 32 32
19.2 kbit/s 32 32
38.4 kbit/s 32 7
93.7 kbit/s 32 -
115.2 kbit/s 32 -
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NOTE

If a higher baud rate or higher number of nodes is required, then the CB option
boards (e.g. PROFIBUS, CAN) should be used to ensure disturbance-free
operation.

3.7.1.2 The structure of net data

Information which, for example, a SIMATIC S7 control unit (= master) sendsyto a
drive (= slave) or the drive sends to the control unit is placed in the'net-dataarea of
each telegram.

General structure of the net-data block

The net-data block is divided into two areas:
» the PKW (parameter ID value) range
» the PZD (process data) range

The structure of the net data in the USS-protocol telegram,is shown below.

Protocol frame

Net'data
STX || LGE || ADR || Paraméten, | Pfocess data || BCC
(PKW) (PZD)
PKW: Parameter ID value PZD: Process data
(parameter area) (process-data area)

Fig. 3-45 Telegram structure

» The PKW area relatesto,theshandling of the parameter ID value (PKW)
interface. The PKW interface is not a physical interface but a mechanism which
handles parameter transfer between two communication partners (e.g. control
unit and drive). This inyolyes, for example, reading and writing parameter
values and reading parameter descriptions and associated texts.

All tasks which are performed via the PKW interface essentially involve operator
control and yisualization, service and diagnosis.

» The PZB.area,contains the signals required for the automation system:
+ Control'werd(s) and setpoint(s) from the master to the slave
+ Status word(s) and actual value(s) from the slave to the master.

PKW area PZD area
PKE ‘ IND ‘ PKW elements PzD1 oo PzD16
variable length variable length

Fig. 3-46 Structure of the PKW and PZD areas

The two areas together make up the net data block. This structure applies to
telegrams from the master to the slave and vice versa.
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PKW area
With the help of the PKW mechanism, the following tasks can be performed via any
serial interface with the USS protocol:
» Reading and writing parameters
» Reading the description of a parameter
The PKW area can be varied. Depending on the requirements, the following
lengths can be parameterized using parameter P2013:
» 3 words 2> P2013=3
> 4 words 2> P2013=4
» variable word length = P2013 =127
The following is an example of a structure when access (write/read) is'made to
single-word (16 bit) parameter values. The PKW area must be‘permanently set to

3 words at the master and the slave. This setting is made duting start-up and
should not be altered any more during bus operation.

1st word 2nd word 3rd word
PKE | IND | PWE1
Parameter ID Index Parameter value 1

The following is an example of a structure when aecess (write/read) is made to
double-word (32 bit) parameter values. Parameterization to a fixed length of 4
words applies to telegrams from the master tothe slave and from the slave to the

master.
1st word 2nd word 3rd word 4th word
| PKE IND PWE1 | PWE2 |
Parameter ID Index Parameter value (double word)

Telegram data transfer withyariable telegram length (refer to the following
example) means that the glave’responds to a telegram from the master with a
telegram whose lengtfirdoesfhot have to be the same length as the telegram from
the master to the slave.

1st word 2ndword 3rd word 4th word (m+2). word
PKE IND PWE1 PWE2 | .....

With:

» 1 word <m'<118 words (maximum) when 8 PZD words (maximum) are contained
inithe net data block.

» “yword < m < 126 words (maximum) when there is no PZD.

The length of elements PEW1 to PWEm in the reply telegram and what is
contained in them depends on the task issued by the master. Variable length
means that only the number of words necessary to pass on the appropriate
information is transferred. The minimum length, however. is always 3 words. If a
slave, for example, transfers a parameter value which is a 16-bit quantity (e.g. the
status word in parameter r0052; data format: U16), then only 3 words of the PKW
area are sent in the telegram from the slave to the master. If, for example, for
MICROMASTER the actual frequency is to be read (parameter r0021), then the
PKW area in the telegram from the slave to the master is 4 words large; the reason
for this is that the speed is represented as 32-bit quantity (data format: Float). It is
mandatory to parameterize for a variable word length, if e.g. all values are to be
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read at once from an “indexed” parameter (refer to "Index", special setting, index =
255). This setting to variable word-length is made during start-up. (refer to

parameter P2013).
Parameter ID (PKE) 1st word
15 14 13 12i11i10 9 8 7 6 5 4 3 2 1 0] BitNo.:
sP!
M| PNU1
Parameter index (IND) 2nd word

15 14

13 12011 100 9 817 6 5 4 3 2 ju O BitNo.:
PNU2 . RES | TXT Index

Parameter value (PWE)

15 14

13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No.:

Parameter value, high (PWE1) 3rd word
Parameter value, low (PWE2) 4th word

The following applies:

> AK
> SPM

> PNU
> RES
> TXT

Task or reply ID

Toggle bit for processing of parameter-change reports
(MICROMASTER does not‘Support this, SPM = 0)

Parameter number
Reserved

Read / write from’'parameter text
(MICROMASTER@es not support this, TXT = 0)

CAUTION

» Do not use a variable wordiength if SIMATIC S5 or SIMATIC S7 is the master.

» This setting mustdoe made both at the master as well as at the slave — and
cannot be changed while the bus is operational.

NOTE

» The PKW-area is transferred in increasing order, always starting with the 1st

word.

> Reserved fields or functions that are not supported should be specifically pre-
assigned zero in the master implementation.

. The biti11 (SPM) is the toggle bit for parameter change reports. Parameter
change reports when reading/writing parameter texts are not supported by
MICROMASTER.
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Task or reply ID (AK):

Bits 12 to 15 (AK) contain the task or reply ID. The task IDs are sent in the
telegram from the master to the slave. The meaning of the IDs is listed in the
following table.

O

Table 3-19  Task IDs (master -> drive converter)
, Reply D @
Task ID Meaning
0 No task
1 Request parameter value
2 Change parameter value (word) and save only in RAM
3 Change parameter value (double word) and save only in
RAM
4 Request descriptive element ! 7
Changing the descriptive element ' 7or8
MICROMASTER does not support this
6 Request parameter value (array)' 7
7 Change parameter value (array, word)® a
RAM 4 7or8
8 Change parameter value (array, do d save 5 7or8
only in RAM
9 Request the number of array elem 6 7
10 Reserved - -
11 Change parameter value (arr; ord) and save in 5 7or8
RAM and EEPROM?
12 Change parameter d) and save in RAM
and EEPROM? 4 7or8
13 Change param double word) and save in RAM 2 Zor 8
and EEPROM
14 Change para word) and save in RAM and 1 7or 8
EEPROM
15 Read or Qge
MICROMASTER\ does not support this 15 7or 8

' The required ele
2 The required.el

N{e parameter description is specified in IND (2nd word)

t of the indexed parameter is specified in IND (2nd word)

O
Q>®

L 4
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Correspondingly, the Response IDs are transferred in the telegram from the slave
to the master at this position. Depending on the request ID, only specific response
IDs are possible.

O

Table 3-20  Response ID (converter -> master)
Response Significance Request
ID ID VS
0 No response
1 Transfer parameter value (word)
2 Transfer parameter value (double word)
3 Transfer descriptive element '
4 Transfer parameter value (array, word)
5 Transfer parameter value (array, double word) 2 6, 8 or 11
6 Transfer the number of array elements 9
7 Request cannot be executed (with fault number) 1or15
) ) 2,3,5,7,8,
8 The PKW interface does not have master authori
11-14 or 15
9 Parameter change report (word) }
MICROMASTER does not support this
10 Parameter change report (double w )
MICROMASTER does not support this
1 Parameter change report (array, w }
MICROMASTER does not suppo
12 Parameter change report (array,,do B
MICROMASTER does not s
13 Reserved -
14 Reserved -
Transfer text
15 MICROMASTER 15

"The required element of the par:
2 The required element of the

$

ter'description is specified in IND (2nd word)
parameter is specified in IND (2nd word)

&

O
Q>®

L 4
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If the response ID has the value 7 (request cannot be executed), then a fault
number is saved in parameter value 2 (PWEZ2). The fault numbers are
documented in the following table.

Table 3-21

Fault numbers for the response ID "Request cannot be executed"

Fault No.

Significance

Inadmissible legal parameter number (PNU); if PNU is not available

Parameter value cannot be changed; if the parameter is a visualization parfameter

Lower or upper limit exceeded

Erroneous sub-index

No array

Incorrect type of data

Setting not permitted (can only be reset)

Descriptive element cannot be changed; not possible

S INIOIiOAiIRIWINI=IO

=N

No operator control rights

12

Key word missing, device parameter: ‘access keylzand/ofspecial parameter access’ not
appropriately set

15

No text array available

17

Request cannot be executed due to operating,states;
The frequency inverter state presently dees noballow the request that was issued

101

Parameter number presently de-activated;
In the present frequency inverter statejthe parameter has no function (e.g. closed-loop
control type)

102

Channel width too small: Only for shart channels;

the parameterized length of the PK\W area has been selected too large due to the
restrictions in the device, This fault message can only occur for the USS protocol on the
technology module T#100'if basie device parameters are accessed from this interface

103

Incorrect PKW number; only for G-SST 1/2 and SCB interface (USS).
The fault numbegyis transferred in the following two cases:

> If the request invalves dll indices of an indexed parameter (request index equal to
255) or thefcompletedparameter description is requested and a variable telegram
length was not parameterized.

> If, for th@rrequest issue, the parameterized number of PKW data in the telegram is
too low (e.gti Changing from a double word and PKW number equal to 3 (words).

104

Parametervalue not permissible;

This faultthumber is transferred if the parameter value — that is to be transferred — is not
assigned any function in the device or at the time of the change it is not able to be
transferred for internal reasons (although it lies within the limits).

105

The ‘parameter is indexed
e.g4request: ‘PWE, change word’ for indexed parameters

106

Request not implemented

200

New minimum value

201

New maximum value

203

No BOP/AQP display,
Parameter cannot be displayed on the BOP or AOP.

204

The ‘BOP/AOP key word’ does not match the parameter access stage.

160
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Parameter number (PNU)

Index

The complete parameter number (refer to the parameter list) is formed from the O
"basis parameter number’ PNU1 and the "page parameter number” PNU2. The
following applies: O

PNU = PNU1 + 2000 « PNU2

With PNU2 definition: .

PNU2 2nd word

15 14 13 12| Bit No.: \%

20 23 22 21 Weighting

The parameter areas are mapped using PNU1 and PNU2 as

Basis parameter number Page parameter number r number
PNU1 PNU2

bits 0 — 10 (PKE) bits 12 — 15 (IND)

0... 1999 0 0....1999

0 ... 1999 1 ... 3999

0 ... 1999 2 ... 5999

0... 1999 3 ... 71999

0... 1999 4 ... 9999

0... 1999 15 30000 ... 31999

» desired array elemen ase of indexed parameters,

» desired element of t eter description,

Special significanc in alue 255

For the followirﬁ the index value 255 has a special significance:
» "request p &descriptive element", or.

» for the m to read/write indexed parameters (= arrays)
Here, the follo applies:

The index (bit 0 to 7), de% n the task, describes a definite element:

Task ID ning

The complete parameter description is requested

All values of the indexed parameters are requested
This request can generate fault message 102.

All values of the indexed parameters should be changed.
These requests can generate fault message 102.
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Parameter value (PWE)

The parameter value (PWE) is transferred, depending on the parameterization of
the word length (refer to parameter "USS-PKW length" P2013) of the PKW area as
word or double word (32 bit). Only one parameter value can be transferred in a
telegram.

If the word length of the PKW area is parameterized with 3 words (P2013 = 3), then

only 16-bit parameters can be transferred. Parameter descriptive elements, that
are greater than 16 bit cannot be transferred.

If the word length of the PKW area is parameterized to be 4 words,(P2013/=%4),
then 16 and 32-bit parameters can be transferred. Parameter descriptive glements
that exceed 32 bits cannot be transferred.

If the word length of the PKW area is parameterized with "variable length" (P2013
= 127), then 16, 32-bit parameter and parameter descriptive efements’can be
transferred. Further, all elements of an indexed parameter gan beread or changed
with a single request, as well as the complete parameter description requested if
the index corresponds to the value 255 (index = 255).

Transferring one 16-bit parameter value:

1. Fixed PKW area, 3 words:
The value is in PWE1
2. Fixed PKW area, 4 words:
The value is in PWE2 (least significant'wordn4th word); PWE1 is set to 0.

3. Variable PKW area:
The value is in PWE1. PWE2 and highernotavailable!

Transferring one 32-bit parameter value:

1. Fixed PKW area, 3 words:
Request is rejected with fault'message 103.

2. Fixed PKW area, 4 words:
PWE1 (most significantyword;, 3rd word) contains the high word of the double
word,
PWE?2 (least significant werd; 4th word) contains the low word of the double
word.

3. Variable PKW area:
As for 2.; PWES3 and higher not available!

Process data area (RZD)

162

Process data is‘eohtinually exchanged between the master and slaves in this area.
At the start of communications it is configured as to which process data is to be
exchangedwith a slave. For instance, for slave x, the current setpoint is to be
transfepfediin the second PZD (= PZD2). This setting remains for the complete
data transfer.

1 word 1 word 1word 1word 1 word

PZD1 pzp2 | pPzp3 | pPzp4 | ... PZD8

PZD1 - PZD8 = process data
= control / status word(s) and setpoint / actual value(s));

The control / status word(s), setpoints and actual values required for the
automation are transferred in this area.

The length of the PZD area is defined by the number of PZD elements (P2012).

Contrary to the PKW area, that can be variable, the length of this area between the
communication partners (master and slave) must always be permanently declared.
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The maximum number of PZD words per telegram is, for MICROMASTER, limited
to 8 words (USS-PZD length in MICROMASTER is set using parameter P2012). If
only PKW data are to be transferred in the net data block, then the number of the
PZD can also be 0!

Depending on the data transfer direction, always control word 1 or status word 1
are to be transferred in the PZD1. Depending on the data transfer direction, the
main setpoint or the main actual value is always transferred in PZD 2. Additional
setpoints or actual values are set in the following process data PZD3 to PZDn. Fér
MICROMASTER, if required, control word 2 or status word 2 should beransferred
in PZD4.

Request telegram, master = slave

PzZD1 PzZD2 PzZD3 PzD4 ... L PzZD8
Contrc:l word Setpoint 1 Contrc;l word Setpoint2 | L....% Setpoint 6
Response telegram, slave = master
PZD1 PzD2 PZD3 PZDA /%% .. ... PzD8
. Actual value 2
Main actual Actual value Actual value
Status word 1 statuswordj, % @ [ ...
value 1 5 3 7

NOTE

» A maximum of 8 PZD words

A minimum of 0 PZD words - i.e;né PZD area in the net data area

On the USS bus, PZD n is always transferred before PZD n+1.

For MICROMASTER, double'words cannot be transferred in the PZD section.

Data received from MICROMASTER is always interpreted as 16-bit words. The
appropriate de-normalizatiomis implemented by assigning the appropriate
parameters.

» If MICROMASTER sends data to the master via the PZD area, then for physical
quantities, aynormalization is made to a 16-bit value (4000 hex notation).

» The setpointgeambe freely assigned to the actual value; This means for example
that the,frequency setpoint is transferred in the request telegram in PZD2 so the
actual frequency value can be signaled back in PZD2 in the response telegram
(this als&makes sense from a technological/process perspective); or however,
also another actual value — such as the actual torque value, actual voltage
actwal value or actual current value. The setpoint can be freely assigned to the
actual value; for example the frequency setpoint is transferred in the request
telegram in PZD2, which means that the actual frequency value can be signaled
baek in the response telegram in PZD2 (this also makes sense from a
technological/process perspective) — or also another actual value — such as
actual torque value, actual voltage value or actual current value.

YV V V V
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3.7.1.3 USS bus configuration via COM link (RS485)

In order to ensure disturbance-free USS operation, the bus cable must be
terminated at both ends using bus terminating resistors. In this case, the bus cablg
from the first USS device [node] up to the last USS device [node] should be
considered as one bus cable — so that the USS bus should be terminated twice.
For the first bus node [device] (e.g. master) and last bus node [device] (e.g. drive
converter), th bus terminating resistor must be switched-in.

NOTE
+ When supplied, the bus terminating resistors are not switched-in!

+ Please note that you only switch-in the bus terminating at the(first bus node
[device] and last bus note [device]! The bus terminating resistors should be
always set with the system in a no-voltage state (e.g. powered-down)!

+ Data transfer errors on the bus are possible!
In active bus operation, devices where the terminating resistor is switched-in,
may not be in a no-voltage state. The terminating resistor draws the voltage
from the connected device. This is the reason that the,terminating resistor is no
longer effective when the device is in a no-yeltage/state (e.g. when powered
down) .

The following diagram shows the structuresof ‘aybus connection through terminals

29, 30:
Potential equilizationy,cable
[ |
@ c." c\' )
S
@
5 Master %
g £
£ 3
g 0
2 i ®
<t i
g (S ; L
] A Screening Screening
N P g A ——
Screening J/ Jf
/]
— aterminating resistopmustibe connected at the first and last devices [nodes] on the bus cable
— no bus termination for other devices [nodes]

Fig. 3-47 Connecting the USS bus cable
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When the MICROMASTER is used in an RS485 bus communications network the
following is required:

1. A power supply

2. A terminating resistor between P+ and N- at both bus ends
(refer to Fig. 3-48)

Control terminals S
+10V 0V / \ P+ N-
1 2 } \ 29 | 30
7 Y
RS485 terminator

Fig. 3-48 Connecting the RS485 terminator

If the frequency inverter is the last slave
and N- of the RS485 terminator provide
terminals (refer to Fig. 3-48). P10 and 0
for the power supply.

If the frequency inverter is the first m the bus should only be terminated

(refer to Fig. 3-47), then the P+
e connected there to the RS485
connected to terminals 1 and 2

there with P+ and N- (120 Q).

If the first or last bus node is
and N— must be terminate

Ml MASTER 4, then the bus between P+
resistor (between 120 Q and 220 Q).

The bus must be operatedwith abias on one or on both ends (pull-up resistance
from P+ to P5 or P10, p esistance from N—to 0 V). If the first or last bus
node is not a MICROMAS (e.g. a controller of the S7-200 series), the bus
can then be biased 0 ting 390 Q resistors from P+ to P5 and from N-to 0
V.

L £

If the first or las is a controller of the S7-200 series, SIMATIC
PROFIBUS connectors, e.g. 6ES7972-0BA41-0XA0, can be used for the bias and
the termin .

O
Q>®

L 4

MICROMASTER 440  Operating Instructions
6SE6400-5AW00-0BPO 165



3 Functions Issue 10/06

NOTE

» When making the installation it must be ensured that EMC disturbances/noise
cannot result in communication failures/errors or damage to the RS485 drivers.
As a minimum, the following measures must be taken: ‘ )

1) Shield the motor cable and correctly ground the shield at both ends. If at all
possible, avoid interruptions in the cables. If this cannot be avoided, then it
must be ensured that the shield continues in an EMC-correct fashion at the,

connecting locations.
2) All node points must be well grounded (EMC ground). %

3) All relay coils must be provided with noise suppression eleme

4) The cables should be routed - as far as possible - separat ther
cables. For RS485 cables it is especially important that th ept well

away from motor cables.
5) The shields of RS485 cables must be correctly grounded.
» If the AOP communicates via the USS protocol, then/contrary to the BOP, the
appropriate USS parameters (Table 3-13 and Table"3514) should be set.
» For error-free communications, the appropriate nication parameters must
be harmonized with one another and correctly s e frequency inverter, the
connected device and/or in the connected o d. Please refer to the

corresponding Operating Instructions f nd for the communications
modules.

» While RS485 communications is operationa
available using pull-up/pull-down resistors:

e power supply must always be

L 4

>
N
N

Q
o
&

L 4
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3.8

Fixed frequencies (FF)

Number: 15

Parameter range: P1001 - P1028
Warnings -

Faults -

Function chart number: FP3200, FP3210

A setpoint can be entered via the analog inputs, the serial communicatioh
interfaces, the JOG function, the motorized potentiometer as well as alsefusing
fixed frequencies. The fixed frequencies are defined using parameter§,P1001 —
P1015 and selected via binector inputs P1020 — P1023, P1025, R1026. The
effective fixed frequency setpoint is available via connector output 1024 which
means that it can be connected further. If this is to be used as‘%etpaint source, then
either parameter P1000 or P0719 should be modified or BICO parameter r1024
should be connected to the main setpoint P1070 or supplementasy setpoint P1075.
Contrary to parameter P0719, when parameter P1000 is modified, this implicitly
changes BICO parameters P1070, P1075.

Example: Fixed frequencies as setpoint source
a) Standard method - R1000.# 3
b) BICO method - P10Z0 = 1024, P1075=0

3 methods are available when selecting thé fixed frequencies.

Direct selection

In this particular mode, the control signalidirectly selects the fixed frequency. This
control signal is entered via the binecterinputs. If several fixed frequencies are
simultaneously active, thendthe séelected frequencies are added.

Table 3-22  Example for direet,coding via digital inputs

DIN6 | DIN5 | DIN4 | DIN3 | DIN2 | DIN1

FFO 042 0 0 0 0 0 0

FF1 P1001 0 0 0 0 0 1

FF2 P1g02 0 0 0 0 1 0

FF3 P1003 0 0 0 1 0 0

FF4 P1004 0 0 1 0 0 0

FF5 P1005 0 1 0 0 0 0

FE6 P1006 1 0 0 0 0 0
RF1+FF2 0 0 0 0 1 1
FFU+RF2+FF3+FF4+FFs+FF6 | 1 | 1 | 1 | 1 | 1 | 1

The fixed frequencies can be selected via the digital inputs as well as also via
serial communication interfaces. The fixed frequency is selected, when using digital
inputs, using 2 techniques. This will be shown in the following example using the
fixed frequency P1001 and digital input 1 (refer to Fig. 3-49).

a) Standard methods - P0701 =15

b) BICO methods - PO701 =99, P1020 = 722.0, P1016 =1

MICROMASTER 440  Operating Instructions
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P0701 = 15 or P0701 = 99, P1020 = 722.0, P1016 = 1
P0702 = 15 or P0702 = 99, P1021 = 722.1, P1017 = 1
P1016
P1020 I
DIN1 r0722.0 ) ) Lo
00— l
P1017 0__0\5\)_
P1021 1 Pioor o
DIN2 r0722.1 )) DN
0—=° +
23 v 11024
0 — +
_O\\o—
P1002} o

Fig. 3-49 Example for directly selecting FF1 via DIN1gand,FF2via DIN2

Direct selection + ON command

When this fixed frequency is selected, the fixed fréquencies are also directly
selected whereby the selection is combined, withiithe ON command. When this
technique is used, a separate ON command issfiot required. The following is
obtained essentially analog to the example,shown above:

a) Standard method - PO701= 16
b) BICO method & 0 POZO1 =99, P1020 = 722.0, P1016 = 2

Binary-coded selection + ON command

168

Using this technique up 1616 fixed frequencies can be selected using 4 control
signals. These 4 controlisignals are either entered via digital inputs or a serial
communications intesface ilihe fixed frequencies are indirectly selected using the
binary coding (referito Table 3-23, — e.g. selected using the digital DIN inputs),
whereby the selgttionfis’®Combined with the ON command.

Table 3-23 % Example for binary coding via digital inputs

DIN4 DIN3 DIN2 DIN1
0Hz FFO 0 0 0 0
P4004 FF1 0 0 0 1
P1002 FF2 0 0 1 0
P1014 FF14 1 1 1 0
P1015 FF15 1 1 1 1

MICROMASTER 440  Operating Instructions
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Contrary to "Direct selection + ON command", the ON command is only active if
the setting for the first 4 binary inputs is set to "Binary-coded selection + ON
command" or P0701 = P0702 = P0O703 = P0704 = 17. The following is obtained
analog to the above example:

a) Standard method - P0O701 =17
b) BICO method - P0O701 =99, P1020 = 722.0, P1016 = 3

P0O701 =17 or P0701 =99, P1020 = 722.0, P1016=3

&
P0702 =17 or PO702 =99, P1021 =722.1, P1017=3 %
P1016

P1020 1
R i) e By
0—=
P1017
P1021 1
107221 ) ) |
. 0—fp°

Festfrequenz 1
-650.00 ... 00 [

P1001. CO: Ist-

. e eq

i . G [r1024 >
Festfreq

-6 ... 650.00

. 5.00)

Fig. 3-50 Example for sele 1 IN1 and FF2 via DIN2 using the binary-coded
method

N
>
$

L 4

N
&
&

L 4
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3.9 Motorized potentiometer (MOP)
Parameter range: P1031 - r1050
Warnings -
Faults -
Function chart number: FP3100

This function emulates an electromechanical potentiometer to enter setpoints. The
motorized potentiometer value is adjusted using the "Raise" and "Lowegseontrol
signal" which is selected using BICO parameters P1035 and P1036 (refertoiFig.
3-51). The value which has been set is available through connector outputss1050
so that it can be further connected and used.

nym
DIN "o >
t
"y
BOP
Q" >
UssS ) t
BOP link nqo
USS P1036 Qg >
COM link | I— t
v A 4 A 4 Y V¥ A 4 A 4 Y
CB fhA
COM link P1082
P1080 \\
/ \ A /
/ \ .
P1120 P1121 \\\\ //v
-P1080 N
\
/ _\_ facl
r1050
-P1082

Fig. 3-51 Motorized potentiometer

Selecting via serial intertaces

The MOP functienality can be selected via the operator panels (refer to Section
3.2), digital inputs as well as via serial interfaces (refer to the example).
Parameterization is also possible directly using BICO parameters P1035 and
P1036 as well as also parameters P0700 and P0719. In this case, for a value
assighed to P0700, the BICO parameter is appropriately modified.

