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Converters for Motor Drives
(some possible configurations)

DC Drives

\

AC Sou rce

DC Source

DC-AC-DC DC-DC
AC DC

AC Drives

AC Source

- Ol 1SS 5 Dl yani S e
www.matna-co.com
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» Motors
» DC motors - permanent magnet — wound field
+ AC motors - induction, synchronous , brushless DC

» Power sources
- DC - batteries, fuel cell, photovoltaic - unregulated

+ AC - Single- three- phase utility, wind generator -
unregulated
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Three phase power input (AC 380~440V)

[

Motor soft starter —

Operation control panel —'ﬁ

-----------------------

.......................

12 control terminals —— seesssss
N
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}

Soft start_~
lorque

Maximum forque
’ -0,
4 \

\

; Accelerating

forque

Lood
lorque

Rated
/ forque
Synchronous

torque

pm
TORQUE/SPEED CURVE AT STAR-DELTA START

______
-~
-~

e L Slip

TORQUE/SPEED CURVE WHEN USING A SOFT STARTER

Maximum storfing
current

Soft-start current

Rated current

rpm
CURRENT CURVE AT STAR-DELTA START

rpm

CURRENT CURVE WHEN USING A SOFT STARTER

Liie = Ol o150 5 &l jpeni S 5
www.matna-co.com



2 33l SOl oS i s i 1,518 S gl

s m& ng' 1,

¥
" ; g CIROUIT
2:© D@ . i ||
= O [ FWED) Pl e ]
Ol | OADVER | "
T i i |
) 2 P\ | RIvER [ NERY
l \ N ey |
L —
1 7 E -
i 1 1 ¢ f
! sueeR | | swsee || sweees
oment | | cmurr || cmerr || coecur .
snse | [vouTage sewse [vouTace sevsel [vouTaGe sevee )
\ \ \
i 0 I 0 ol |, HEHOR
- N 3pms P
I || 8Ly 16
SN 1| o N\
CONVERTER 16
e || SvToes

Lile - (ol (5012650 5 Gl jpend S 5
www.matna-co.com



TYPICAL SOFT-START FIRING ANGLE SEQUENCE

Input voltage

Firing
angle.

B Thyristor conduction |

Time
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Type of problem

Type of starting method

S||pp|ngbe|tsand

heavy wear on
beanngs

Hrgh mrush current

Heavy wear and tear

on gear boxes

Damagedgoc)ds/

products during stop

”Water harnrnermg
in pipe system
when stopping

Estrrnated average
installation cost

No
No
NO

Transmrssmn peaks : No

Dlrect on Ilne Star—DeIta start
No

Medmm

Yes

Yes

Yes

_ Yes
: (et loaded start)

NOYeS

NOYES

Yes

§>12

Drives Softstarter

Yes

No Yes

Noyes

Yes

Yes

. (Eliminated with
: Torque control

. Reduced with

| | . voltage ramp)

No Yes
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SIEMENS ABB LS
YAE&WA @ AISELTA

VACON 22 . Ises
Schneider

&Electric Lenze GEFRAN
Kinco




SIEMENAC Low-voltage
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SIEMEN$C Low-voltage
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SIEMENS Medium Voltage AC Drives

> SINAMICS PERFECT HARMONY GH180 — 2 SINAMICS PERFECT
2 . HARMONY GH150
The Perfect Harmony of performance, process I 4k b
The next level of versatility for

and technology

23KV -7 2KV e cgll-based medium voltage
drives

........................................................................................................................................... —

. > SINAMICS GM1S0
The universal drive solution for single > SINAMICS GL150 (SIMOVERT S)
medium voltage drives .

2.3 KV/3.3 kV/4.16 KV/6 kV/6.6 KV/7.2 kV The fugged coRverlerionsynenranas

motors up to 75 MW
........................................................................................................................................... AT

> SINAMICS SM150

The sophisticated drive solution for single-
and multi-motor medium voltage drives

A SIMOVERT D

The robust converter for low-speed
machines
2.3 kVI3.3 kV/4.16 kV/6.6 kV
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SIEMENS
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AC drive selection table ADRD
mpD

ABB

ABB  machinery ABB

micro drives drive general purpose drives

Applications where to use ACS55 ACS150 ACS355 ACS310 ACS480 ACS580
Pumps o 2 2 ® @
Fans 4 8 2 2 @ @
Conveyors & o 2 - ® @
Material handling machines 8 o 2 - & 4
Excercise equipment & 8 - - - -
White goods & 0 - - - -
Gates, doors, barriers % & 2 - @ -
Compressors - - 2 ® ® @
Cutting machines, shears, saws - - [] - @ 0
Extruders - - [} - @ 0
Machine tools, mixers, stirrers - - (] - @ L
Spinning machines - ® L] - @ 0
Centrifuges - - & - - o
Processing lines =l R = = 0

= A o aam =y N

www.matna-co.com



: YV s

6T el 0920 g 93139 Sho! Sl il )l



MICROMASTER 440
0.12kW - 250 kW

Operating Instructions Issue 10/06

il el
SRR ot
‘Wi 9
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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 itself
as a result of a plain text display which simplifies operator control, diagnostics as
well as also commissioning (start-up).

