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Technology (index)

A

Absolute encoder

Determines the angle or distance moved through by reading a numerical value. Absolute encoders can
provide the measured data that have been determined either bit-parallel, serially or via a fieldbus.

SSI (Synchronous Serial Interface), EnDat and DRIVE-CLIQ are serial interface protocols for absolute
encoders that have established themselves. There are rotary and linear absolute encoders (linear scales).
Further, a distinction is made between encoders that only provide unique position information through one
revolution (single-turn encoders) and those that can map several revolutions (multi-turn encoders).

Optical sin/cos encoder

Gear
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Indexing disk

Photo
Light elements
source
Scanning
plate

Binary coding of one

Code disk
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Incremental
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Multiturn absolute encoders

AC power controller
AC power controllers are AC converters.

They supply a variable output voltage from a fixed input voltage. The output voltage depends on the control
and has a maximum value equal to the input voltage. For phase angle control, the output frequency

(fundamental) is equal to the input frequency.

Control o Line
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AC power controller with phase angle control
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The converter unit comprises thyristors, which are connected in an anti-parallel configuration in the AC
infeed. If both thyristors are periodically fired with delay angle a in each half wave, it is possible to vary the
output voltage continuously from the full value at a = 0° to zero at o = 180° with ohmic loads. With a purely
inductive load the current lags the voltage by 90°. This means that the same voltage variation can be
achieved here by varying the delay angle from 90° to 180°.

MM A
VY VYV "

Switch-on time —

Switch-off time

Output voltage of an AC power controller for multi-cycle control

With multi-cycle control, the AC power controller acts as switch, which supplies the load with a variable
number of full waves during the on time and blocks the current flow during the off time. AC power controllers
with multi-cycle control are not used for drives.

| L2

Three-phase AC power controller and load connected in a delta configuration

NI I LN
AN VA VA

Voltage U, in one phase of the load as a function of the delay angle o

For three-phase AC power controllers, three anti-parallel pairs of thyristors are arranged in the three-phase
AC infeed of a load. The power of a three-phase load can be continuously controlled using phase control of
the positive and negative half waves of each phase. Depending on the delay angle setting, considerable
harmonic currents may occur both in the load and also in the three-phase line supply.

For drive systems, three-phase AC power controllers are used to control the speed of squirrel cage induction
motors. Due to the fact that the motor torque decreases with the square of the voltage, the motors have
resistance rotors which cause the breakdown torque to be shifted towards zero speed. In partial speed
operation, significant losses occur in the rotor circuit as the slip power is converted into heat. Three-phase
AC power controllers are primarily used for drives with square-law speed-torque characteristics. These
include, for example, fan drives and centrifugal pumps up to approx. 6 kW, as well as drives for short-term
duty (cranes). They are also used as starting aid.
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Acceleration time
See Starting time.

Acceleration torque

Acceleration torque Mg is the difference between the torque that can be generated by a drive and the load
torque of a driven machine. The drive only accelerates if the torque of the drive M, is greater than the load
torque M, of the driven machine. In steady-state operation, the torque of the drive M, is equal to the load
torque M,. If the load torque M, is greater than the torque of the drive M,, then a deceleration torque is
generated, i.e. a braking torque.

. —m,
El/ : Ma Drive torque . .
Mo M. Load torque of the driven machine
: Ms Acceleration torque
n n

The acceleration torque is proportional to the moment of inertia J of the motor and the load, the difference An
of the speeds before and after acceleration and the required acceleration time 5.

See also Chapter Mechanical variables, Formulas.

Accuracy

According to VDE/VDI 2185, in control systems, accuracy is the deviation of the —Actual value of a
controlled variable from the specified setpoint - on the average, repeatable and underrated operating
conditions. Deviations between the actual value and setpoint are caused by internal inaccuracies in the
controller and inaccuracies when measuring the actual value.

Accuracy must not be confused with the "resolution" of the actual value. In practice, the resolution must be
between a factor of 2 and 10 higher than the specified accuracy.

In practice, for variable-speed drives, generally the —Closed-loop control stability is more important than the
accuracy. The stability (constancy) depends on external disturbance variables such as temperature, speed
and the effects of long-term drift.

Active Front End (AFE)

This is a line-side converter that provides a constant DC link voltage for a voltage source —PWM inverter.
The AFE circuit comprises a PWM inverter. On the AC side, this is not connected to the motor, but to the line
supply. Contrary to an infeed equipped with diode rectifier, this means that the power can be fed back into
the line supply from the DC link.

Active Infeed

The Active Infeed is an actively pulsed, closed-loop controlled infeed/regenerative feedback unit that is
commutation failure proof - and is suitable for four-quadrant operation, i.e. for an energy flow both from the
line supply to the DC link as well as in the reverse direction. An Active Infeed unit can also actively correct
the power factor (AFE technology).

It comprises a self-commutated IGBT inverter (Active Line Module). This employs the pulse-width modulation
technique and a Clean Power Filter (Active Interface Module).

The Clean Power Filter essentially filters out the harmonics from the pulse width modulated voltage of the
Active Line Module and ensures that an almost sinusoidal current is drawn from the line supply - therefore
ensuring very low line harmonics.

The Active Infeed is the top-of-the line infeed version for SINAMICS. It is an integrated component of the
SINAMICS S150 cabinet units and is available as Active Line Module, together with the Active Interface
Module, as autonomous infeed in the modular SINAMICS S120 system. It is available in the Chassis and
Cabinet Module formats.
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See also Active Line Module.

Active Interface Module

For SINAMICS S120 and S150, it is part of the Active Infeed with the line-side components required for the
Active Line Module - such as filter, series resistors and bypass contactor.

Active Line Module
Part of the Active Infeed of the SINAMICS S120 and SINAMICS S150 series (see Active Infeed).

Load disconnector Active Interface  Active Line
and fuses or Module Module
circuit-breaker

Bypass

contactor Motor
Module

o

See also Active Infeed, Line Module, Basic Line Module, Smart Line Module.

Actual value

The actual value is the value that the controlled variable (or the variable being considered) actually has at the
instant in time being considered. Frequently, in addition to the actual controlled variable (current, speed),
other variables are also evaluated in the closed-loop control; for instance, to implement protective functions
(DC link voltage) or in order to indirectly calculate the controlled variable from other actual values using a
model. The devices used to measure actual values are called actual value sensing devices.
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Adaptive control

For an adaptive control, the characteristics of the controller (e.g. gain, integral time) are continually adapted
to the changing characteristics of the control loop (e.g. time constant, gain).

Example: Armature current controller with pulsating current adaptation; this means that the controller is
adapted to changes in the controlled system characteristics at the transition to pulsating current operation.

Asynchronous motor
See Induction motor.

Armature circuit time constant

The armature circuit time constant Tk essentially defines the delay in the current control loop of a variable-
speed DC drive with subordinate armature current control.

This is obtained from the armature circuit inductance Lak (this is the sum of all of the inductances in the
armature circuit) and the armature circuit resistance Rak (sum of all of the ohmic resistances in the armature
circuit).

Tak = Lak / Rak

Automatic restart

After a line supply failure, the automatic restart function automatically restarts a converter when the line
supply returns. The line failure fault does not have to be acknowledged. The automatic restart function can
help, for example, to minimize drive downtimes and production stoppages. However, close attention must be
paid to the potential risk posed by a drive which restarts after a prolonged line supply failure without
intervention of the operating personnel.

To ensure the safety of personnel in this potentially hazardous situation, it may be necessary to implement
external control measures (e.g. cancellation of the ON command).

Typical applications for the automatic restart function include pump, fan and compressor drives which
operate as stand-alone drives and often without the supervision of on-site personnel. Automatic restart is not
used for coordinated drives for continuous material webs and motion control.

The following versions of the automatic restart function can be parameterized in the SINAMICS drive series:
= Restart after failure of the power supply if the 24 V electronics supply is still available
= Restart after a failure of the 24 V electronics supply
= Restart after any type of shutdown due to a fault
The following actions can be parameterized:
= Acknowledgement of the line supply failure signal (e.g. multi-motor drives, DC line-ups)
=  ON command when the parameterized delay expires
= ON command with flying restart
The number of start attempts initiated within a parameterizable time period can be set.

The —Flying restart function can be activated in conjunction with automatic restart in order to bumplessly
connect a motor which may still be rotating.

Axis
For servo drives, an axis involves the complete drive system comprising motor, encoder, power unit, drive

control (closed-loop current/speed control) as well as possible motion control functionality (e.g. positioning,
synchronous operation, cam disk).

In SINAMICS drive technology, the term drive is used instead of axis for all sectors and control types.
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B

B2 connection

The B2 connection, which is uncontrolled and therefore has 4 diodes, is predominantly used as rectifier for
smaller PWM converters (<10 kW) or to supply the field of smaller machines. The B2HZ connection is half
controlled, i.e. it has 2 diodes and 2 thyristors and is used to supply the armature current for single-quadrant
drives where only one torque direction is used.

[ dia.
L \ UL Ud\
a2 U o o = 60° T

BN ANV AW AW A

Udm, \ \ OJt 0
I, - / / rr. T .1 o
(M \ \ 60°  120° 180°
~ v 30°  90° 150°
Circuit diagram Voltage characteristic Control characteristic

Single-pair controllable B2 connection, B2HZ

For the B2HZ, the DC voltage can be controlled from Uy down to zero. During the zero voltage intervals, the
two diodes 3 and 4 behave as free-wheeling arm and conduct the current, therefore relieving the load from
the controlled power semiconductors. Inverter operation is not possible.

The B2C (Controlled) is fully controlled, i.e. is equipped with 4 thyristors. It is used for multi-quadrant
operation, i.e. where inverter operation is also required. The full value of Uy cannot be achieved when
controlled as a result of the inverter stability limit.

Udiu
Udi
1 u
/L\ *u
L
T 1 1 a2 U a o= 60° 05 —+
Y DN L - 1500
3 4 o o
camuen B FaNr AW AWAY

L I d / \/ \/ \ dia 60° o
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—:I—@— \// \// _—10.866

Circuit diagram Voltage characteristic Control characteristic

Fully-controlled B2 connection, B2C
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B6 connection

This is the most commonly used connection for converter drives. The uncontrolled B6 connection (with 6
diodes) is used as a rectifier for PWM converters. The fully-controlled B6C connection with 6 thyristors is
predominantly used, which can be used for rectifier and inverter operation. When in the inverter mode, the
inverter stability limit must again be carefully observed.
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Circuit diagram Voltage characteristic Control characteristic

Fully-controlled B6 connection, B6C

In order to reduce the number of controllable power semiconductors, the B6 connection can also be
equipped with 3 diodes and 3 thyristors if inverter operation is not required. The circuit is supplemented by a
free-wheeling arm, which conducts the current during the zero voltage intervals when operating with high
delay angle settings. The code for this connection is B6HF (Half-controlled with Free-wheeling arm). The DC
voltage can be controlled from Uy down to zero. However, the current ripple is higher than for the fully-
controlled B6 connection.
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Half-controlled B6 connection with free-wheeling arm, B6HF

Balancing control

For a —»Three-level inverter, the DC voltage link comprises two capacitors connected in series, which should
be charged up to the same voltage. In operation, an uneven voltage distribution can occur e.g. due to small
dissymmetries of the dynamic load, which can be counteracted by using a closed-loop balancing control.
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Basic Line Module

Uncontrolled infeed unit of the SINAMICS series of devices for two-quadrant operation without regenerative
feedback. It is used to rectify the line supply voltage for the DC link.

The Basic Line Module comprises a line-commutated, 6-pulse three-phase bridge circuit - equipped with
either thyristors or diodes. Generally, an upstream line reactor is connected with a relative short-circuit
voltage of 2 %.

For the SINAMICS G130 chassis units and the SINAMICS G150 cabinet units, it is an integral component of
the power units; for the modular SINAMICS S120 system, it is available as an autonomous infeed unit in the
Chassis and Cabinet Module formats.

Load Line filter Line Basic Line
disconnector reactor Module
and fuses or

circuit-breaker

J—E—,/—!I-[C/JJJ L B

Fiis e

Main =
contactor Motor
Module

®

See also Line Module, Active Line Module, Smart Line Module.

Blocksize

Cube-shaped converter format. Generally, with optimized envelope dimensions to operate one motor (single-
axis device).

See also Booksize, Chassis.

Booksize

Book-shaped converter format that is narrow and deep. These devices can be mounted side-by-side in a
line-up. These are primarily used to operate several motors (multi-axis group).

See also Blocksize, Chassis.

Brake control

This is a software function specifying the instant when a mechanical holding brake or operational brake has
to be applied; either within a duty cycle in the case of a momentary standstill - or in the case of a fault.

Braking chopper

Braking choppers with braking resistor are predominantly used for drives with infeeds that are not capable of
energy recovery, although these are also designed to occasionally brake high inertia masses.

For —DC link converters with diode rectifier, the power that is generated when a drive is braked, cannot be
fed into the line supply from the DC link (i.e. energy recovery is not possible). If no counter-measures were
applied, the DC link voltage would increase and destroy the converter. A —DC chopper controller or chopper
switches a braking resistor with a certain mark-to-space ratio to the DC link voltage. This therefore limits the
DC link voltage to permissible values and converts the braking energy that is generated into heat.

A braking chopper can also be used for infeed units that are capable of energy recovery if, for safety
reasons, it is necessary to stop the drive in a controlled fashion when the power fails.

See also Braking Module.
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Braking Module

Electronic switch or chopper (braking chopper) belonging to the SINAMICS series of devices, that together
with an external braking resistor forms a Braking Module.

The Braking Module includes the power electronics and the associated control circuit. In operation, the DC
link energy is converted into heat in an external braking resistor mounted outside the control cabinet.

The Braking Module is connected to the DC link and operates completely independently as a function of the
DC link voltage amplitude.

See also Braking chopper.

Braking power

Regenerative power fed into the DC link from one or several inverters (Motor Modules for SINAMICS) e.g.
when a load is lowered or a motor is braked (see Braking resistor).