Example: Command source via "USS on BOP link" interface
a)’ Standard method - P0700 =4
b) BICO method - P1035 = 2032.13

P1036 = 2032.14

(réfer to PO700 for a complete list)
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Selecting via BOP or AOP

If the motorized potentiometer is to be used as setpoint source, then either
parameter P1000 or PO719 should be modified or the BICO parameter r1050
should be connected to the main setpoint P1070 or supplementary setpoint P1075.
Contrary to parameter P0719, when parameter P1000 is modified, this implicitly
changes BICO parameters P1070, P1075.
Example: Setpoint via the motorized potentiometer (MOP)

a) Standard method - P1000 =1 ¢

b) BICO method — P1070 = 1050
P1075=0 %
The MOP is configured using the following parameters and has thN

operation as shown in Table 3-24:
» Limits using the minimum frequency P1080 or maximum freq 1082

Ramp-up/ramp-down time P1120 or P1121
Inhibits MOP reversing function P1032
Saves the MOP setpoint P1031

MOP setpoint P1040
Table 3-24  Mode of operation of the MOP @

Motorized potentiometer unction
Lower Raise

>
>
>
>

0 0 Setpoint is froze

Raise setpoint

0 1
1 0 Lower setp
1 1 int i

The following settings /@actions should be made when selecting the

motorized potentiomete the BOP or AOP:

Table 3-25  Selecting the motorized potentiometer

Paramet BOP AOP (at the BOP link)
Command 700 1 4
source
Setpoint P1000 1
sourc P1035 - 2032.13 (2032.D)
P1036 - 2032.14 (2032.E)
\ 0000
10.00
H
@ Raise MOP output frequency
@ Lower MOP output frequency
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3.10 JOG
Parameter range: P1055 - P1061
Warnings A0923
Faults -
Function chart number: FP5000

The JOG function is used as follows:

» To check the functionality of the motor and drive inverter after commissioning
has been completed (the first traversing motion, checking the directien of
rotation, etc.)

» Positioning a drive / a driven load into a specific position
» Traversing a drive, e.g. after a program has been interrupted

The drive is traversed using this function by entering fixed frequeneies P1058,
P1059. The JOG mode can be selected either using the operatesipanel (refer to
Section 3.2), digital inputs or also via the serial interfaces (refer to the example). An
ON/OFF command is not used to move the drive, but when the "JOG keys" are
pressed. These "JOG keys" are selected using the BICQ,parameters P1055 and

P1056.
A0923 A0923
DIN JOG right t
>
0
BOP
— nqn
BOP link JOG left t
0" >
uss
COM link i
= P1082
COM link P1058
. t
R1059 \ y
o b O‘-J ) —
P 1082 S S8t S
o o o o

Fig. 3-52 J@G counter-clockwise and JOG clockwise

If botlJOG Keys are simultaneously pressed, then the instantaneous frequency is
kept\(constant velocity phase) and alarm A0923 is output. When a key is pressed,
thendrivesinverter accelerates the motor to the fixed frequency in the time entered in
P1060» This frequency is only exited after the key has been cancelled and the drive
thengbrakes down to 0 Hz in the time entered in P1061.

Iafaddition to the explicit parameterization (P1055 and P1056), the JOG
functionality is also enabled via parameter PO700 or P0O719 (implicit
parameterization). In this case, if a value is assigned to P0700, the BICO
parameter is appropriately modified.
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Example: Command source via "USS on BOP link" interface
a) Standard method — P0700=4
b) BICO method — P1055=2032.8

P1056 = 2032.9

(refer to PO700 for a complete list)

3.11 PID controller (technological controller)

Parameter range: P2200
P2201 — P2355
Warnings -
Faults -
Function chart number: FP3300, FP3400, FP5100
Features:
- cycle time: 8 ms

In addition to the open-loop/closed-loop controhof aithree-phase motor (standard
application for a frequency inverter), MICROMASTER"has a technology controller.
This can be used to control process quantities — suchvas pressure or level.
Depending on the application, different control Strdctures are required to control
process quantities. For MICROMASTERjthe following structures have been
integrated; these can be selected or de-seleeted using parameters P2200, P2251
(also refer to Fig. 3-53):

a) Variable-speed drive (VSD)
b) Closed-loop PID control
c) Closed-loop dancer roll gontrol

The PID controller — integrated, in“'MICROMASTER - is required for control
structures b) and c). Theffrequericy inverter can address many new applications
using the higher-level control)(closed-loop PID/dancer roll control). The following
typical applications gan betimplemented:

» Closed-loop*pressure gontrol for extruders

» Closed-loopfwaterlevel control for pump drives

» Closed-leop temperature control for fan drives

» Closedsleop'dancer roll position control for winder applications
» And similaricontrol tasks

MICROMASTER 440  Operating Instructions
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Application Control structure
SUM g Motor
1 setpoint > AFMRFG control 0
: . 4
Variable speed drive (
* PID PID PID
P2’ | setpoint [T|RFG PID =it [P[APM[RFG
PID |
P2 |feedback
ID control
«| SUM . Motor
V2 setpoint >|AF control
v v
2 «| PID N PID PID
4 %2 setpoint RFG li
X2 '
N PID
2 | feedback Dancer control
Setpoint via RFG PID-RFG
SUM PID ¢ )
1 P2200=0:02 VSD - ON: active ON: -
P2251=0 OFF1/3: active OFF1/3: -
2 P2200=1:02 _ D control ON: - ON: active
P2251 =0 contro OFF1/3: active | OFF1/3: -
3| P2200=0:0 &) VSD _ ON: active ON: -
P2251 =1 OFF1/3: active OFF1/3: -
4 P2200=1:09 rol ON: active ON: active
P2251 =1 contro OFF1/3: active | OFF1/3: active
1) will take change with dri
2) change only taken w| opped

Fig. 3-53

Q>®

Structure

174

ology controller
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3.11.1 Closed-loop PID control

MICROMASTER has a technology controller (PID controller, enabled using
P2200); this can be used to execute basic, higher-level control functions.

The technological setpoints and actual values can be entered via the PID
motorized potentiometer (PID-MOP), PID fixed setpoint (PID-FF), analog inputs
(ADC, ADC2) or via serial interfaces (USS on BOP link, USS on COM link, CB on
COM link) (refer to the example). The appropriate parameterization of the BICO
parameter defines which setpoints or actual values are to be used (refepto Fig.

3-54).
PID
MOP
ADC
P2254 3
o PID| [PID] [PID [ Nofp{  Motor
FF ~—% control
; p2253 :I—>SUM RFG[ | PT PIDNG—71°
UsS 4
BOP link % PIDoupu
PD| ~—_[PID &
USsS E p2264 :|—> PT1[ —~"|SCL
COM link 4
E P2200 3
CB. P2251
COM link
ADC2
Fig. 3-54 Structure of the techrological controller (PID controller)

Important parameter settings forthe setpoint and actual value sources of the
closed-loop PID control:

Parameter Parameter text Setting Meaning
P2200 Bl: Enablé PID centroller 1.0 PID controller always active
722.x Digital input x
P2251 PIDgnode 0 PID as setpoint
P2253 CI*RID setpoint 2224 Fixed PID setpoint (PID-FF)

2250 PID-MOP

755.0 Analog input 1
2015.1 USS on BOP link
2019.1 USS on COM link
2050.1 CB on COM link
P2264 Cl: PID feedback 755.0 Analog input 1
755.1 Analog input 2

NOTICE
Changes in parameter P2200 take effect only after a fresh ON command.
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Example: Permanent PID controller should fulfill the following
secondary conditions:
PID controller enable and PID setpoint input via PID fixed
frequencies and PID actual value via the analog input

Parameterization:

a) Permanent PID controller enable: P2200=1.0
b) Setpoint input via PID-FF: P2253 = 2224
¢) Actual value input via analog input ADC: P2264 = 755
d) Setpoint input via PID: P22514~0

The supplementary (additional) setpoint is added to the main setpoint,(PID-SUM)
and the sum is fed to the setpoint filter (PID-PT1) at the setpoint-actualvalue
summation point via the PID ramp-function generator (PID-RFG). Thejsource of the
supplementary setpoint (BICO parameter P2254), the ramp-up,/ rampsdown times
of the PID ramp-function generator (P2257, P2258) as well as alsg the filter time
(P2261) can be adapted to the particular application by appropriately
parameterizing the corresponding parameters.

Similar to the PID setpoint branch, the actual value branch,of the technological
controller has a filter (PID-PT1) which can be set uging parameter P2265. In
addition to the smoothing, the actual value canfbe madified using a scaling unit
(PID-SCL).

The technological controller can be parameterizedias either P, |, Pl or PID
controller using parameters P2280, P22850r'R2274.

P2293

T
P2291 |—> J\

P2263 P2280 P2285
PID
setpoint Motor
control
r2294
PID
feedback

Fig. 3465 PID controller

For,speeific applications, the PID output quantity can be limited to defined values.
This"éan be achieved using the fixed limits - P2291 and P2292. In order to prevent
the PID controller output exercising large steps at power-on, these PID output limits
areframped-up with ramp time P2293 from 0 to the corresponding value P2291
(dpper limit for the PID output) and P2292 (lower limit for the PID output). As soon
as these limits have been reached, the dynamic response of the PID controller is
no longer limited by this ramp-up/ramp-down time (P2293).
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3.11.1.1 PID motorized potentiometer (PID-MOP)

Parameter range: P2231 —r2250 Q
Warnings -

Faults -

Function chart number: FP3400

The PID controller has a PID motorized potentiometer which can be separately 4
adjusted. The functionality is identical with the motorized potentiometer (refer to
Section 3.9), whereby the PID parameters are emulated in the range fi 31—
r2250 (refer to the comparison — Table 3-26). \

Table 3-26  Correspondence between the parameters

PID motorized potentiometer

P2231[3] Setpoint memory of PID-MOP P1031[3]

P2232 Inhibit rev. direct. of PID-MOP P1032 erse direction of MOP
P2235[3] Bl: Enable PID-MOP (UP-CMD) P1035[3] “Enable MOP (UP command)
P2236[3] Bl: Enable PID-MOP (DOWN- P1036[3] able MOP (DOWN

CMD)
P2240[3] Setpoint of PID-MOP point of the MOP
r2250 CO: Output setpoint of PID-MOP 105 O: Act. output freq. of the MOP
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3.11.1.2 PID fixed setpoint (PID-FF)

15 o

Number:

Parameter range: P2201 — P2228

Warnings -

Faults -

Function chart number: FP3300, FP3310 S
Analog to the fixed frequencies (refer to Section 3.7), the PID controllerhas
separate programmable PID fixed setpoints. The values are defin u%
parameters P2201 — P2215 and are selected using binector inputs 2223,
P2225, P2226. The selected PID fixed setpoint is available via ¢ utput
r2224 where it can be further processed (e.g. as PID main setpoint 253 =
2224).

3 methods are available to select the PID fixed setpoints, analog tothe fixed

frequencies (Section 3.7):

» Direct selection + ON command Q

> Binary-coded selection + ON command

The methods are selected using parameters P 219, P2225, P2227.

> Direct selection

P0701 =15
or

178

PO701 = 99, P2220 = 722.0, P2216 = 1 &x

bl

O
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3.11.1.3

PID dancer roll control

For various continuous production processes, e.g. in the paper and pulp industry, O
or in the manufacture of cables, it is necessary to control (closed-loop) the velocit

of stations along the production process so that the continuous material web is n

subject to any inadmissible tension levels. It is also important that no folds or

creases are formed. For applications such as these, it is practical to provide a type

of material buffer in the form of a loop with a defined tension. This provides a de-4

coupling between the individual drive locations. This loop represents thedifference

between the material fed-in and that fed-out and therefore indicates th SS
quality. \

Using the PID dancer roll control, with MICROMASTER 440 it is ib

that continuous material webs have a constant tension.

O ensure

Application

v SUM Motor
2 | setpoint control
g
2 * PID PID
S |2 | setpoint [*|RFG PID
a—‘) —
PID
%2 feedback

Fig. 3-57 PID dancer roll

The velocity vy is assumeN independent disturbance; the input velocity v,
should be controlled usi ive'rolls A, so that the length x, of the loop
corresponds, as far as , to the setpoint.

The structure and i arameters for the PID dancer roll control are listed in
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NOTE

When selecting the closed-loop dancer roll control it should be noted that neither
PID-MOP nor PID-FF should be used - but instead the MOP (motorized
potentiometer, refer to Section 3.9) or the FF (fixed frequencies, refer to Section

3.7).
ol —
g o
o
MOP
|; P1075 :I SUMMAFMRFG
ADC R 2 8
R q 8
L T
- PID| [PID| [PID | M Motor
control
USS I; P2253 :|—>SUM RGP PID ] !
BOP link % ,C\> _APID PIDOutpul
uss & & &
COM link L
CB 2264 PD]| ~—_[PID i
COM link = PT1| ——~"|SCL P2251
ADC2 ﬁmzoo P2265 P2371 )
I
Fig. 3-58 Structure of the closed-loop RID-dane€er roll control
Table 3-27  Important parameters for. the PID dancer roll control
Parameter Parameter text Setting Meaning
P1070 Cl: Main setpoint 1024 Fixed setpoint (FF)
1050 MOP
755.0 Analog input 1
2015.1 USS on BOP link
2019.1 USS on COM link
2050.1 CB on COM link
P2200 Biy Enable'PID controller 1.0 PID controller always active
722.x Digital input x
P2251 PID‘mode 1 PID as trim
P2253 Cl: PID setpoint 1024 Fixed setpoint (FF)
1050 MOP
755.0 Analog input 1
2015.1 USS on BOP link
2019.1 USS on COM link
2050.1 CB on COM link
P2264 Cl: PID feedback 755.0 Analog input 1
755.1 Analog input 2
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3.12 Setpoint channel
The setpoint channel (refer to Fig. 3-59) forms the coupling element between the
setpoint source and the closed-loop motor control. MICROMASTER has a special
characteristic which allows the setpoint to be entered simultaneously from two
setpoint sources. The generation and subsequent modification (influencing the
direction, suppression frequency, up/down ramp) of the complete setpoint is
carried-out in the setpoint channel.
ADC  {---
Additonal
S O o e
SUM |»{ AFM |»f Limit [BARFG [ is| Jhotor
COM link < 17| setpoint
CB
14— Setpoint source Pt Setpoint channgl ————————»ie— c’\gg:?& —b;
Fig. 3-59 Setpoint channel
3.12.1 Summation and modifigation(of/the frequency setpoint (AFM)

MICROMASTER 440
6SE6400-5AW00-0BPO

Parameter range: R1070 —r1114
Warnings -

Fault -

Function chart number: FP5000, FP5200

For applications where the control quantities are generated from central control
systems, fine thjngtis often required locally on-site (correction quantity). For
MICROMASTER, this can be very elegantly realized using the summation point
where the mainiand supplementary (additional) setpoint are added in the setpoint
channel. In this case, both quantities are simultaneously read-in via two separate
or one setpoint seurce and summed in the setpoint channel. Depending on
external Circumstances, the supplementary setpoint can be dynamically
discopnectedor switched-in to the summation point (refer to Fig. 3-60). This
functionality can be used to advantage, especially for discontinuous processes.

Operating Instructions
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ClI: Main setpoint

Cl: Main setp scal

> Limit [+ RFG [-»|  Motor

Bl: Disab.add.setp

Ox 5

Cl: Add. setp.scal

Fig. 3-60 Summation

MICROMASTER has the following possibilities,to sele¢t the setpoint source:
1. P1000 - selecting the frequency setpoint souree
2. P0719 — selecting the command / setpgint soukce

3. BICO parameterization
- P1070 CI: Main setpoint
- P1075 CI: Additional setpoint

Further, the main setpoint as well asfthe, supplementary (additional) setpoint can be
scaled independently of one another. An this case, for example, a user can simply
implement an override function using the appropriate parameterization.

A scan sequence is generallyaassociated with a forwards and a backwards motion.
When selecting the reversing fungtionality, after reaching the end position, a
direction of rotation reversal cam,be initiated in the setpoint channel (refer to Fig.
3-61).

On the other hand, iffit'is fasbe prevented that a direction of rotation reversal or a
negative frequency 'setpoint is to be entered via the setpoint channel, then this can
be inhibited using'BICO"parameter P1110.

P1113 P1110 P1091 P1094 P1080 P1082
OT OT o v
SUM% 1 ~1 —> skp | Lmit {» RFG
1 1
P1101

Figd3-61 Modifying the frequency setpoint

Driven machines can have one or several resonance points in the range from 0 Hz
up to the reference frequency. These resonance points result in oscillations which,
under worst case conditions, can damage the driven load. Using suppression
frequencies, MICROMASTER allows these resonant frequencies to be passed
through as quickly as possible. This means that the suppression frequencies
increase the availability of the driven load over the long term.

MICROMASTER 440  Operating Instructions
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3.12.2 Ramp-function generator (RFG)
Parameter range: P1120, P1121 O
r1119, r1170
P1130 — P1142
Warnings -
Faults -
Function chart number: FP5000, FP5300 ¢
The ramp-function generator is used to limit the acceleration when,the t
changes according to a step function. This therefore helps to redu& sing

on the mechanical system of the machine. An acceleration ramp king
ramp can be set independently of one another using the ramp-upti 1120 and
the ramp-down time P1121. This allows a controlled transitio setpoint is
changed (refer to Fig. 3-62).

A

max / \
\

(« \
f, p) ?
f |

! ie—p1120—> ip1121—>

Without rounding

-t

fa
fmax- -----------------------
0
fi- ; e —>
L 4 P ' P1131 P1132 P1133: t
\ tup tdown '
fa-f4

P1120 > (P1130 + P1131)
P1082 2

tup = (P1130 +P1131) + —2-11_p1129
2 P1082

th rounding
g

fo-f1 1
2" pq1121>_(P1132 +P1133
for  pios2 2! )

/é

1 fa-f1
=—(P1132 +P1133) + =211 pqq21
taown =5 ( ) P1082

+ Where the rounding times are increased to be greater than the ramp period then the ramp
' period is determined by the following equations:

tup:J[Z'(fz—f1)~(P1120-P11302)J(HP1131j

fmax - (P1130+P1131) P1130

2-(fa—f4)- [P1120 - P11322 P1133
tdownz‘/[ (f2 f1)( \)J-(1+ )

fmax - (P1132+P1133) P1132

Fig. 3-62 Ramp-function generator
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In order to avoid torque surges at the transitions (constant velocity phase «—
accelerating / braking phase), additional rounding-off times P1130 — P1133 can be
programmed. This is especially important for applications (e.g.
transporting/pumping liquids or for cranes) which require an especially "soft", jerk
free acceleration and braking.

If the OFF1 command is initiated while the drive is accelerating, then rounding-off
can be activated or de-activated using parameter P1134 (refer to Fig. 3-63). These

rounding-off times are defined using parameters P1132 and P1133. 4
P1132>0 ®
P1133>0

f

A Setpoint reached

fSet """"""""""
d
P1134=0
\: \\! -
> «—> >
P1132 P1133

P1132 P11

Setpoint reached

Setpoint not reached

P1134=1 \
\. > t
>
P1133

ON-
OFF1 -t

using.e al’signals. The ramp-function generator provides the following
func @ ity using BICO parameters P1140, P1141 and P1142 (refer to Table

MICROMASTER 440  Operating Instructions
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Table 3-28  BICO parameters for ramp-function generator

Parameter Description |
P1140 BIl: RFG enable The ramp-function generator output is set to O if the
binary signal = 0.
P1141  BIl: RFG start The ramp-function generator output keeps its actual

value if the binary signal = 0.

P1142  BIl: RFG enable setpoint If the binary signal = 0, then the ramp-function @
generator input is set to 0 and the output is reduced

P1082 or 0 Hz for the direction of rotation inhibit) the setpoint speed for the control

is obtained (r1170).

NOTE

The maximum frequency of the setpoint channel is(se parameter P1080.
In V/f mode the maximum frequency is 650 H
In vector mode the maximum frequency it is limi

>
R
.Q(b
<
O
&

L 4

00 Hz (r1084).
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3.12.3 OFF/braking functions

Parameter range: P1121, P1135, P2167, P2168 O
P0840 — P0849 C)
r0052 bit 02

Warnings -

Faults -

Function chart number: - ¢

situations and stop the drive. In this case, both requirements relati tions
as well as drive inverter protective functions (e.g. electrical and th erload)
and man-machine protective functions have to be taken into ac% a result of

the different OFF/braking functions (OFF1, OFF2, OFF3) MIC ER can
flexibly respond to the requirements mentioned above.

OFF1
The OFF1 command is closely coupled to the ON ¢ and, When the ON

command is withdrawn, then OFF1 is directly activate drive is braked by
OFF1 with the ramp-down time P1121. If the tf ncy falls below the
xpired, then the inverter

parameter value P2167 and if the time in P216
pulses are cancelled.

The drive inverter and the user must respond to an extremely wid&
i

f act

P1082 4
fmax
f2
P2167
\ >t

r0052 Bit02

Operation
| f2]
P1082

Pulse

! >t tdown,aus1 =P 1121
ncellation >

MICROMASTER 440  Operating Instructions
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OFF2

NOTE

» OFF1 can be entered using a wide range of command sources via BICO
parameter P0840 (Bl: ON/OFF1) and P0842 (Bl: ON/OFF1 with reversing).

» BICO parameter P0840 is pre-assigned by defining the command source using
PO700.

» The ON and the following OFF1 command must have the same source.

» If the ON/OFF1 command is set for more than one digital input, then only the
digital input that was last set, is valid, e.g. DIN3 is active.

OFF1 is low active

» When simultaneously selecting the various OFF commands, the follewing
priority applies: OFF2 (highest priority) — OFF3 — OFF1

OFF1 can be combined with DC current braking or compound braking.

» When the motor holding brake MHB (P1215) is activated, for an,OFF1, P2167
and P2168 are not taken into account.

A\

Y

The inverter pulses are immediately cancelled by the OFF2 command. This means
that the motor coasts-down and it is not possiblete brake in a controlled fashion.

r0052 Bit02

Operation“

Pulse!
ncellation

Fig. 3-65 OFF2

NOTE

» The OFF2 commands«€an have one or several sources. The command sources
are defined,UsingiBICO parameters P0844 (BI: 1. OFF2) and P0845 (BI: 2.
OFF2).

> As a result'of.the pre-assignment (default setting), the OFF2 command is set to
the BOP. This source is still available even if another command source is
definedi(e.g. terminal as command source — P0700 = 2 and OFF2 is selected
using’DIN2 — P0702 = 3).

>B0OFE24s low-active

» WHhen simultaneously selecting the various OFF commands, the following
priority applies: OFF2 (highest priority) — OFF3 — OFF1

MICROMASTER 440  Operating Instructions
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OFF3

The braking characteristics of OFF3 are identical with those of OFF1 with the O
exception of the autonomous OFF3 ramp-down time P1135. If the output frequen

falls below parameter value P2167 and if the time in P2168 has expired, then thei )
inverter pulses are cancelled as for the OFF1 command.

fact
P1082 A4 L 4

fm ax \\\Q
fo OFF3

N
\}q,

— 4—\ >t
P2168
- >
r0052 Bit02 down,AUS3
A -——P1135 »>

Operation q | f2|
Pulse @ nAus3 =P1135-
ncellation t P1082

Fig. 3-66 OFF3

NOTE
OFF3 can be entered using a wide ran&command sources via BICO

parameters P0848 (Bl: 1. OFF3) a (BI: 2. OFF3).
» OFF3 is low active

» When simultaneously sele J the various OFF commands, the following
gst priority) — OFF3 — OFF1
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3.12.4

Manual / automatic operation

Parameter range: P0700, P1000,
P0810, P0811

Warnings -

Faults -

Function chart number: -

It is necessary to change-over from the automatic mode into the manualzmode to
load and unload production machines and to feed new materials (e.g. bateh
processing). The machine operator carries-out the preparatory activities for
subsequent automatic operation in the manual mode. In the manualmode, the
machine operator locally controls the machine (enters the ON/OEF ¢ommand as
well as also the setpoint). A changeover is only made into the automatic mode after
the set-up has been completed. In the automatic mode, the contrel (open-loop) of
the machines and production processes are handled by a higher-level control
system (e.g. PLC). This operation is maintained until it isfhéeessary to again load
and unload the machine or feed new material into the Miachine’or production
process.

For MICROMASTER 440, indexed parameters,P0700/or|P1000 and BICO
parameters P0810 and P0811 are used to changeevem(toggle between) the
manual/automatic modes. The command source'is defined using P0700 and the
setpoint source is defined using P1000 (refer. téukable 3-30), whereby index 0
(P0O700[0] and P1000[0]) defines the autematieéymode and index 1 (P0700[1] and
P1000[1]) the manual mode. BICO parameters £0810 and P0811 are used to
changeover (toggle between) the automatic and manual modes. These BICO
parameters can be controlled from afnyacontrol source (refer to Table 3-29). In so
doing, in addition to PO700 and P1Q00; also all of the other CDS parameters are
changed over (manual/automatic.changeover is generalized as a CDS
changeover).

P0810
P0811
[0}
o P0700[0]= 2 Cmd A
3 I Remote Lﬂo\
o 8 | Terminals
2 g PO700[1] = 1 cmd | —f5o No|— Sequence control
©
ga l I Local y c
2
§ BOP. o 1
s> 2R
CB

P1000[0] = 2 Setpoint
g MOP: Remote 11— ﬂo\ A v
> .
° b - - Setpoint Motor
218 ADC P1000(1] = 3 p| Setpoint | o » channel [ control
c Local
©, 0 2
o N
= Setpoint J
3 FF 3.CDS

Eig: 3-67 Changing-over using the BICO parameters P0810 and P0811
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Table 3-29

Examples for settings of parameter P0810

Parameter setting

Command source

P0810 = 722.2 requires P0703 = 99

O

Digital input 3

P0810 = 2032.15

USS at the BOP link

P0810 = 2036.15

USS at the COM link

P0810 = 2090.15

CB at the COM link L 4

Table 3-30

Possible settings for parameters P0700 and P1000

9

190

Valu | Command source (P0700) Valu | Setpoint sourc
e e
1 | BOP (keyboard) 1 | MOP setpoint
2 | Terminal strip 2 | Analog 0
4 |USS at the BOP link 3 | Fixed freque
5 |USS at the COM link 4
6 | CB at the COM link 54
6

Analog setpoint 2 + analog setpoint 2

MICROMASTER 440  Operating Instructions

6SE6400-5AW00-0BPO



Issue 10/06

3 Functions

3.13

MICROMASTER 440
6SE6400-5AW00-0BPO

Free function blocks (FFB)

Parameter range: P2800 — P2890

Warnings -

Faults -

Function chart number: FP4800 — FP4830
Cycle time: 128 ms

For many applications, interlocking logic is required in order to control (epen-loop)
the drive inverter. This interlocking logic couples several states (e.g. aceess
control, plant/system state) to form a control signal (e.g. ON command). Previously
this was implemented using either a PLC or relays. This representedadditional
costs for the plant or system. In addition to logic operations, increasingly, arithmetic
operations and storage elements are required in drive inverter§ywhich’generate a
new unit from several physical quantities. This simplified PLC functionality is
integrated in MICROMASTER 440 using the freely programmable function blocks
(FFB).