SIEMENS

RUNNING = fn

POO0  FINL HZ
=48 RPM=1500 p
V=400V v

150.00

B

9

A

Fig. 3-14 Operator panels
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Quick commissioning

If there is still no appropriate parameter set for the dnve, then a quick
commissioning must be carried-out for the closed-loop Vector control and for the
VI 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 is basically

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

7 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

LB

Lile - (ol (5012650 5 Gl jpend S 5
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Parameterizing the drive with BOP or AOP

The frequency inverter is adapted to the motor using the quick commissioning
function and important technological parameters are set. The quick commissioning
shouldn't be carried-out if the rated motor data saved in the frequency inverter

(4-pole 1LA Siemens motor, star circuit configuration 2 frequency inverter (FU)-
specific) match the rating plate data.

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

NOTE

» Parameter P0308 or PO309 can only be viewed on the BOP or AOP if PO003 =
2. Depending on the setting of parameter P0100, either P0308 or P0309 is
displayed.

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

Lite = Ol 512650 5 <l ypani S 5
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( START )

i

Factory setting

P0003

|
el

P0O004

1
=

L J

User access level * 1

1 Standard: Allows access into most frequently used parameters
2 Extended: Allows extended access e.g. to inverter /O functions
3 Expert (For expert use only)

Parameter filter * 0

0 All parameters
2 Inverter
3 Motor

4 Speed sensor

PO010 =1

Commissioning parameter * 0

0 Ready

1 Quick commissioning
30 Factory setting (refer to Section 3.5.9)
NOTE

PO010 should be set to 1 in order to parameterize the data of the motor rating
plate.

Lite = Ol 512650 5 <l ypani S 5
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Y

PO100 =...

PO100=1, 2

PO100=0

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

For PO100 = 0 or 1, the setting of switch DIP50/60 determines the value of
PO100 (refer to Section 3.5.1).

P0205 =...| [P0205 =...

r L

OFF= kW, 50 Hz
ON = hp, 60 Hz
Inverter application (enters the required torque) 0

0 Constant torque (e.g. compressors, processing machines)
1 Vanable torque (e.g. pumps, fans)

NOTE
This parameter is only effective for drive inverters 2 5.5 kW /400 V

PO300 =._.||PO300 =_..

Select motor type 1

1 Asynchronous motor (induction motor)

2 Synchronous motor
NOTE
For PO300 = 2 (synchronous motor), only the V/f control types (P 1300 < 20) are
permitted.

Lile - (ol (5012650 5 Gl jpend S 5
www.matna-co.com




:

¥

P0304 =...

P0304 = | Rated motor voltage

FU-spec.

(Nominal motor voltage [V]

from rating plate)

The rated motor voltage on the rating
plate must be checked, regarding the
star/delta circuit configuration to
ensure that it matches with the circuit
connection configured at the motor
terminal board

P0305 =...

h 4
P0305 = | Rated motor current

|

|

FU-spec.

(Nominal motor current [A]
from rating plate)

P0307 =...

PO307 =...

Rated motor power FU-spec.

(Nominal motor power [KW/hp]

from rating plate)

If PO100 = 0 or 2, value will be in kW.
If PO100 =1, value will be in in hp.

PO'..THO‘ P0304
RNENIEINIE  3-Mot. 1LAT0084-4AAI0 N
o "E"/" SV epromarian o100t ecensoom (E°FD)
g '”_‘;l" 16kg IMBY 090L IPSS ThCLF (€
S0 Mz 23040 Y Y 60 Hz 460V |
() L3AWags4A LISAW 344
" oS0 081 | 1420min COBpOBT 172NN
22)-24(13u(142! 440480 VA
o2 54/%,0:.“ 36:3,3A
P0307|P0305

P0308 P0O311

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.

Lite = Ol 512650 5 <l ypani S 5
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' [P0308 =..

-
P0309 =_..

P0320 = ..

Rated motor cosPhi FU-spec.

(Nominal motor power factor (cos @) from rating plate)
If the setting is 0, the value is automatically calculated
P0O100 = 1,2: PO308 no significance, no entry required.

_' Rated motor efficiency

FU-spec.

(Nominal motor efficiency in [%] from rating plate)
Setting 0 causes interal calculation of value.
P0100 = 0: PO309 no significance, no entry required.