Braking resistor

A resistor which is used to dissipate excess power in the DC link. The resistor is connected to a braking
chopper (Braking Module). This means that the resulting heat loss (thermal loss) is dissipated outside the
control cabinet (see Braking power).

Braking torque
See also Acceleration torque.

Breakaway torque

The breakaway torque is the torque required to start a driven machine. In some cases, e.g. for extruders,
rock crushers or rotary cement kilns, it is significantly higher than the rated torque. This must be taken into
account when dimensioning the converter.

Bridge connection

The characteristic feature of converter bridge connections or double-way connections is that an alternating
current flows in the feeder cables on the AC side. Bridge connections do not require a line supply neutral
point (neutral conductor or transformer star point) and can be connected directly to the AC line supply. The
single-phase bridge connection (double-pulse bridge connection B2) is used for drives with lower power
ratings up to approximately 10 kW; the three-phase bridge connection is used above 10 kW (six-pulse bridge
connection B6).

Brushless excitation

The brushless excitation of a synchronous machine comprises rotating rectifiers - mounted on the shaft - and
an exciter. This exciter is mounted on the same shaft as the synchronous machine and transfers the
excitation power to the rotor using a magnetic field. The three-phase current transferred from the exciter is
rectified by the rotating rectifiers and fed to the field (excitation) winding. The excitation current can be
controlled using the stator voltage of the exciter, which is e.g. possible using three-phase power controllers.
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C
Cable length

The length of power cables in drive systems is limited. This applies both to the length of motor cables as well
as the length of DC link cabling for drive line-ups.

The cable capacitance is a limiting factor. For long cables, it results in high re-charging currents which can
result in inadmissibly high overvoltages.

The cable capacitance is especially high for screened cables.
The Voltage Clamping Module is used in SINAMICS to "cut off" overvoltages (peaks).
See also Sine-wave filter.

CAD CREATOR

The CAD Creator is a PC tool for machine and plant/system design engineers. It supplies
» Dimension drawings with dimensions in mm or inches
» 2D and 3D CAD data
for
» Synchronous servomotors
* Induction servomotors
» Servo geared motors
+ Servo torque motors
» Converter components from the SINAMICS S120 system
*+ MOTION-CONNECT connection system
in all of of the important formats such as PDF, DXF, STP, IGS

Capacitor Module

This module belongs to the SINAMICS product family and is used to increase and buffer the DC link
capacitance. It can be used to compensate a brief power failure or buffer the braking energy.

Cascade control

Cascade control means sharing the functions of a control system over a number of progressively
subordinated control loops. The objective is to improve the optimization of the complete closed-loop control
and/or control and delimit intermediate controlled variables.

The closed-loop speed control of a separately-excited DC motor with subordinate closed-loop current control
is an example of a cascade control. In this case, the current control loop is subordinate to the speed
controller. The speed controller provides the current controller with the current setpoint required to maintain
the required speed. The current controller controls the armature current corresponding to the specified
setpoint and very quickly responds to current changes caused by disturbance variables - such as line supply
voltage fluctuations or load changes.

Speed Current
setpoint setpoint
n An iAw —_
w Con-
—»0—> \—/. O - - -
| /N7 . | IL S'Z verter
-n -iy —
Speed Current Gating
controller controller unit
f) Measuring
Current \Y transducer
limiting
Speed M -
encoder —_/® = constant
Closed-loop speed control with lower-level armature current control
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Central Braking Module (CBM)

The CBM from the SINAMICS product family limits the DC link voltage at a central location in the drive line-
up when the motors are regenerating and it is not possible to regenerate into the line supply.

Chassis

Converter unit format for higher power ratings mounted on an open frame (chassis) with a low degree of
protection for installation in a control cabinet.

See also Blocksize and Booksize.

Chopper
See DC chopper controller.

Circulating current

Circulating current is a DC current that in a double converter only flows through the two partial converters,
i.e. not through the load. This is caused by the different instantaneous values of the voltage on the DC side
of the partial converters.

See also Circulating current reactor, Inverse parallel connection.

Circulating current carrying converter connection

Connections with circulating current are connections comprising double-way converters equipped with two
partial converters for operation in the four quadrants of the DC current - DC voltage chart; one of these
partial converters operates in the rectifier mode and the other in the inverter mode. Current transfer from one
partial converter to the other when the torque direction changes is realized without a zero torque interval.

Circulating current reactor

Circulating current reactors are used in double converters with circulating current. They are smoothing
reactors on the DC side of each of the two partial converters that are simultaneously controlled. These
smoothing reactors have the function to limit the circulating current flowing through the two partial converters.

Circulating current-free converter connection

A double-way converter in the inverse parallel connection can be operated without any circulating current by
only controlling one partial converter while the firing pulses for the second partial converter are blocked. The
current transfer from one partial converter to the other when the torque direction changes results in a short
zero torque interval. An electronic sequential logic stage is required to detect zero current and subsequently
block one of the partial converters and enable the other.

See also Inverse parallel connection.

Clock frequency

The clock frequency is the frequency used to periodically trigger the arm of a converter circuit. For line-
commutated converters this is the frequency of the AC line supply; for load-commutated converters it is a
frequency specified from the load, e.g. the rotor position encoder of a synchronous motor. For self-
commutated converters, the clock frequency is specified by a control system belonging to the converter unit.

Closed-loop control stability

The stability of a closed-loop control system is the maximum remaining, steady-state deviation of the
controlled variable (of the actual value) from the set value under the most unfavorable combination of
disturbance variables. The deviation is referred to the nominal value of the controlled variable. Temperature
changes, changes in the power supply voltage or the load are typical disturbance variables. The dynamic
behavior of the control loop can briefly result in additional deviations.

For many applications, a good speed stability is far more important than high —Accuracy, e.g. for multi-motor
drives with continuous material webs such as is the case for paper and textile machines.
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Closed-loop position control

Closed-loop control structure, which equalizes the difference between the position setpoint and position
actual value (see Position controller).

Closed-loop speed control

The closed-loop speed control of a variable-speed drive has the task to control the speed according to a
specified setpoint (command variable) as accurately as possible and without any overshoot.

Line supply
setpoint S d I
pee A setpoint |
~| controller Curent | SIZ
»| controller
M e . Current
et ) control loop l,
Speed control Measuring | _
loop transducer
Driven
Measuring machine
transducer

Block diagram of a closed-loop speed control system

In this case, the speed controller continuously compares the speed setpoint with the speed actual value
supplied from the tachogenerator (controlled variable). In the event of deviations due to disturbances (e.g.
line supply voltage fluctuations, load changes, etc.), the manipulated variable for the speed (this is generally
the current setpoint for the armature current control loop) is changed so that the speed is restored to the
specified value.

See also Cascade control.

Cold plate cooling

Cold plate cooling is a cooling system used for SINAMICS power units. The cold plate is fixed to the rear of
the unit instead of the "normal" ribbed heat sink. The cold plate is a flat aluminium cooling plate that has
numerous vertical holes. This cold plate represents a "neutral" thermal interface for cooling versions that are
implemented by the customer. Among others, the customer has the following options to cool the power unit
using a cold plate:

1.) Using the appropriate connections, which are available as accessories, the cold plate can be
transformed into a water cooler. In this case, the cooling water flows through the vertical holes
mentioned above.

2.) An external customer-specific water cooler can be screwed evenly onto the cold plate.

3.) An external customer-specific ribbed or other heat sink can be screwed evenly onto the cold plate. In this
case, for instance, a heat sink with wide ribs can be used; under certain circumstances, it can help to
avoid blockages due to fiber and lint in the ambient air (e.g. in textile and paper applications).
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Commutating dip

During commutation, two thyristors conduct current; as a consequence, two phases of the line supply are
short-circuited through the reactances of the line supply, where relevant, also the transformer leakage and
—Commutating reactor. The line reactance and the commutation reactance of the converter act as inductive
voltage divider. As a consequence, the line supply voltage briefly dips during the overlap.

The magnitude of these dips in the voltage of an AC line supply to which a converter is connected during a
commutation process depends on the ratio between the commutation reactance xt of the converter (leakage
reactance of the converter transformer, reactance of the commutating reactor) and the line reactance xy.
With a view to other loads connected to the same line supply (also other converters) - according to

DIN EN 61800-3 - the voltage dip should not exceed 20 % of the peak value of the fundamental.
Commutating reactors must be provided to maintain this limit if the transformer leakage reactance is too low
or when the converter is connected directly to the line supply.
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Commutating dips in the line supply for a three-phase bridge connection (B6C)

Commutating reactor

This is a reactor located in the commutation circuit. It is used increase the commutation inductance up to the
required value.

See also Commutation, Commutating dip, Line reactor.

Commutation

Commutation in a converter is the transfer of the current from one arm of the converter circuit to the following
arm. Together with the commutation voltage source and the commutation inductance x, both arms form the
commutation circuit, in which the characteristic of the commutation current ix is defined by the reactance and
the ohmic resistances.

For a line-commutated converter, e.g. in a B6C connection, commutation starts with the firing of the following
power semiconductor (3) and ends when the current in the power semiconductor - from which current is to
be commutated - goes to zero (1). The duration of the commutation is the "overlap time" and is specified as
overlap angle u in electrical degrees. It is dependent on the magnitude of the current, the delay angle a and
the inductances in the commutation circuit.
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IEC 60050-551 contains more detailed information.

Commutation process for a three-phase bridge connection (B6C)

Commutation reactive power

The overlap u of the current in the two commutating arms of the converter circuit extends the amount of time
that the power semiconductor to be replaced conducts current; this means that its current is shifted so that it
lags. The resulting proportion of the total reactive power is called the commutation reactive power.

See also Reactive power (Fundamental-frequency reactive power), Commutation.

Control characteristic

The control characteristic of a transfer element in general is defined as the steady-state characteristic of an
output variable depending on the control of an input quantity. When it comes to converter systems, the
control characteristic means the relationship between the output voltage of a converter and the delay angle a
or the input signal of the gating unit. The control characteristic of the gating unit alone is the relationship
between the delay angle a and the input signal.

Control deviation
This is the difference between the setpoint and actual value.

Control loop

A control loop is a closed circuit comprising a controller and a controlled system. The controlled variable x is
sensed at the output of the control loop and compared with the setpoint w at the input of the control device.
The difference between the controlled variable and the setpoint w, e.g. due to disturbance variable z, causes
the controller to influence the control loop using the manipulated variable y, so that this difference is reduced
(see also DIN EN 61800-4).

z w Setpoint
y l x  Controlled variable
w X
— Controller | Actuator [——»0O—= Cz;;:gl:d y Manipu|ated variable
-X z Disturbance variable (e.g. load)
Control loop characteristics
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Control loop, dynamic behavior

The dynamic behavior of a control loop is the transient response of the controlled variable x to a change in
the setpoint w or a disturbance variable z. It is characterized by the rise time, the settling time and the
overshoot following a step change in the setpoint or disturbance variable. For a step change in setpoint w,
the rise time and settling time start with this step change. The rise time ends when the controlled variable x
enters the specified tolerance range for the first time. The settling time ends when the controlled variable x
re-enters the tolerance range and then remains there.

For a step change in a disturbance variable, the rise time and settling time start when the tolerance range is
exited. The rise time ends when the controlled variable x re-enters the tolerance range for the first time. The
settling time ends when the controlled variable re-enters the tolerance range and remains there.

In both cases, the overshoot is the maximum transient deviation of the controlled variable x from the setpoint
to be set.

tise Rise time
)z( fetie 1 teette  Settling time
x 1 j[ U o Overshoot
_——AX i
L \JUV = Ax  Specified tolerance band
0 T
zl |

t t

Transient response to a step change in Transient response to a step change in
the setpoint the disturbance variable

Control precision

The control precision is the deviation of the controlled variable from the setpoint that has been set, referred
to the maximum value of the controlled variable. It depends on the accuracy of the individual elements in the
control loop - such as setpoint generator, amplifier, actual value encoder - regarding the influence of
disturbance variables. It also depends strongly on the temperature and supply voltage.

See also Closed-loop control stability.

Control pulse

The pulses output from the gating unit can have various forms, e.g. short pulse, long pulse, double pulse,
pulse train. In order to quickly block a converter, the control pulses can either be immediately suppressed
using an external signal - or for line-commutated converters, can be shifted to the inverter stability limit.
Terminology for gating units is defined in IEC 60050-551 (see also Inverter stability limit).

I |/ | F LI

Short  Long pulse Double Steep pulse with Pulse train
pulse pulse long pulse

Various forms of control pulses

Control reactive power

The control reactive power is that part of the total reactive power of a converter, which is obtained from the
displacement of the fundamental-frequency current relative to the voltage resulting from phase control.

See also Reactive power (Fundamental-frequency reactive power).
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Control Unit

Central control module in which the closed-loop and open-loop control functions are implemented for one or
several SINAMICS Line Modules and/or Motor Modules.

Controlled system

The controlled system is that part of the control loop on which the controller acts via the manipulated
variable.

See also Control loop.

Controller

A controller in a converter-fed, variable-speed drive is a device comprising electronic components and
software, whose input and output quantities are formed using electrical signals. The required control
response is obtained with the appropriate design. The three principle controller types are:

1. P controller Proportional-action controller.
The output quantity is the same as the (amplified) difference between the setpoint and
actual value.

2. | controller Integral-action controller
The output quantity is equal to the integral of the difference between the setpoint and
actual value.

3. Pl controller Proportional plus integral-action controller
The output quantity comprises the amplified difference and the integral of the difference
between the setpoint and actual value.

For a step change in the setpoint-actual value difference, the following transient functions are obtained for
the output quantity.

U, u u

A A

t t t
P controller | controller Pl controller

Controller transient function

Converter
A converter converts electrical energy in one of the following ways:
+ DC current into AC current (inverter)

* AC current into DC current (—Rectifier or DC converter used to operate DC motors or —Line Module
used to generate the DC link voltage for three-phase drives)

» AC current of a specific frequency and voltage into AC current with a different frequency and voltage
(e.g. Frequency converter used to operate three-phase motors).