The following function blocks are integrated in MICR@MASTER 440:

Table 3-31  Free function blocks
No. Type Example
3 AND AND 1
P2800 1 R2801[0]
A B C
P2810 p 0 0 0
e 1 0 1 O
Index1 1 0 0
1 1 1
3 OR OR1
P2800 P2801[3]
A B C
P2816 A 0 0 0
Index0 C 0 1 1
>1 (@)
— — 8 > = i) T o T
1 1 1
3 XOR XOR 1
P2800 P2801(6]
A B C
P2822 A 0 0 0
= r2823
Index1 B 1 - 1 0 1
1 1 0
3 NOT NOT 1
P2800 P2801[9]
P2828 A c
Yoo 0 1 AT
1 0
Operating Instructions
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No. Type Example
2 D-FlipFlops D-FlipFlop 1
P2800 P2801[12]
SET (Q=1) 0
indext D a
4
§ STORE %
8
RESET (Q=0) ‘
>1
POWERON —— jpu|
IL
STORE Q Q
X 1 0
X 0 1
X Qn1 | Qnt
A 1 0
Y 0 1
POWER-ON 0 1
3 RS-FlipFlops | RS-FlipFlop 1
P2800 P2801[14]
SET
@1 Q
RESET _
&5 a
. SET |RESET| Q Q
0 0 Qn-1 Gn—‘l
0 1 0 1
1 0 1 0
1 1 Qn-1 Gn—‘l
POWER-ON 0 1
4 Timer 1
@ P2850 (0.000) P2851(0)
P2800 P2802.0 Delay Time Mode
\ ON Delay
OFF Dela
0o T !
P2849 n 1 [
Index0 P»—  ON/OFF Delay 5
[ T T O
¢ —
Pulse
j [ |‘J'L 3
JL

192
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No. Type Example
2 ADD ADD 1
P2800 P2802[4]
Index0 X1= \20—0%/ Result
T E=
-200%
2 Result = x1 +x2
If. x1+x2 > 200% — Result=200%
x1+x2 < -200%— R
2 SuUB SUB 1
P2800 P2802[6]
Index0 X1y, 200%, it
Index1 X2 g, oo
X2 Result =
— Result = 200%
-200% — Result =-200%
2 MUL MUL 1
P2800 P2802[8
X1
Index1 L
i XUX2 - 500% -  Result = 200%
100%
X X2 p00%->  Result = -200%
100%
2 DIV
P2800 P2802[10]
X1 . 200%
> \——" Result
o] e
-200%
L 4 x1%100%
T x1+100%
Result = 2
0,
\ I % >200% — Result = 200%
X1%100% _ 500% - Result = -200%
x2
2 P CMP 1
\ P2800 P2802[12]
Index0 X1 out
2886
e I
Out=x12x2] x1>x2 — Out=1
x1<x2 - Out=0
'S 2 FFB setpoints Connector Setting in %
(connector P2889
Settings)
Range : -200% ... 200%

MICROMASTER 440
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The free function blocks (FFB) are enabled in two steps:

1. General enable P2800:
The function "Free function blocks (FFB)" is enabled using parameter P2800
(P2800 =1).

2. Specific enable P2801, P2802:
Using parameter P2801 or P2802, the particular function block is enabled
(P2801[x] > 0 or P2802[x] > 0) and the sequence in which they are executed is
also defined.

All free function blocks are called within the 128 ms time slice (cycle time)¢#Further,
to adapt to the application, the chronological sequence in which the'REB are
executed, can also be controlled. This is especially important so that theyFFB are
executed in the sequence which is technologically correct. Parameteri2801 and
P2802 are used for the individual enable function as well as toydefine the priority in
which the blocks are executed. The following priority levels can be,assigned:

0 Inactive

1 Level1

2 Level 2

3 Level 3

The following Table indicates that the priority deeseases#from the top towards the
bottom (priority 1 — level) or from the right to leftyprierity 2 — line) (refer to Table
3-32).

Table 3-32  FFB priority table

Priority 2 .
low 4—| high

Level 3 -~
Level 2 £
Level 1 2
- o
Inactive 0
™| |~
EEN Nrw‘—c\lv—f‘,?c,\_‘:&&tﬁl‘—mmrzgémw olNl~| =
ol olm Ao o|lc| o [ [ “lalalal 8
S52232 5885 € EEEnnxkEobloocoxxxS S 2
OO0 ooz Z|a o<~ |F|lF|lFElEixala|Zz|Z|ZX|XX|O0|0|<|<|<
(S (S o <y P R R S 0 O O RN 7o vy o oo o <l N PR PP O N O
i e Dl 202 SSNE2E Y20 RSSO N SN | | s b 23 <A =R T Bl oM SO N =
S A N A N RN (S RN RN A SN S A N N S N R = D = D D i e D D P N D e D D D D
Q9o o glololglo|lolololo|o|lo|lo|lololo|lo|lo|lo|RIRIRo|o|lo|lo|o|o
90 |9 | 6060 | 30|60 | GO |0 |90 | GO |00 | GO |0 | 9O |60 |0 |90 [0 |60 |60 |0 |90 | X |R | |60 |0 [ |0 |0 |0
NN N QO [ AR [N NN NN NN NN NN NN NN NN NN NN
Ja [ o W i ' i ' o N W N N a T o W W o W o I A [ [ o Y W o T M
Example 1:

Enabling the)FFB:  P2800 = 1
Enablingyindividual FFB including assigning a priority:
P2801[0] = 1 AND 1
R2804[1] =2 AND 2
R2801[2] = 3 AND 3
P2802[12] = 2 CMP 1
P2802[13] =3 CMP 2

The FFB are calculated in the following sequence:
AND 3, CMP2, AND 2, CMP 1, AND 1

MICROMASTER 440  Operating Instructions
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Example 2:

Enabling the FFB:  P2800 =1

Enabling individual FFB including assigning a priority:
P2801[3] = 2 OR 1
P2801[4] = 2 OR 2
P2802[3] =3 Timer 4
P2801[0] = 1 AND 1
The FFB are calculated in the following sequence: L 4

Timer 4, OR 1, OR 2, AND 1
The function blocks are interconnected using BICO technology (r t%n
3.1.2.3). In so doing, the function blocks can be connected with one

ction
ther as
well as to other signals and quantities as long as these signals /% have the

appropriate attribute (BO, BI, CO and Cl). 0

MICROMASTER 440  Operating Instructions
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3.14 Motor holding brake (MHB)
Parameter range: P1215 O
P0346, P1216, P1217, P1080 O
r0052 bit 12
Warnings -
Faults -
4

Function chart number: -
For drives which must be secured when powered-down to preven e@
undesirably moving, the MICROMASTER brake sequence control | E}

P1215) can be used to control the motor holding brake.
Before opening the brake, the pulse inhibit must be removed n%nt

impressed which keeps the drive in that particular position. In , the
impressed current is defined by the min. frequency P1080. pical value in this
case is the rated motor slip r0330. In order to protect th 0 ding brake from

continuous damage, the motor may only continue to maeve after the brake has been
released (brake release times lie between 35 ms and,500'ms). This delay must be
taken into account in parameter P1216 "Holding br; se delay" (refer to Fig.
3-68).

ON / OFF1/OFF3:
ON

OFF1/OFF3 >t

Motor excitation

finished
r0056 Bit04

p0346
f A  /

fmin |
(p1080)

\J

>p1216 p1217

R 4
r0052.C Bit 1
1
>t

Brake e

Statu
closed P R SR — . >t
Brake Release Time Brake Closing Time
\% Motor holding brake after ON / OFF1
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The motor holding brake is either closed using OFF1 / OFF3 or OFF2. For OFF1 /
OFF3, when the minimum frequency P1080 is reached, the motor is operated at
this frequency until the brake has been applied (closing times of brakes lie between
15 ms and 300 ms). The actual time is specified using parameter P1217 "Holding
time after ramp down" (refer to Fig. 3-68). If, on the other hand, an OFF2 command
has been output, then independent of the drive state, the status signal r0052 bit 12
"Motor holding brake active" is reset. This means that the brake immediately closes
after OFF2 (refer to Fig. 3-69).

ON / OFF2:
A

Inactive

OFF2
Active

Y

ON T
OFF1/OFF3 |
Motor excitation T

Y

finished
r0056 Bit04

\

p0346
f A  /  J

fmin
(p1080)

\

Y

01216
r0052.C Bit 12 4 y \ /
1
0

Brake open
Status

\/

closed

Y

Brake Release Time Brake Closing Time

Fig. 3-69 Motomholding brake after OFF2

The mechanical brake is controlled using the status signal r0052 bit 12 "Motor
holding brake active" of the brake control. This signal can be output as follows:

» Via digital outputs
The status signal is output via the digital output. In this case, the internal
MICROMASTER relay (if the specification is sufficient) or also an external
contactor or relay can be used to control the brake.

> Via status signal using the serial interface (USS or PROFIBUS)
The master must process the status signal. The signal must be connected to
the digital output of the master to which the contactor / relay for the motor
holding brake is connected.

MICROMASTER 440  Operating Instructions
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NOTE

» Motors have optional holding brakes which are not designed to be used as
brakes for normal operation. The holding brakes are only designed for a limited
number of emergency braking operations / motor revolutions with the brake
closed (refer to the Catalog data).

» When commissioning a drive with integrated holding brake it is therefore
absolutely imperative that it is ensured that the holding brake functions s

perfectly. A "clicking noise" in the motor indicates that the brake has been
correctly released.

(refer to Fig. 3-68). In this case the prerequisite is that the olding
brake P1215 has been activated as well as the selectio otor
holding brake at the digital output.

to open the

+ Brake opening time P1216 is greater than/equal t i
holding brake.
+ Brake delay time P1217 is greater than/equ e to close the holding

brake.

+ Select the min. frequency P1080 so that
function.

+ A typical value for the min. freque
the slip frequency of the motor r0
calculated using the following formula:

fsiip[Hz] = r0330 -P0310:ﬂ@
100
¢ The following control ﬁ eters’should be noted in conjunction with the

motor holding brake:

- for VI/f control ( P1310, P1311, P1333, P1335
- for cIosed-Ioo% ntrol (SLVC) P1610, P1611, P1750, P1755
0\< ’

O
Q>®

L 4

> Parameter settings: \
+ To open/close, the digital output controls the motor holdin point 1/2
tl

t like a weight equalization

80 for the motor holding brake is
he‘rated slip frequency can be
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It is not sufficient to select the status signal r0052 bit 12 "Motor holding brake

WARNING
>
active" in P0731 — P0733. In order to activate the motor holding brake, in

addition, parameter P1215 must also be set to 1.

If the frequency inverter controls the motor holding brake, then a commissioning
may not be carried-out for potentially hazardous loads (e.g. suspended loads for
crane applications) unless the load has been secured. Potentially hazardous
loads can be secured as follows before commissioning is started:

¢ Lower the load to the floor

+ During the commissioning phase or after the frequency invertephasabeen
replaced, the frequency inverter must be inhibited from contfallingthe motor
holding brake (it is not permissible that the frequency inverter'controls the
holding brake). Quick commissioning or a parameter downloadgdusing
STARTER etc. may only be carried-out after this has beenabsolutely
ensured. The motor holding brake terminals can then beyresassigned (in this
case, it is not permissible that digital output P0748'is inverted for the motor
holding brake).

+ In order to hold the motor against the mechanicaltbrake at a specific
frequency, it is important that the min. frégquengy P1080 approximately
corresponds to the slip frequency. If the valug,is'selected to be too high,
then the current drawn can be too high,so that'the frequency inverter shuts-
down (trips) due to an overcurrent. If the value selected is too low, then it is
possible that not enough torque is produced to hold the load.

It is not permissible to use the motogholding brake as operating brake. The
reason for this is that generally it is,onladimensioned/designed for a limited
number of emergency braking operatiens.

Motor with motor holding brake (example)

A motor with motor holding brakefor a hanging (suspended) axis is connected to
the frequency inverter. THiS)holding brake is to be controlled using the 1*' digital
output.

Which settings, have to be made?

>
>
>

Select the "motoRholding brake active" function (52.12) at digital output PO731.
Activatexthe brake sequence control in the frequency inverter (P1215 = 1).

Set parameters”1216 to open the holding brake after an ON command.

The brake opening time P1216 must be set so that it is equal to or longer than
the_timeyrequired to open the holding brake. The opening time of the brake
(réferto the Motor Catalog, e.g. M11) plus the relay opening time can be used
asynominal value for P1216.

Set parameter P1217 to close the holding brake after an OFF1/3 command.
The brake delay time P1217 must be set so that it is equal to or longer than the
time required to close the holding brake. The closing time of the brake (refer to
Motor Catalog, e.g. M11) plus the relay closing time can be used as nominal
value for P1217.

Set the load holding

The opening / closing times of mechanical brakes are subject to certain
fluctuations; this is the reason that a weight equalization function must be
parameterized in the frequency inverter for the time P1216 and P1217. The
following parameters must be defined so that the axis cannot sag (i.e. the axis
cannot drop/fall).
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¢ In order that the motor can immediately establish a torque after an ON
command, the magnetizing time P0346, determined with the quick
commissioning, may not be reset. This is the reason that parameter P0346
should be checked for the weight equalization.

Typical magnetizing times for 4-pole 1LA7 motors are:

0.12 kW 50 ms 7.50 kW 300 ms
1.50 kW 100 ms 55.0 kW 700 ms
550 kW 250 ms ¢
+ The min. frequency P1080 should approximately correspond to the d
motor slip (P1080 = r0330[Hz]) \
+ In addition, the voltage boost should be adapted:
- V/fmode (P1300=0... 3)
- constant voltage boost P1310 = 90 %%, (empirical value)

- voltage boost when accelerating

P1311=50% (empirical value)
- SLVC mode (P1300 = 20)

- constant torque boost P16 9 90 % (empirical value)
- torque boost when accelerating

1=50% (empirical value)
» Connecting-up the motor holding
+ Directly connected to the 1% relay,

CPU

& 4 4

|
|

L
MICROMASTER 440

.8-70 Direct motor holding brake connection
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If the frequency inverter directly controls the motor holding brake using the
relay integrated in the frequency inverter, then the max. load capability of
this relay should be carefully taken into consideration in conjunction with the

voltage/current data of the holding brake. The following applies for the rela
integrated in the frequency inverter:

- 30VDC/5A
- 250VAC/2A .
If this value is exceeded, an additional relay should, for example, be used.

o Indirectly connecting 1 relay output via an additional relay

Surge
absorber

N diode
Relay

1

Motor with
motor
holding brake COM
’ K % no _]
24 ¢
|

MICROMASTER 440

-
<: CPU
<

Caution
The relay mayfiot/overload the internal 24 V power supply!

Fig. 3-71 ce) btor holding brake connection
0\

Hoisting gear applications

For high lo ow mechanical friction, especially when lowering a load, energy
can cause the DC link voltage to increase. This increase can be
dynamic braking (refer to Section 3.15.3; P1237).

In or; t there is no negative effect when using dynamic braking, the following
C ould be disabled for hoisting gear applications:
. max controller P1240

mpound brake P1236
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3.15 Electronic brakes
MICROMASTER 440 has 3 electronic brakes:

DC braking (refer to Section 3.15.1)
Compound braking (refer to Section 3.15.2)
Dynamic braking (refer to Section 3.15.3)

These brakes can actively brake the drive and avoid a possible DC link overvoltage
condition. An inter-dependency as shown in Fig. 3-72 is present.

Dynamic
braking

P1237 >0
?

Compound
braking
P1236 > 0
?

DC braking
P1233>0
?

no

A

DC braking Compound braking Dynamigfbraking )
enabled enabled enabled disabled
Fig. 3-72 Inter-dependency of the electronijc brakes

3.15.1 DC braking

Parameter range: P1230; P1233
P4232, P1234
r0053 Bit00

Warnings -

Faults -

Function chart number: -

The drive decelerateszalong a parameterized braking ramp if an OFF1 / OFF3
command is outputfA "flat" ramp must be selected so that the drive inverter is not
tripped (shutdown) due te'the high regenerative energy which would cause a DC
link overvoltagefcondition. The DC brake should be activated while the OFF1 /
OFF3 commandiis present if the drive is to be braked faster. For DC braking,
instead of continually reducing the output frequency / voltage during the OFF1 /
OFF3 phase, from a selectable frequency, a DC voltage / current is input (refer to
sequence\a).

The drive gan be brought to a standstill in the shortest time using DC current
braking (DC brake). DC braking is selected as follows:

». After OFF1 or OFF3 (the DC brake is released via P1233) Sequence X
» Directly selected using BICO parameter P1230 Sequence 3
For DC braking, a DC current is impressed in the stator winding which results in a
significant braking torque for an induction motor. The magnitude, duration and

frequency at which braking starts can be set for the braking current and therefore
braking torque by setting the appropriate parameters.
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The DC brake can therefore support a braking operation from approx. < 10 Hz or
prevents / minimizes the increase in the DC link voltage for regenerative braking.
This is realized because energy is directly absorbed in the motor. The essential
advantage and the main application of the DC brake is the fact that a holding
torque can be generated at standstill (0 Hz). For instance, this is important for
applications where after positioning, any motion in the mechanical system / product
itself can result in waste.

DC braking is especially used for:
» Centrifuges

Saws

Grinding machines

Conveyor belts

Y V V

Sequence

Enabled using P1233

DC braking is activated with the OFF1 or OFF3 cemmand (refer to Fig. 3-73)
The drive inverter frequency is ramped-down alongtherparameterized OFF1 /
OFF3 ramp down to the frequency at whichiDE€ braking is to start - P1234. This
means that the kinetic energy of the motor can beyreduced without endangering
the drive. However, if the ramp-down timetisitoo, short, there is a danger that a
fault will be output as a result of an ovepvoltage condition in DC link - FO002.

4. The inverter pulses are inhibited for the duration of the de-magnetizing time
P0347.

5. The required braking current P1233is, then impressed for the selected braking
time P1232. The status is displayed using signal r0053 bit 00.

The inverter pulses are inhibited after the braking time has expired.

@nN =~ %

@ A
ON -—l
OFF1/OFF3 -t
P0347
- |e—
QFF2
-t
A Y iy Y
P1234 OFF2
\Qfaking
-t
DC braking active
roo53 1
Bit00 | >t
— P1233 —P»

Fig. 3-73 DC braking after OFF1 / OFF3
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Sequence 3

1. Enabled and selected using BICO parameter P1230 (refer to Fig. 3-74)

2. The inverter pulses are inhibited for the duration of the de-magnetizing time
P0347.

3. The requested braking current P1232 is impressed for the time selected and the
motor is braked. This state is displayed using signal r0053 bit 00.

4. After DC braking has been cancelled, the drive accelerates back to the setpoint
frequency until the motor speed matches the drive inverter output fréquency. If
there is no match, then there is danger that a fault will be output asiafresult of
overcurrent - FO001. This can be avoided by activating the flying festart

il VA
L WAVACAALLLL

Fig. 3-74 DC braking after external selection

NOTE
1. The,:DGybraking" function is only practical for induction motors !
2. DC praking is not suitable to hold suspended loads !

3.9kor'DC current braking, the motor kinetic energy is converted into thermal
energy in the motor. If braking lasts too long, then the drive can overheat !

4. While DC braking, there is no other way of influencing the drive speed using an
external control. When parameterizing and setting the drive system, then as far
as possible, it should be tested using real loads !
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3.15.2

Compound braking

Parameter range: P1236
Warnings -
Faults -
Function chart number: -

For compound braking (this is enabled using P1236) DC braking is superimposed
with regenerative braking (where the drive regenerates into the line supply as it
brakes along a ramp). If the DC link voltage exceeds the compound switch#in
threshold Vpc.comp (refer to Fig. 3-75), then a DC current is impressed,as a function
of P1236. In this case, braking is possible with a controlled (closedsloop)ymotor
frequency and minimum regenerative feedback. Effective braking is/obtained
without having to use additional components by optimizing thegramp-down time
(P1121 for OFF1 or when braking from f; to f,, P1135 for OFF3)%and using
compound braking P1236.

Compound braking is suitable for:

» Horizontal motion (e.g. traversing drives, conveyoafbelts)
» Vertical motion (e.g. hoisting gear)

P1236 =0 P1236 >0
Without Compound braking With Compound braking
[t14 f_set £ A f_set
_f act f act
>t >t
i i
| UnUnh r\U q\lm\/ >t
u u
DGAink Dghlink
UDC—Comp o
L >t
P1254 =0:  Upc_comp =1.13~J§»P0210
P1254#0:  Upc_comp =0.98 11242

Fig. 375 Compound braking

The compound braking switch-in threshold Vpc.comp is calculated as a function of
parameter P1254 (Auto detect V¢ switch-on levels) either directly using the line
supply voltage P0210 or indirectly using the DC link voltage and r1242 (refer to the
formula in Fig. 3-75).
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WARNING
» For compound braking, regenerative braking is superimposed on the DC

braking (braking along a ramp). This means that components of the kinetic
energy of the motor and driven load are converted into thermal energy in the
motor. If this power loss is too high or if the braking operation takes too long,
then this can cause the drive to overheat !

» When using compound braking it must be expected that there is a higher level
of noise above the compound braking switch-in threshold.

NOTE
» Only active in conjunction with V/f control.

» Compound braking is de-activated, if
- flying restart is active,
- DC braking is active, and
- Vector control (SLVC, VC) is selected.

> The compound switch-in threshold Vpc.comp is dependent'on P1254
Vbe-comp(P1254 = 0) # Vpc.comp(P1254 # 0)
a) Auto-detect circuit enabled (P1254 = 1):

- Vbc-comp (P1254 = 1) is automatically caleulated when the drive inverter
runs-up - i.e. after the line supply,voltage has been connected

- Using the auto-detect function, theWWpc'gsmp threshold automatically
adapts itself to the line supply voltagetat the particular installation
location.

b) Auto-detect function disabled (P1254 = 0):
- Ubc,comp=1.13-4/2-P0210
- The Vpc.comp threshold isjimmediately re-calculated after entering P0210
- P0210 must be adapted to the particular installation location

3.15.3 Dynamic braking

Parameter range; P1237
Warnings A0535
Faults F0022

Function chartmumber: -

For several drive applications, in certain operating states, the motor can
regeneratemExamples of these applications include:

» Cranes
» “Qraction drives
»’ Conveyor belts which transport loads downwards

\When the motor is in the regenerative mode, the energy from the motor is fed back
into the DC link of the drive converter via the inverter. This means that the DC link
voltage increases and when the maximum threshold is reached, the drive inverter
is shutdown (tripped) with fault FO002. This shutdown (trip) can be avoided by
using dynamic braking. Contrary to DC and compound braking, this technique
requires that an external braking resistor is installed.
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The advantages of dynamic resistor braking include:
» The regenerative energy is not converted into heat in the motor

> ltis significantly more dynamic and can be used in all operating states (not only,
when an OFF command is output)

Chopper resistor

. ' = _L Chopper =
A T control
I ~ ~

Fig. 3-76 Connecting the chopper (braking) resistor

The braking energy in the DC link is converted into heatwhen dynamic braking is
activated (enabled using P1237). The energy is,converted’into heat using the
voltage-controlled chopper resistor (ballast resistor). Chopper resistors are used if
regenerative energy is dissipated in the DC link for a%short time, e.g. when a drive
brakes and the drive should be prevented frem*beihg shutdown (tripped) with fault
message F0002 ("DC link overvoltage") Airthisicase, when the DC link threshold
Vbce chopper IS €xceeded, then the choppepresistor is switched-in using an electronic
switch (semiconductor switch).

Switch-in threshold of the chopper résistor:

If P1254 =0 Vo, croppd®™2, 1364/2- Vine suppy = 1.13-+/2 -P0210

Otherwise : Voc, chopper =0.98 -r1242

The chopper switch-in thresheld Vipc chopper iS calculated as a function of parameter

P1254 (Auto detect VpcSWitch-on levels), either directly using the line supply
voltage P0210 or indire€tly usifig the DC link voltage and r1242.

Ve act 100,% >
O\ X
v 3 >0 No—X tChopper, ON ~ W tChopper
y
VDC, Chepper
ol > E
P1237
Duty cycle | || 11 | Alarm
monitoring 04 i A0535
Mains
200 - 240V 380-480V 500 - 600 V
[av] 9sv 17.0V 213V

Fig. 3-77 Mode of operation of the dynamic braking
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The regenerative (braking) energy is converted into thermal energy using the
chopper resistor. A braking module (chopper control) is integrated in the DC link for
this purpose. The chopper of the braking module switches the resistor with a mark-
space ratio corresponding to the regenerative power to be dissipated. The braking
module is only active if, as a result of the regenerative operation, the DC link
voltage lies above the chopper switch-in threshold Vpc chopper- This means that the
braking module is not active in normal operation when motoring.

The chopper resistor is only designed for a specific power and a certain load duty
cycle and can only absorb a limited amount of braking energy within a specific time
period. The chopper resistors, specified in MICROMASTER Catalag DAS#-2;\have
the following load duty cycle.