90.00 Hz

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

Rated motor speed FU-spec.

(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.

0.0

Motor magnetizing current

(this Is entered as a % referred to P0305)
Motor magnetizing current as a % relative to P0305 (rated motor current).

With P0320 = 0, the motor magnetizing current is calculated using P0340 = 1 or
using P3900 = 1 - 3 (end of the quick commissioning) — and is displayed in
parameter r0331.

Ui = Ol a) ol 5 G jaead S e
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P0320 = ...

Motor magnetizing current

0.0

(this is entered as a % referred to PO305)
Motor magnetizing current as a % relative to PO305 (rated motor current).

With P0320 = 0, the motor magnetizing current is calculated using P0340 = 1 or

using P3900 =1 - 3 (end of the quick commissioning) — and is displayed in
parameter r0331.

P0335=__.

P0640 =_..

Motor cooling 0
(Selects motor cooling system used)
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
150 %

Motor overload factor

(Motor overload factor in [%] relative to P0305)

This defines the limit of the maximum output current as a % of the rated motor

current (P0303). This parameter is set, using P0205 for constant torque, fo
150 %, and for variable torque, to 110 %.

Lile - (ol (5012650 5 Gl jpend S 5
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PO700 =...

Selection of command source
(enters the command source)

0

N o O —

]

Factory default setting
BOP (keypad)
Terminal

USS on BOP link

USS on COM link (control terminals 29 and 30)
CB on COM link (CB = communications module)

BOP

Terminals r=--

s ] | PO700=2
BOP link

Sequence control

LSS
COM link

P

CB

COM link

Setpoint Motar
channel ™ control

Lite = Ol 512650 5 <l ypani S 5
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P1000 =_.. Selection of frequency setpoint *

(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

11 MOP setpoint  + MOP setpoint

12 Analog setpoint + MOP setpoint

N L R —

=r]

76 CB onCOMIink + Analog setpoint 2
[T Analog setpoint 2 + Analog setpoint 2

(o] TR w—

Sequence confrol

ADC  p--

;o

———————————

FF

-EJED.Q.:.].Q__} Additonal
setpoint

h 4

Uss
BOP link

Uss P1000=12 Main
COM link setpoint

Setpoint Mator
channel control

¥

v

CB
COM link

ADC2

T O o 5 Ol S
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P1080 =...

Min. frequency 0.00 Hz
(enters the minimum motor frequency in Hz)

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

P1082 =..

Max. frequency 50.00 Hz
(enters the maximum motor frequency in Hz)

Sets maximum maotor frequency at which motor will run irrespective of the
frequency setpoint. The value set here is valid for both clockwise and
anticlockwise rotation.

P1120 =...

Ramp-up time 1000s
(enters the ramp-up time in s)

Time taken for motor to accelerate from standstill up to maximum motor
frequency (P1082) when no rounding is used. If a ramp-up time is parameterized
which is too low, then this can result in alarm A0501 (current limit value) or the
drive inverter being shutdown with fault FOOO1 (overcurrent).

P1121 =...

Ramp-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), A0502 (overvoltage
limit value) or the drive inverter being powered-down with fault FO001
(overcurrent) or FOO02 (overvoltage).

Ui = Ol a) ol 5 G jaead S e
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P1135=...

OFF3 ramp-down time

(enters the fast stop ramp-down time in 5)
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), AD502 (overvoltage limit value) or the drive inverter

being shutdown with fault FOOO01 (overcurrent) or FOO02 (overvoltage).

500s

P1300 =...

Control mode
(enters the required control mode)

0

N L R —

20
21
22
23

VIt with linear characteristic

Vifwith FCC

VIt with parabolic characteristic

V/f with programmable characteristic
V[T for textile applications

Vit with FCC for textile applications
VT confrol with independent voltage setpoint
Sensorless Vector control

Vector control with sensor
Sensorless Vector torque-control
Vector torque-control with sensor

Lile - (ol (5012650 5 Gl jpend S 5
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¥
P1500 =... Selection of torque setpoint * 0

(enters the source for the torque setpoint)

0 No main setpoint

Analog setpoint

USS on BOP link

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

Pl R =

o

L J
P1910 = __. Select motor data identification * (refer to Section 0) 0
l 0 Disabled
P1960 = ... Speed controller optimization * 0
0 Inhibited

In order to optimize the speed controller, the closed-loop vector control (P1.300 =
20 or 21) must be activated. After the optimization has been selected
(P1960 = 1), Alarm AD542 is displayed.

Lile - (ol (5012650 5 Gl jpend S 5
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‘ P3900 =1 \ End of quick commissioning 0

(start of the motor calculation)
0 No quick commissioning (no motor calculations)

1 Motor 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 |/0O settings to the factory setting
3 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 3.2.4).