See also Frequency converter.
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Converter-fed motor

A converter-fed motor is a variable-speed three-phase drive. It comprises a DC link converter and a
synchronous motor, whereby the motor controls the converter itself. The dynamic behavior corresponds to
that of a converter-fed DC drive. When motoring, the line-commutated converter I acts as a rectifier.
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My Speed 'w‘ Current . Gating [ = A Converter
controller controller unit | ™ ™ I
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—™| Switchover [ Pulse 4[ I~ N Converter
stage »| distributor | < < I
L ) . )
N i
Rotor position
encoder Converter-fed

motor
Exciter

Block diagram of a converter-fed motor

It is connected via a DC link with a smoothing reactor as energy storage device with converter 1I that
operates as an inverter; this inverter is also referred to as an electronic commutator.

This inverter cyclically feeds the three-phase armature winding in the stator so that instead of a continuously
rotating field, six discrete constellations of the armature flux are obtained. A rotor position encoder provides
the clock pulses used to advance the armature current, and more precisely, dependent on the rotor position
and therefore depending on the axis of the field ampere turns (excitation flux in the rotor). The mean position
of the stator flux relative to the rotor flux thus remains constant as is the case with a DC motor. The
synchronous motor can only provide the commutation voltage to switch the stator current above a minimum
speed. This is the reason that to start the motor, converter I is used to bring the DC current I, periodically to
zero and then fire the next inverter power semiconductor (DC link pulsing). To reverse the torque, converter
I1 is changed over to rectifier operation and converter I to inverter operation. Contrary to a converter-fed DC
motor, there is no need for reversing contactors or an inverse parallel converter.

Converter-fed motors are used for variable-speed three-phase drives for processing machines, large fans
and blowers, pumps and compressors as well as to start gas turbines and pumped-storage machines with
power ratings up to 100 MW.

Counter torque
A driven machine represents an opposing torque or load torque for the drive.
See also Acceleration torque, Load torque.

Current limiting

For a variable-speed drive, it is necessary to protect both the converter as well as the motor against
overcurrent. The converter is protected by the current limiting, which is realized by limiting the manipulated
variable at the speed controller output.
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Cycloconverter

Cycloconverters are AC converters that operate without any energy storage device - i.e. they do not have a
DC link. They can be used for applications where output frequencies of less than approximately 0.5 x the
input frequency are required. A reversible converter in a circulating current-free inverse parallel connection is
operated with a continuously changing delay angle so that the mean values of the DC voltage change
according to a sinusoidal function of time with the required frequency.
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Voltage and current with respect to time at the output of a cycloconverter

A cycloconverter with a three-phase output can be configured using three reversible converters. The
thyristors are fired to produce three alternating currents or voltages offset through 120° with respect to one
another at the output. In this three-phase system, the voltage and frequency can both vary continuously and
independently of one another - the direction of rotation can also be changed by interchanging the phase
sequence. Cycloconverters are used to control the speed of low-speed polyphase machines up to very high
power ratings.
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Cycloconverter with three-phase output
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D

DC chopper controller

DC chopper controllers are DC converters that have no AC link. There is a direct electrical connection
between the DC input and DC output.

Step-down controller or chopper

The power semiconductor in the main arm (in this case, an IGBT) is periodically turned on and turned off to
control the DC voltage at the output. After the IGBT has been turned off, the motor current can continue to
flow via the free-wheeling arm until the IGBT is turned on again. The circuit shown is also known as a step-
down controller or chopper. The chopper output voltage is always less than the input voltage.

The output voltage is controlled either by varying the on duration T, with a constant period T (pulse width
control) or (less frequently) by changing period T with a constant on duration T, (pulse frequency control).

inl Inininnnisl

T = constant T, #T, T = constant T, #T,

UL UL

Pulse width control Pulse frequency control

Using the same circuit components, although with a slightly modified circuit, the motor can be braked and
energy can be fed back to the voltage source in a pulsed form (—Step-up controller). By combining both
circuits, a DC chopper controller can be used for multi-quadrant operation. DC chopper controllers are mainly
used to control the speed of DC traction drives, which are supplied either from batteries or DC traction
systems (e.g. trams and subways).
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DC drives

A variable-speed DC drive is a combination of a controllable converter and a DC motor (DIN EN 61800-1).
The speed is changed by varying the armature voltage or the field current. Depending on the required
direction of rotation and torque, a distinction is made between single-quadrant and multi-quadrant drives.

Single-quadrant drives
with one-way converter

half-controlled

fully-controlled

Multi-quadrant drives
with double-way converter

with one-way converter

switchover in the

switchover in the

circulating current-

circulating current-

armature circuit field circuit free inverse free cross
parallel connection | connection
1~/ 3~ 1~/ 3~ 1~/ 3~ 1~/ 3~ 1~/ 3~ 1~/ 3~

L

Bh

J;;

RS

:

i

7 &

L

B it

2

L

B -

Power range

1~to 10 kW
3~ to 100 kW

Power range

1~ to 10 kW
3~to 10 MW

Rotation reversal
with the same
torque direction
possible

Converter-fed DC drives

Power range

1~ to 10 kW
3~ to 300 kW

Zero-torque
interval:

0.1t00.2s

Power range

1~to 10 kW
3~to 10 MW

Zero-torque
interval:

05to2s

Power range

1~ to 10 kW
3~to 10 MW

Zero-torque
interval:

2to 10 ms

Power range

1~to 10 kW
3~to 10 MW

Zero-torque
interval:

none

For multi-quadrant drives, depending on the requirement regarding the frequency of direction changes and
the precision of closed-loop control, a distinction is made between a one-way converter and a double-way
converter (also called reversible converter).

DC link

Frequently, the conversion task that a converter is to fulfill is better solved if the voltages and currents are
converted in two steps. AC current conversion or frequency conversion is frequently realized by first creating
a DC link with constant voltage or constant current and then generating the required AC or three-phase
system from this in a second conversion process using an inverter.

DC link converters

DC link converters consist of a line-side converter and a load-side converter, which are connected through a
DC link. This DC link includes passive smoothing elements such as capacitances or inductances. A
distinction is made between voltage-source DC link converters and current-source DC link converters
depending on whether the DC link has an impressed voltage or an impressed current.

Voltage-source and current-source DC link converters are used to control the speed of induction and
synchronous motors.
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Voltage-source DC link converter

These types of converters are classified according to three different basic versions, which provide the
converter output voltage in different ways.
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1) Converter with controlled 2) Chopper converter ) PWM converter

3.

input voltage

Converter with controlled, line-commutated converter, variable voltage-source DC link and 6-pulse
inverter.

Converter (so-called chopper converter) with uncontrolled, line-commutated converter, constant voltage-
source DC link, downstream DC controller (chopper), variable voltage-source DC link and 6-pulse, self-
commutated converter.

Converter (so-called PWM converter) with uncontrolled, line-commutated converter, constant voltage-
source DC link and pulse-modulated, self-commutated converter.

Today, only the third version has any practical significance because it has the best line-side properties
combined with the lowest costs.

Current-source DC link converter

This type of converter has three basic versions that essentially differ by the way they are adapted to the type
of motor used.

a) Converter with controlled, line-commutated converter and load-side self-commutated converter (e.g. with
phase sequence commutation) for squirrel-cage induction motors.

b) Converter with controlled, line-commutated converter and load-side, motor-commutated as well as
motor-clocked converter for three-phase synchronous motors.

c) Converter with controlled, line-commutated converter and load-side, uncontrolled, motor-commutated
converter for the rotor circuit of a three-phase slipring motor.
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Current-source DC link converters for
a) Squirrel-cage induction motors
b) Synchronous motors
¢) Slipring induction motors

Here, only version b) is still of practical significance.

Dead time

The two IGBTSs of a bridge arm (one phase) in PWM inverters may never be simultaneously turned on, as
otherwise the DC link voltage would be short-circuited and extremely high current pulses would be
generated. In order that this is also guaranteed when changing over the output voltage of the phase involved,
the two control signals of the transistors are interlocked with one another. An IGBT is only turned on if, after
turning off the other IGBT, the so-called dead time has expired. This means that different delay times when
turning on and turning off or different signal run times of the driver stages can no longer cause any problems.

Demand factor

The demand factor is relevant when dimensioning a —Line Module. The demand factor is a parameter that
has a value of <1 and which takes into account the fact that generally all of the drives, fed from a Line
Module, never simultaneously require their full power rating. Depending on the — Load cycle and the
motoring/regenerating duty types, seen overall, a drive only requires the full power multiplied by the demand
factor.

Derating
"De-rate” = reduce.

Derating involves reducing rated variables (e.g. power, current, torque, etc.) of components as a result of
difficult operating or ambient conditions.

Motors and converters are derated as a result of a high installation altitude (above sea level) or high ambient
temperatures. Further, drive components may have to be derated as a result of the —Pulse frequency.

The magnitude of the derating can be specified using either a derating factor or a derating characteristic.
See also Rated value.
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Diode

The diode is the simplest type of power semiconductor; it does not require a control circuit. Simplified, it can
be represented as a valve, which only permits current to flow in one direction (from the anode to the cathode)
- it blocks in the opposite direction. In the conducting direction, there is only a low conducting-state voltage of
1-2 V. In the blocking direction, a diode can be subject to high voltages without a noticeable current flowing.
The diode is automatically switched in and starts to conduct as soon as the anode voltage is positive; it
blocks or extinguishes the current automatically as soon as the current goes towards zero. Diodes are used
as rectifier diodes in line rectifiers or as free-wheeling diodes in the free-wheeling arms of self-commutated
converters (e.g. DC chopper controllers, PWM inverters).

Anode

Cathode

Circuit symbol and ideal characteristic of a diode

Direct measuring system
Position encoder, which is connected directly to the moving part of a machine as well as to the associated
evaluation electronics. In the case of linear axes, linear scales can also be used for this purpose.

In many cases, a direct position sensing system must be used as the motor encoder is not suitable for
position sensing and position control, e.g. due to excessive elasticity and backlash in the drive train.

Displacement factor

The displacement factor cos@, is the ratio of the fundamental-frequency active power P, to the fundamental-
frequency apparent power S;:

P P1
cosp, =— =
1 .
1 Ul I1
whereby @, is the phase offset angle between the fundamental v, of the voltage and the fundamental /; of
the current. The displacement factor is also known as the power factor of the fundamental (see also Power

factor).

Double pulse

For a fully-controlled three-phase bridge connection, the current is always conducted by two power
semiconductors connected in series, whose firing instants are offset by 60° with respect to one another.
When starting and in pulsating DC operation (intermittent flow), this is the reason that the first power
semiconductor must remain fired by a pulse > 60° until the associated second power semiconductor has
been fired. If a shorter pulse is used, when firing the second power semiconductor, the first power
semiconductor must receive the same pulse again, i.e. the gating unit must produce double pulses.

Double-way converter

Double-way converters (also called reversible converters) are those converters for variable-speed DC drives
that can be operated in all four quadrants of the speed-torque chart. The most important converters include
the inverse parallel connection, crossover circuit (circulating current-free double-way converter), armature
circuit changeover and field circuit changeover (double-way converter with circulating current).

See also DC drives.
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Drive Control Chart (DCC)

DCC is an add-on for the STARTER commissioning tool. It extends the possibilities of configuring
technological functions for SINAMICS drives in an extremely easy way.

The user-friendly DCC editor allows a user-friendly configuration, the transparent representation of control
structures and the reuse of diagrams that have already been created.

The block library contains a large selection of control, arithmetic and logic blocks as well as extensive open-
loop and closed-loop control functions.

See also SIZER, STARTER.

Drive efficiency
The drive efficiency is obtained from the active power that is output P, and the active power that is fed in P,

P
n=-2UL.100 %
Pin
The power that is fed in comprises the power that is output and the losses P.

P
n=—>oOut 100 %

Pout+PV

For a converter-fed drive, all of the losses of the drive system must be taken into account (transformer,
converter, smoothing device, motor, connecting cables, switchgear).

Drive line-up
For SINAMICS, a drive line-up comprises a —Control Unit as well as the —Motor Modules and —Line

Modules connected to it via —Drive-CLiQ cables. Under certain circumstances, additional line-side
components and DC link components can also be included in the line-up.

Drive/drive system

A drive system defines all of the components that are required to implement a drive task. For instance, a
drive system can comprise line-side switchgear, converter transformer, converter, output filter, motor,
encoder, conductors and cables, monitoring devices, open-loop and closed-loop control devices.

A drive system belonging to the SINAMICS product family includes e.g. —Line Modules, —Motor Modules,
—Encoders, Motors, Terminal Modules and Sensor Modules as well as supplementary components such as
reactors, filters, cables, etc. The closed-loop control module (Control Unit) is connected to the system
components through DRIVE-CLIQ cables.

Drive-CLiQ

Abbreviation for Drive Component Link with 1Q. This involves a communication system for SINAMICS drives
which is used to connect the various drive components. These include for instance Control Units, Line
Modules, Motor Modules, motors and speed/position encoders. The DRIVE-CLIQ hardware is based on the
Industrial Ethernet standard and uses twisted-pair lines. In addition to the send and receive signals, the

+24 V power supply is also made available via the DRIVE-CLIiQ cable.

Driver stage

For controllable power semiconductors, the driver stage is used to provide the gate voltages and currents. At
the input, the required switching state of the power semiconductor is transferred using logical signals, e.g. via
optocoupler or fiber-optic cable; an isolated power supply is used for this purpose. As a consequence, the
driver stage is used as an interface between the (generally digital) control and power semiconductors.
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Droop

The speed controller is artificially "softened" by droop, whereby an adjustable percentage of the speed
controller output signal is applied with a negative sign to the speed controller input. This means that the
speed is slightly reduced at higher load torques. The droop function is used to reduce the response to load
surges and for certain variations of load sharing control for drives which are coupled to one another through
a continuous material web. The | component or the summed output signal can be used as the speed
controller output signal. The droop can be switched in and switched out using a control command.