Power

Pioo 1 i| J:|
Ppg 0.05} - ===========-=m=ommmmmmmmoon J """"""""""""""" u - t[s]

e 240

\.C
)

) 4

Ppg = continuous power
P = 20-Pog= permissable power for 12 s eveny240's

Fig. 3-78 Load duty cycle — chopper resisters (MICROMASTER Catalog DA51.2)

This load duty cycle (P1237 =da= "5/%)is saved in MICROMASTER. If the values
are exceeded due to the load required®hen when the maximum acceptable
braking energy is reached, the lead duty cycle monitoring controls the chopper so
that the value is reduced tothe value entered in parameter P1237. This means that
the energy to be dissipated in‘the chopper resistor is reduced which means that the
DC link voltage quickly increases due to the regenerative energy available and the
drive inverter is shutdown/(tripped) due to a DC link overvoltage condition.

If the continuous power of the load duty cycle for a resistor is too high, then the
continuous ratingycambegsquadrupled using 4 resistors in a bridge circuit
configuration. In'thisycase, in addition, the load duty cycle must be increased using
parameter R423%from P1237 =1 (— 5 %) to P1237 = 3 (— 20 %). When using
the bridge circuit, the overtemperature switch of the resistors should be connected
in series and incorporated in the fault circuit. This guarantees, that when a resistor
overheats;, the complete system / drive inverter is shut down.
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Chopper |
control

P1237 =1
(5 %)

Fig. 3-79

Increasing the level of braking energy which can be absorbe

The continuous power and the load duty cycle are modified usi

(setting values, refer to Fig. 3-80a). If the load duty cycle m
the peak power (100%) to the continuous power, then thi
unlimited length of time in the braking resistor (refer to

itori
i

_L Chopper |
T control s
 P1237=3 & %
(20 %)
meter P1237

switches from

ated for an

. 3-80b). Contrary to the

braking resistor, as listed in Catalog DA51.2, the ch trol can be
permanently operated with 100% power.
@,
Py [ _ ton torr | teycle | Pos
12.0| 228.0| 240.0| 0.05
126 1140 1266 0.10
P 142| 570 71.2| 0.20
DB
t 50% | 22.8| 228| 456| 0.50
vt torr > 0 ni ini
e 100 % | Infinite 0| Infinite | 1.00
®, !
Pioo [
Pog -
>t
ol | ¢
P
—t
Fig.3-80  Chopper I@ vcle
For STER 440, up to and including Size FS F, the braking module is
inte dfin the drive inverter and the braking resistor can be connected via
e minals B+, B-.
L 4
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NOTE

>

>

The switch-on threshold Vpe chopper O the dynamic resistor braking is dependent
on P1254

Vbe chopper(P1 254 = O) # Vpc chopper(P1254 * 0)
a) Auto-detect circuit enabled (P1254 = 1):

- Ubc-chopper (P1254 = 1) is automatically calculated when the drive
inverter runs-up - i.e. after the line supply voltage has been
connected.

- Using the auto-detect function, the Upc_chopper threshold, autematically
adapts itself to the line supply voltage at the particular installation
location.

b) Auto-detect function disabled (P1254 = 0):
- Ubc,chopper =1.13-4/2 -P0210

- The Upc.chopper threshold is immediately re-calculated after entering
P0210

- P0210 must be adapted to the particularinstallation location

External braking modules (chopper units) including/braking resistor can be used
with all of the sizes, FS FX and FS GX. Whemenginegéering the system, the
particular braking module / resistor must be takenyinto consideration.

WARNING

>

>

>

Braking resistors, which are to be modnted o MICROMASTER 440, must be
designed so that they can tolerate the power dissipated.

If an unsuitable braking resistor jsfisedthere is a danger of fire and that the
associated drive inverter will be(sighificantly damaged.

The chopper control, integrated in the drive converter is designed for the
braking resistor value assigned in Catalog DA51.2,
e.g.. MICROMASTER"“440 6SE6440-2UD23-0BA1

brake resistor 6SE6400-4BD12-0BA0

brake resistor valug 160 Q
A brake resistor with a(lower resistance value will destroy the drive converter.
In this case, an éxternal braking unit must be used.
When operationaldthe temperature of braking resistors increases — do not
touch ! Ensure that there is sufficient clearance around the unit and there is
adequateqventilation.
A temperatureprotection switch must be used to protect the units against
overhgating:
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3.16

Automatic restart

Parameter range:

Warnings
Faults

Function chart number:

P1210
P1211

A0571
F0035

After a power failure (FO003 "Undervoltage"), the "Automatic restart" fupetion
(enabled using P1210) automatically powers-up the drive inverter again. Anyfaults

are automatically acknowledged by the drive inverter.

When it comes to power failures (line supply failure), then a differéntiatiorris made
between the following conditions:

Line undervoltage (brownout)

"Line undervoltage" is a situation where the line supply i§ interrupted and returns
before (if installed) the BOP display has gone dark (this'is,an extremely short line

supply interruption where the DC link hasn't completélypcollapsed).

Line failure (blackout)

"Line failure" is a situation where the displayshas gone dark (this represents a
longer line supply interruption where the,DCHink has completely collapsed) before
the line supply returns.

The automatic restart function P1210 issshown'in the following diagram (refer to
Fig. 3-81) as a function of external states /events.

P1210 ON always active (pefmanent) ON in no-voltage condition
Fault FO003 on Allfother faults on All faults on No faults on
Blackout Brownout Blackout Brownout Blackout Blackout
0 - — R — — -
Fault acknowl. - Faultiaeknowl. - Fault acknowl. -
Fault acknowl.
2 + - - - - Restart
restart
Fault acknowl. | Fault a€knowl. | Fault acknowl. | Fault acknowl. Fault acknowl.
3 + + + + + -
restart restart restart restart restart
Fault acknowl. | Fault'acknowl.
4 + + - - - -
restart restart
Fault acknowl? Fault acknowl. Fault acknowl.
5 + - + - + Restart
restart restart restart
Fatlt acknewl. | Fault acknowl. | Fault acknowl. | Fault acknowl. Fault acknowl.
6 + + + + + Restart
restart restart restart restart restart
Fig. 3-81 Altomatic restarts
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The number of start attempts is specified using parameter P1211. The number is
internally decremented after each unsuccessful attempt. After all attempts have
been made (as specified in parameter P1211), automatic restart is cancelled with

message F0035. After a successful start attempt, the counter is again reset to th
initial value.

NOTE

» The "Flying restart" function (refer to Section 3.17) must be additionally
activated if, for an automatic restart, the drive inverter is to be connected to a
motor which may already be spinning.

DANGER

» For longer line supply failures (blackouts)and when the automati art
function is activated, over a longer period of time it may be as that
MICROMASTER is powered-down. However, when the line returns,
motors can automatically start to run again without any intervention.

> If the operating range of the motors is entered in this is can result in

death, severe injury or material damage.
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3.17 Flying restart

Parameter range: P1200
P1202, P1203
r1204, r1205

Warnings -
Faults -
Function chart number: -

The "Flying restart" function (this is enabled using P1200, refer to Zable 3¢33)
allows the drive inverter to be switched to a motor which is still spinning. Ifithe drive
inverter was to be powered-up without using the flying restart function, there would
be a high possibility that a fault with overcurrent FO001 would occurt The reason for
this is that the flux must first be established in the motor and the V/f.control or
closed-loop Vector control must be set corresponding to the actualmotor speed.
The drive inverter frequency is synchronized with the motor frequency using the
flying restart function.

When the drive inverter is normally powered-up it is assumed that the motor is
stationary and the drive inverter accelerates the motor frem‘standstill and the
speed is ramped-up to the setpoint which has peen‘entered. However, in many
cases this condition is not fulfilled. A fan drive is\a‘typical example. When the drive
inverter is powered-down the air flowing threugh the fan can cause it to rotate in
any direction.

Parameter P1200 Flying restart active Search direction

0 Disabled -

1 Always Start in the direction of the setpoint
2 For line supplys;en,and fault Start in the direction of the setpoint
3 For fault and OFF2 Start in the direction of the setpoint
4 Always Only in the direction of the setpoint
5 For line supply.on,fault and OFF2 Only in the direction of the setpoint
6 For fault'andOFF2 Only in the direction of the setpoint

Table 3-33  Settings for parameter P1200

Flying restart without speed‘engoder

a) Depending‘en parameter P1200, after the de-magnetizing time has expired
P0347, flying restart is started with the maximum search frequency fsearch max
(refer toFig.3482).

S .2.f = P1802 + 2. 10330

search,max4 max slip, standard 100

-P0310

Thisfis fealized either after the line supply returns when the automatic restart
function has been activated or after the last shutdown with the OFF2 command
(pulse inhibit).

» Vif characteristic (P1300 < 20):
The search frequency is reduced, as a function of the DC link current with the
search rate which is calculated from parameter P1203. In so doing, the
parameterizable search current P1202 is impressed. If the search frequency is
close to the rotor frequency, the DC link current suddenly changes because the
flux in the motor establishes itself. Once this state has been reached, the
search frequency is kept constant and the output voltage is changed to the
voltage value of the V/f characteristic with the magnetizing time P0346 (refer to
Fig. 3-82).
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» Closed-loop Vector control without encoder (SLVC):
Starting from the initial value, the search frequency approaches the motor
frequency with the impressed current P1202. The motor frequency has been
found if both frequencies coincide. The search frequency is then kept constant
and the flux setpoint is changed to the rated flux with the magnetizing time
constant (dependent on P0346).

After the magnetizing time P0346 has expired, the ramp-function generator is set to
the speed actual value and the motor is operated with the actual reference
frequency.

fA
f

search,ma;

n

etpointdfequency:

Demagnetizing :Flying restart ! Magnetizing Rampup.
time P1202 time
P0347 P1203 P0346

Fig. 3-82 Flying restart

Flying restart with speed encoder

Depending on parameter P1200, after the desmagnetizing time P0347 expires
a) After the line supply returns with the automatic restart active, or

b) After the last shutdown using the' OFFE2 command (pulse inhibit)

flying restart is started with the"maximum search frequency fsearch max-

» VIf characteristic (P1300.< 20):
For V/f control, the output Valtage of the drive inverter is linearly increased from
0 to the V/f characteristicwaluedwithin the magnetizing time P0347.

» Closed-loop Vector ¢ontrolwith speed encoder (VC):
For the closed-loop Vector control, the necessary magnetizing current is
established withiff the gsmagnetizing time P0347.

After the magnetizingyitime P0346 has expired, the ramp-function generator is set to
the speed actudlvalue and the motor is operated at the actual setpoint frequency.

NOTE

> If a higher valae is entered for the search velocity P1203 this results in a flatter
search,curve and therefore to an extended search time. A lower value has the
opposite'effect.

» Ford'Flying restart", a braking torque is generated which can cause drives, with
lewmoments of inertia, to brake.

»” Forgroup drives, "Flying restart" should not be activated due to the different
characteristics of the individual motors when coasting down.

WARNING
» When "Flying restart" is activated (P1200 > 0), although the drive is at a stand-

still and the setpoint is 0, it is possible that the drive is accelerated as a result of
the search current !

> If the operating range of the motors is entered when the drive is in this state,
this can result in death, severe injury or material damage.
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3.18

Closed-loop Vdc control

In addition to DC, compound and dynamic braking, for MICROMASTER it is
possible to prevent a DC link overvoltage condition using the closed-loop Vdc
controller. With this technique, the output frequency is automatically modified
during operation using the closed-loop Vdc controller so that the motor doesn't go
too far into the regenerative mode.

DC link overvoltage

» Cause:
The drive regenerates and feeds too much energy back into theaDC'link.

» Remedy:
The DC link voltage is further reduced using the Vdc_max €entroller (refer to
Section 3.18.1) by reducing the regenerative torque down to zero.

Using the Vdc controller, it is also possible to prevent thedsiveteonverter being
shut down (tripped) during brief line supply dips — which!causeya DC link
undervoltage condition. Also in this case, the output frequency is automatically
modified by the Vdc controller during operation. Contraryto an overvoltage
condition, in this case the motor is operated with,increased regenerative operation
in order to support and buffer the DC link voltage.

DC link undervoltage

3.18.1

» Cause:
Line supply voltage failure or dip (blackout or brownout)

» Remedy:
A regenerative torque is entered for the operational drive which compensates
the existing losses and therefare stabilizes the voltage in the DC link. This
technique is carried-out using the Vdc_min controller (refer to Section 1) and is
known as kinetic buffering.

Vdc_max controlter

Parameter range« P1240, r0056 bit 14
r1242, P1243
P1250 — P1254
Warnings A0502, A0910
Faults F0002
Functiéfpehart number: FP4600

Aybrief regenerative load can be handled using this function (enabled using P1240)
witheut the drive inverter being shut down (tripped) with fault message F0002 ("DC
link overvoltage"). In this case, the frequency is controlled (closed-loop) so that the
motor doesn't go too far into regenerative operation.

Ifithe drive inverter regenerates too much when braking the machine due to a fast
ramp-down time P1121, then the braking ramp / ramp time are automatically
extended and the drive inverter is operated at the DC link voltage limit r1242 (refer
to Fig. 3-83). If the DC link threshold r1242 is again fallen below, then the Vdc_max
controller withdraws the extension of the braking ramp.
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Vocy
r1242 \
-t
Vo max-controller active
- <+— A0911 —» @
r0056 Bit 14 !
0
Il A
fact 0@
\\
\\
t
Fig. 3-83 Vdc_max controller

216

On the other hand, if the Vdc_max contro
for a steady-state regenerative load), th ¢c_max controller is disabled by an
internal drive inverter monitoring functiopia ning A0910 is output. If the
regenerative load continues, the drive i rter s protected using fault FO002.

es the output frequency (e.g.

In addition to controlling the DC I|n - oop ), the Vdc_max controller supports
the stabilizing processes of e end of an acceleration phase. This is
especially the case if there ot and the motor therefore briefly goes into
regenerative operation (da effect

The automatic increase of ing ramp (refer to Fig. 3-83) can be

especially for positionin and hoisting gear (e.g. cranes). A DC link
overvoltage conditi e avoided by disabling the Vdc-max controller
(P1240 =0) and by ctivating the following functions:

» Extending x ramp (P1121)
» Activati ompound brake (P1236) or dynamic brake (P1230)

contradictory to the Obj% e application. This behavior is not required,
b

O
Q>®

L 4
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NOTE

>

If the DC link voltage exceeds the power-on threshold r1242 (switch-on level of
Vdc_max.) of the Vdc_max controller in the "Ready" state, then the Vdc_max
controller is de-activated and warning A0910 is output.

Cause: The line supply voltage does not match the application situation.
Remedy:  Refer to parameters P1254 and P0210.

If, in the "Run" state, the DC link voltage exceeds the power-on threshold r1242
and if the Vdc_max controller output is limited by parameter P1253 f approx
200 ms, then the Vdc_max controller is de-activated and warnmg
where relevant, fault FO002 are output.
Cause: Line supply voltage P0210 or ramp-down time P

The moment of inertia of the driven load is too h
Remedy: Refer to parameters P1254, P0210, P1 121

Use a braking resistor

The Vdc_max switch-in threshold Vpe max depends on
VDC max(P1254 0) * VDC max(P1254 * O)
a) Auto-detect function enabled (P1254 = 1):

- Vbc_max (P1254 = 1) is automatically
runs-up, i.e. after the line supply volt

- Using the auto-detect function, t c-
adapts itself to the line supply vo

location. &
b) Auto-detect function disabled (PQ :

- Ubc_max=1.15-42 -P0210
- The Vpc.comp threshold.is tely re-calculated after entering P0210

- P0210 must be .@ o the particular installation location.

Ic en the drive inverter
en connected

reshold automatically
e particular installation

N
&

O
Q>®

L 4
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3.18.2 Kinetic buffering (Vdc_min controller)

Parameter range: P1240
r0056 bit 15
P1245, r1246, P1247
P1250 — P1253
P1256, P1257

Warnings A0503
Faults F0003
Function chart number: FP4600

Brief line supply failures can be buffered using the kinetic bufferingsfunction
(enabled using P1240). Line supply failures are buffered using the kinetic energy
(i.e. moments of inertia) of the driven load. In this case the prerequisite is that the
driven load has a sufficiently high flywheel mass or is rotating at‘an appropriately
high speed — i.e. has adequate kinetic or rotating energy.

2 2

Kinetische Energie : W, :%mv Rotationsenergie : W, :%Jm
Using this technique, the frequency is controlled (clésed=loop), so that energy is fed
to the drive inverter from the regenerating motér,thus covering the system losses.
The losses during the line supply failure still remainywhich means that the motor
speed decreases. When using kinetic buffesing itthasto be taken into consideration
that the motor speed reduces.

VDC
A Power failure
100 % v J2.-P0210
\ ....... / P1245 12 .po210
P1245 / 55 % 190
t— Power restoration
Vdc_min
-t
KIB active
r0056 1
Bit15 >t
Ifl
A
f’l
to=—1112_.p1120
P1082
f2
—t, —> >t

Fig. 3-84 Kinetic buffering (Vdc_min controller)

When the line supply returns, the energy feed is again from the line side and the
output frequency of the drive inverter returns to the selected setpoint along the
ramp defined by the ramp-function generator.
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NOTE

> When the minimum DC link voltage Vpc_min is fallen below, fault FO0O03
"Undervoltage" is output and the drive inverter is shut down. The shutdown
threshold Vpc min depends on the drive inverter type / line supply voltage. O

Table 3-34  DC link undervoltage — shutdown threshold

Drive inverter type / line supply voltage Shutdown threshold Vpc_min Y
1-ph. 200V -240V AC £ 10 %
3-ph. 200 V — 240 V AC£ 10 %
3-ph.380V-480VAC+10 %
3-ph. 500 V- 600 VAC + 10 %

3.19 Positioning down ramp Q
Parameter range: P0500

P2480 — r2489 (b
Warnings -
Faults -
Function chart number: -
The positioning down ramp (enabled usi ) can be used for applications

]
where it is necessary that a residual di{fe is moved-through up to the stop
dependent on an external event (e. switch). In this case, MICROMASTER
440 generates a continuous brakin y selecting OFF1 depending on the
actual load speed / velocity. hen stopped/positioned along this braking

ramp (refer to Fig. 3-85).

r
iv

Gear

s= P2488=1‘ f

2 orr1 "t

P2488

-t
B too4ss ’

-85 Positioning down ramp

In this case, the remaining distance P2488 moved through must be entered,

4 referred to the load. In order to carry-out the residual distance calculation on the
load side, the mechanical arrangement of the axis (gearbox ratio, linear or rotary
axis) must be appropriately parameterized (refer to Fig. 3-86).
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Disposition Parameter O
0 Motor revolutions  P2481
Load revolutions ~ p2482
— Motor — Gear
lin .
[Te——T1 . z = screw spindle = No. of revc_>|ut|ons =P2484
'ul Ly 0 1 [unit] s
nMotor 5‘
| = - \
rot — Motor— Gear S ( S ot 0= Motor revolutions _
Load revolutions 2
nMotor n Load

Fig. 3-86 Rotary or linear axis

Using this data, MICROMASTER 440 calculat
and the motor revolutions and can therefore ¢

side.

Q\

etween the distance

the r;
r

NOTE

» When the positioning down ramp is
implicitly the control mode P1300 i

P0205:

b) PO205=1 —> P13

This change can be un
enabled by modifying para

o
O
N

O
Q>®

L 4
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a)P0205=0 — P1300= O@

movement on the load

ain after the positioning down ramp has been
er P1300.

ing parameter P0O500 = 3, then
follows as a function of parameter
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3.20

3.20.1

Monitoring functions / messages

General monitoring functions / messages c ,:

Parameter range: P2150 — P2180

r0052, r0053, r2197, r2198
Warnings - ¢
Faults -
Function chart number: FP4100, FP4110 %
MICROMASTER has an extensive range of monitoring functions /Nes which
can be used for open-loop process control. The control can either b emented

in the drive inverter or also using an external control (e.g. PL erlocking
functions in the drive inverter (refer to Section 3.1.2.3) as well a output of
I

signals (refer to Section 3.6.2 or 3.7) for external control ar ented using
BICO technology.
The status of the individual monitoring functions / me are emulated in the

following CO/BO parameters:

» r0019  CO/BO: BOP control word

r0050 CO/BO: Active command data set
r0052  CO/BO: Status word 1

f0053  CO/BO: Status word 2 \

r0054  CO/BO: Control word 1

r0055  CO/BO: Supplementa ional) control word
r0056  CO/BO: Status word %Ioop motor control
r0403 CO/BO: Encod s d

r0722  CO/BO: Status, al inputs

r0747  CO/BO: StaM outputs

r1407  CO/BO: Statusi2 —closed-loop motor control

r2197  CO/BO: Me ges 1
r2198  CO/BQ: Messages 2

L 4
Frequently use m g functions / messages including parameter number and
bit are shown in\the fellowing Table.

&

VVYVY VYV VY VVYVYYVYYVY

A\

Q>®
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Table 3-35  Partial excerpt of monitoring functions / messages

Functions / states Parameter / bit number Function chart | O
Drive ready 52.0 -

Drive ready to run 52.1 - @
Drive running 52.2 -

Drive fault active 52.3 -

OFF2 active 52.4 - 1 4

OFF3 active 52.5

On inhibit active 52.6

Drive warning active 52.7

Deviation setpoint — actual value 52.8

PZD control 52.9

Maximum frequency reached 52.A

Warning: Motor current limit 52.B

Motor holding brake active -

Motor overload -

Motor runs right -

Drive inverter overload -

DC brake active -

Ramping finished . -
PID output R2294 == P2292 (PID_min) 3.A FP5100
PID output R2294 == P2291 (PID_max) 53.B FP5100

Download data set 0 from AOP 53.E -

Download data set 0 from AOP 53.F -
|f_act| > P1080 (f_min) 53.2 2197.0 FP4100
|f_act| <= P2155 (f_1) 53.5 2197.1 FP4110
|f_act| > P2155 (f_1) 53.4 2197.2 FP4110
f_act> zero 2197.3 FP4110

f_act >= setpoint (f_set) 53.6 21974 -
|f_act] >= P2167 (f_off) 53.1 2197.5 FP4100

|f_act] > P1082 (f_max 2197.6 -
f_act == setpoint (f se 2197.7 FP4110
i_act r0068 >= P217 53.3 2197.8 FP4100
53.7 2197.9 FP4110
53.8 2197.A FP4110

2197.B -

2198.0 -

2198.1 -

2198.2 -

2198.3 -

2198.4 -

2198.5 -

r blocked 2198.6 -

otor stalled 2198.7 -
li_act r0068| < P2170 2198.8 FP4100

¢ |m_act| > P2174 & setpoint reached 2198.9 -

|m_act| > P2174 2198.A -

Load torque monitoring: Warning 2198.B -

Load torque monitoring: Fault 2198.C -
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3.20.2

Load torque monitoring

Parameter range: P2181
P2182 — P2192 c)
r2198

Warnings A0952

Faults F0452

Function chart number: - ¢

This function allows the mechanical
force transmission between the motor
and driven load to be monitored.
Typical applications include, for
example, pulley belts, flat belts or
chains, or pulleys for toothed wheels
of drive-in and drive-out shafts which
then transmit circumferential
velocities and circumferential forces
(refer to Fig. 3-87). The load torque
monitoring function can then detect
whether the driven load is locked or the force mi has been interrupted.

For the load torque monitoring function, t tualfrequency/torque characteristic
is compared with the programmed frequen characteristic (refer to P2182 —
P2190). If the actual value lies outside t% med tolerance bandwidth, then,
depending on parameter P2181, either war 0952 or fault F0452 is generated.
Parameter P2192 can be used to dela output of the warning or fault message.
This avoids erroneous alarms whic caused by brief transient states (refer
to Fig. 3-88).

Torque [Nm]
A

P2189 |—> gy .
P2190 |—> ..

&
P2187 |—>
Actual
torque
7 y— >
1 Frequency
P2184 [Hz]
1
gzi:?? A0952
0 r >t
—> P2192 t— —> P2192 t—

Fig. 3-88 Load torque monitoring (P2181 = 1)
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The frequency/torque tolerance bandwidth is defined by the gray shaded area in
Fig. 3-89. The bandwidth is determined by the frequency values P2182 — P2184
and the torque limits P2186 — P2189. When defining the tolerance bandwidth it

should be ensured that a specific tolerance is taken into account in which the

torque values are allows to vary corresponding to the application.

|Torque| [Nm]

4P1080
Min. frequency

P2189
Upper torque threshold 3

P2190
Lower torque threshold 3

P2187
Upper torque threshold 2

P2188
Lower torque threshold 2
P2185
Upper torque threshold 1

P2186
Lower torque threshold 1

@
%determined.

-

O

O

P2183

undary zones
e-activated monitoring

Threshold frequency 2

p2184
Threshold freq

7 acivemo

Y -
|Frequency|

[Hz]

uency 3

curve
nitoring

Fig. 3-89 Frequen @

or olerance bandwidth

L 4

charagteristics must be determined as a function of the required load torque

m
=1/4

Commissioning ste K
. Inord e the position of the tolerance bandwidth, different

P2181). A differentiation can be made between the following cases:

oad torque monitoring to detect a broken belt, i.e. under fault conditions,

e actual load torque is below the permissible tolerance bandwidth. In this

case, the load torque characteristic with minimum permissible load should be

MICROMASTER 440

Ope

rating Instructions
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b)

c)

MICROMASTER 440
6SE6400-5AW00-0BPO

|Torque| [Nm]

4
Rated load

P2185+P2187+P2189 [ characteristic

P2190 |—>

Permissible min.
load characteristic

O

,/" .A '
1 t 1 : quéncy|
P2182 P2183 P2184 ]

Fig. 3-90 Load torque characteristic with minimum issible load

'%eans that when a fault
r ible tolerance bandwidth.

aximum permissible load

P2181=2/5

Load torque monitoring as anti-stall pro
occurs, the actual load torque is above
In this case, the load torque characteristic
should be determined.