N

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.

END

R
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[~ Main Supply
1157230 VAC
60/50 Hz

b = Inverter
| |
v I
| |
Attenuator
| . | s [ | sowe
l — PFC e Isolator Induction
: ok / Motor
| |
— N— W -
Isolator Feedback
Device
SMPS /
/| 6 Gate
Signals
pPIC® Isolator
Display and
and Microcontroller Driver
Control
Panel
- -

fa - )l 5180 5 @l yrend S g
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Input  Rectifier Fied Inverter
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VFD Faults: Input Phase Loss or Under-Voltage

« Verify phase-to-phase voltage.
« Verify input current in all 3 phases

« |f permissible, look at voltage drop across each pole of the
breaker or fuse. You must follow company procedures!

« Look at the connection points for the breaker or fuse — are they
discolored?

« Compare your meter readings to the VFD display — do they
agree? (Know how to use your meter and verify, measure and re-

verify.)

« Be aware — some VFDs monitor ripple current on DC bus to
indicate input phase loss / undervoltage.

« Management of DC bus without mains?

« Where's the squirrel? ) |
Uie = Ol ) oIS 5 Gl et S g
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VFD Faults: Ou'tput Phase Loss

« Verify balanced phase-to-phase output with your meter.

« Know that the reading may not be what you expect as
your meter may “ring” on the drive waveform.

« Balance is important . Best to drop the motor leads
when practical.

« |s there a bypass? Have you validated the isolation
contactor and it's control?

« VFD configured for bypass?
« Verify the motor lead connections.
« |s there a line of sight disconnect?

« Drive type and motor control algorithm will effect how a
VFD trips on OPL (ACS550 only trips in vector mode)
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VFD Faults: Instantaneous Overcurrent

« Start up problem or has VFD been running for some period?
« Balanced input and output voltage?

Check input current in each leg, as this verifies the rectifier.
Check output currents in each leg to verify the motor.

+ Motor ramping up in speed or only when approaching full speed

» Motor cables together or smoking insulation? All 3 motor leads
must be run together.

« Mechanical problem
» Bypass? Isolation contactor chattering? or pilot relay?
 Conduit box: taping inspected? Have leads rubbed together?

« Motor : location — wet, hot, ultra high efficiency
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VFD: Overload

« Initial Start-Up — Verify Paramter sets
« Measure DC bus — do you have a solid bus
« Has it ever run? What changed?

« Balanced output voltage? Phase-to-phase — check for
balance — not level.

« Balanced output currents?
« Set up issue: Acceleration too short, gains to high, PID

« Multiple motors in a common conduit? Tray? — What is the
Mfg. recommendation?

« Scope Available? Look at incoming waveforms — especially
if tripping at a higher speed (may be |I0C)
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Troubleshooting
VFD Faults: Ground Fault

« Motor leads up or down?

. Condition inside conduit?

« Most common is moisture in conduit or motor
« Corner Grounded Delta input?

« Subsidence?

« Multiple motor leads in conduit?

« Long motor leads — over 100'?

« How much ground current do you measure?

« What kind of conductor was used?
« Has it been ohmed out?

« Do you have a ground plane?
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VFD Faults: Unbalanced Currents

« Drop motor leads and verify output voltage phase-to-
phase.

« Roll motor leads (be particularly concerned about reversing
the motor). Does the issue follow the motor lead or stay in
the same phase?

« Conduit box: Taping, connections, and skinned
wires/connection.

« Grounding.

 Motor: If output voltages are balanced, then direct attention
to motor.

« Lugs discolored

« Motorintegrity . . .
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VFD Faults: DC Bus Overvoltage

« Mains Overvoltage
« Possible spike or change in the line voltage.
« PFCC (notice time of day).
« Lightening.
« Line strike (power pole strike).
« Line reactor.
« DB resistors.
« Regenerative Overvoltage
« Has application worked in past?
« Overhauling Loads.
« Deceleration ramp.
« DB resistor: Installed, OL tripped.

+ Decel ramp adaptation; automatic extension of ramps.

www.matna-co.com



Fault History

« Many VFDs have a fault history.
« Review for multiple faults. If time stamped note time.
« More then one fault may have happened at the same time.

« Self test ?

« Reference the VFD manual.
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Figure 1: Current Flow during Line-to-Line Short
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Figure 2: Current Flow during Ground Fault
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Figure 3: Current Flow during Shoot Through Mode
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Figure 16. Timing Diagram
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Isolated Interface Circuit for Seven-Pack IPMs
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Figure 6.36 Isolated Interface Circuit for Dual Intelligent Power Modules
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