Duty types

Due to the different temperature rise time constants of converters and rotating electrical machines, different
definitions and notations have been adopted for their duty types (e.g. continuous duty, short-time duty). The
duty types and their abbreviations for converters are specified in DIN 41756-1, for rotating electrical
machines in DIN EN 60034-1. These two standards must be reviewed when planning and engineering a
drive system.

The most important duty types for rotating electrical machines are S1 (continuous duty), S2 (short-time duty)
and S3 (intermittent duty).

4“ tB “* 4“ tB “* tSt 4"

P P

Duty types S1, S2 and S3

Dynamic braking

For single-quadrant DC drives, dynamic braking involves stopping the motor by connecting a braking resistor
across the armature of a DC motor. The motor then operates as a generator and converts its kinetic energy
into heat in the resistor. The braking torque decreases as the speed decreases. The coast-down time can be
significantly reduced by reducing the braking resistor value in steps.

Dynamic response

Dynamic response is the property of a closed-loop control system to quickly respond to changes to the
setpoint and disturbance variables and to ensure that the controlled variable "stiffly" tracks the setpoint.
Characteristics for the dynamic response include e.g. the —Rise time and the — Settling time, which should
be kept as short as possible. For instance, the dynamic response that can be achieved depends on the
—Sampling time of the controller and the moment of inertia of the motor fan and the various masses in the
driven machine.

See also Control loop, dynamic behavior.
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E
Edge modulation

Modulation method employed by a converter gating unit, whereby the pulses
that are "cut out" of the DC link voltage do not appear in a fixed time grid. The

edges of the output voltage generated are formed by a small number of short

pulses (around the zero point), while a wide pulse is generated in the middle of
each half-wave. As a consequence, a high output voltage - with a rough order of
magnitude of 100 % of the line supply voltage - can be achieved and in turn, a
good motor utilization.

Electromagnetic compatibility (EMC)

The term "ElectroMagnetic Compatibility" (EMC) defines according to the definition of the EMC Directive,
“the ability of a device to operate satisfactorily in an electromagnetic environment without itself causing
electromagnetic disturbances that would be unacceptable for devices operating in this environment”.

For instance, as a result of its low-frequency —Line harmonics, a converter can distort the line supply
voltage so that other devices connected to the same line supply could be disturbed. Other noise and
interference in the frequency range up to approx. 30 MHz are transferred via cables, e.g. via the signal
connections between the various parts and components of the plant or system. For instance, they can cause
electronic circuits to malfunction. Further, disturbances can also be transmitted as electromagnetic waves
(radiation). For instance, the high clock frequency of microprocessors can interfere with radio transmission or
can also cause adjacent electronic circuits to malfunction. As a consequence, limit values are required for
the interference and disturbances that equipment can cause - and on the other hand, the equipment must
not be too sensitive.

Electromagnetic disturbances must be expected in a certain environment (e.g. in an industrial plant or
system). In order that a piece of equipment or system can reliably function in such an environment, it must
not be negatively influenced by the prevailing disturbance levels. In order to guarantee this, a compatibility
level is defined in the standards; a manufacturer must prove that a device can still function when subject to
such levels.

Vice versa, every electrical or electronic device also causes electromagnetic interference and disturbances.
Limit values are also defined for this interference emission. This ensures that all of the devices in a plant or
system do not generate excessively high electromagnetic disturbances. This means that the plant or system
itself complies with the compatibility levels specified in the standard ensuring that the devices or plant
operate without any disturbance.

The standards relating to electromagnetic compatibility are extensive and are included in IEC 61000-2, -3, -4,
-6 (also DIN EN). The German translation is implemented in VDE 0838 and 0839. A distinction is made on
one hand between the standards that define the specified electromagnetic environment for various
environmental classes (i.e. the level of electromagnetic influences that can be expected in a certain
environment), those that define the compatibility level of the electromagnetic influence of devices and plants
(a device must function as intended even when this level of interference is present) - and standards that
define the limit values for interference emission. There are also standards that define the general measuring
methods and methods used for verification purposes.

Due to the plant/system-specific design of a drive system and the wide range of mutual effects between the
parts of a plant or system, the functioning and compliance with EMC standards can generally only be verified
when the complete plant or system is evaluated. As a precondition for proper functioning, when installing a
plant or system, the relevant guidelines and directives must be maintained. For instance, how components
should be grounded, or which cables must be shielded and how the shielding should be grounded.

Electronic rating plate

Every drive component of the SINAMICS drive system, which is connected via DRIVE-CLIiQ, has an
electronic rating plate. The electronic rating plate can be read via the - STARTER commissioning tool and
contains the following data: Type, order number, version, manufacturer, serial number and rated data.

Electronic rating plates offer a significant advantage when it comes to quick commissioning ("plug and play")
and the ability to be able to simply replace defective components.
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Encoder

An encoder is a measuring system that senses actual speed and/or angular/position values and makes them
available for electronic processing. Depending on their mechanical design, encoders can be incorporated in
the motor (—Motor encoder) or mounted on the external mechanical system (—External encoder).

Depending on the type of movement, a distinction is made between rotary encoders and translatory
encoders (e.g. linear scales).

In terms of measured value processing, a distinction is made between —Absolute encoders (coded
encoders) and incremental encoders.

For absolute encoders, a further distinction is made according to the resolution of one revolution and
according to the number of absolute revolutions that can be resolved (multiturn encoder).

Incremental encoders are also available with different resolutions for one revolution (pulse number). Most
versions also allow the direction of rotation to be sensed. So-called raw signal encoders do not provide
digital signals, but analog signals that are close to being sinusoidal. These can be "interpolated" in an
internal converter evaluation electronics to provide a more accurate resolution.

See also External encoder, Incremental encoder, Absolute encoder.

Energy recovery
See Regenerative feedback.

External encoder

Position encoder that is not integrated or mounted on the motor, but is attached to the driven machine or is
driven through an intermediate mechanical element. An external encoder is used to directly detect the
position (—Direct measuring system).

Externally-commutated converter

The current in one arm of a converter circuit equipped with thyristors changes to the following arm - i.e. it
commutates - as a result of the commutation voltage which is effective in the commutation circuit formed by
the two power semiconductor arms. The commutation voltage is the quantity that commutates the converter.
In the case of externally-commutated converters, the commutation voltage is supplied from an AC voltage
source that is separate from the converter. Externally-commutated converters can either be line-commutated
or load-commutated. For line-commutated converters, the AC power supply system provides the
commutation voltage; for load-commutated converters, it is provided by the load, e.g. the synchronous motor.

See also Commutation.
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Field circuit time constant

The field circuit time constant of a DC machine is obtained from the quotient of the sum of all of the
inductances L in the field circuit and the sum of all ohmic resistances in the field circuit R

T=L/R
The time constant is decisive when determining the duration of the torque-free interval during field reversal

and the design of the field control circuit required when using field weakening. Depending on the machine
design, it lies between 1 and 4.5 s.

Field-oriented control

Field-oriented control (also — Vector control) is a control Magnetizing
technique for polyphase motors (induction and synchronous current i
motors), which allows a three-phase motor to be operated with
the same dynamic performance as a DC motor. In this case, the
reference system of the machine equations is not orientated to
the stationary stator, but to a rotating magnetic field (and
therefore the name). The field appears to be stationary in this
rotating reference system. The voltages - and especially the
currents - in the motor can now be referred to this system
(transformed). As a consequence, the current in the motor is
split up into a field-generating component (magnetizing current
iy, in the direction of the field, also called iy) and a torque-
generating component (active current iy, perpendicular to the
field [quadrature axis], also called iy); both of these can be controlled independently of one another.

Torque m is the product of flux ® and active current iy.

As a consequence, an operating behavior is achieved that is very similar to a DC motor; also for a DC motor,

the field current and the torque-generating armature current can be controlled (closed-loop) independently of
one another. This allows the motor to be controlled with a high dynamic response.

Active current i,

Flux vector

The principle of rotary transformation € can be identified in the structure of a field-oriented control, which
converts a rotating reference system into a stationary reference system.
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Schematic representation of field-orientated control of an induction motor
-28 - October 2009

© Siemens AG



ABC of Drives

Knowing the alignment of the magnetic field in the motor is a precondition for field-orientated control. This is
determined from measured data (currents, voltages, speed or position of the rotor) in a motor model or flux
model. So-called sensorless closed-loop controls, which do not require a position and speed encoder, also
calculate these quantities. However, a mechanical encoder (position or speed, depending on the machine
type) is required at least for position-controlled drives - but also if there are very high demands regarding the
ripple and accuracy of the torque.

Field power supply

Generally, the field current of a DC motor is controlled using a field rectifier in a half-wave controlled single-
phase bridge connection, as only one current and voltage direction is required (single-quadrant operation). In
this case, a free-wheeling diode is used as overvoltage protection for the field winding.

For high-speed field current changes, fully-controlled bridge connections (two-quadrant) are used, which can
generate a counter voltage. These allow the current to be actively reduced and feature an integrated field
overvoltage protection.

Two-quadrant field current power supplies are required, e.g. for certain drives, which although they generally
only operate with one direction of rotation, can, in an emergency, also be operated in the opposite direction
from standstill at a slow speed (e.g. extruders and kneaders).

Field weakening

Field weakening involves reducing the magnetizing current of an electric motor in order that the speed can
be increased further when the rated voltage is reached. The voltage is approximately proportional to the
product of magnetic flux (d®/dt) and speed.

The voltage is kept constant above the speed at the start of field weakening (for induction motors, the
synchronous speed) - and the speed is changed by varying the magnetizing current. In the field-weakening
range, the available torque decreases according to the speed/torque characteristic as the speed increases.
The ratio between the (maximum speed for field weakening) and the (rated speed or speed at the start of
field weakening) is called the "field weakening factor". For SINAMICS and for induction motors, the maximum
field weakening factor that can be achieved is approx. 5:1. For synchronous servomotors, a field weakening
factor of 4:1 can be achieved if the power unit is protected against overvoltages (e.g. using armature short-
circuit braking or a Voltage Protection Module).

For synchronous motors, an opposing field is superimposed to weaken the permanent excitation. In this
case, the increased DC link voltage must be carefully taken into consideration.

Field-weakening control

For DC drives, field-weakening control can be advantageously used if the maximum torque is only required
up to the base speed (speed at the rated field current and rated armature voltage), however, at higher
speeds, the torque demanded by the driven machine decreases again for constant power. A typical
application involves e.g. main spindle drives for machine tools.

N — | Un Armature voltage
P ! 2 ! Ia Armature current
max [T T P Power
Amax 7 ‘ M Torque
Mo ——— //14 = | e Field current
74 | ~— — Q Ny Base speed
e 74 ‘ ‘ Ne Base speed, defined by the commutator
/ \
/ ‘ ‘
| \ -
nb nc n
Armature Field control

‘% control range % range —»‘

Speed control range of a separately excited DC motor

The complete speed control range is split up into an armature control range and a field control range. Up to
the base speed, the speed is changed at the rated field current by changing the armature voltage. Above the
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base speed, the speed is changed by weakening the field. The actual value of the armature EMF (derived
from the armature voltage and armature current), which is proportional to the speed, is fed as controlled
variable to an armature voltage controller and compared with the setpoint.
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Single-quadrant drive with field-weakening control

Field-weakening range

The field-weakening range is a speed control range in which the speed is increased to values above the
base speed at a constant or slightly increasing voltage (armature voltage for DC machines, stator voltage for
induction machines). For DC machines, the field current is reduced; for induction machines, the stator
frequency is increased.

Final controlling element

In a control loop, the final controlling element is the element at the input to the controlled system, which acts
on the energy flow. For a converter-fed drive, the final controlling element comprises the converter and the
gating unit.

Firing pulse
See Control pulse.

Flying restart

After a converter is switched on, the flying restart function automatically switches the converter to a motor
that may possibly still be coasting down. An induction motor first has to be magnetized when the converter is
switched to it while it is still running (i.e. coasting down). For drives not equipped with an encoder, a search is
also made for the actual speed. The actual speed setpoint in the ramp-function generator is then set to the
actual speed value. Ramp-up to the final speed setpoint starts from this value. The flying restart function can
help to shorten ramp-up after a converter has been switched on (assuming that the load is still coasting
down).

See also Automatic restart.
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Four-quadrant operation

A four-quadrant drive can be operated in all four quadrants of the speed-torque chart (—Multi-quadrant
drive). It can operate in both directions of rotation in the driving (motoring) as well as the braking
(regenerative) modes. When braking, the mechanical power that is generated is converted into electric
power and fed back into the source (this is generally the line supply).

Free function blocks

Software functions of a SINAMICS converter used to logically combine states and commands and to perform
arithmetic operations to control a drive system.

Free-wheeling arm

A free-wheeling arm is an auxiliary arm of a converter circuit comprising an uncontrolled power
semiconductor - the free-wheeling rectifier. Its forward direction, viewed from the load side, corresponds to
the forward direction of the associated main arms. This arm can always conduct current if its anode is
positive with respect to the cathode. An example is the free-wheeling arm of a —DC chopper controller.

Free-wheeling current

The free-wheeling current is the current that flows through the free-wheeling arm of a converter circuit. It is
dependent on the control factor.

See also Free-wheeling arm.

Free-wheeling rectifier

The free-wheeling rectifier is a diode located in the free-wheeling arm. It was previously also known as the
zero anode.

See also Free-wheeling arm.

Frequency converter

Frequency converters are electronic devices that generate a three-phase system with varying frequency and
voltage from the three-phase or AC line supply. This three-phase system is used to vary the speed of three-
phase motors. They comprise (exception: cycloconverter) a line-side converter, a DC link and a motor-side
inverter.

A distinction is made between voltage-source DC link converters (impressed voltage with smoothing
capacitors) and current-source DC link converters (impressed current with smoothing reactors).
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Fundamental content, harmonic content (distortion factor)

Line-commutated converters load the AC line supply with non-sinusoidal currents. AC converters and
inverters generate a single or multi-phase AC voltage at the load, which in addition to the fundamental
frequency, also contains harmonics with various harmonic numbers.