P2185

VZ

“Hy,
-
e
7
e
%

U

P2182

Permissible max.

P2187 load characteristic

Rated load
characteristic
P2186+P2188+P

|Frequency]|

P2183 p2184  [Hz]

Fig. 3-91 ’S ad tarque characteristic with maximum permissible load
P2181 3 N
Loadiérq onitoring to detect whether the drive is blocked (stalled) or a

tra i belt has broken. This means that when a fault occurs, the load
to@elther above or below the permissible tolerance bandwidth. In this

load torque characteristic with the minimum and maximum
<E§"issible load should be determined.
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[Torque| [Nm] Permissible max.
load characteristic

////

/

’/// ///"’////

P2185+P2187+P2189 |—> ........

Rated load
characteristic

\

P2186+P2188+P2190 |—> --------
Perm|33|ble min.

Ioad characterlstlc

L L L |Frequency[

P2182 P2183 P2184 @lHZ]

Fig. 3-92 Load torque characteristic with minimum and maximumipermissible
load

2. The permissible load torque characteristic must be defegmined in the operating
range of the plant or system. This characteristic cambe determined as follows:

a) Theoretical determination

In this case, the prerequisite is that the |6ad torque characteristic in the
operating range must first be known. Frequently;®this is not the case in
practice. Especially changing mechanical effects involve investigations that
require considerable time and costs ifithey*are to be forecast in advance.

b) Practical determination

The load torque characteristic is‘directly determined at the plant/system
using a "teach-in technique". IAtthis case, the operating range is passed-
through step-by-step and the value pair comprising the actual output
frequency r0021 and a¢tualtorque r0031 are read-out in the steady-state
condition. If necessaty, this'should be carried-out for both directions of
rotation.

3. The position of the toleranee bandwidth (P2182 - P2190) is determined by
defining the 3 points/along,the characteristic.

4. In order to preventthe(torque monitoring responding unnecessarily, dynamic
states should befsuppressed using delay time P2192. As a rule of thumb,
P2192 shouldbe>,P1120.

Note
» The loaditerguesmonitoring is active in all 4 quadrants

> If it is pot passible to determine the min. or max. load torque characteristic at
the drive in/operation, then the load torque characteristic should be determined
forfoperation at rated load. By taking into account the tolerances, the max. or
mind’permissible load characteristic can be calculated (e.g. the max. load
characteristic is obtained from the 120% rated load characteristic).

» If only a specific frequency range is to be monitored, then it is sufficient to plot
the load characteristic between the frequency thresholds of the envelope curve
(P2182, P2184).

» If the drive is only permitted to have one direction of rotation, then the load
characteristic should only be determined for the permissible direction of rotation.

» The load characteristic and/or envelope curve determined should be
represented in a frequency-torque diagram, e.g. using Microsoft Excel.
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3.21 Thermal motor protection and overload responses

Parameter range: P0601 — P0640
P0344
P0350 — P0360
r0035

Warnings A0511

Faults F0011, FO015

Function chart number: -

MICROMASTER 440 has a completely new integrated concept for thermalahnotor
protection. There are numerous possibilities of effectively protectingithemotor but
at the same time ensuring high motor utilization. The basic philosophy\ef this
innovative concept is to detect critical thermal states, output warningséand initiate
the appropriate responses. By responding to critical states it is possible to operate
the drive at the thermal power limit and to avoid, under all circumstances, an
immediate shutdown (where the drive inverter is tripped):

Features

The protective concept (refer to Fig. 3-93) distinguishesstself as a result of the
following individual features:

> Protection is effective without using any‘temperature sensor (P0601 = 0). The
temperatures of various locations in theZmoter are indirectly determined using a
temperature model.

> ltis possible to evaluate temperature‘sensors. This has the advantage that after
a line supply failure, precise initial temperatures are immediately available. Both
PTC sensors (P0601 = 1) asywell as KTY84 sensors (P0601 = 2) can be
connected and evaluatedi(refer to Séction 3.21.2).

» When using a KTY84 senser, the drive inverter can be parameterized so that a
sensor wire breakage orghortscircuit F0015 is detected and the system
automatically changes=everito the temperature model. This means that the drive
inverter is not shut down (tripped) and operation can continue.

» Selectable temperatureywarning thresholds P0604 (default: 130 °C) for
operation with the temperature model or KTY84 sensor. The drive inverter is
shut down or the currént reduced depending on P0610 for a value of P0604
+10%.

» Selectablé respenses P0610 which are to be initiated when the warning
threshold is‘@xeeeded in order to prevent an overload condition.

» The motor protection has been designed to be completely independent of the
driveginverter protection. Warning thresholds and responses for drive inverter
protection must be separately parameterized.

»>W\/arious data sets are taken into account in the model. The model is separately
caleulated for each data set so that when changing-over between various
motors the cooling of the presently non-active (fed) motors are taken into
account.
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Fault
Foots P0601 =2
5V = }_' &
T,=4s o
Signal o o/NO sensor
ADC i ™ loss [ PTC 1
detection X1 °lkTy om: B
20
PTC
KTY > r0035
P0601 IJ —L v
V|
NG > 1D:
o 0
Equivalent —r
circuit data Thermal 0637 o604
Power dissipation motor
Pymt =—> model r0632
I—’ r0633
Fig. 3-93 Thermal motor protection

Temperature rise classes

228

In drive technology, temperature rise iss I
dimensioning electrical machinery. Diffgrent
materials used in electric motors. Depen

a differentiation is made according

plate) with defined limit tempe

3-36.

9

r

Excerpt from IEC €

Thermal Class

Y

A
E
B
F
H

Table 3-3

For
c

25

Thermal classes

0°C). The following applies:

04 =1,

13trip

warn = 1.1

perature limits

decisive role when

apply for the various

on the insulating material being used,
| classes (refer to the motor rating
excerpt from IEC85 is provided in Table

MICROMASTER 440

rature model or the KTY84 sensor, the appropriate value ¥y, must
and entered into parameter P0604 (temperature warning threshold,
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3.21.1 Thermal motor model

The data, required for the thermal motor model, is estimated from the rating plate
data entered during the quick commissioning (refer to Section 3.5.3). This data
permits reliable, stable operation for standard Siemens motors. If required,
parameter changes must be made for motors from third-party manufacturers. We
always recommend that an automatic motor data identification run is made after
quick commissioning so that the electrical equivalent circuit diagram data can be
determined. This allows a more precise calculation of the losses which ogecur in the
motor which has a positive impact on the accuracy of the thermal motor model.

Example:

A stator resistance, which is parameterized to be too high, wouldfresut, in the
model, to higher losses than in a real motor and an excessively high calculated
motor temperature would be displayed.

If changes are required in order to optimize the thermal model; then as a first step,
the motor weight (P0344) should be checked for plausibilityhGenerally, the motor
weight is taken from the Catalog data of the motor manufacturer. The thermal
model can be further optimized by adapting the standard overtemperatures for the
stator iron P0626, the stator winding P0627 and the rotor, P0628. The standard
overtemperatures represent the steady-state temperatures to be expected in rated
operation with respect to the environment and are used to estimate the thermal
resistances. Generally, these overtemperatufes,are not listed in the Catalog.

The ambient temperature P0625 is anothef impertant parameter which influences
the precision of the thermal model.

NOTE

» In addition to the thermal motar protection, the motor temperature is also
included in the adaptation, of the motor equivalent circuit diagram data. This
adaptation has a significantiinfluence on the degree of stability of the closed-
loop vector control — espeeially?for a high thermal motor load.

» When switching-in the line,supply voltage (i.e. powering-up), depending on
whether a KTY sensor(is being used or not, the motor temperature model is
either initialized with the"ambient temperature P0625 — saved in the frequency
inverter — of'wjth'the actual motor temperature.

> If the frequency inverter is continually supplied with an external 24 V voltage,
then the,motar. temperature is tracked/corrected using the motor temperature
time constant —even when the line supply voltage is shutdown (powered-down).

» For clgsed-loop vector control, a high thermal motor load and if the line supply
voltageyis frequently switched-out/switched-in, then the following is required

+( a/KTY84 sensor should be used, or
+ “ansexternal 24 V power supply should be connected
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3.21.2

Temperature sensor

When the motor is operated below the O
rated speed the cooling effect of the 0

shaft-mounted fan is reduced. As a
result, for most motors when continually
operated at lower frequencies, the

power has to be reduced. Under these 'S
conditions, motor protection against PTC/
overheating can only be guaranteed if KTY

either a temperature sensor (PTC or
KTY84 sensor) is integrated in the
motor and is connected to the control
terminals 14 and 15 of the
MICROMASTER 440 (refer to Flg 3-94) Fig. 3-94 Connecti emperature

or the motor temperature model was sens ROMASTER
determined (refer to Section 3.21.1).

NOTE

In order to avoid EMC noise from being coupled- |n ive converter

ermissible to use free
ure sensor to the drive

electronics — and the associated disturbances
conductors in the motor cable to connect the te
converter.

The temperature sensor must be conne
cable (if at all possible, this cable shoul

rive converter using a separate
ed).

o
N
.(,(b
xS

O
Q>®

L 4
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With PTC temperature sensor (P0601 = 1)

The PTC is connected to the control

TPT0409-6

terminals 14 and 15 of the ‘085959,3< S

MICROMASTER 440. PTC monitoring Fere © ELET L Thar

is activated with the parameter setting 107 e L L39O

P0601 = 1. If the resistance value, EESSSSESEE 3=

connected at the terminals, is less than 108 L L] IEENERER/ 400

1500 Q, then neither alarm nor fault is B : SS====s

generated. If this value is exceeded, the vos L] Bl

drive inverter outputs alarm A0511 and ESSSS=====2s R

fault FOO11. The resistance value where el EEE

the alarm and fault are output does not = =======

lie below 1000 Q and not above 105‘[_ FHES

2000 €. :VY;—' == :

Response thresholds: 4.0V 0 —1 COEEE T == : :
38V 150 S NSSRL AEEEE; A

10 50 $00 150 200 °C 250

— Tprc

Fig. 3-95 PTC characteristic for

With KTY84 temperature sensor (PO601 = 2) 1LG /1LA motors

The KTY84 must be connected so that the 5
diode is in the conductive direction. This
means that the anode is connected#o R A
terminal 14 and the cathode togerminal 157 | %' pa
If the temperature monitoring'fun¢tion®is 2 yd
activated with the setting P08014= 2, the
temperature of the sensori(i.e. of.the motor P
windings) is written into parameter r0035 Pa
(refer toFig. 3-93). The threshold 1
temperature Oy, (refer 1o Table 3-36) of the A Tp*
motor can now be sét usingthe warning
threshold, motor overtemperature Vyam

(parameter P0604)(the factory setting is o
130 °C). The féllowing applies: ° 100 004,100 300

u

2mA

tri
P0604 = Oz = 52 Fig.3-96  KTY84 characteristic for
1LG / 1LA motors

Wire breakageforghort-circuit

If the Cifeuit between the drive inverter and PTC or KTY84 sensor is interrupted or
there'is a short-circuit, the drive inverter is shut down (tripped) and fault FO015 is
displayed.
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3.22 Power module protection :
3.22.1 General overload monitoring c ’
Parameter range: P0640, r0067, r1242, P0210
Warnings A0501, A0502, A0503
Faults F0001, FO002, FO003, FO020 L 4

Function chart number: -

Just the same as for motor protection, MICROMASTER provides e
protection for the power components. This protection concept is alse s ivided
into 2 levels:

» Warning and response
» Fault and shutdown Q
Using this concept, a high utilization of the power modul ents can be
achieved without the drive inverter being immediately down. The power
module components are monitored as follows:
r@
n

Table 3-37  General protection of the power com

Fault and shutdown

Overcurrent / short circuit Ima t If F0001
01

05 9
56 bit 13
Section 3.23.1.2)

Curr troller for SLVC /
VC

r0056 bit 09
r1407 bit 08
r1407 bit 09

DC link overvoltage Vdc_max controller F0002
A0502

& (refer to Section 3.18.1)
DC link undervolt Vdc_min controller F0003

A0503
(refer to Section (1)

Line phasi re ction -—- F0020
(refer to PO291)

The toring thresholds for the righthand column in the table above are
y saved in the drive inverter and cannot be changed by the user. On the
othemhand, the threshold levels for the "Warning and response" column can be
odified by the user to optimize the system. These values have default settings so
th e "Fault and shutdown" thresholds do not respond.
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3.22.2

Thermal monitoring functions and overload responses

Parameter range: P0290 — P0294
r0036 — r0037
Warnings A0504, A0505
Faults F0004, FO005, FO012, F0020, F0O022

Function chart number: -

Similar to motor protection, the main function of the thermal power module
monitoring is to detect critical states. Parameterizable responses are provided to
the user which allows the drive system to be still operated at the power limitsthus
avoiding immediate shutdown. However, the possibilities of assigning parameters
only involves interventions below the shutdown threshold which ¢annotbe changed
by users.

MICROMASTER 440 has the following thermal monitoring functions:

> i’t monitoring

The it monitoring is used to protect components which have a long thermal
time constant in comparison to the semiconductorsyAn-@verload with reference
to i’t is present if the drive inverter utilization r0036/indicates a value greater
than 100 % (utilization as a % referred to rated,operation).

» Heatsink temperature

The monitoring of the heatsink temperature,rO037[0] of the power
semiconductor (IGBT).

» Chip temperature

Significant temperature differenges ¢an occur between the barrier junction of
the IGBT and the heatsink, Jkhesedifferences are taken into account by the chip
temperature r0037[1] and/monitored"

When an overload occursyregarding one of these three monitoring functions,
initially, a warning is output:&ihe Warning threshold P0294 (i2t monitoring) and
P0292 (heatsink temperatlire and chip temperature monitoring) can be
parameterized relative 1o the 'shutdown values.

Example

The warning threshold,P0292 for the temperature monitoring (chip / heatsink
temperature) is(eette,15 °C in the factory. This means that warning A0504 is
output 15 %€ below the shutdown threshold.

At the samestimethat the warning is output, the parameterized responses are
initiated via P0290. Possible responses include:

» Redueingthe pulse frequency (P0290 = 2, 3)

This is @an extremely effective method to reduce losses in the power module, as
the switching losses represent a very high proportion of the overall losses. In
many applications, a temporary reduction of the pulse frequency can be
tolerated in favor of maintaining the process.
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Disadvantage

The current ripple is increased when the pulse frequency is reduced. This can
result in an increase of the torque ripple at the motor shaft (for low moments of
inertia) and an increase in the noise level. When the pulse frequency is reduced
this has no influence on the dynamic response of the current control loop as the
current control sampling time remains constant !

Reducing the output frequency (P0290 = 0,2)

This is advantageous if it is not desirable to reduce the pulse frequen@y or if the
pulse frequency is already set to the lowest level. Further, the lead shouldhave
a characteristic similar to that of a fan, i.e. a square-law torque characteristic for
decreasing speed. When the output frequency is reduced, thisgSignificantly
reduces the drive inverter output current and in turn reduces theflosses in the
power module.

No reduction (P0290 = 1)

This option should be selected if neither a reduction in theyulse frequency nor
a reduction in the output current is being considered.“In this case, the drive
inverter does not change its operating point afteptheywarning threshold has
been exceeded so that the drive can be further apgrated until the shutdown
values are reached. After the shutdown thresheld has been reached, the drive
inverter shuts down (trips) with fault FOQ04. The time which expires up to
shutdown is however not defined and depends;on the magnitude of the
overload. Only the warning threshold“ean beychanged in order to obtain an
earlier warning and, if required, extenfallyaintervene in the drive process (e.g. by
reducing the load, lowering the ambient temperature).

NOTE
> If the drive inverter fan fail§, this would be indirectly detected by the

measurement of the heatsinkdemperature.

» A wire breakage or short circuit of the temperature sensor(s) is also monitored.
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3.23

3.23.1

Open-loop/closed-loop control technique

There are several open-loop/closed-loop techniques for closed-loop speed and
torque control for drive inverters with induction and synchronous motors. These
techniques can be roughly classified as follows:

» VIf characteristic control (briefly: V/f control)
» Field-orientated closed-loop control technique (briefly: Vector control)

The field-orientated control technique — also known as Vector control —gan be
further sub-divided into two groups:

» Vector control without speed feedback (sensorless Vector control (SLVC))
» Vector control with speed feedback (Vector control (VC))

These techniques differ from one another both regarding the centralguantity as
also in the complexity of the technique, which in turn are obtainedyas a result of the
requirements associated with the particular application. For basicapplications (e.g.
pumps and fans), to a large extent, V/f control is used. \lectar,control is mainly
used for sophisticated applications (e.g. winders), whereia good control and
behavior in noisy conditions are required regarding thejspeed and torque. If these
requirements are also present in the range from 0 t0 approx. 1 Hz, then the
speed/torque accuracy without encoder is not sufficients#In this case, Vector control
with speed feedback must be used.

V/f control

Parameter range: P1300
P1310—P1850

Warnings -

Faults -

Function chart number: EP6100

The V/f characteristic represents the simplest control technique. In this case the
stator voltage of the induction motor or synchronous motor is controlled
proportionally to the'statar frequency. This technique has proven itself for a wide
range of "basic" applieations, such as

» Pumps, fans

> Belt drives

and similar processes.

The goal'of V/fcontrol is to keep the flux @ constant in the motor. In this case, this
is praportional to the magnetizing current |, and the ratio between voltage V and
frequency f.

D~1, ~VIf
The toerque M, developed by induction motors, is proportional to the product
(précisely the Vectorial product @ x ]) of flux and current.

M~ @ |
In order to generate the highest possible torque from a given current, the motor
must operate with a constant flux which is as high as possible. In order to keep the
flux ® constant, when frequency f changes, the voltage V must be changed in

proportion so that a constant magnetizing current I, flows. The V/f characteristic
control is derived from these basic principles.
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UmMm,P, @
A
——————— uPr
s g ated motor
M, @ ya operating point
n n /
Ve
U, P d
P/
) M, @ S
Ve
7/
-+——\/oltage control range —»«Field control range »
fl‘l fma
Fig. 3-97 Operating ranges and characteristics of an induction r fed from a
drive inverter
There are several versions of the V/f characteristic as s in Table 3-38.
Table 3-38  VI/f characteristic (parameter P1300)
Parameter Significance | Use / propert
value g property
0 Linear Standard case
character-
istic 8
P1300 =0
0 f, >
1 FCC eristic which compensates the voltage losses of the stator
or static (steady-state) or dynamic loads (flux current control
s is especially used for small motors which have a relatively high
istance
2 Squére-la s a characteristic which v
char es into consideration the 4
istic orque characteristic of the driven v,
oad (e.g. fan / pump)
a) Sciuare-law characteristic
(f © characteristic)
b) Energy saving as the lower
voltage also results in lower
currents and losses. P1300 = 2
g T » f
Programm- | Characteristic which takes into Vi v
able consideration the torque rovo”ﬁ
character- | characteristic of the motor / v
istic driven load (e.g. synchronous P0304 1300 = 3
motor).
P1325
@ P1323
P1321
P1310 ¢
»-f
0 fl 2 f3 f foa
0Hz P1320 P1322 P1324 P0310 P1082
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5 Application | This is a characteristic which takes into consideration the special
adaptation | technological issues of an application (e.g. textile applications),
a) Where the current limiting (Imax controller) only influences the output
voltage and not the output frequency, and
b) By inhibiting the slip compensation
6 Application | This is a characteristic which takes into consideration the special
adaptation | technological issues of an application (e.g. textile applications),
with a) Where the current limiting (Imax controller) only influences the output
FCC voltage and not the output frequency, and s
b) By inhibiting the slip compensation
19 Independent| The user can enter the output voltage of the drive inverter, inde ntly of
voltage | the frequency, using a BICO parameter P1330 via the (eg.
input analog input — P1330 = 755).

3.23.1.1 Voltage boost

Parameter range:

Warnings

Faults

Function chart number: FP6100

For low output frequencies, the V/f chara
Even at low frequencies, the ohmic resi
which are neglected when determining
that the output voltage can be too low i

P1310, P1311, P1312 0

r0056 bit 05 Q

ly output a low output voltage.
f the stator winding play a role,

» implement the magnetization of uction motor,
» to hold the load

» to compensate voltage d

system or

» to provide a breakaway

ohmic losses in the winding resistances) in the

rating / braking torque.

The output voltage can pe sed (boosted) in MICROMASTER using the
following parameters

Table 3-39):

Q
o
&

L 4
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Table 3-39  Voltage boost

Parameter | Voltage boost Explanation O

P1310 Constant The voltage boost is effective over the complete
voltage boost frequency range whereby the value continually
decreases at high frequencies.

VA Linear V/f

Vmax

Vn
(P0304)

P1311 Voltage boost when y effective when accelerating

accelerating- / braking
Linear V/f

fn fmax
(P0310) (P1082)

P1312 Voltage boo rting The voltage boost is only effective when accelerating
for the first time (standstill)

O N Li \Z
’ A inear
\ Vmax
\K e — -
(P0304) D \\\\
: st o - «

i
O \ ’ |
@ \ |

I H
f 1
i

) i >t

0 ooems fn fmax
(P1316) (P0310) (P1082)

» Especially at low frequencies, the motor temperature is additionally increased
P as a result of the voltage boost (the motor overheats) !

» The voltage value at 0 Hz is determined from the product of rated motor current
P0305, stator resistance P0350 and the appropriate parameters P1310 — P
1312.
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3.23.1.2 Slip compensation

Parameter range: P1335 O
Warnings -
Faults

Function chart number: FP6100

In the V/f characteristic operating mode the motor frequency is always lower tha
the drive inverter output frequency by the slip frequency fs. If the load (the load is

increased from M, to M) is increased with a constant output frequenc the
slip s when motoring increases and the motor frequency decrease 1 10 o).
This behavior, typical for an induction motor, can be compensated using,s
compensation P1335. This therefore eliminates the speed reductio aused by the
load, by boosting (increasing) the drive inverter output frequenc o Fig.

3-98).

Without Slip compensation With Slip com ion
M M
A

M, M,
\
\\: :
f f, f, f= foutme
Fig. 3-98 Slip compensati

>

MICROMASTER 440  Operating Instructions
6SE6400-5AW00-0BPO 239



3 Functions Issue 10/06

3.23.1.3 V/f resonance damping

Parameter range: P1338 O
Warnings -
Faults -
Function chart number: -

For variable-speed drives, resonance effects can occur in the upper frequency ¢
range (> 20 Hz). These resonance effects result in an increased noise Ig«:l and

also can damage / destroy the mechanical system. These resonarce\ an
occur for:

» Geared motors
» Reluctance motors @
» Large motors Q
(low stator resistance — poor electrical damping)
Contrary to the "skip frequency" function (refer to Sect% and parameters

P1091 to P1094), where the resonance frequency is p d through as quickly as

possible, for the V/f resonance damping (parameter, the resonance effects
are dampened from a control-related perspective. ntage of this function is
ib

that by using this active damping, operation is the resonance range.

The V/f resonance damping is activated a justedhusing parameter P1338. This
for the damping of the

Without V/f resonanc P1338 = 0) V/f resonance damping active (P1338 = 1)

Fig. 3-99 Effect nance damping

N
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3.23.1.4 VIf open-loop control with flux current control (FCC)

Parameter range: P1300, P1333
Warnings -
Faults -
Function chart number: -

An improved current measurement function has been il0ad '
developed for our MICROMASTER drive inverters. This i Iotal
permits the output current to be precisely determined referred
to the motor voltage. This measurement guarantees that the
output current is sub-divided into a load component and a flux
component. Using this sub-division, the motor flux can be
controlled and can be appropriately adapted and optimized
in-line with the prevailing conditions. > i

FCC operation is only activated after the FCC starting

frequency P1333 has been exceeded. The FCC startingffrequency P1333 is
entered as a percentage to the rated motor frequency P0310. For a rated motor
frequency of 50 Hz and a factory setting of P1333 s#00%, this results in an FCC
starting frequency of 5 Hz. The FCC starting frequency may not be selected too
low as this has a negative impact on the control,charactéristics and can result in
oscillation and system instability.

The "V/f with FCC" control type (P1300 = 1)*hasproven itself in many applications.
It has the following advantages with respect to the standard V/f control:

» Higher motor efficiency
» Improved stabilizing characteristies

¢ — higher dynamic response
¢ — improved behavjér to disturbances / control

NOTE

Contrary to closed-loop y€etor control with / without speed encoder (VC / SLVC),
for the V/f open-loop contrél mede with FCC, it is not possible to specifically
influence the motor terqueyJhis is the reason that it isn’t always possible to avoid
the motor stalling —even‘when using "V/f with FCC".

An improvement imgthe'stabilizing behavior and in the motor efficiency can be
expected when using'the closed-loop vector control with / without speed encoder
when compated toyV/f control with FCC.
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3.23.1.5 Current limiting (Imax controller)
Parameter range: P1340 — P1346 O
r0056 bit 13
Warnings A0501
Faults F0001

242

Function chart number: FP6100

In the V/f characteristic mode, the drive inverter has a current limiting controller in’
order to avoid overload conditions (Imax controller, refer to Fig. 3-100)£Thi
controller protects the drive inverter and the motor against continu rload by
automatically reducing the drive inverter output frequency by fimnax or the
drive converter output voltage by V|max (r1344). By either reducing 't uency or
voltage, the stressing on the drive inverter is reduced and it is pr against
continuous overload and damage. \

Imax ctrl prp ga ime
0.000 ... 0.49

P1340.D (0.0

Motor temperatur f CO:Imax ctrl Foutp
Inverter temperatur Lmax  ra3a3
i2tinverter

_Imax controller setp

Motor ovl fact [%]

10.0 ... 400.0 [%] X

P0640.D (150.0) - ~ Ko -
Motor ovl fact [%]
10.0 ... 400.0 [%]
P0640.D (150.0)

CO:Imax ctrl Voutp

U
L 7D

Imax ctrl prp gain  Imax ctrl int time
0.000 ... 5.499 0.000 ... 50.000 [s]
P1345.D (0.250) P1346.D (0.300)
Fig. 3-100  Imax con @

NOTE 1 4
The drive inve&Nis only reduced when the frequency is reduced if the load

decreases speeds (e.g. square-law torque — speed characteristic of the
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3.23.2 Vector control

Field-orientated Vector control (briefly: Vector control) significantly improves torque
control when compared to V/f control. The Vector control principle is based on the
fact that for a specific load situation or required torque, the required motor current
is impressed with respect to the motor flux so that the appropriate torque is
obtained. If the stator current is emulated in a circulating coordinate system, linked
with the rotor flux @, then it can be broken-down into flux-generating current
component iq in-line with the rotor flux and in a torque-generating current
component ig, vertical to the rotor flux. These components are corrected teftrack
their setpoints in the current controller using their own dedicated Pl*éentrollers and
are equal quantities in steady-state operation.

Rotor axis

Stator axis

Fig. 3-101 Current Vector diagram in a steady-state condition

In the steady-state conditien, the field-generating current component iy is
proportional to the flux @ andjthe torque is proportional to the product of iy and iq.

M~ @i
D ~ id,stat
M~ g * i

When compared‘te, V/f control, Vector control has the following advantages:

» Stableduringioad and setpoint changes

Short'tise times for setpoint changes (— better control performance)
Shortrise times for load changes (— better noise/disturbance characteristics)
Accelerating and braking are possible with a max. adjustable torque

The motor and driven machine are protected using the adjustable torque limit,
both when motoring and regenerating (refer to Section 3.23.2.4)

> 4The drive and braking torque are controlled independently of the speed
> Full holding torque is possible at 0 speed

Y ¥V VYV

These advantages are, under certain circumstances, already achieved without
using speed feedback.

The Vector control can be used both with and without speed encoder.
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The following criteria provide a basis as to when a speed actual value encoder is
required:

» High speed accuracy is required
» High requirements are placed on the dynamic response ‘ )
+ Improved control performance
+ Improved immunity to disturbances
» The torque is to be controlled over a control range greater than 1:10 S
> A defined and/or a changing torque has to be maintained for speed low
approx. 10 % of the rated motor frequency P0310
When it comes to entering a setpoint, the Vector control (refer to TN is
sub-divided into

» Closed-loop speed control, and
» Closed-loop torque/current control (briefly: Closed-loop @ntrol).

Table 3-40  Vector control versions

Vector control (closed-loop) Without encode| With encoder

Closed-loop speed control P1300 = 20, P1300 =21, P1501 =0

Closed-loop torque control P1300 = 20, P1300 = 21, P1501 =1
P = P1300 =23

When closed-loop speed control is used&j d-loop torque control is
secondary. This type of cascaded closed-lo ntrol has proven itself in practice
regarding commissioning and increa sparency.

L 4

N
S

Q
o
&

L 4
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3.23.2.1

Vector control without speed encoder (SLVC)

Parameter range: P1400 — P1780
P1610, P1611

P1755, P1756, P1758
P1750

Warnings -

Faults -

Function chart number: FP7000

When Vector control is used without speed encoder (refer to Table 3-40) thén the
position of the flux and the actual speed must be determined using'the motor
model. In this case, the model is supported by the accessible cufrentsiand
voltages. At low frequencies (= 0 Hz), the model is not able to‘determine the speed.
This is the reason and also due to uncertainty in the model parameters and
measuring inaccuracy, that a changeover is made from closedzloop to open-loop
controlled operation in this range.

The changeover between closed-loop controlled / open:loop,controlled operation is
controlled using the time and frequency conditions (P 1755y P1756, P1758) (refer to
Fig. 3-102). The system does not wait for the time,condition if the setpoint
frequency at the ramp-function generator input andthe actual frequency
simultaneously lie below P1756.

If_act@h

P1755 Y
P1756 [Hz]

SLVC open loop.

SLVC closed loop >t
[ P1758 —»

P1756 [%]

P1756 [Hz)=P1755 [Hz] -
100 [%]

Fig. 3-102%, Changeover condition for SLVC

In the open-loop controlled mode, the speed actual value is the same as the
setpoint=For suspended loads or when accelerating, parameter P1610 (constant
torqueyboost) and P1611 (torque boost when accelerating) must be modified in
ordepto allow the drive to provide the steady-state and/or dynamic load torque. If
P1610 is set to 0 %, then only the magnetizing current r0331 is impressed for a
value of 100 % of the rated motor current PO305. In order that the drive does not
stall when accelerating, P1611 can be increased or the acceleration pre-control
can be used for the speed controller (refer to Section 3.23.2.3). This is also
practical in order that the motor is not thermally overloaded at low speeds.

For Vector control without speed actual value encoder MICROMASTER 440 has, in
the low frequency range, the following outstanding features with respect to other
AC drive inverters:
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» Closed-loop controlled operation down to = 1 Hz
» Can start in the closed-loop controlled mode (immediately after the drive has O

been energized)
» The low frequency range (0 Hz) is passed-through in closed-loop controlled
operation

f4 Start fA Zero crossing

L 4

AU A
Closed loop Closed loop

\

P1755

— Open loop

Fig. 3-103 Starting and passing-through -loop controlled operation

The following advantages are obtained t of closed-loop controlled
operation down to approx. 1 Hz (this c e selected using parameter P1755) as

well as also the possibility to immedi rt closed-loop controlled at 0 Hz or to
reverse closed-loop controlled (thi set using parameter P1750):
» No changeover operatio uir ithin the closed-loop control

(smooth behavior — no
» Continuous closed-loop

NOTE

For closed-loop contr; ersing or closed-loop controlled starting from 0 Hz it
must be taken into acco at when staying too long (> 2 s or > P1758) in the
range around , that the closed-loop control automatically changes-over from
closed-loop intafth en-loop controlled mode.

X

Q>®

cy dips)
orque control is possible down to approx. 1 Hz.

£

‘¥
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3.23.2.2 Vector control with speed encoder (VC)

Parameter range: P1400 — P1740
P0400 — P0494

Warnings -

Faults -

Function chart number: FP7000

L 4
For Vector control with speed encoder (refer to Table 3-40), a pulse enc:r
e oder

evaluation (option module) as well as a pulse encoder, e.g. encod&a

pulses/revolution are required. In addition to the correct wiring, the
module must be activated, corresponding to the encoder type, usi

rameter

range P0400 — P0494 or using the DIP switch on the module (refer ig. 3-104).
Parameter | Terminal Track Encoder ou
P0400 = 1 A LI LTI e
A il ifferential
P0400 =2 single ended
differential
Type
single differential
TTL
(e.g. 1XP8001-2) 11 010101
HTL
(eg. 1XP8O01-1) 101 000000

Fig. 3-104

P%\ DIP switch on the pulse encoder module

o) ctor control with encoder:

an be closed-loop controlled down to 0 Hz (i.e. at standstill)
ntrol behavior over the complete speed range
t torque in the rated speed range

mn compared to closed-loop speed control without encoder, the dynamic
response for drives with encoder is significantly higher as the speed is directly
easured and is incorporated in generating the model of current components ig,

iq-
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3.23.2.3

Speed controller

Parameter range: P1300, P1400 — P1780
SLVC: P1470, P1472, P1452
VC: P1460, P1462, P1442

Warnings -

Faults -

Function chart number: FP7500, FP7510

Both of the control techniques (SLVC, VC) have the same speed centrolier
structure which includes the following components as kernel:

» Pl controller

» Speed controller pre-control

» Droop

The sum of the output quantities forms the speed setpointmwhiehfis reduced to the

permissible level using the torque setpoint limiting function (refer to Section
3.23.2.4).

Speed controller (SLVC: P1470, P1472, P1452 VCy P1460, P1462, P1442)

248

The speed controller (refer to Fig. 3-105) receives)its setpoint r0062 from the
setpoint channel (refer to Section 3.12), the“actuakvalue r0063 either directly from
the speed actual value encoder or, for VCjalso'directly through the motor model
for SLVC. The system error is amplified by the,PI controller and, together with the
pre-control, forms the torque setpoint.

For increasing load torques, when the droop function is active, the speed setpoint
is proportionally reduced so thatithe |10ad on an individual drive within a group
(where two or several motogs are/mechanically coupled) is reduced when
excessively high torques OCCuk.

Droop
‘_
Pre-
control
Speed control % %
Pl r1538 r1538
Speed
controller >

*)
0 &t
4 T T Tore

' r1539 r1539
&
Ti Kp Tn
*) only active if pre-control is activated SLVC: P1452 P1470 P1472
(P1496 > 0) VC: P1442 P1460 P1462

Fig. 3-105 Speed controller
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If the moment of inertia was entered, the speed controller (K, T,) can be calculated
using the automatic parameterization (P0340 = 4) (refer to Section 3.5.4). The
controller parameters are defined according to the symmetrical optimum as follows:

T,=4+T,
Ko=%*r0345/T;=2+*r0345/T,
T, = sum of the low delay times

If oscillations occur with these particular settings, then the speed controller gain K
should be manually reduced. It is also possible to increase the speed actuakyvalue
smoothing (this is the usual procedure for gearbox play or high-frequeney torsional
oscillations) and then re-call the controller calculation as the value is ingofporated

in the computation of K, and Tp,.

The following interrelationships apply for the optimization routipe:

> If K is increased then the controller becomes faster and the overshoot is
reduced. However, the signal ripple and oscillations in thetspeed controller loop
are increased.

» If T, is reduced, then the controller also becomes faster. However, the
overshoot increases.

When manually adjusting the speed control, the'simplest' procedure is to initially
define the possible dynamic response using K, (@anéithe speed actual value
smoothing) in order to then reduce the intégrahaction time as far as possible. In
this case it is important to ensure that the, closed-Ioop control must also remain
stable in the field-weakening range.

When oscillations occur in the closed-lI60p speed control, it is generally sufficient to
increase the smoothing time in P1452«or SkVC or P1442 for VVC (or to reduce the
controller gain) in order to dampen (osgillations.

The integral output of the spged contralier can be monitored using r1482 and the
unlimited controller output éan be monitored using r1508 (torque setpoint).

NOTE

When compared to closgd-leopeontrol with encoder (refer to Section 3.23.2.2), the
dynamic response for sensorless drives is significantly reduced. This is because
the speed can only p&"derived from the drive inverter output quantities for current
and voltage which have the appropriate noise level.
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Speed controller pre-control (P1496, P0341, P0342)

The control behavior of the speed control loop can be improved if the speed
controller of the drive inverter also generates values for the current setpoints
(corresponds to the torque setpoint) from the speed setpoint. This torque setpoint

m,, which is calculated as follows mv =P1496 - @.%’t‘ =P1496 -P0341- p0342.(:T?

is entered into the current controller through an adaptation element directly as
additive control quantity (this is enabled using P1496).

The motor moment of inertia P0341 is directly calculated during the, quick
commissioning (refer to Section 3.5.8) or the complete parameterizatien (R340 =
1, refer to Section 3.5.4). The factor P0342 between the total momeént ofiinertia and
motor moment of inertia must be manually determined.

Droop

Pre-control P0341 P0342

Ny e 2
gl

P1496 % %
11084 | Y
=_0°\ Pl — r1538 r1538
/"\_ i No— Speed
> / P controller O

’T'_

»
L

Freq. setpoir?tu

Torque
setpoint

AL T Kp Tn
SLVC: | P1452 | P1470 | P1472
VC: P1442 | P1460 | P1462

Act. frequency

Fig. 3-106 Speed controller with pre-control

When correctly®adapted, then the speed controller only has to correct noise
quantities/disturbanees in its control loop and this is achieved with a relatively low
manipulated gliantity €hange. On the other hand, speed setpoint changes bypass
the speed controlles and are therefore executed faster.

The effect’of thepre-control quantity can be adapted, depending on the particular
application, using the pre-control factor P1496. Using P1496 = 100 %, the pre-
contreligycaléulated according to the motor and load moment of inertia (P0341,
P0342)¢Injorder that the speed controller does not work against the torque setpoint
which'issentered, a balancing filter is automatically used. The time constant of the
balaneing filter corresponds to the equivalent delay time of the speed control loop.
The speed controller pre-control is correctly set (P1496 = 100 %, calibration via
P0342), if the | component of the speed controller (r1482) does not change during
a‘ramp-up or ramp-down in the range n > 20% * P0310. This means, using the pre-
control, it is possible to approach a new speed setpoint without overshoot
(prerequisite: The torque limiting does not intervene and the moment of inertia
remains constant).
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If the speed controller is pre-controlled, then the speed setpoint (r0062) is delayed
with the same smoothing (P1442 or P1452) as the actual value (r1445). This
ensures that when accelerating, there is no setpoint — actual value difference
(r0064) at the controller input which would have been exclusively caused by the
signal propagation time.

When the speed pre-control is activated, it must be ensured that the speed setpoint
is continuously entered and without any significant noise level (avoid torque
surges). An appropriate signal can be generated by smoothing the analog signal ¢
P0753 (refer to Section 3.6.3) or by activating the rounding-off function efithe ramp-
function generator P1130 — P1133 (refer to Section 3.12.2).

NOTE

» The ramp-up and ramp-down times (P1120; P1121) of the ramp ion
generator (refer to Section 3.12.2) in the setpoint channel shou ly be set so
fast that when accelerating and braking, the motor speed ca ow the
setpoint. This then guarantees the optimum functionin e speed controller
pre-control.

» The starting time r0345 is a measure for the over: ent of inertia of the
machine and describes that time in which the u rive can accelerate
from standstill to the rated motor speed PO t rated motor torque
r0333.

2-mt-n
r0345 = Tstarting = @'GOM—W =P0341-P

Mot, rated
If these secondary conditions match icular application, then the starting
time can be used as the shortest v for the ramp-up and ramp-down times.

L 4

>
N
N

Q
o
&

L 4
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Droop (P1488 — P1492)

The droop (enabled using P1488) means that with increasing load torque, the
speed setpoint is proportionally reduced.

Droop P1488
P1489 ] &
5
150 ms :
. ! f [
I V N o1«
o [ \
P1492|—> ...... i/ oe {14830, 5

Pre-

control Ko T
T T r1538 J
- *) PI \i/
~— / Speed /T\ r1538 r1538
(Y

—p —
Freq. setpoint _ controller |-1539 > >
A
—1Ti Torque
v r1539 r1539 setpoint
Act. frequency g /
Ti Kp Tn
*) only active if the pre-control is activated SLVC: P1452 P1470 P1472
(P1496 > 0) VC: P1442 P1460 P1462

Fig. 3-107 Speed controller with droép

Droop is the simplest methodfto implemént load sharing control. However, this load
sharing control can only befused/if the drives only motor and are operated more or
less under steady-state conditions (i.e. at constant speed). For drives, which are
frequently accelerated and brakedwith high speed changes, this technique is only
conditionally suitable.

The most simple load_shating/control is, e.g., used for applications where two or
several motors are mechanically coupled or operate on a common shaft and which
have to fulfill the requirements above. In this case, the droop controls torsional
stressing associated,with the mechanical coupling by changing the speeds of the
individual motors, (excessive torques are reduced for an individual drive).

Prerequisite

> All of the drives must be operated with closed-loop Vector speed control (with or
without'speed actual value encoder)

» Thegamp-up and ramp-down times of the ramp-function generator must be
identieal for all of the drives.
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3.23.2.4 Closed-loop torque control

Parameter range:

P1400 — P1780

Warnings -
Faults -

Function chart number: FP7200, FP7210, FP7700, FP7710

P1300, P1500 — P1511

For sensorless closed-loop speed control SLVC (P1300 = 20) or for closed-loop
speed control with sensor VC (P1300 = 21), it is possible to changeover to'Closed-
loop torque control (slave drive) using BICO parameter P1501. It is net possible to
changeover between closed-loop speed and torque control if the glased=leop
torque control is directly selected using P1300 = 22 or 23. The torque ‘setpoint and
supplementary torque setpoint can be selected using parameter P1500 and also
using BICO parameter P1503 (CI: Torque setpoint) or P1511 (CIaSupplementary
torque setpoint). The supplementary torque acts both for the €losed-loop torque
control as well as for the closed-loop speed control (refef t0'kig. 3-108). As a result
of this feature, a pre-control torque for the speed controligan be implemented using

the supplementary torque setpoint.

NOTE

For safety reasons, it is presently not possible to\assign fixed torque setpoints.

Droep

Pre-
control
. N~—r
/N

:*)
Freq. setpoint
A

Act. frequency

Cl: Torque setp:

P1503.C
0:0)

BT

Ky .0 °

PI
Speed
controller

S22

Bl:-> torque(ctrl.

P1501.C

Cl: Add.\trq. setp

Y

P1511.C
0:0)

*) "ehly active if pre-control is activated
(P1496 > 0)

r1539

Ti

Tn

SLVC:

P1452

P1470

P1472

VC:

P1442

P1460

P1462

Fig. 3-108 Closed-loop speed/torque control
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3.23.2.5

254

The sum of both torque setpoints is limited in the same way as the torque setpoint
of the speed control (refer to Section 3.23.2.5). Above the maximum speed (plus 3
%), a speed limiting controller reduces the torque limits in order to prevent the drive
accelerating any further.

A "real" closed-loop torque control (with automatically set speed) is only possible in
the closed-loop controlled range but not in the open-loop controlled range. In the
open-loop controlled range, the torque setpoint changes the setpoint speed
through a ramp-up integrator (integration time ~ P1499 = P0341 = P0342). This is

the reason that sensorless closed-loop torque control in the area around”standstill
(0 speed) is only suitable for applications which require an acceleratingitorque
there and not a load torque (e.g. traversing drives). For closed-loop torqué=€ontrol
with sensors, this restriction does not apply.

If the closed-loop torque control is active, and a fast stop command (OFF3) is
output, then the system automatically changes-over to closed-l6ep ‘speed control
and the drive is braked. If a normal stop command (OFF1) isyoutput, there is no
changeover. Instead, the system waits until a higher-levelseontrel’has brought the
drive to a standstill, in order to inhibit the pulses there. This istgecessary in order to
allow the master and slave drives to be shut down together, For P1300 = 22 or 23,
for OFF1, the drive is directly powered-down (as for OFF2),

Limiting the torque setpoint

Parameter range: P1520 — P1534
P0640, r0Q67
r1407 bit08, 1407 bit 09

Warnings -

Faults -

Function chart number: EPZ700, FP7710

All of the following limits actien the torque setpoint which is either entered at the
speed controller output fermelosed-loop speed control or as torque input for closed-

loop torque control. The minimum is used from the various limits. This minimum is
cyclically computed imsthe'drive inverter and displayed in parameters r1538, r1539.

» r1538 Upper torgue limit
» r1539 Lower torque limit
This mean§ythatthese cyclic values limit the torque setpoint at the speed controller
output / torqueyinput and indicate the instantaneously maximum possible torque. If

the torqué setpoint is limited in the drive inverter, then this is displayed using the
following'diagnostic parameters

> r140/ bit 08 Upper torque limit active
11407 bit 09 Lower torque limit active
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Torque limiting
The value specifies the maximum permissible torque whereby different limits are O

parameterizable for motoring and regenerative operation.

> P1520 CO: Upper torque limit value 0
> P1521 CO: Lower torque limit value

» P1522 Cl: Upper torque limit value

> P1523 Cl: Lower torque limit value ¢

» P1525 Scaling, lower torque limit value @

The currently active torque limit values are displayed in the foIIowiN ters:

> r1526 CO: Upper torque limit value

> r1527 CO: Lower torque limit value @
Resultant 0
torque limit
M| A Power Stall
limitation limitation

Constant
power power

Constant

torque \

Fig. 3-109  Torque |imi®
Power limits L 4 O
N

This value spe& maximum permissible power, whereby different limits can
be param r motoring and regenerative operation.

> P1 530% or power limit

> P153O Regenerative power limit

Stall limiti (I@rotor limiting)
NI limiting is internally calculated in the drive from the motor data.

MICROMASTER 440  Operating Instructions
6SE6400-5AW00-0BPO 255



3 Functions Issue 10/06

Current limiting

The current limiting additionally limits the maximum torque which the motor can O
provide. If the torque limit is increased, more torque is only available if a higher

current can flow. It may be necessary to also adapt the current limit. The current 0
limiting is influenced by:

» P0640 motor overload factor
» Thermal motor protection (refer to Section 3.21)
» Thermal drive inverter protection (refer to Section 3.22)

L 4
After limiting, the instantaneous maximum possible drive inverter (@

displayed in parameter r0067 (limited output current). 2

o
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4 Troubleshooting OO

This Chapter contains:
» An overview of the operating statuses of the inverter with the SDP @
» Notes on troubleshooting with the BOP

» Information and instructions on alarms and fault messages \®

4.1 Troubleshooting with the SDP

4.2 Troubleshooting with the BOP

4.3 Fault MESSAQES. ....cvviieiiiiiie ettt
4.4 Alarm MESSAGES ..vvveveeeee it e
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WARNING

» Repairs on equipment may only be carried out by Siemens Service, by repair
centers authorized by Siemens or by qualified personnel who are thoroughly
acquainted with all the warnings and operating procedures contained in this ( )
manual.

» Any defective parts or components must be replaced using parts contained in
the relevant spare parts list.

» Disconnect the power supply before opening the equipment for acce:

4.1 Troubleshooting with the SDP &

L 4

Table 4-1 explains the
meaning of the various
states of the LEDs on the
SDP.

L for indicating the

ive state
Off
I On

r@‘ approx. 0,3 s, flashing
approx. 1 s, twinkling

7]
o
=
—
=y
@
0
9
T

Table 4-1 Inverter conditions indicated%

. I
Mains not present @ - | Fault inverter temperature
.
o Readv to run \ Warning current limit - both
¥t y 783 | LEDs twinkling same time
* | Inverter fault -fothe n the Other warnings - both LEDs
¥t | ones liste® be twinkling alternatively
o | Undervoltage trip /
nvert n .
. ® undervoltage warning
. O @
overcurrent .- | Drive is not in ready state
® ilure -
ault overvoltage ROM failure Bpth LEDs
® flashing same time
@ |RAM failure - Both LEDs
Fault motor overtemperature . ;
BE: @ |flashing alternatively
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4.2 Troubleshooting with the BOP

Warnings and faults are displayed on the BOP with Axxx and Fxxx respectively. O
The individual messages are shown in the Parameter list.

If the motor fails to start when the ON command has been given:
» Check that P0O010 = 0.

» Check that a valid ON signal is present. ¢
» Check that P0700 = 2 (for digital input control) or
P0700 = 1 (for BOP control).

» Check that the setpoint is present (0 to 10V on Terminal 3) or\oint has

been entered into the correct parameter, depending upon the's source
(P1000). See the Parameter List for further details.

If the motor fails to run after changing the parameters, set R0010 =30 then P0970

=1 and press P to reset the inverter to the factory defaultgar r values.

Now use a switch between terminals 5 and 9 (Figure 314). The drive should now
run to the defined setpoint by analogue input.

NOTICE

Motor data must relate to the inverter data powe and voltage.

L 4

Q
o
&

L 4
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4.3

4.4

260

Fault messages

In the event of a failure, the inverter switches off and a fault code appears on the
display.

NOTE
To reset the fault code, one of three methods listed below can be used:

1. Cycle the power to the drive. 4

2. Press the button on the BOP or AOP.
3. Via Digital Input 3 (default setting)

Fault messages are stored in parameter r0947 under their code re.g.
FO0003 = 3). The associated error value is found in parameter r0 value O is
entered if a fault has no error value. It is furthermore possible ut the point

in time that a fault occurred (r0948) and the number of faultimessages (P0952)
stored in Parameter r0947.

A detailed description of the fault messages is provide the'parameter list.

Alarm Messages (D

Alarm messages are stored in parameter r their code number (e.qg.