The current and voltage characteristic comprises a fundamental with a frequency f and harmonics with a
frequency v-f. This is characterized by the fundamental content g and the harmonic content (distortion

factor) k. The fundamental content g is the ratio between the rms value of the fundamental frequency and the
rms value of the AC quantity, i.e.

Fundamental frequency content of the current:

Il
g1 = T
Fundamental frequency content of the voltage:
— U,
gu = F

The harmonic content (distortion factor) k is the ratio between the rms value of the harmonics to the rms
value of the AC quantity, i.e.

Harmonic content (distortion factor) of the current:

2 2 2 2
:\/12+I3+...:\/1 —Il
I

I
Harmonic content (distortion factor) of the voltage:

\/U2+U2+... \/U2—U2
A 2 3 B 1 1 2
U~ = U =y~ 8y

U
DIN 40110-1, 2 provides more detailed information about the various interrelationships.
Further, there is the term —THD ("Total Harmonic Distortion").
THD is the ratio between the rms value of the harmonic and the rms value of the fundamental, i.e.

2 2 2 2
\/12+I3+...:\/1 —I1 k_I
I1 1

kI = ,/1 - g% with |, as rms value of the v-th harmonic

THD; =
1 g1
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G

Gating unit

The gating unit belongs to the basic equipment of a converter. It is used to control the energy flow by firing or
turning off the controllable power semiconductors at specified instants in time. For line-commutated
converters, these firing times are defined by delay angle o specified in electrical degrees. The control range
of a gating unit is the range in which the delay angle a can be varied, starting from the zero delay angle
setting (o = 0) by varying the input voltage of the gating unit.

Group drive
With group drives, several motors are connected to one —Converter.

The motors can either be induction motors or synchronous motors (e.g. SIEMOSYN motors for applications
in the textile industry).

Normally, the connected motors must be the same; however for — V/f control, this is not absolutely
necessary.
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Half-controlled circuits

Half-controlled circuits contain controllable and non-controllable converter arms. They are used when it is
possible to dispense with certain basic functions of the converter; primarily for bridge connections where
inverter operation is not necessary. Half-controlled bridge connections generally have a free-wheeling arm.
This reduces the load on the main arms during operation with a reduced output voltage, therefore reducing
the line current and the control reactive power.

See also Bridge connection, Free-wheeling arm.

Harmonic suppression

Filter circuits - so-called series resonant circuits (harmonic absorbers) - can suppress the harmonics fed
back into the line supply from a converter.

They comprise a reactor and capacitor connected in series, whose resonant frequency corresponds to the

frequency of the harmonic to be suppressed. Therefore, for this particular current harmonic, the filter circuit
represents a short-circuit that absorbs the harmonic current produced by the converter.

Generator
Transformer
i1L T
iy ] Filter circuits
Reactor . . . )
5Lj I7Ll I11Ll I13Lj
qz Converter Ls ) L, ) L, ) L, )
C5== C7== C11== C13==

Converter and filter circuits connected to the line supply

Another technique for suppressing low-order harmonics for higher power ratings is to use converter
connections that have a higher number of pulses. The pulse number can be simply increased by connecting
converters in parallel or series, whose transformer windings have different circuit angles. More specifically,
two converters in a three-phase bridge connection are connected to two secondary windings of a common
transformer. One secondary winding is connected in a star and the other in a delta connection; this
configuration results in a circuit angle of 30°. Since the instantaneous values of the 5th and 7th harmonics
are equal, but in opposite directions, they cancel each other out in the common line current.

See also Reactive power (Fundamental-frequency reactive power).
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Harmonics

The non-sinusoidal current in the feeder cables of a converter contains, in addition to the fundamental
current with frequency f harmonic currents with frequency v - . Together with the (sinusoidal) line voltage,
the latter form a mean power value of zero, i.e. the harmonic currents do not transmit any energy. They are
an undesirable side effect because they can cause harmonic voltages due to the impedances present in the
AC line supply voltage - and in turn, additional losses.

Depending on the pulse number p of the converter, only harmonics with certain harmonic numbers occur:
v=p-kx1(k=1,2,3,..),

The line current of a 6-pulse line-commuted converter, for example, will only contain the 5th and 7th, 11th
and 13th, 17th and 19th harmonics, etc. The rms value of the ideal harmonic current (without taking overlap
and the transformer leakage inductance into account) is 1/v of the rms value of the fundamental-frequency
current.
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Line current of three-phase bridge connection (B6C), ideal values

Due to the overlap of the power semiconductor currents during commutation, the line current is no longer
rectangular, but becomes increasingly trapezoidal as the overlap increases. Especially for higher-order
harmonics, the rms value of the harmonic currents occurring in operation is significantly lower than the ideal
value as a result of this overlap and the transformer leakage inductance. The rms values of the ideal
harmonic currents and those occurring in operation can be taken from DIN 41750-4, Supplementary Sheet.

As a result of the overlap and the fact that the DC current smoothing is not ideal, a low level of harmonics
occurs with an even harmonic number.

See also Fundamental content, harmonic content (distortion factor), THD.

Hold-off angle

The hold-off angle v is the hold-off time multiplied by the angular frequency of the commutating voltage
(generally the line supply voltage). For line-commutated converters in the inverter mode, the maximum delay
angle is determined by the hold-off angle.

Olmax = 180° - 7.

Hold-off time

The hold-off time is the time between a thyristor being turned off and the recovery of a positive blocking
voltage. The hold-off time must be greater than the recovery time of the thyristor.
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Pt value
This value is defined as the integral of i2dt

t
r’t=[iar

0
The Ft value - or the limit load integral - of a thyristor designates the on-state load limit where the blocking
capability in the positive direction may be temporarily lost. The value is a function of the time and is generally
specified in data sheets for a time range from 0 to 5 ms or 0 to 10 ms. It is used to select the associated
fuse. For a fuse a distinction is made between a melting Pt value, the duration of the melting time (<1ms)
and an arcing Pt value. The arcing duration and therefore the arcing Pt value depends on the voltage against
which the fuse must blow (rupture). The interrupting PPt value (melting + arcing F t values) of a fuse used to
protect power semiconductor elements must always be less than the It value of the component (diode or
thyristor).

The protection of power semiconductors through fuses is only possible for thyristors and diodes.

IGBT

Today, the IGBT (Insulated Gate Bipolar Transistor) is the most frequently used controllable power
semiconductor in drive technology.

The current that flows from collector C to emitter E can be set using the gate-emitter voltage Uge. To switch
on the IGBT, it is sufficient to connect a positive voltage of approx. 15 V to the gate G; the gate-emitter
capacitance must be discharged again to turn off the IGBT. As a consequence, only an extremely low control
power is required. Self-commutated converters can be very simply implemented due to the fact that IGBTs
can be turned off.

Due to the internal structure, the conductivity of the semiconductor layers is improved when in the turned-on
state (conductivity modulation), which is only possible for bipolar structures. As a consequence, low on-state
voltages of between 2 and 3 V are achieved, also with a high blocking capability from 600 V up to 6500 V.

In most circuits, IGBTs are used with anti-parallel diodes (free-wheeling diodes). This is the reason that
these diodes are almost always integrated in the power semiconductor modules together with the IGBTs in
one package.

SOA limit
, (Safe Operating Area)
c i ! L Locus diagram
1 ! when turning
on

" Active range

(0]
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Saturation

CE

Circuit diagram and set of characteristics of an IGBT
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IGCT

The IGCT (Integrated Gate-Commutated Thyristor) is a thyristor which can be turned off via the gate. To do
this, for the IGCT, the current that flows from the anode to the cathode in the on state is completely diverted
into the gate so that the cathode current becomes zero - which in turn turns off the device. To do this, a
negative voltage source of approx. 30 V is required; this is extremely quickly connected to the gate-cathode
circuit with an extremely low associated inductance. This can only be achieved as a result of the integrated
packaging type of the power semiconductor and its control (and therefore its name).

IGCTs are integrated in disk-type cells and as a result of the large surface area and double-sided cooling can
be used for the highest currents. This is the reason that they complement the —/GBT as a device that can be
turned off at the highest power ratings.

Anode

Turning off

S Firing T~ Y

1 .

Gate

Cathode

Switching symbol and ideal characteristic of an IGCT

Incremental encoder

Incremental position and speed encoder. In contrast to an —Absolute encoder, this encoder does not output
an actual position value signal corresponding to the absolute path, but instead outputs incremental delta
position or angular signals. For incremental encoders, a distinction is made between TTL/HTL incremental
encoders, sin/cos 1 V, incremental encoders and —Resolvers.

Induction motor

An induction motor or —Asynchronous motor is an electrical machine where the rotor speed deviates from
the synchronous speed. The relative motion of the magnetic field in the machine with respect to the rotor
(—Slip frequency) that is obtained as a consequence induces a current in the rotor. Together with the
magnetic field, the rotor current generates a torque. As a result of the principle of operation, losses occur in
the rotor, which are proportional to the slip. Today, the induction motor is the most widely used electric
motor.
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Inverse parallel connection

For an inverse parallel connection, the DC sides of two converters are connected in parallel. These
converters have a fully-controlled three-phase bridge connection where the conducting direction of the power
semiconductors oppose one another. This represents a double converter, which can be operated in all four
quadrants of the DC current-DC voltage chart allowing the current to be contactlessly changed over and in
turn the torque direction of the drive.

Ud
11 1
Id
Vi 1w
The four quadrants in the DC current-DC voltage chart

Both converters are controlled to output the same mean DC voltages, whereby due to the opposing
directions of the power semiconductor devices, one converter operates in the rectifier mode while the other
converter operates in the inverter mode. The two delay angles must satisfy the following condition:

a, =180°—q,

Since only the mean values of the DC voltages are equal - not the instantaneous values - the voltage
difference causes a current to flow through the two converters connected in series; this is called the
circulating current. This current must be limited using inductances (circulating-current reactors L).

Generally, an inverse parallel connection is operated without any circulating current, whereby both
converters are implemented with a three-phase bridge connection. For circulating current-free operation, only
one converter is controlled, while the firing pulses for the other converter are blocked. At the transition from
quadrant | to Il or from Il to IV, a sequential logic stage must precisely detect the zero current of the
converter being replaced, block it and release the other converter. During the changeover, there is a brief no-
current interval and consequentially a no-torque interval.
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Multi-quadrant drive with circulating current-free inverse parallel connection

If the two three-phase bridges are combined to form a three-phase bridge circuit with one pair of anti-parallel
power semiconductors in each arm, then this represents an especially cost-effective converter design in a
circulating current-free inverse parallel connection. Surge suppression circuits (snubber circuits) and fuses
are then only required once in each arm.
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Inverter commutation fault

An inverter commutation fault is caused by the commutation failure of a controllable converter that is
operating in the inverter mode. When commutating in inverter operation, the current in the power
semiconductor from which the current is to be commutated must be zero and it must have again achieved its
positive blocking capability before the voltages involved in the commutation have the same amplitude, i.e.
before the point where the phases intersect.

u
/ \52

ymin

Inverter commutation fault when ymin is fallen below

This means that commutation must be initiated with an advance angle 3 before the point where the phases
intersect. It is obtained from the sum of the overlap angle u (commutation duration) and the extinction angle y
(hold-off angle). The extinction angle v is the time that the power semiconductor - from which current is to be
commutated - is provided to clear the charge carriers so that it can assume a positive blocking voltage. If the
extinction angle y falls below the minimum required value ymin as a result of a line supply voltage dip or
converter overload (even for just one commutation), or the next power semiconductor does not receive a
firing pulse, then the power semiconductor through which the current is flowing cannot commutate this
current - and an inverter commutation fault occurs. Due to the voltage difference between the DC voltage
and the instantaneous value of the AC voltage that increases quickly, the current increases as if there was a
short-circuit. This would destroy the thyristors conducting current if the short-circuit is not interrupted using
an appropriate fuse.

Inverter operation

Inverter operation converts a DC current into an AC current. The energy flows from the DC system into the
AC system. The mean value of the energy flow is decisive, independent of whether a brief reversal of the
energy flow can occur within the time period.
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Commutation in inverter operation for an M3 converter
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Inverter stability limit

The inverter stability limit is the maximum delay angle a in inverter operation which must not be exceeded if
an inverter commutation fault is to be avoided.

It is determined from the angle of advance 3 where

o = 180° - Brin

where B, is the sum of the overlap angle u and the minimum required extinction angle ynin (o is generally
150°).

B= Ut ymin

In order not to exceed the angle of advance B during inverter operation of a double-way converter with
circulating current, it is necessary to limit the DC voltage during rectifier operation to a value

Usi - cos ag, where o4 = 180° - oy

Analog to the inverter stability limit the term a4 can also be called the rectifier stability limit or rectifier delay
angle limit.

For a double-way converter with circulating current, the normal setting for a4 is 30° and a., is 150°.

IT line supply

The abbreviation IT stands for the French term "Isolation-Terre" (insulated ground).

For an IT line supply, there is no direct connection between active conductors and grounded components.
Each of the bodies of the electrical equipment is individually grounded.

Relatively high potential differences can occur between the circuits connected to the line supply and the
grounded circuits.

When compared to grounded line supplies (— TN line supply and —TT line supply), IT line supplies are less
sensitive. The reason for this is that in the case of a single-sided ground fault, a fault current to ground does
not flow and the drive system can continue to operate. This is the reason that IT line supplies are the
preferred solution for rugged environmental conditions such as is the case in the chemical industry and
rolling mills. However, a single-sided ground fault that occurs must be detected, e.g. using an insulation
monitor, and removed immediately.

For TT and IT line supplies, when it comes to converter systems, the following points must be carefully
observed:

» The effect of conventional line filters is undefined due to the fact that there is no reference point.

* In the event of a ground fault, interference suppression capacitors could be overloaded regarding
voltage and current.

+ The motor windings could be exposed to a higher insulation stressing due to the floating phase
voltages with respect to ground.

See also Line supply configuration, TN line supply and TT line supply.
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K

Kinetic buffering

Kinetic buffering (KIP) is a software function that can be used to buffer transient line failures (up to approx.