A0503 = 503) and can be read out from thére.
A detailed description of the alarm mesﬁ igPprovided in the parameter list.
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5 MICROMASTER 440 specifications C)O

This Chapter contains:
» Table5.1  contains the general technical specifications for the @

MICROMASTER 440 inverter

» Table5-2  contains dimensions, the required cooling air flo an@ning
torque for power connections \

» Table 5-3  contains current values, depending on the puls cy

Table 5-4  contains data for the braking resistors

» Table5-5 includes various tables of specific technic@or individual

A\

MICROMASTER 440 inverters
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Table 5-1

MICROMASTER 440 Performance Ratings

Feature

Specification

Mains Operating Voltage
& Power Ranges

1AC200t0240V =10 %
3 AC200to 240V £10 %

3 AC 38010480V 10 %

3 AC 500to 600 V + 10 %

CT: 0,12kW-3,0kW (0,16 hp— 4,0 hp)

CT: 0,12kW-450kW (0,16 hp — 60,0 hp)
VT: 550 KW —450kW (7,50 hp — 60,0 hp)
CT: 0,37 kW -200kW (0,50 hp — 268 hp)
VT: 7,50 KW —250 kW (10,0 hp — 335 hp)
CT: 0,75kW —750KkW (1,00 hp — 100 hp)
VT: 1,50 KW — 90,0 kW (2,00 hp™ 120 hp)

Input Frequency 47 to 63 Hz
Output frequency 0 Hz to 650 Hz
Power Factor 0.95

Inverter Efficiency

Frame Sizes Ato F:
Frame Sizes FX and GX:

96 % to 97 %
97 % to 98 %

(en

Overload

Constant Torque

Frame Sizes Ato F:

Frame Sizes FX and GX:

1.5 x Nominal output current,(i.e; 150 % overload)
for 60 s every 300 s¢@and

2 x Nominal outputicurrent'(ire 200 % overload) for
3 severy 300 s

1.36 x Nominal'output current (i.e 136 % overload)
for 57 severy.800's and

1.6 x Nomihal odtputcurrent (i.e 160 % overload) for
3 s every300%

Capability
(V1)

Variable Torque

Frame Sizes Ato F:

Frame Sizes FX and GX:

1.2 x Neminal output current (i.e. 110 % overload)
for 60'§yevery"300 s and

1:4x Nomipal output current (i.e 140 % overload) for
3's every300 s

2.1 x Nominal output current (i.e. 110% overload) for
59%every 300 s and

2.5 x Nominal output current (i.e 150% overload) for
1's every 300s

Inrush Current

Less than rated input current

Power-ON-OFF cycle time

Frame Sizes A0 E:
Frame Sizeyk:
Frame Sizes FX,.and GX:

every 30 s
every 150 s
every 300 s

Control Method

VI/f control{ output frequency between 0 Hz and 650 Hz:

Linear V/f control, Linear V/f control with FCC, Parabolic V/f control, Multi-point
Vif'control W/t control for textile applications, V/f control with FCC for textile
applications, V/f control with independent voltage setpoint,

\/ectoreontrol, output frequency between 0 Hz and 200 Hz:

, Sensorless Vector Torque Control, Speed control
with*Encoder Feedback, Torque control with Encoder Feedback

Sensorless Vector Control

Pulse Frequency

Frame Sizes A to C:
Frame Sizes Ato F:

Frame Sizes FX and GX:

1/3AC 200 V to 5,5 kW (Standard 16 kHz)

other powers and voltages

2 kHz to 16 kHz (2 kHz steps) (Standard 4 kHz)
power reduction see Table 5-3

2 kHz to 4 kHz (2 kHz steps)

(Standard 2 kHz (VT), 4 kHz (CT))

power reduction see Table 5-3

Fixed Freguencies

15, programmable

Skip Frequenties

4, programmable

Setpoint Resolution

0.01 Hz Digital, 0.01 Hz Serial, 10 bit Analogue
(motor potentiometer 0.1 Hz [0.1% (in PID mode)

Digital Inputs

6, programmable (isolated), switchable active high / active low (PNP/NPN)

Analog Inputs

2, programmable, both are parameterizable as 7th and 8th digital inputs
0Vto10V,0mAto20 mA and -10 V to +10 V (ADC1)
0V to 10V and 0 mA to 20 mA (ADC2)

Relay Outputs

3, programmable 30 V DC / 5 A (resistive), 250 V AC 2 A (inductive)

Analogue Output

2, programmable (0 to 20 mA)

262
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Feature

Specification

Serial Interface

RS485, optional RS232

Electromagnetic Compatibility Frame Sizes A to C:

Frame Sizes Ato F:
Frame Sizes FX and GX:

optional class A or B filters available according to
EN55011

inverter with integrated class A filter available

With EMI filter (available as an option) the limiting
values of the EN 55011, Class A are fulfilled for
conducted emission. S
(line commutating choke required)

Braking

DC braking, compound b
Dynamic braking

raking
Frame Sizes Ato F

Protection Level

1P20

Temperature range

Frame Sizes Ato F:

Frame Sizes FX and GX:

0 °C to +40 °C (32 °F t
up to 55 °C (131 °F)

Storage Temperature

-40 °C to +70 °C (-40 °F to 158 °F)

Humidity

< 95 % RH — non-condensing

Operational Altitudes

Frame Sizes Ato F:

Protection Features

Overtemperature, Param

Prevention, Motor Blocking Protect otor Overtemperature, Inverter

Up to 1000 a level without derating
Up to 2000 ea level without derating
ge, Qverload d Faults, Short circuit, Stall

ete

Standards Frame Sizes Ato F: , C-tick
Frame Sizes FX and GX:
CE Marked Conformity with EC L It Directive 73/23/EEC

and filtered versions

L 4

N
S

Q
o
&

L 4
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Table 5-2 Dimensions, required cooling air flow and tightening torques for power terminals

Frame . . Required cooling air flow Tightening torque for
- Dimensions .
Size power connections
mm 73 x 173 x 149 IIs 4.8 Nm 11
A WxHXD
inch | 2.87 x6.81x5.87 CFM 10.2
mm 149 x 202 x 172 IIs 24 Nm 15 r
B WxHxD
inch | 5.87x7.95%x6.77 CFM 51
mm | 185 x 245 x 195 I/'s 54.9 Nm
C WxHxD
inch | 7.28x 9.65 x 7.68 CFM 116.3
mm | 275 x 520 x 245 I/'s 2x 54.9 Nm 10 (max.)
D WxHxD -
inch 10.82 x 20.47 x 9.65 CFM 2x 116.3
mm | 275 x 650 x 245 I/'s 2x54.9 m 10 (max.)
E WxHxD |-
inch | 10.82 x 25.59 x 9.65 CFM 2x116.3
350 x 850
MM | eight with filter 1150 | 'S 150 50
F WxHxD
. 13.78 x 33.46 x 12.60
nch | Height with filter 45.28 | ™ 817,
mm 326 x 1400 x 356 IIs Nm 25
FX | WxHXD -
inch | 12.80x55.12x12.83 | CFM
mm 326 x 1533 x 545 I/s Nm 25
GX | WxHxD |-
inch | 12.80x60.35x21.46 | CFM

L 4

N
S

Q
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Table 5-3 Current reduction depending on pulse frequency

Mains voltage | Power (CT) Output current in A with a switching frequency of;
[kw] 4 kHz 6 kHz 8kHz | 10kHz | 12kHz | 14kHz | 16kH
1/3 AC 200 V 0.12t0 5.5 Factory setting 16 kHz — no derating necessary
7.5 28.0 26.6 25.2 22.4 19.6 16.8 14.0
11 42.0 37.8 33.6 29.4 25.2 21.0 16.8
15 54.0 48.6 43.2 37.8 32.4 27.0 216 &
18.5 68.0 64.6 61.2 54.4 47.6 40.8 34.0
22 80.0 72.0 64.0 56.0 48.0
30 104.0 91.0 78.0 70.2 62.4
37 130.0 113.8 97.5 87.8 78.0
45 154.0 134.8 115.5 104.0 92.4 .
3 AC 400V 0.37 1.3 1.3 1.3 1.3 1.3 1.0
0.55 1.7 1.7 1.7 1.6 1.5 1.2
0.75 2.2 2.2 2.2 2.0 1.3
1.1 3.1 2.9 2.8 2.5 . 1.6
15 4.1 3.7 3.3 2.9 2.1 1.6
2.2 5.9 5.6 5.3 4.7 3.5 3.0
3.0 7.7 6.9 6.2 5.4 3.9 3.1
4.0 10.2 9.2 8.2 1 5.1 4.1
5.5 13.2 11.9 10.6 7.9 6.6 5.3
7.5 19.0 18.1 13.3 114 9.5
11.0 26.0 23.4 15.6 13.0 10.4
15.0 32.0 30.4 22.4 19.2 16.0
18.5 38.0 34.2 22.8 19.0 15.2
22 45.0 40.5 27.0 22,5 18.0
30 62.0 58.9 43.4 37.2 31.0
37 75.0 67. 45.0 37.5 30.0
45 90.0 7 40.5 33.8 27.0
55 110.0 77.0 63.3 495 41.3 33.0
75 145.0 2. 79.8 68.9 58.0 50.8 43.5
90 178.0 — — — — —
110 205.0 — - - - - -
132 250.0 - — — — -
160 30 — — — — — —
200 37 - - - - - -
3 AC 500V 0.75 1.2 1.0 0.8 0.7 0.6 0.6
1.5 2. 2.2 1.6 14 1.1 0.9 0.8
2.2 .9 2.9 2.0 1.6 1.2 1.0 0.8
4.0 1 4.6 3.1 2.4 1.8 1.5 1.2
5.5 9.0 6.8 4.5 3.6 2.7 2.3 1.8
7.5 11.0 8.8 6.6 5.5 4.4 3.9 3.3
17.0 12.8 8.5 6.8 5.1 4.3 3.4
22.0 17.6 13.2 11.0 8.8 7.7 6.6
27.0 20.3 135 10.8 8.1 6.8 5.4
32.0 24.0 16.0 12.8 9.6 8.0 6.4
30 41.0 32.8 24.6 20.5 16.4 14.4 12.3
37 52.0 39.0 26.0 20.8 15.6 13.0 10.4
45 62.0 52.7 43.4 40.3 37.2 32.6 27.9
55 77.0 67.4 57.8 52.0 46.2 42.4 38.5
4 75 99.0 84.2 69.3 64.4 59.4 52.0 44.6
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Table 5-4 Data for braking resistors

Ioc_max fOr Frame Size
Rated voltage Voc,_max h
- A B C D E F
) 2,33 A 6,18 A 10,77 A (39 Q) 410A 60,3 A | 124,2
230V 410-420V | 1800) | (68Q) | 1556A(27Q) | (10Q) | (689) | B3Q)
2,15A 525A 15A 30,4 A 54,7A | 100,0 A
400v 820-840V 1 390 ) | (160 ) (56 Q) (279 | 159) | 829

i ) 85A(120Q) | 262A | 37 85,0 A
575V 1020 V 124A(82Q) | (39 9)@12 Q)

In order that the system is in compliance with UL, UL-certi Qmust be

used with the appropriate rated current.
(bczoov—mov, £10%

Table 5-5 MICROMASTER 440 Specifications

Input voltage range
(with built in Class A Filter)

Order No. 6SE6440- | 2AB11 AB21 | 2AB21 | 2AB22 | 2AB23
-2AAl1 -1BAl1 | -5BAl1 | -2BA1 | -0CA1l
. [kw] |0.12 1.1 15 2.2 3.0
OutputRating (CT) 1 " 9716 15 |20 |30 |40
Output Power [kVA] | 0.4 24 3.2 4.6 6.0
CT Input Current 1) [A] 1.8 11.0 14.4 20.2 35.5
CT Output Current [A] 0.9 55 7.4 104 13.6
Fuse 20 20 32 40
Recommended 3807 3807 3812 3817

for UL specified * * * *

. 25 25 4.0 6.0
Input Cable Min. 14 14 12 10
6.0 6.0 6.0 10.0

Input Cable Max. 10 10 10 8
. 1.0 1.0 1.0 15
Output Cable Min. 18 18 18 16
6.0 6.0 6.0 10.0

Output Cable Max. 10 10 10 8
. 3.4 3.4 34 5.7
Weight 75 |75 |75 |125

1) Secondary conditi put current at the rated operating point - applies for the short-circuit voltage of the line

ply Vi =2 % referred to the rated drive converter power and a rated line supply voltage
of 240 V without line commutating reactor.

*

UL listed fuses such as Class NON from Bussmann are required for use in America
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Input voltage range 1AC200V —-240V.+10%
(Unfiltered)
Order No. 6SE6440- | 2UC11 | 2UC12 | 2UC13 | 2UC15 | 2UC17 | 2UC21 | 2UC21 | 2UC22 | 2UC23
-2AA1 | -5AA1 | -7TAAL | -5AA1 | -5AA1 | -1BA1 | -5BA1 | -2BA1 | -OCA
. (kW] 0.12 0.25 037 |055 |0.75 1.1 15 2.2 3.0
OutputRating (CT) 1, /" 1016 |03z |05 |o75 |10 |15 |20 |30 |40
Output Power [kvA] | 0.4 0.7 1.0 1.3 17 2.4 3.2 4.6 6.0
CT Input Current 1) [A] 1.8 3.2 4.6 6.2 8.2 11.0 14.4 20.2 35.5 4
CT Output Current  [A] 0.9 1.7 2.3 3.0 3.9 5.5 7.4

Fuse [A] 10 10 10 16 16 20 20
Recommended 3NA| 3803 | 3803 | 3803 | 3805 | 3805 | 3807 | 380

for UL specified * * * * * * *
Input Cable Min. E?wn;:]] 1'28 1'28 1.28 1?6 1?6 2?4 12 6'20
mucaiene [l |25 28 T2e s Tz e
Output Cable Min. {?Wn;]] 1'28 1'28 1.28 1.28 1?6
Output Cable Max. {;nwng]] 2?4 2?4 2'f4 6'(1)0 6'(1)0 10'2
weignt e | 2o |ze |29 72 |73 |

Input voltage range 3AC200V —-240V.
(with built in Class A Filter)

Order No. 6SE6440- | 2AC23- | 2AC24-
0CA1l OCA
. [kW] 3.0
Output Rating (CT) [hp] 40
Output Power [kVA] | 6.0
CT Input Current 1) [A] 15.6
CT-Output Current [A] 22.0
VT Input Current 1) 34.2
VT-Output Current 28.0
Fuse 35
Recommended 3814
for UL specified *
. . 4.0
Input Cable Min. [aw 14 12 12
2
] |10.0 10.0 10.0
Input Cable Max. awg] 8 8 8
[mm? | 1.5 4.0 4.0
[awg] 16 12 12
[mm? | 10.0 10.0 10.0
Output [awg] 8 8 8
) [kg] 5.7 5.7 5.7
Weight bs] |125 |125 |125

1 Seconda& conditions: Input current at the rated operating point - applies for the short-circuit voltage of the line
supply Vk =2 % referred to the rated drive converter power and a rated line supply voltage
of 240 V without line commutating reactor.

* UL listed fuses such as Class NON from Bussmann are required for use in America
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Input voltage range

(Unfiltered)

3AC200V—-240V.+10%

order No. 6SE6440- | 2UC11 | 2uc12 | 2uc13 | 2uc1s | 2uci7 | 2uczt | 2uc2 | 2uc22 | 2ucz3
2AAL1 | BAAL | -7TAAL | -5AAL | -5AAL | -1BAL | -5BAL | -2BAL | -OCAZ
. kw] |o012 o025 [037 |os5 |075 | 11 15 2.2 3.0
OutputRating (CT) 7" 1916|033 |05 |075 | 1.0 15 |20 |30 |40
Output Power [kKVA] 0.4 0.7 1.0 1.3 1.7 2.4 3.2 4.6 6.0
CT Input Current 1) [A] 1.1 1.9 2.7 3.6 4.7 6.4 8.3 11.7 15.6
CT Output Current  [A] 0.9 1.7 2.3 3.0 3.9 55 7.4 104 13.6
Fuse (Al 10 10 10 16 16 20 20 25 25
Recommended 3NA| 3803 | 3803 | 3803 | 3805 | 3805 | 3807 | 3807m. 3820 | 3810
for UL specified * * * * * * * * *
. [mm? | 1.0 1.0 1.0 15 15 25 2.5 25 4.0
Input Cable Min. [awg] 18 18 18 16 16 14 14 14 12
[mm? | 2.5 25 25 25 25 6.0 6.0 60 |10.0
Input Cable Max. 1 o1 14 14 14 14 14 10 10 10 8
. [mm? | 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 15
Output Cable Min. o1 18 18 18 18 18 18 18 18 16
[mm? | 2.5 25 25 25 2.5 6.0 6.0 60 |10.0
Output Cable Max. . o1 14 14 14 14 14 10 10 10 8
Weidht [kg] 13 13 1.3 13 13 3.3 33 33 55
g [Ibs] 2.9 2.9 2.9 2.9 2.9 7.3 7.3 73 |121
Order No. 6SE6440- |2UC24-|2UC25-|2uc27-2uc3g] 20818 | 2uc31-[2uc32-[2uc33-[2ucas-[2uc3s-
OCAL | 5CAL | 5DA1 | 1DAL)| 5DAL | 8EAL | 2EAL | OFAL | 7FAL | 5FA1
. kwl | 40 |55 |75 [a40m|150 [185 [220 [300 [370 [450
OutputRating (CT) 1" 1 55 | 75 |100 |@50 P00 |250 |300 |400 |500 |60.0
Output Power kAl | 7.7 |96 [223 184|237 [208 [351 |456 |570 |675
CTInputCurrentl) [A] |19.7 |265 |8424 380 |500 |620 |71.0 |96.0 |114.0 |135.0
CT-Output Current  [A] |17.5 |22.0 h28.0Wl420 |540 |68.0 |80.0 |1040 |130.0 |154.0
VT Input Current 1)  [A] |28.3 |34.20m(380y |500 |62.0 |71.0 |96.0 |114.0 |1350 |164.0
VT-Output Current  [A] |22.0 |2800 #]42%0 |540 [680 [800 [104.0 [130.0 |154.0 [178.0
Fuse (A] 32 35 50 80 | 80 | 100 | 125 | 200 | 200 | 250
Recommended 3NA | 8812 3814 | 3820 | 3824 | 3824 | 3830 | 3832 | 3140 | 3142 | 3144
for UL specified 3NE| & Y [1817-0|1820-0|1820-0 | 1021-0 | 1022-0 | 1225-0 | 1225-0 | 1227-0
. mm? | % |40 [100 [160 [160 [250 [250 |[700 [700 |95.0
Input Cable Min. lawgl{h, 12 12 8 6 6 3 3 20 | 200 | 300
nout Cable Max mM? | 1007 [100 [350 [350 |350 [350 [350 [150.0 |150.0 |150.0
P : lawg] | 98 8 2 2 2 2 2 |300 [300 |300
. mm240 | 40 |100 |160 |160 |250 |250 |50.0 |70.0 |95.0
Output Cable Min. &7 ggi| 12 | 12 8 6 6 3 3 10 | 200 | 30
jmm? 100 |100 [350 [350 |350 [350 [350 [150.0 |150.0 |150.0
Output Caple MaxX rowal |~ 8 8 2 2 2 2 2 [300 |300 |300
Weight kg] |55 |55 |170 |160 |160 |200 |200 |550 |550 |55.0
[lbs] |121 |12 [37.0 |[350 |350 |44.0 |440 |[121.0 |121.0 |121.0

1) Secondary conditions:

Input current at the rated operating point - applies for the short-circuit voltage of the line

supply Vx =2 % referred to the rated drive converter power and a rated line supply voltage
of 240 V without line commutating reactor.

* UL listed fuses such as Class NON from Bussmann are required for use in America
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Input voltage range

(with built in Class A Filter)

3AC380V—-480V.+10%

Order No. 6SE6440- | 2AD22- | 2AD23- | 2AD24- | 2AD25- | 2AD27- | 2AD31- | 2AD31-
2BA1 OBA1 OBA1 5CA1 5CA1l 1CA1 5DA1
. [kw] | 2.2 3.0 4.0 55 75 11.0 15.0
Output Rating (CT) hp] | 3.0 40 5.0 75 10.0 15.0 20.0
Output Power [KVA] | 4.5 5.9 7.8 10.1 14.0 19.8 24.4
CT-Input Current 1) [A] 7.5 10.0 12.8 15.6 22.0 23.1 33.8
CT Output Current [A] 5.9 7.7 10.2 13.2 18.4 26.0 32.0
VT Input Current 1) [A] - - - 17.3 23.1 338 37.0
VT-Output Current [A] - - - 20.2 29.0 39.0 45.2
Fuse [A] 16 16 20 20 32 35 50
Recommended 3NA | 3805 3805 3807 3807 3812 3844 3820
for UL specified 3NE * * * * % * 1817-0
. [mm? | 1.5 1.5 25 25 450 6.0 10.0
Input Cable Min. [awg] 16 16 14 14 19 10 8
[mm? | 6.0 6.0 6.0 10.0 100 10.0 35.0
Input Cable Max. [awg] 10 10 10 8 8 8 5
. [mm? | 1.0 1.0 1.0 2.5 4.0 6.0 10.0
Output Cable Min. [awg] 18 18 18 14 12 10 8
[mm? | 6.0 6.0 6.0 10.0 10.0 10.0 35.0
Output Cable Max. [awg] 10 10 10 8 8 8 5
. [kg] 34 34 34 5% 5.7 5.7 17.0
Weight [bs] | 75 75 73 2.5 125 125 37.0
Order No. 6SE6440- | 2AD31- | 2AD32-[| 2AD83- | 2AD33- | 2AD34- | 2AD35- | 2AD37-
8DA1 2DA1 0EA1 7EAL 5FAL 5FAL 5FAL
. [kw] |185 22.0 30.0 37.0 45.0 55.0 75.0
Output Rating (CT) hp] | 25.0 30:0 40.0 50.0 60.0 75.0 100.0
Output Power [KVA] | 29.0 34.3 47.3 57.2 68.6 83.8 110.5
CT-Input Current 1) [A] 37.0 43.0 59.0 72.0 87.0 104.0 139.0
CT Output Current [A] 38.0 45.0 62.0 75.0 90.0 110.0 145.0
VT Input Current 1) [A] 430 59.0 72.0 87.0 104.0 139.0 169.0
VT-Output Current [A] 45.0 62.0 75.0 90.0 110.0 145.0 178.0
Fuse [A] 63 80 100 125 160 200 250
Recommended SNA 3822 3824 3830 3832 3836 3140 3144
for UL specified 3NE |, 1818-0 | 1820-0 | 1021-0 | 1022-0 | 1224-0 | 1225-0 | 1227-0
. [mnf?] |10.0 16.0 25.0 25.0 35.0 70.0 95.0
Input Cable Min. [awd] 8 6 3 3 2 2/0 3/0
Inout Cable Max [mm? | 35.0 35.0 35.0 35.0 150.0 150.0 150.0
P ' [awg] 2 2 2 2 300 300 300
. [mm? |10.0 16.0 25.0 25.0 50.0 70.0 95.0
Output Cgffle tgn. [awg] 8 6 3 3 10 200 300
[mm? | 35.0 35.0 35.0 35.0 150.0 150.0 150.0
Output CaUQY [awg] 2 2 2 2 300 300 300
Weight [kg] |17.0 17.0 22.0 22.0 75.0 75.0 75.0
g [lbs] |37.0 37.0 48.0 48.0 165.0 165.0 165.0

1)N\Secondary conditions: Input current at the rated operating point - applies for the short-circuit voltage of the line

supply Vk =2 % referred to the rated drive converter power and a rated line supply voltage
of 400 V without line commutating reactor.

* UL listed fuses such as Class NON from Bussmann are required for use in America
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Input voltage range

(Unfiltered)

3AC380V-480V.+10%

Order No. 6SE6440- | 2UD13 | 2UD15 | 2UD17 | 2UD21 | 2UD21 | 2UD22 | 2UD23 | 2UD24 | 2UD25 | 2UB27
7AAL | -5AAL | -BAAL | -1AAL | -5AAL | -2BAL | -0BAL | -0BAL | -5CA14/-5CAL
. kw] |037 |o55 |075 |11 |15 |22 |30 |40 |55 W5
Output Rating (CT) the] |05 |o7s |10 |15 |20 |30 |40 |50 |75 |100
Output Power [kVA] | 0.9 1.2 1.6 2.3 3.0 4.5 5.9 7.8 10.1 14.0
CT Input Current 1) [A] 2.2 2.8 3.7 4.9 5.9 7.5 10.0 12.8 15.6 22.0
CT Output Current [A] 1.3 1.7 2.2 3.1 4.1 5.9 7.7 102 13.2 19.0
VT Input Current 1) [A] - - - - - - - — 17.3 23.1
VT-Output Current [A] - - - - - - - — 19.0 26.0
Fuse IA] 10 10 10 10 10 16 18 20 20 32
Recommended 3NA | 3803 | 3803 | 3803 | 3803 | 3803 | 3805 | 3805 (w8607 | 3807 | 3812
for UL specified * * * * * * * * * *
Inout Cable Min [mm? | 1.0 1.0 1.0 1.0 1.0 15 15 25 25 4.0
P : lawg] | 18 18 18 18 18 16 16 14 14 12
mm3 | 25 |25 |25 |25 |25 |.60% 60 |60 |100 |100
Input Cable Max. lawg] | 14 14 14 14 14 10 10 10 8 8
. [mm? | 1.0 1.0 1.0 1.0 10 1.0 1.0 1.0 25 4.0
Output Cable Min. lawg] | 18 18 18 18 19 18 18 18 14 12
mm3 | 25 |25 |25 | 25@mp25% |60 |60 |60 |100 |100
Output Cable Max. lawg] | 14 14 14 14 14 10 10 10 8 8
Weidht kgl |13 |13 [13 [13%|1® [33 [33 [33 |55 |55
9 bs] |29 |29 |29 |26 2o |73 |73 |73 |121 |121
Order No. 6SE6440- | 2UD31 | 2UD31 | 2UD81 [2UB82 | 2UD33 | 2UD33 | 2UD34 | 2UD35 | 2UD37
1CA1 | -5DA14™8DAL | -2DA1 | -0EAL | -7EAL | -5FAL | -5FAL | -5FAL
. kw] |11.0 |150f |188 [220 [300 [37.0 |450 |550 |75.0
Output Rating (CT) el [150 [200 Wh250 [300 |400 |500 [60.0 |750 |100.0
Output Power [kVA] |19.8 |[24.4%]29% [343 |473 [572 |e86 [838 |1105
CT Input Current 1) Al |231 |38 (370 [430 |s9.0 [720 [870 [1040 [139.0
CT Output Current [A]  |260 [820 [[380 [450 |e20 [750 [900 [110.0 |145.0
VT Input Current 1) Al |3380 (320 |430 |590 |720 |87.0 |1040 |139.0 |169.0
VT-Output Current [A] 1320380 [450 [620 |750 [900 [1100 [145.0 [178.0
Fuse IA] 35 50 63 80 | 100 | 125 | 160 | 200 | 250
Recommended 3NA | W8814 | 3820 | 3822 | 3824 | 3830 | 3832 | 3836 | 3140 | 3144
for UL specified 3NEW. .+ | 1817-0 | 1818-0 | 1820-0 | 1021-0 | 1022-0 | 1224-0 | 1225-0 | 1227-0
Inout Cable Min [mm24l 60 [100 [1200 [160 [250 [250 [350 [700 [95.0
P ' fawgls| 10 8 8 6 3 3 2 200 | 300
Inout Cable Max fmm? | 100 |[350 |350 |350 |350 |350 |150.0 |150.0 |150.0
P : lawg] | 8 2 2 2 2 2 300 | 300 | 300
. [mm% | 60 [100 [1200 [160 |[250 [250 [350 [700 [95.0
Output Cable'Min, l[awg] | 10 8 8 6 3 3 2 200 | 300
[mm3 | 100 |[350 |350 |350 |350 |350 |150.0 |150.0 |150.0
Output Cable, lawg] | 8 2 2 2 2 2 300 | 300 | 300
Weidht [kg] |55 |160 [160 |160 |200 [200 |560 |56.0 |56.0
9 [bs] |12.1 |350 |350 |350 |440 |440 [1230 |123.0 |123.0

1) Secondary conditions:

Input current at the rated operating point - applies for the short-circuit voltage of the line

supply Vx =2 % referred to the rated drive converter power and a rated line supply voltage
of 400 V without line commutating reactor.

*
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Input voltage range
(Unfiltered)

3AC380V-480V +10%

Order No. 6SE6440- | 2UD38-8FA1 | 2UD41-1FA1 | 2UD41-3GAl | 2UD41-6GA1l | 2UD42-0GAl
. [kw] 90 110 132 160 200
Output Rating (CT) [hp] 125 150 200 250 300
Output Power [KVA] 1454 180 214.8 263.2 339.4
CT Input Current 1) [A] 169 205 245 297 354 .
CT Output Current [A] 178 205 250 302 370
VT Input Current 1) [A] 205 245 297 354
VT Output Current [A] 205 250 302 370
[A] 250 315 400
Recommended Fuse
3NE 1227-0 1230-0 1332-0
Pipe cable shoe to
DIN 46235 [mm] 10 10 10
[mm?] 1x95o0r 1 x 150 or 1x 185 or.
. 2x35 2 x50 2x70. X 70
Input Cable Min.
[awg] or 1x4/0or 1 x 300 or 1 x 500 or 2% 4/0
[kemil] 2x2 2x1/0 2x2/0
[mm?] 1x 185 or 1x 185 or
2% 120 2% 120 2 x 240 2x 240
Input Cable Max. [ ] X350 X3
awg] or X or X
[kemil] | 2x 4/0 2 x 410 2x400 2x400
[mm?] 1x95o0r 1x15 185 or 1 x 240 or 2% 95
. 2x35 2 2x70 2x70
Output Cable Min.
[awg] or 1x4/0or 1 x 400 or 1 x 500 or 2% 4/0
[kemil] 2x2 2x2/0 2x2/0
2
[mm?] o 2 X 240 2X 240 2 X 240
Output Cable Max. [ ] 1x3%0
awg] or X or
[kemil] 2% 4/0 2 x 400 2 x 400 2 x 400
. [kg] 110 170 170 170
Weight [Ibs] 242 418 418 418

1) Secondary conditions: Input current a
supply Vi =283 %
voltage (’

Q
o
&

L 4
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Input voltage range 3 AC500V —-600V +10 % (Unfiltered)
Order No. 6SE6440 | 2UE17- | 2UE21- | 2UE22- | 2UE24- | 2UE25- | 2UE27- | 2UE31- | 2UE31-
-| 5CA1 | 5CA1 | 2CA1 | OCAl1 | 5CA1 | 5CA1l | 1CA1 | 5DA1
. [kw] |0.75 15 2.2 4.0 55 75 11.0 15.0
Output Rating (CT) hp] | 1.0 2.0 3.0 5.0 75 |100 150 [200
Output Power [kVA] | 1.3 2.6 3.7 5.8 8.6 10.5 16.2 21.0
CT Input Current 1) [A] 2.0 3.7 5.3 8.1 111 14.4 215 24.9
CT Output Current [A] 14 2.7 3.9 6.1 9.0 11.0 17.0 22.0
VT Input Current 1) [A] 3.2 4.4 6.9 9.4 12.6 18.1 24.9 30.0
VT-Output Current [A] 2.7 3.9 6.1 9.0 11.0 17.0 22.0 27.0
Fuse [A] 10 10 10 16 16 25 32 35
Recommended 3NA | 3803-6 | 3803-6 | 3803-6 | 3805-6 | 3805-6 | 381046 |(3812-6 | 3814-6
for UL specified 3NE * * * * * * * 1803-0
. [mm? | 1.0 1.0 1.0 15 15 2.5 4.0 6.0
Input Cable Min. lawg] | 18 18 18 16 16 24 12 10
2
mm? | 10.0 10.0 10.0 10.0 10.0, 100 10.0 35.0
Input Cable Max. {awg]] 8 8 8 8 8 8 8 5
. [mm? | 1.0 1.0 1.0 1.0 1.0 25 4.0 4.0
Output Cable Min. [awg] | 18 18 18 18 18 14 12 12
2
Output Cable Max. {;nwnz] ]] 10.% 10.(; 10.% 10.(;3 1o.c&)3 10.?3 1o.% 35.(;
Weight [kg] 5.5 5.5 5.5 55 5.5 5.5 5.5 16.0
g [lbs] |[12.1 12.1 12.1 12.1 12.1 12.1 12.1 35.0
Order No. 6SE6440- | 2UE31- | 2UE32- | 2UE33- W2UE33- | 2UE34- | 2UE35- | 2UE37-

8DA1l 2DA1 OEAL 7EA1 5FAl 5FA1 5FA1

kW] |18.5 22.0 300 37.0 45.0 55.0 75.0
[hp] | 25.0 3000 40.0 50.0 60.0 75.0 100.0

Output Rating (CT)

Output Power [KVA] | 25.7 30.5 39.1 49.5 59.1 73.4 94.3
CT Input Current 1) [A] 30.0 350 48.0 58.0 69.0 83.0 113.0
CT Output Current [A] 27.0 32:0 41.0 52.0 62.0 77.0 99.0
VT Input Current 1) [A] 35.0 48.0 58.0 69.0 83.0 113.0 138.0
VT-Output Current [A] 32.0 41.0 52.0 62.0 77.0 99.0 125.0
Fuse [A] 50 63 80 80 125 160 160
Recommended 3NA"| 3820-6 | 3822-6 | 3824-6 | 3824-6 | 3132-6 | 3136-6 | 3136-6
for UL specified 8NE)|, 1817-0 | 1818-0 | 1820-0 | 1820-0 | 1022-0 | 1224-0 | 1224-0
. [mmé}, 1,10.0 10.0 16.0 25.0 25.0 50.0 50.0
Input Cable Min. [awg] 8 8 6 3 3 10 10
Inout Cable Max [mmz] 35.0 35.0 35.0 35.0 150.0 150.0 150.0
P ' [awg] 2 2 2 2 300 300 300
) [mm? | 6.0 10.0 16.0 16.0 25.0 35.0 50.0
Output Cable Min. [awg] 10 8 6 6 3 2 10
[mmz] 35.0 35.0 35.0 35.0 150.0 150.0 150.0
Output ggbiggflax. [awg] 2 2 2 2 300 | 300 | 300

kg] |16.0 16.0 20.0 20.0 56.0 56.0 56.0
[Ibs] |35.0 35.0 44.0 44.0 1230 |123.0 |123.0

Weight

1) Secondary conditions: Input current at the rated operating point - applies for the short-circuit voltage of the line
supply Vx =2 % referred to the rated drive converter power and a rated line supply voltage
of 500 V without line commutating reactor.

* UL listed fuses such as Class NON from Bussmann are required for use in America
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6 Options

O

An overview of the options available for the MICROMASTER 440 is given in this 0

section. For further information about options. please refer to the catalog or the
documentation CD.

6.1 Inverter-independent options

Basic Operator Panel (BOP) &

Advanced Operator Panel (AOP)
DeviceNet module

CANopen option module
Pulse encoder evaluation module Q
PROFIBUS module

PC to inverter connection kit @
PC to AOP connection kit
Operator panel door mounting kit for inverter control
AOP door mounting kit for multiple i% ntrol

o}

“DriveMonitor” and "Starter" commi ool

VVY VYV VY VY VVYVYYVY

0
N
.(,(b

S
&

Q>®
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6.2 Inverter-dependent options O

Frame Sizes Ato F
> EMC filter. Class A

EMC filter. Class B
Additional EMC filter. Class B
Low leakage Class B filter
Line commutating choke
Output choke

L 4
Gland plate \
LC filter 0

YV VY VYV VYV

CAUTION

When using output reactors and LC filters, operation u;@se frequency of

4 kHz only is permitted. Please ensure that the automatigpulse frequency
reductions are also deactivated. Mandatory param gs when using an

output reactor: P1800 = 4 kHz , P0290 = 0 or

Frame Sizes FX and GX
» Line commutating choke
» EMC filter. Class A (power commut

» LC filter
Qoperation up to a pulse frequency of

sure that the automatic pulse frequency

hoke required)

CAUTION

When using output reactors
4 kHz only is permitted. Ples
reductions are also deac e
output reactor: P1800 =4

3
O
&

L 4

0290 =0or 1.
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&

7 Electro-magnetic compatibility (EMC) C)O

This Chapter contains:
EMC information. 'S

7.1 Electro-magnetic compatibility ..........cooviviereiiiiiee e \% ... 276
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7.1 Electro-magnetic compatibility O

(EMC) All manufacturers / assemblers of electrical apparatus which “performs a
complete intrinsic function and is placed on the market as a single unit intended f
the end user” must comply with the EMC directive 89/336/EEC.

There are three routes for the manufacturer/assembler to demonstrate compliance:

4
7.1.1 Self-certification
This is a manufacturer's declaration that the European standards a @0 the
electrical environment for which the apparatus is intended have b Only
standards that have been officially published in the Official Jour uropean

Community can be cited in the manufacturer's declaration.
7.1.2 Technical construction file 0

A technical construction file can be prepared for the a @describing its EMC
characteristics. This file must be approved by a ‘Co ntBody’ appointed by the

appropriate European government organization. T ach allows the use of
standards that are still in preparation.

MICROMASTER 440 units are certifie ompliance with the EMC directive.

when installed in accordance with t@ endations in Section 2.

7.1.3 EC type examination certificat
This approach is only applicable to rad%nication transmitting apparatus. All
C

L 4

Q
o
&

L 4
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7 Electro-magnetic compatibility

7.1.4

EMC Directive Compliance with Imminent Harmonics
Regulations

From 1st January 2001 all electrical apparatus covered by the EMC Directive will
have to comply with EN 61000-3-2 "Limits for harmonic current emissions
(equipment input < 16 A per phase)".

All Siemens variable speed drives of the MICROMASTER. MIDIMASTER.
MICROMASTER Eco and COMBIMASTER ranges. which are classified as
"Professional Equipment” within the terms of the standard. fulfill the requirements
of the standard.

The allowed harmonic currents for “professional equipment” with aminputypower
> 1 kW are not yet defined. Therefore. any electrical apparatus containing the
above drives which has an input power > 1 kW will not requiretgeonneetion
approval.

Only Frame Sizes Ato C

Special considerations for 250 W to 550 W drives with,230yV lac mains supplies
when used in non-industrial applications:

Units in this voltage and power range will be supplied'with the following warning:

"This equipment requires supply authority@eeeptance for connection to the public
supply network”. Please refer to EN 61000-3%12 sections 5.3 and 6.4 for further
information. Units connected to IndustrialiNetworks1 do not require connection
approval (see EN 61800-3. section 6.1,2.2).

The harmonic current emissions fromtheseyproducts are described in the table
below:

Table 7-1 Permissible harmonic current @missions
Rating Typical Harmonic Iypical Harmonic Typical Voltage Distortion
Current (A) Current (%)
Distribution Transformer Rating
10 kVA 100 kVA |1 MVA
39 5™ | alof 21" | 3¢ |5" | 7™ |9™ |11™ | THD (%) | THD (%) | THD (%)
250 W 1AC 230V |2.15 |1.44 |02 [0:26 (0.19 (83 |56 (28 (10 |7 0.77 0.077 0.008
370 W 1AC 230 V [2.96 |2.02({1.05%,0.38 |0.24 | 83 56 28 10 7 1.1 0.11 0.011
550 W 1AC 230 V |4.04 | 2470 |1°36//0.48 [0.36 |83 |56 (28 |10 |7 15 0.15 0.015

NOTE

dhe allowed harmonic currents for “professional equipment” with an input power
> IkWHare not yet defined. Therefore. any electrical apparatus containing the
aboveidrives which has an input power > 1 kW will not require connection
approval.

Alternatively. the necessity to apply for connection approval can be avoided by
fitting the input chokes recommended in the technical catalogues (except 550 W
230 V 1ac units).

1 Industrial Networks are defined as those which do not supply buildings used for domestic purposes.
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7.1.5

Classification of EMC performance

General classes of EMC performance are available as detailed below:

Class 1: General Industrial

Compliance with European Standard EN 61800-3 (EMC Product Standard for
Power Drive Systems) for use in Second Environment (Industrial).

Table 7-2

General industrial application

electromagnetic field

EMC Phenomenon Standard Level
Emissions: Radiated emissions EN 55011 Level A1
Conducted emissions EN 61800-3 Limits complying with EN 55011,
Class A, Group,. 2
Immunity: Electrostatic discharge EN 61000-4-2 | 8 kV air'discharge
Burst interference EN 61000-4-4 | 2 KV power cables,
1 kMyeontrol cables
Radio-frequency EN 61000-4-3 47| 26=1000 MHz, 10 V/m

Class 2: Industrial application with filter

This level of EMC performance will allow, thetmantifacturer/installer to certify their
equipment themselves for compliance withithe EMC directive for the industrial
environment, as far as the EMC performiance‘eharacteristics of the power drive
system are concerned. Performance limitg,are as specified in the Generic Industrial
Emissions and Immunity StandardsfEN®1000-6-4 und EN 61000-6-2.

Table 7-3

With filter, for industrial applicatigns

magnetic field, pulse-
modulated

EMC Phenomenon Standard Level
Emissions: Radiated emissions EN 55011 Level A1
Conducted emissions EN 61800-3 Limits complying with EN 55011,
Class A, Group 2
Immunity: Supply voltage distortion EN 61000-2-4
Voltage fluctuations, dips, EN 61000-2-1
unbalance, frequency
variations
Magnetic fields EN 61000-4-8 | 50 Hz, 30 A/m
Electrostatic discharge EN 61000-4-2 | 8 kV air discharge
Burst interference EN 61000-4-4 | 2 kV power cables,
2 kV control cables
Radio-frequency electro- EN 61000-4-3 | 80-1000 MHz, 10 V/m, 80% AM,
magnetic field, amplitude- power and signal lines
modulated
Radio-frequency electro- EN 61000-4-3 | 900 MHz, 10 V/m 50 % duty cycle,

repetition rate 200 Hz
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Only Frame Sizes Ato F

Class 3: With filter, for residential, commercial and trade applications

This level of EMC performance will allow the manufacturer/installer to certify
compliance of their equipment themselves with the EMC directive for the
residential, commercial and light industrial environment, as far as the EMC
performance characteristics of the power drive system are concerned.
Performance limits are as specified in the Generic Emission and Immunity
Standards EN 61000-6-3 and EN 61000-6-1 in residential applications,

Table 7-4 With filter, for residential, commercial and trade applications

EMC Phenomenon Standard Level
Emissions: Radiated emissions* EN 55011 Level B
Conducted emissions EN 61800-3 @ateqonyCl:
Limitieomplying with EN 55011,
Class B
Category C2:
kimit complying with EN 55011,
Class A
Immunity: Supply voltage distortion EN 61000-2-4
Voltage fluctuations, dips, EN'62.000:2-1
unbalance, frequency variations
Magnetic fields EN 61000-4-8 |50 Hz, 30 A/m
Electrostatic discharge EN'61000-4-2 |8 kV air discharge
Burst interference BN 61000-4-4 | 2 kV power cables,
2 kV control cables
Radio-frequency electro- EN 61000-4-3 | 80-1000 MHz, 10 V/m, 80 %
magnetic field, amplitude- AM, power and signal lines
modulated
Radio-frequengy elegtro- EN 61000-4-3 | 900 MHz, 10 V/m 50 % duty
magnetic field, ptlse-medulated cycle, repetition rate 200 Hz

* These limits are dependent on the inverter being correctly installed inside a
metallic switchgear enclésure. The limits will not be met if the inverter is not
enclosed.

NOTES

» To achieve these performance levels. you must not exceed the default Pulse
frequeAey neruse cables longer than 25 m.

» The MICROMASTER inverters are intended exclusively for professional
applications. Therefore. they do not fall within the scope of the harmonics
emissions specification EN 61000-3-2.

» “WMaximum mains supply voltage when filters are fitted is 460 V.
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Table 7-5

Frame Sizes Ato F

Compliance Table

Model

Remarks

Class 1 — General industrial application

6SE6440-2U***-**A1

Units without filters, all voltages and performances. The product norm EN 61800-3
+Al1 for "Variable-speed electrical drives, Part 3: EMC product standard including
specific test methods” specifies limits for conducted emissions which cannot be
complied with by unfiltered inverters in the second environment.

Filtered inverters (as described under Class 2) must be installed fordrive'systems in C3
installations.

The use of unfiltered inverters in industrial environments is allowedgnly if they are part
of a system which is equipped with line filters on the higher-level supply Side.

Class 2 — With filter, for

industrial application

6SE6440-2A%**-**A1

All units with integral Class A filters

6SE6440-2A**-**A] with
6SE6440-2FA00-6AD1

Frame size A units 400 - 480 V with external Class A foeffnint filtérs

Class 3 — With filter, for

residential, commercial and trade applicatiens

6SE6440-2U***-**A1 with
6SE6400-2FBO*-***0

Units without filter fitted with external Class B footprint filters.

6SE6440-2A**-**A1 with
6SE6400-2FS0*-***0 or
6SE6400-2FLO*-***0

Units with fitted Class A filters and additional external Class B filters.

6SE6440-2U***-**AQ with
EMC filter Class B

(e.g. Fa. Schaffner)
6SE6440-2A***-**AQ

Units without filter fitted with external'@lass A¥footprint filters.

All units with fitted Class A filters,

For drive systems in category G2 installations, the following warning notice is
necessary:

In residential enviranments, this product may cause radio-frequency disturbances
which may necessitate,ifterference suppression measures.

* denotes any value is allowed.

Frame Sizes FX to GX

Model

Remarks

Class 1 — General industrial application

6SE6440-2U**-**A1

Units withoutfilters, all voltages and performances. The product norm EN 61800-3
+A11%er "Variable-speed electrical drives, Part 3: EMC product standard including
specific test methods” specifies limits for conducted emissions which cannot be
complied with by unfiltered inverters in the second environment.

Filtered inverters (as described under Class 2) must be installed for drive systems in C3
installations.

The use of unfiltered inverters in industrial environments is allowed only if they are part
of a system which is equipped with line filters on the higher-level supply side.

Class 2 —\With filter, for

industrial application

6SE6440Q-2U*#**A1

With external EMI filter (available as an option) the limiting values of the EN 55011.
Class A are fulfilled for conducted emission.
(line commutating choke required)

Category @3: Drive system (PDS) with rated voltage < 1000 V. For use in second environment.

Category C2: Drive system (PDS) with rated voltage < 1000 V.
For use in first environment. Installation and commissioning by EMC expert only.

Category C1: Drive system (PDS) with rated voltage < 1000 V. For use in first environment.
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B Removing Front Covers O

B.1 Removing Front Covers. Frame Sizes A 0

=4
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B.2 Removing Front Covers. Frame Sizes B and C &
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B.3 Removing Front Covers. Frame Sizes D and E &
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Removing Front Covers

B.4 Removing Front Covers. Frame Size F
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B.5

Removing Front Covers. Frame Sizes FX and GX O
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C Removing the I/O Board

O
1. small amount of pressure is required to release the 1/0 Board catch.

Currently. the I/O Board is removed using the same technique regardless of
me size.
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D Removing ‘Y’ Cap O&

D.1 Removing ‘Y’ Cap. Frame Size A 0
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D.2 Removing ‘Y’ Cap. Frame Sizes B and C
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D.3 Removing ‘Y’ Cap. Frame Sizes D and E
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Removing ‘Y’ Cap

D.4 Removing ‘Y’ Cap. Frame Size F
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D.5 Removing ‘Y’ Cap. Frame Size FX
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D.6 Removing ‘Y’ Cap. Frame Size GX O

TORX T20
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E Removing fan O&

E.l Removing fan. Frame Size A 0
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Removing fan

E.2 Removing fan. Frame Sizes B and C
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Removing fan

CO

Removing fan. Frame Size D and E

E.3
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Removing fan

E.4 Removing fan. Frame Size F
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E.5 Removing fan. Frame Size F with filter O
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Issue 10/06 Removing fan

E.6 Removing fan. Frame Sizes FX and GX O

When replacing the fans for sizes FX and GX. refer to the documentation CD ROM.
directory - "Spares".
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F Short circuit current rating (SCCR)

Frame Sizes Ato C

The equipment has a "standard SCCR" value of 10 kA, which complies with the
requirements of UL508C.

In addition to the "standard SCCR" a "high SCCR" is available which can be used
for industrial control panel installations in line with the National Electrical Cede
(NEC) article 409 (edition 2005) and Underwriters Laboratories UL5@8A(effective
April 2006).

The uL certification of MICROMASTER 440 allows the drives to adgptja,high
SCCR equal to the interupt current rating of the branch-circuit protection (BCP)
device protecting the drive.

Hence by selection of the correct uL listed BCP device with appropriate interrupt
rating for the application, any high SCCR rating can be achieved for
MICROMASTER 440, including SCCR values above 10°%A.

The above statements are valid for the respective maximum voltage of the drive
when protected by a UL recognised/listed H, Jér, K'type fuse, a circuit breaker or
self-protected combination motor controller.

Frame Sizes D to GX

The equipment has a "standard SCCR" value of'42 kA, which complies with the
requirements of UL508C.

A "high SCCR", which can be used fomindustrial control panel installations in line
with the National Electrical Code (NEG) article 409 (edition 2005) and Underwriters
Laboratories UL508A (effective April 2006), can be achieved with the use of current
limiting fuses or circuit breakers with an appropriate interrupt rating and derived let
through current.

For compliance with NEC artiele 409 and UL508A the calculation, selection and
marking of the current limiting, device must be carried out by an qualified engineer.
The above statements_are valid for the respective maximum voltage of the drive
when protected by a UL recognised/listed H, J or K type fuse, a circuit breaker or
self-protected combination motor controller
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G Standards O

European Low Voltage Directive O
The MICROMASTER product range complies with the requirements of the Low
Voltage Directive 73/23/EEC as amended by Directive 98/68/EEC. The units

are certified for compliance with the following standards: s

EN 61800-5-1 Adjustable speed electrical power drive systems, :‘

Part 5-1: Safety requirements —
Electrical, thermal and energy

EN 60204-1  Safety of machinery - Electrical equipment of %\

European Machinery Directive
The MICROMASTER inverter series does not fall under scope of the
Machinery Directive. However. the products have be luated for
compliance with the essential Health & Safety requirementsiof the directive
when used in a typical machine application. A De of Incorporation is
available on request.

European EMC Directive

When installed according to the recomm described in this manual.
the MICROMASTER fulfils all require ts ofythe EMC Directive as defined by
the EMC Product Standard for Pow ri stems EN61800-3.

cus Underwriters Laboratories
LSTED UL and CUL LISTED PO (o] RSION EQUIPMENT

ISO 9001

Siemens plc operate management system. which complies with the
requirements of ISO

Q
o
&

L 4
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H List of Abbreviations O

AC Alternating current ( ’
AD Analog digital converter

ADC Analog digital converter

ADR Address 4

AFM Additional frequency modification
AG Automation unit

AIN Analog input \%
AOP Advanced operator panel @
AOUT Analog output

ASP Analog setpoint 0

ASVM Asymmetric space vector modulation
BCC Block check character

BCD Binary-coded decimal code

BI Binector input

BICO Binector / connector

BO Binector output

BOP Basic operator panel K\

C Commissioning
CB Communication board
CcCcw Counter-clockwise
CDSs Command data
Cl Connector inpu
CFM Cubicfeet per t I/s=2,1 CFM)
CM Configurati ement
CMD Comman
CMM Combi
Cco Con put
CO/BO Cannector output / Binector output
COM (terminal that is connected to NO or NC)
COM-Li unication link
CT missioning. ready to run
CT Constant torque
Commissioning. run. ready to run
Clockwise
A Digital analog converter
Digital analog converter
DC Direct current
4 DDS Drive data set
DIN Digital input
DIP DIP switch

DOUT Digital output
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DS Drive state

EEC European Economic Community O
EEPROM Electrical erasable programmable read-only memory

ELCB Earth leakage circuit breaker ( ’
EMC Electro-magnetic compatibility

EMF Electromotive force

EMI Electro-magnetic interference ¢

ESB Equivalent circuit %

FAQ Frequently asked questions \

FB Function block

FCC Flux current control @

FCL Fast current limit

FF Fixed frequency

FFB Free function block

FOC Field orientated control

FSA Frame size A @
GSG Getting started guide

GUI'ID Global unique identifier

HIW Main actual value
HSW Main setpoint K\

HTL High-threshold logic

110 Input and output

IBN Commissioning @
IGBT Insulated gate '4@ ransistor
IND Sub-index

JOG Jog \

KIB Kinetic bufferi

LCD Liquid crystal lay

LED Light emitting diode

LGE Le N
MHB holding brake
MM4 ASTER 4th. Generation
MOP Q/IJor potentiometer
NC mally closed

0] @ Normally open
x Operating instructions

S

Power drive system

Pl PID controller (proportional. integral. derivative)
E Parameter ID
PKW Parameter ID value
¢ PLC Programmable logic controller
PLI Parameter list
PPO Parameter process data object
PTC Positive temperature coefficient
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PWE
PWM
PX
PZD
QC
RAM
RCCB
RCD
RFG
RFI
RPM
scL
SDP
sLvVC
STW

SVM

Parameter value

Pulse-width modulation O
Power extension

Process data 0
Quick commissioning

Random-access memory

Residual current circuit breaker *
Residual current device %
Ramp function generator \
Radio-frequency interference

Revolutions per minute @

Scaling

Status display panel

Sensorless vector control

Control word

Start of text @
Space vector modulation

Transistor-transistor logic

Universal serial interface
Vector control \\

Variable torque

Status word
Additional setpoi

L 4

N
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