1 s or as long as the drive continues to turn). Kinetic buffering can usually only be used on drives that are
primarily used in the motoring mode. In this case, the precondition is that the driven machine has a
sufficiently high rotating mass, i.e. has sufficient kinetic energy. When the line supply fails, the KIP function
causes the motor to either operate under no-load or go slightly into the regenerative mode (in order to cover
the low losses of the motor and inverter). The drive immediately goes into the motoring mode once the line
supply returns. In order to use kinetic buffering, the technological conditions must allow the motor to coast
down or brake for the duration of the line supply failure.
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L

Line filters

Line filters are filters at the converter input that are designed to protect the line supply from harmonic loads
and/or interference voltages generated in the converter. Line filters can be passive or active filters, for the
lower-frequency harmonics (called line harmonics) with 5, 7, 11, 13, etc. times the line frequency, and for
high-frequency interference voltages from 10 kHz and above (RFI suppression filters).

In conjunction with SINAMICS, line filters are exclusively passive RFI suppression filters.

Line harmonics

Line harmonics involve a connected piece of equipment, which influences the line supply voltage. The line
supply is influenced as active and reactive power are drawn - especially when these quantities change
quickly or periodically - and harmonics are generated, especially low-order harmonics. The line harmonics
generated by a converter predominantly comprise current harmonics (due to the non-sinusoidal line current),
which generate the corresponding voltages across the line impedances. These are then manifested as
voltage harmonics on the line supply voltage.

See also Commutating dip, Harmonics.

Line Module

A Line Module is a power unit belonging to the SINAMICS S120 product family. It generates the DC link
voltage for one or several Motor Modules from a three-phase line supply.

The following three types of Line Module are used in the SINAMICS system:
—Basic Line Module, —Smart Line Module and —Active Line Module.

Line reactor

A line reactor is a reactor that is either connected in an AC feeder cable to the converter unit (phase reactor)
or is located in an arm of the converter circuit (arm reactor). Line reactors are used to limit low-frequency line
harmonics to permissible values.

In conjunction with Active Line Modules (SINAMICS product family) they are additionally used as energy
storage device.

Line supply configuration

A distinction is made between the following line supply configurations regarding the implementation of the
neutral point (star point) and the grounding for low-voltage line supplies:

—TN line supply
—TT line supply
—IT line supply

Line-commutated converters

Line-commutated converters fall in the category of externally-commutated converters, whereby the
commutation voltage is taken from the AC supply system as setpoint.

See also Externally-commutated converter.
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Load characteristic

Load characteristics are speed-torque characteristics of driven machines. They are not only used to adapt
the motor to the application, but for converter-fed drives to dimension the converter itself and the closed-loop
control.

My~ 1/n Mgy = constant Mg ~n Mg ~ n?
P = constant P~n P~n? P~n®
M, M, —“
(P) (P) )
7
7
n n
Winders, facing lathes, Cranes, conveyor belts, Calenders with viscous Pumps and fans, centrifuges
rotary veneer machines processing machines friction coupling, eddy-
involving forming, rolling current brakes
mills, planing machines

Speed-torque characteristics of various driven machines

Load cycle

A load cycle involves load changes that generally have a periodic characteristic. These are obtained from a
certain operating sequence or program of the driven machine. In order to facilitate assigning a drive motor to
the driven machine, idealized load cycles are assumed and defined as duty type, e.g. intermittent duty, short-
time operation.

See also Duty types.

Load torque

A driven machine has a torque that opposes that of the drive motor. The load torque of the driven machine
must be known in the required speed range in order to be able to correctly dimension variable-speed drives.

See also Load characteristic.

Load-commutated converters

Load-commutated converters are externally-commutated converters in which the load - i.e. the driven
machine, supplies the commutation voltage. Load-commutated converters include parallel-tuned inverters
and machine-commutated inverters (see also Converter-fed motor). See also IEC 60050-551 for the
terminology used for load-commutated converters.
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Manipulated variable

The manipulated variable is the output variable of the control device and at the same time the input variable
of the controlled system. It transfers the controlling effect of the control device to the controlled system.

See also Control loop.

Model

In some cases, extremely complex computation models and the appropriate software are used in digital drive
controls to determine the characteristics of important electrical, magnetic and thermal parameters of motors
in operation that cannot be directly measured. The motor is essentially emulated using the software in the
model.

With — Vector control for —Induction motors, using a motor model, e.g. the torque-generating current and
therefore the torque actual value can be determined quite accurately.

Modular Multilevel Converter (M2LC)

The Modular Multilevel Converter is a new version of a —Multi-level inverter (Perfect Harmony), which
combines the advantages of this technique with those of a PWM inverter. It comprises a number of modules,
whose design differs from that of multi-level inverters due to the fact that there is no diode rectifier. Further,
just two IGBTs with free-wheeling diodes per module are sufficient. In this case, the power is not individually
fed to each module, but to the DC link as a whole via the DC voltage terminals.

Each arm pair of the M2LC comprises two arms that are connected in series; each arm comprises a series
circuit of n modules. Due to the fact that the modules are connected in series at the output, each arm can
provide the total DC voltage (n*Upc iink = Ug). The total of the two arm voltages of an arm pair must, at each
instant in time, be the DC voltage Uy. The output voltage of the arm pair is taken from the connection point of
the two arms and can be varied between the poles of the DC voltage. As a consequence, a structure is
obtained where the electrical power is fed into a DC link - just the same as for a PWM inverter. However, the
output voltage of each phase can be finely set corresponding to the capacitor voltage of the individual
modules.

The advantages of the output voltage that can be finely set, the modularity and the redundancy have been
taken from the multi-level inverter (Perfect Harmony). On the other hand, the complicated transformer can be
eliminated, the diode rectifier is no longer required and - just the same as for a PWM inverter - it is possible
to connect several converters to a DC link to form a four-quadrant drive or a multi-motor system.
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Modulation

In drive technology, modulation involves generating the required output voltage from pulses of the voltage
levels available. PWM inverters have only two voltage levels. Generally, pulse width modulation (PWM) is
implemented here - where the DC link voltage is switched to the output in either the positive or negative
direction.

PWM distinguishes itself due to a constant switching frequency, while the pulse duration is variable (see also
DC chopper controller). This means that it is possible to set any average value of the output voltage with
respect to time across one pulse period (i.e. within the limits of the DC link voltage). The required
fundamental is obtained if this short-time mean value is now changed corresponding to a sinusoidal
characteristic. On the other hand, the modulated output voltage always contains harmonics with multiples of
the switching frequency. Further, for high modulation depths, harmonics of the fundamental can also occur.

Moment of inertia

The moment of inertia or mass moment of inertia J specifies the inertia of a rigid body when attempting to
change its rotational motion.

The unit of the moment of inertia in the Sl system is [kgmz].

The higher the moment of inertia of the mass to be driven, the higher the torque that a motor must provide in
order to accelerate the mass to a specific speed.

For important formulas used to calculate the moments of inertia and acceleration torques, see the Chapter
Mechanical variables, Formulas.

MOSFET

The MOSFET (Metal Oxide Semiconductor Field Effect Transistor) is a power semiconductor that can be
turned off. It is preferably used for low voltages up to approximately 200 V. Contrary to IGBTs and thyristors,
MOSFETSs are unipolar components; it is not possible to modulate the conductivity. MOSFETs can only be
manufactured with a low thickness and therefore have a low blocking capability. On the other hand, it has the
best switching properties - and can therefore also be used at high switching frequencies far above 50 kHz. In
drive technology, MOSFETSs are only used in the servo sector at low voltages.

MOTION-CONNECT

MOTION-CONNECT is the brand name of cables for drive systems that Siemens offers. MOTION-
CONNECT cables are available as power cables and signal cables. They are pre-assembled with connectors
and available by the meter. MOTION-CONNECT 500 to 800 versions are available tailored to the mechanical
loads expected.

Motor encoder

An encoder integrated in the motor or mounted onto the motor, e.g. resolver, TTL/HTL incremental encoder
or sin/cos 1V, incremental encoder. The encoder is used to sense the motor speed. In the case of
synchronous motors, it is also used to sense the rotor position angle (the commutation angle for the motor
currents). For drives without an additional direct measuring system, it is also used as a position encoder for
position control (indirect measuring system). In addition to motor encoders, there are also external encoders
for direct position sensing.

Motor identification

Procedure used to determine the physical properties of a motor. For this purpose, the closed-loop drive
control excites the motor by injecting test signals (with the motor either stationary or rotating) and identifies
its parameters by evaluating the motor response.
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Motor Module

A Motor Module is a power unit (DC-AC inverter) that belongs to the SINAMICS S120 product family. It
provides the energy for the connected motor. The energy is supplied from the DC link of the drive line-up.

A Motor Module must be connected to a Control Unit in which the open-loop and closed-loop control
functions for the Motor Module are implemented.

Control [ DRIVE-CLIQ
Unit

Line Motor
Module Modules

Motor reactor

This is a reactor (inductance) at the converter or inverter output for reducing the capacitive recharging
currents in long power cables.

Multi-level inverter (Perfect Harmony)

The task described for — Three-level inverters, to create a converter for medium-voltage drives with rated
voltages between 2.3 kV and 6.9 kV can be addressed in another way.

For multi-level inverters, single-phase PWM inverter modules, which are generally equipped with
conventional IGBTs with blocking voltages of either 1200 V or 1700 V, are connected in series at the output.
The output voltages of all of the modules connected in series are added. This means that a high output
voltage can be obtained.

With a "smart" pulse duration modulation technique, the switching operations of the individual modules can
be staggered (in time) so that precisely only one module always switches at the same time. This means that
the output voltage can only jump by the value of DC link voltage Upc ik Of @ module. The voltage levels of

- n*Upc tinks ~(N-1)Upc iinks ---= Upciinks 05 *Upc iink» ---» ¥N*Upc ik OCcur at the output, whereby n is the number of
modules connected in series. As a whole, the output voltage has a step-shaped characteristic, the required
sinusoidal waveform can be very closely approached due to the many voltage levels available.

A three-phase multi-level inverter comprises three such series circuits, which are connected in a star
configuration. The electric power must be individually fed to each module. This is the reason that a
transformer with a multiple number of isolated secondary windings is required. Every module comprises a
diode rectifier, a DC link capacitor and 4 IGBTs with associated free-wheeling diodes.

The advantage of this arrangement - which at the first glance appears complicated — is the fact that the
output voltage has smaller voltage steps than inverters equipped with high-voltage IGBTs. As a
consequence, a motor is subject to a lower stress (motor insulation). As a consequence, motors that were
originally designed for line operation can be directly connected to these converters, i.e. without having to use
an output filter.

Further, due to the relatively high number of modules that are connected in series, an n+1 redundancy can
be established. This is the reason why one more module than required is included in the series circuit. If a
module fails, then it can be bypassed using a relay so that the inverter can remain operational.
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Circuit diagram of Perfect Harmony and the output voltage waveform for a 7-level multi-level inverter with n = 3 modules
in series per phase

Multi-quadrant drive

A multi-quadrant drive can be operated in several quadrants of the speed-torque chart, e.g. driving and
braking with a clockwise direction of rotation (two-quadrant drive) or driving and braking in the clockwise and
counter-clockwise directions of rotation (four-quadrant drive).

See also Single-quadrant drive.
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Nominal value

According to DIN EN 60947-1, a suitable, rounded-off value of a quantity used to designate or identify a
component, a device or a piece of equipment.

According to IEC 60050-151, the value of a quantity which is used to designate and identify a component, a
device, a piece of equipment or a system.

Note: Rated value is normally used in German. Generally, a nominal value is a value that is rounded off.
See also Rated value.
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On period

If a drive has been dimensioned for intermittent duty, the load capability is designated by specifying the
relative on period, abbreviated as ED, or by specifying the ratio of the load duration to the cycle duration,
abbreviated as .

4“ tB “* ts« a‘

/
N
‘7/0:9 4.‘

Specification for converters according to DIN 41756-1  Specification for rotating electrical machines according to
DIN EN 60034-1

t t
ED=-2.100 % tr=—B 100 %

Optimization

Optimization involves setting the controller parameters of a control system to obtain the best possible control
performance under the conditions presented by the complete drive (converter, motor, driven machine).

Output frequency

Frequency of the sinusoidal output voltage of a —Converter. In part, the output frequency that can be
achieved depends on the —Sampling time of the current controller and the —Pulse frequency.

Output reactor

These are reactors (inductance), which for PWM inverters are connected at the converter output to reduce
the capacitive re-charging currents caused by long power cables.

Output voltage

The output voltage of a Converter is the rms value of the generated three-phase system that is connected to
the motor. The output voltage that can be reached essentially depends on the Modulation technique
employed. It is especially high, namely approx. 100 % of the input voltage for Edge modulationEdge
modulation.

See also Modulation, Space-vector modulation, Edge modulation.
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Overload capability

This is the capability of a converter to supply or accept a brief overcurrent |, that exceeds the rated
current |,.

It only makes sense to make a quantitative statement regarding the overload capability if a duty cycle is
defined for it, as the overload capability can only be utilized for a limited time. After this time, a reduced
current must flow for a minimum idle time (as a maximum, the base load current).

The following diagram shows the characteristics of such a duty cycle:

I, Rated current

Imax Overcurrent (short-time current)

l, Base load current

tmax Maximum overload duration

t, Base load time (minimum idle time required)

Duty cycle used to define the overload capability
There is a similar definition of the overload capability for the torque.

Overshoot
See Control loop, dynamic behavior.
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Phase angle control

For controllable converter power semiconductors (e.g. thyristors), the instant that the current starts to flow for
a positive anode voltage with respect to the cathode is specified by firing the power semiconductor (start of
firing control). The time that the current starts to flow can be delayed with respect to the start of the positive
anode-cathode voltage (for multi-phase converters, with respect to the phase intersection point) by delaying
these firing signals.
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Characteristic of the unsmoothed DC voltage for a triple-pulse converter for a continuous DC current

The positive voltage-time area is cut and the mean value Uy of the DC voltage controlled. The firing delay,
measured in electrical degrees, is called the delay angle a. If there is a large smoothing reactor in the DC
circuit, the current can also continue to flow if the instantaneous value of the voltage assumes negative
values. The ratio between the mean DC voltage value Uy, at delay angle o and the mean DC voltage value
Uqgi at a = 0 is known as the control factor. IEC 60050-551 includes additional terminology regarding the firing
control.

Phase reactors

For bridge connections, phase reactors are located in the feeder cables on the AC side to the converter and
an AC current flows through them. Their primary function is to increase the inductance in the commutation
circuit when the converter is connected directly to the three-phase line supply. When several converters -
that operate independently of one another - are connected to a common AC line supply, then these phase
reactors are used to provide mutual decoupling.

Polyphase machines

All synchronous and induction three-phase machines are known as polyphase machines. The stator winding
is configured in such a manner so that when operating from a three-phase system, a rotating field is
generated in the motor which turns the rotor. The speed is defined by the following factors:

= The number of poles

= The frequency of the three-phase voltage

= The slip s (for synchronous motors s = 0, for induction motors, just a few %)
The most widely used polyphase machines include:

= Three-phase squirrel-cage induction motors

= Three-phase induction motors with slipring rotor

= Permanent-magnet three-phase synchronous motors

= Three-phase reluctance motors

= Three-phase synchronous motors with rotating rectifier (brushless) excitation.
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Position controller

Generally, a position controller is a P controller (less frequently a Pl controller), which cyclically compares the
internal digital position setpoint to the digital actual value of the measuring system. The result of this
setpoint/actual value comparison is a signed differential value. The proportional gain of the position controller
is known as the position loop gain or Kv factor. The output signal of the position controller acts on the speed
controller in order to correct a position error.

Power factor
The power factor A is always the ratio between the active power P and the apparent power S.

i=F

S
If a converter is operated on a "soft" line supply, i.e. if its ideal DC power Uy; - Iqy is significantly higher than
1 % of the line short-circuit power (system fault level), then when determining the active power P, in addition
to the non-sinusoidal current characteristic, also the non-sinusoidal voltage characteristic must be taken into
account. The power factor A is then obtained as follows

1 .
p ;ju(t)-z(t)dt
l ===

S U-1
For an ideal DC power up to approximately 1 % of the line short-circuit power (system fault level), it is safe to
assume that the voltage at the line terminals of the converter will be adequately sinusoidal. For non-
sinusoidal current and sinusoidal voltage, the power factor A is calculated from the fundamental content g, of
the current and the displacement factor (fundamental-frequency power factor) cos ¢,

1
l=0 - =
g, -cos 2 cos ¢,

Iy is the fundamental-frequency component of the current /, ¢4 is the phase shift between the voltage and
current fundamentals.

For a non-sinusoidal line current (i.e. a line current containing harmonics), power factor A is always less that
the displacement factor cosg,. The power factor is only equal to the displacement factor if the line voltage
and line current are sinusoidal (however, for converters this is never the case).

A =cos¢

Power Module

For the SINAMICS drive system, a Power Module is a complete AC-AC converter, which does not have an
integrated —Control Unit.

Pre-charging
Charging the DC link capacitors through resistors. Pre-charging is normally performed from the line supply,
but can also be performed from a pre-charged DC link (DC coupling).

Pre-charging circuit
For converters with DC link, large capacitances are required in the —DC link.

Power semiconductors (—Diodes or —IGBTs) are used in the line-side converter (e.g. —Line Module).
When connected to the line supply, these power semiconductors permit current to flow in the DC link
therefore quickly charging up the DC link capacitor. If no other measures are taken, when connecting directly
to the line supply, the charging current would be so high that the power semiconductors or the other
components would be damaged.

This is the reason that the DC link capacitors are charged through a pre-charging circuit, e.g. via pre-
charging resistors - initially with a lower current - up to approximately the line supply voltage. The pre-
charging circuit is then bypassed, e.g. using a bypass contactor, and the line-side converter is directly
connected to the line supply.
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PROFIBUS

Standardized fieldbus according to IEC 61158, Parts 2 to 6 that is used to network devices used in drive and
automation technology.

PROFIBUS stands for Process Field Bus. PROFIBUS is a multi-vendor standard for networking field devices
(e.g. PLCs, drives, actuators and sensors). PROFIBUS is available with the DP (Decentralized Peripherals),
FMS (Fieldbus Message Specification) and PA (Process Automation) protocols.

PROFIdrive

This PROFIBUS profile is specified for speed and position-controlled drives by Pl (PROFIBUS & PROFINET
International). The latest version is PROFIdrive Profile V4.

PROFINET

Open, component-based industrial communication system using Ethernet as basis for distributed automation
systems. Communication technology specified by the PROFIBUS User Organization.

Pulsating DC operation

If there is only an ohmic resistance in the DC circuit of a line-commutated converter, then the DC current is
proportional to the DC voltage. As there is no reactor to store energy, no negative values can be assumed
and the DC current goes to zero together with the DC voltage and the current pulsates (intermittent current).
Even if there is inductance in the DC circuit, the current can still pulsate for high delay angles and low current
levels, especially if there is a counter EMF.

In pulsating DC operation, thyristor converters have a different response characteristic than in non-pulsating
operation. This is the reason that the control loop must be adapted (pulsating DC operation adaptation).

Pulsating DC operation frequently occurs for diode rectifiers with capacitive smoothing (voltage DC link).
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Pulsating DC operation of a three-pulse converter for o. = 75° and ohmic load (top) and with a counter EMF and inductive
load (bottom)

Pulse amplifiers

Pulse amplifiers are connected downstream from the gating unit of a converter. They amplify the control
(firing) pulses output from the gating unit. They are required if several thyristors must be simultaneously fired
using the same pulse, e.g. parallel thyristors in each arm of a converter circuit.
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Pulse frequency

Whereas with line-commutated converters, the thyristors are switched periodically at the line frequency, for
self-commutated converters, the power semiconductors can be switched at any frequency up to a specific
limit. The frequency with which the power semiconductors are switched is called the pulse frequency.

See also PWM inverter.

Pulse number

The pulse number p of a converter connection is the total number of direct or indirect commutations from one
main arm to another within one period.

Pulse pattern, optimized

Complex modulation procedure carried out by a converter gating unit, whereby the voltage pulses are
arranged so that the output current closely approximates a sinusoidal waveform. This is essential if a high
modulation depth and/or an optimally low torque ripple are to be obtained.

Pulse trains

Pulse trains are used to fire thyristors. A pulse train comprises a sequence of control (firing) pulses (the
repetition rate is generally <10 kHz). They are used instead of a single pulse with the same duration to
efficiently transfer control (firing) pulses via a pulse transformer. When using pulse trains, control (firing)
pulses of any length can be transmitted using the same pulse transformer (short pulses, long pulses,
continuous pulses).

PWM inverter

A PWM inverter is a voltage-source DC link converter with a constant DC link voltage, which is converted
into a three-phase voltage that is almost sinusoidal with a variable voltage and frequency using a PWM
inverter.
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Circuit diagram and control principle of a PWM inverter

In this case, each part of the three-phase inverter breaks down the input DC voltage into individual pulses
with alternating polarity by continually switching; whereby, the pulse frequency is a multiple of the required
output frequency of the inverter. The pulse duration is controlled so that either a positive or negative potential
dominates and therefore the mean value can be controlled over one pulse period. A voltage fundamental of
the output frequency can be obtained by varying the pulse duration. The switching cycle of the three partial
inverters is shifted by one third of the time period of the output frequency.

See also DC link converters.
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Ramp-function generator

The electronic ramp-function generator is used to limit the rate-of-rise of setpoints - especially speed
setpoints for closed-loop controlled drives. When the input signal suddenly changes (step-like change), the
ramp-function generator provides an output signal with a defined rate-of-rise (gradient). This therefore allows
the drive to ramp up (accelerate) according to the technological requirements of the driven machine. This
also prevents overmodulation of the control loop.

Further, the speed setpoint characteristic can be rounded off. This therefore also limits the rate-of-rise of the
torque, thus permitting jerk-free and smooth operation.

Rated value

According to DIN EN 60947-1, the rated value is the value of a variable, valid for a specific operating
condition that is generally defined by the manufacturer for a component, a device or a piece of equipment.

According to IEC 60050-151, it is the value of a variable that is used for specification purposes and is valid
under defined operating conditions of a component, a device, a piece of equipment or a system.

See also Nominal value.

Reactive power (Fundamental-frequency reactive power)

Line-commutated converters draw inductive reactive power from the AC line supply. Whereby, depending on
the particular cause, a distinction is made between control reactive power and commutation reactive power.
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The control reactive power is caused by the phase angle control of the converter. With a fully smoothed
DC current and when neglecting the commutation, the converter draws a rectangular waveform current /;
from the line supply; this current comprises the fundamental-frequency current /;.; and the harmonic currents.
With a zero delay angle setting, the phase voltage Us and the fundamental-frequency current /;; are in
phase, i.e. the fundamental-frequency reactive power is zero. As the delay angle o increases, the line
current - and therefore the fundamental-frequency current /;; are delayed by the angle @, which is equal to
the delay angle a. The fundamental-frequency reactive power caused by this delay (shift) is

Qlai =U, -1, sna

Therefore, with a constant current Iy, the ratio of the control reactive power Q, to the DC power Uyl varies
with the control factor according to a sine function.

Commutation reactive power: During each commutation, two star (line-to-neutral) voltages Us of the
converter transformer are short-circuited through their leakage reactances (or when connected directly to the
line supply, two phases of the three-phase line system through the commutating reactors) until the current
has been completely commutated to the next power semiconductor.
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Commutation of a three-pulse converter

This extends the conduction period of the power semiconductor from which the current is being commutated
by the overlap time. This extension represents a further current lag with respect to the voltage; this is higher
the longer the overlap lasts. It is specified in angular degrees u and reaches its maximum value at a delay
angle of zero u,. The ratio of the sum of both reactive powers Q, to the DC power also varies with the control
factor approximately according to a sine function.
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Control and commutation reactive power as a function of the control factor
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Reactive power compensation

The reactive power drawn by a converter can be passively compensated by connecting a capacitor to the AC
line supply. It should be noted that the capacitor represents a low resistance for the harmonic currents
generated by the converter. As a consequence, it must be protected against overload by connecting an
upstream reactor in series. This reactor must be dimensioned so that the series resonant circuit that is
formed represents a capacitive resistance for the fundamental frequency of the current, but an inductive
resistance for the harmonics. The reactive power can also be compensated by connecting several series
resonant circuits to compensate the harmonics in the line current of the converter (see also Harmonic
suppression).

When using an Active Infeed Converter (AIC), there is a far wider range of options available regarding active
reactive power compensation. This also applies to harmonic compensation in the line supply up to "line
cleaning" effects. In this case, we recommend the information provided in IEC 62578 "Operation and
Characteristics of AICs"). This means that the overhead (costs) for filters to the line supply is therefore lower.

Recovery time

During commutation, the thyristor to be turned off is changed from the on state to the off state (blocking
state) by the commutation voltage; whereby the forward current first falls to zero. Since, at this instant, the
silicon crystal still contains the full quota of charge carriers, the current can initially flow in the reverse
direction with the same rate of change (gradient) - and as a consequence, the charge carriers are removed.
The reverse current therefore decreases to zero very rapidly. The charge carriers must be completely
removed before a positive off-state voltage (blocking voltage) can occur.
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Recovery time t,

Therefore, the forward blocking ability of the thyristor is only established with a certain delay, which is called
the recovery time {,. It starts with the zero point of the current being commutated. The zero point of the
recovery voltage must only occur after the recovery time so that the thyristor will not be fired again.

The recovery time is a property of the thyristor - and is specified in its data sheet for specific secondary
conditions, e.g. the magnitude of the preceding forward current, magnitude and rate (gradient) of the
recovery voltage.

For line-commutated converters in the inverter mode, the recovery time or hold-off angle determines the
minimum turn-off angle ymin, which must be maintained in order to prevent inverter commutation failure.

Rectifier

A rectifier is a converter, which has the task to generate a DC voltage or a DC current from an AC voltage or
a three-phase system at the input. Rectifiers are predominantly implemented as externally-commutated
converters in a bridge connection or - more infrequently - in a center point circuit.
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Rectifier operation

Rectifier operation involves converting AC current into DC current. The energy flows from the AC system into
the DC system. The mean value of the energy flow is decisive, independent of the fact that the energy flow
can temporarily and briefly reverse within one period.

Redundant operation, operating mode (n+m)
Redundant operation is a special operating mode where DC converters are connected in parallel.

In this operating mode, if one or several units fail, (e.g. a fuse ruptures in the power unit or the electronics
develops a defect), then it is possible to maintain operation with the remaining converter units. The
converters that are still functioning continue to operate without any interruption.

By automatically transferring the master functionality when a fault develops, operation can continue even
when a slave unit or the master unit fails.
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Redundant converters, e.g. operating mode (2+1)

Regenerative braking

Regenerative braking involves energy recovery into the line supply when the motor operates as a generator
(in the regenerative mode). For all DC double-way drives, regenerative braking is realized by reversing the
converter so that it goes into the inverter mode and energy is fed back into the AC line supply. In the case of
DC chopper converters, the braking energy is returned to the DC source as individual pulses through the
magnetic energy of a reactor.

For a DC link converter for three-phase drives, regenerative braking is only possible when using an active
line converter (Active Line Module, Smart Line Module).

When using a diode rectifier as line converter (Basic Line Module), the energy that is generated in the DC
link is converted into heat using a braking resistor (Braking Module).

Regenerative feedback

Regenerative feedback is when the power flow reverses and flows back to the source of the electrical energy
(generally this is the line supply). This occurs when a drive brakes - assuming that a multi-quadrant drive is
being used.

When driving, the power flows from the source to the motor where it is converted into mechanical power for
the load. When braking, the power flows in the reverse direction from the load to the motor and from there, it
is fed back (regenerated) electrically to the source. On the other hand, if the braking power is absorbed in a
braking resistor and then dissipated as heat, then this power is lost and no longer available in the system. In
this case, there is no regenerative operation.
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Resolver

Mechanically and electrically very rugged and cost-efficient motor encoder that does not require any
integrated electronics and operates according to a completely electromagnetic principle.

One sine and one cosine signal are induced in each of the two coils offset by 90 degrees. The resolver
delivers all signals required for speed-controlled operation of the converter or for position control. The
number of sine and cosine periods supplied per revolution is equal to the number of pole pairs of the
resolver. In the case of a 2-pole resolver, the evaluation electronics may output an additional zero pulse per
encoder revolution. This zero pulse ensures a unique assignment of the position information in relation to an
encoder revolution. A 2-pole resolver can be used as a single-turn encoder. 2-pole resolvers can be used for
motors with any number of pairs of poles. For multi-pole resolvers, the pole pair numbers of the motor and
resolver always match; further, the resolution is correspondingly higher than for two-pole resolvers.

Injection of a
carrier frequency of
2 ... 10 kHz

Tap for
sin signal

Rotary

-
transformer

Tap for cos signal D
Fine resolution of the envelope curve

using A/D conversion Typical resolution:

i, 4096 pulses/revolution
| =) LN ) e

Envelope curve

2-pole resolver

Restart

For converters, restart is when the drive restarts after a line supply interruption with the driven machine
possibly still running. As a consequence, downtimes and production interruptions are avoided or kept as
short as possible.

There are various concepts and functions for restarting; see —Automatic restart, and —Flying restart.
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Ripple
General definition:

In drive technology, ripple is an undesirable characteristic of the actual value superimposed on the mean
value. When it involves torques, then these are also called oscillating torques.

Ripple in three-phase AC drives:

Typical torque ripple occurs due to the slot pattern of the motors (where the individual poles can be sensed),
as a result of the limited resolution of the —Encoder and the current actual value sensing as well as the
limited resolution of the voltage setting of the —/GBT power unit. The torque ripple is inversely proportional
to the —Moment of inertia of the drive - this also applies to the speed ripple.

Ripple in DC drives:

A non-sinusoidal AC voltage is superimposed on the DC voltage Uy (arithmetic mean value) at the DC
converter output. Ripple is the ratio of the rms value of the superimposed AC voltage to the arithmetic mean
value.

The superimposed AC voltage comprises sinusoidal components of frequency v - f, where the harmonic
number v is a multiple of the pulse number p of the converter circuit

v=p - k(k=1,23,..),

For example, in the case of a six-pulse bridge connection (three-phase connection) AC voltages of
frequencies 6f, 12f, 18f, ... are superimposed on the output DC voltage. The ideal AC voltage component of
harmonic number v (neglecting the inductive voltage drops in the converter and AC line supply) has the rms
value

U . =£-\/v2-(v2—l)~cosza-U.
o 2_1 di

V1

whereby Uj; is the ideal DC voltage of the converter. The ideal ripple of the voltage at the converter output is
then, for delay angle a

/ 2
ZUvim
W, =———

ia U
di

Values for superimposed AC voltages that occur in operation can be taken from DIN 41750, Part 4,
Supplementary Sheet 1.

Rise time

The rise time is a characteristic for the dynamic behavior of a control loop in response to a command
variable (setpoint) or a disturbance variable change.

See also Control loop, dynamic behavior.

Rotor time constant

The rotor time constant Tr is one of the most important quantities for the controller of an induction machine.
It is obtained from the rotor resistance Rg and the rotor inductance Lg.

TR = LR/RR

It essentially determines the delay in establishing the current - and in turn the field - in the rotor circuit when
the current in the stator circuit suddenly changes (a step change).
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S

Safety Integrated

"Safety Integrated by Siemens ®" is a registered brand name for Siemens AG for safety technology that is
integrated into standard products.

The integrated safety functions are a simple, cost-effective means of ensuring that the requirements of safety
category 3 to EN 954-1 are fulfilled.

The following Safety Integrated functions integrated in Siemens drive systems are important, e.g.

» Safe Torque Off (STO):
This function ensures that torque is no longer output at the motor shaft.
» Safe Stop 1 (SS1):
The function actively brakes a drive before the STO function is activated. In the event of danger,
drives with a high kinetic energy can be brought to a standstill extremely quickly using this function.
e Safe Stop 2 (SS2):
Like the SS1 function, the SS2 function actively brakes the drive.
However, at standstill (zero speed), instead of STO, the SOS function is activated. Just as with SS1,
drives with a high kinetic energy can be brought to a standstill extremely quickly in a hazardous
situation.
e Safe Operating Stop (SOS):
The SOS function can be used as an alternative to STO. Contrary to STO, the motor is not switched
into a no-torque condition. Instead, the drive remains in closed-loop position control, maintains its
position and is monitored for zero speed.
* Safe Brake Control (SBC):
This function safely applies a holding brake after STO is activated, which means that the drive can
no longer move, e.g. due to gravity.

Functions for safely monitoring the speed of a drive:
» Safely-Limited Speed (SLS):
This function monitors the drive against exceeding one or several specified maximum speeds.
e Safe Speed Monitor (SSM):

This function signals if a specified speed is fallen below. There is no response initiated by the safety
functions integrated in the drive.

Sampling time
The sampling time or sampling rate is the time interval between two calls of a cyclic software function, e.g. a
speed controller or an actual value acquisition function.

For digital closed-loop controls, the sampling time significantly influences the achievable —Dynamic
response: Generally, a short sampling time is required in order to achieve a high dynamic response.

Self-commutated converter

Self-commutated converters do not require an external AC voltage source for commutation. Today, they are
equipped with power semiconductors that can be turned off (e.g. IGBTs or IGCTSs).

Self-commutated converters supply a voltage to the connected load that deviates from a sinusoidal
waveform (DIN IEC 61800-8). If they are used to feed electric motors - such as for variable-speed drive
systems - then generally, additional measures are required (voltage filter, reinforced insulation). The reason
for this is to protect the motor insulation against an inadmissibly high continuous stress.

See also Externally-commutated converter.

Sensorless operation

For —Induction motor with — Vector control (field-orientated control) closed-loop speed and torque control
are possible without speed feedback (—Encoder); this allows a high degree of accuracy and dynamic
response to be achieved in a speed control range of approx. 1:10.

To fulfill the highest demands regarding dynamic response, precision and —Speed control range, the use of
an encoder is recommended; this also applies to applications where operation at extremely low speeds is
required over longer periods of time.
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Series resonant circuit

Series resonant circuits comprise a reactor and a capacitor connected in series, where the inductance and
capacitance are dimensioned so that they form the lowest possible resistance for a specific frequency.
Series resonant circuits are used on the line side of converter systems to absorb the current harmonics
generated by converters and as a consequence, to prevent them from entering the line supply.

See also Harmonic suppression.

Servo control

This type of closed-loop control enables operation with a high dynamic response and precision for motors
equipped with a motor encoder. In addition to closed-loop speed control, closed-loop position control can
also be included.

Servo drive

The term "servo" comes from the Latin "servus" meaning "server
that are in a position to track their setpoint with almost no delay.

For SINAMICS, an electric servo drive comprises a servomotor, a Motor Module and a closed-loop servo
control - and in most cases - also a speed and position encoder and a position controller, which is operated
with a defined position setpoint. For instance, in the form of a position control or synchronous control.

Electric servo drives generally operate with a high degree of precision and the highest —Dynamic response.
They are designed for cycle times below 100 ms. In many cases, they have a very high short-time overload
capacity, thus allowing them to accelerate extremely fast. Servo drives are available with rotary and linear
motors. Servo drives are used, for example, in the machine tool, robotic systems and packaging machinery
sectors.

. It refers to low and medium rating drives

Setpoint

The setpoint is the value which the controlled variable should have at the instant in time being considered. It
is entered as a command variable at the input of the controller.

Setpoint generator

The setpoint generator provides the controller with a signal representing the required value of the controlled
variable. In the simplest case, this can be a potentiometer fed from a voltage source. The setpoint can also
be supplied from a function unit, e.g. a ramp-function generator or also a higher-level controller.

Settling time

The settling time is a characteristic of the dynamic behavior of a control loop in response to a change to the
setpoint (command variable) or a disturbance variable.

See also Control loop, dynamic behavior.

Silicon carbide, SiC

Today, power semiconductors are almost always manufactured out of silicon. The main characteristic
properties of the semiconductor material include the breakdown field strength, the thermal conductivity and
the temperature stability.

When compared to conventional silicon components, new power semiconductors manufactured out of silicon
carbide (SiC) have improved data for all of the properties mentioned above. As a consequence, better power
semiconductors are possible, which switch faster, achieve higher blocking voltages, operate at higher
temperatures and can better dissipate the heat.

In the future, converters will be significantly more compact by consistently using SiC components.

Sine-wave filter

The sine-wave filter is connected to the converter or inverter output on the motor side. This filter can create a
converter output voltage with an almost sinusoidal waveform. These filters protect motors whose insulation
system is sensitive to voltage peaks. Further, in many cases, a shielded motor feeder cable is not required.

Sine-wave filters are often required in the chemical industry to ensure that the permissible insulation voltage,
e.g. in the motor terminal box, is not exceeded.
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Single-quadrant drive

Depending on the direction of rotation and torque direction, four quadrants are obtained in the speed-torque
chart.

A single-quadrant drive is only suitable for "driving" - i.e. depending on the direction of rotation, can only
operate in quadrant 1 or quadrant 3. A single-quadrant drive is also involved if braking is only possible by
applying additional external measures (e.g. a resistor).

See also DC drives.

Clockwise n Clockwise
® ®
M M
Braking Il I Driving
M Counter- Counter- M
. 1] [\ .
clockwise clockwise
® )
M M
Driving -n Braking

Operating modes of a drive

SIZER

SIZER is a PC-based tool for engineering SINAMICS and MICROMASTER drive systems. Using SIZER,
drive systems can be engineered and the drive components required for a particular application can be
selected.

See also Drive Control Chart (DCC), STARTER.

Skip frequency band

A skip frequency band is a speed or frequency setpoint that is not permitted for variable-speed drives.
Undesirable mechanical oscillation at the resonance frequency can occur within this skip frequency band.

In order to suppress these, the skip frequency band ensures that a signal value, specified from a signal
source, is replaced within the skip frequency band by skip frequency band limits. Generally, the upper and
lower limits of the skip frequency band can be parameterized.

Slip frequency
The slip of an induction machine is the ratio of the difference between synchronous speed n; and rotor speed
n, to the synchronous speed n;

n, —n,

S =
n,

Slip frequency f; is the frequency of the rotor current resulting from the line frequency fy and the slip

f=1-s

Smart Line Module

Uncontrolled infeed/regenerative feedback of the SINAMICS series of units, inverter commutation fault-proof
and suitable for four-quadrant operation. This means that the energy can flow both from the line supply to the
DC link as well as in the reverse direction.

The Smart Line Module comprises an IGBT inverter which is connected to the line supply and is clocked at
the line frequency.
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The IGBTs are not pulsed as they are with the Active Infeed. In the infeed mode, the current flows through
the free-wheeling diodes integrated in the IGBT modules, creating a line-commutated, 6-pulse, three-phase
bridge connection with diodes in the infeed direction. In the regenerative feedback mode, the current flows
through the IGBTs which are clocked at the line frequency. A line-commutated, 6-pulse, three-phase bridge
connection comprising IGBTs in the regenerative feedback direction is therefore created.

Contrary to thyristors, IGBTs can be turned off at any time. This means that if the line supply fails during
regenerative feedback, commutation short-circuits do not occur and therefore there are no inverter
commutation faults as is the case for infeed/regenerative feedback units equipped with anti-parallel thyristor
bridges.

Generally, the Smart Infeed has a line reactor on the line side with a relative short-circuit voltage of ux = 4 %.

The Smart Line Module is available as an autonomous infeed unit in the modular SINAMICS S120 system -
and is available in the Chassis and Cabinet Module formats.

Load disconnector  Line filter Line Smart Line
and fuses reactor Module

X
{ T A A | =t
= AN rl E
=
Main =
contactor Motor
Module

o

See also Line Module, Active Line Module, Basic Line Module.

Smoothing capacitor

A smoothing capacitor is used for rectifiers to reduce the ripple of the rectified voltage. It is charged while the
rectified line input voltage exceeds the output voltage and is discharged again by the connected load if the
line supply voltage is less than the capacitor voltage. Further, for PWM inverters, it absorbs the pulsed
current load that occurs at the inverter input.

Smoothing reactor

Smoothing reactors are used as inductive energy storage devices for converter operation. They reduce the
ripple of the DC output current if the existing inductance (e.g. the inductance of the DC motor) is not
sufficient.

For DC chopper controllers, a smoothing reactor is used to maintain the current during the zero-voltage
intervals when driving and to recover the energy from the DC motor when braking.

Snubber circuit

When the on-state current of a thyristor goes to zero, there is still a certain quantity of charge carriers stored
in the silicon crystal (hole storage effect) so that when commutation takes place, a reverse current initially
flows and removes the charge carriers. Due to the rapid removal of the charge carriers, the reverse current
decreases to zero extremely quickly (high rate of decrease). This sudden change in the current produces an
overvoltage (surge) at the inductances in the commutation circuit. These must be limited in magnitude and
rate of rise by connecting an RC element in parallel with the thyristors (see also Recovery time).

—

A
NN

Snubber circuit of a thyristor
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Space-vector modulation

Space-vector modulation is a special —Modulation, more precisely: A version of the pulse width modulation,
which allows the fundamental of the phase-to-phase voltage at the inverter output to be increased up to the
amplitude of the DC link voltage. As a consequence, voltage and current distortion is kept low. For this
purpose, the original sinusoidal voltage setpoints of the three phases are either superimposed on a third
harmonic, or another waveform, which always has the same instantaneous value for all three phases. For
space-vector modulation, this is realized by determining the highest and lowest value of the setpoints for the
three phases and forming the mean value.

Speed control range

The speed control range is the quotient of the maximum to the minimum speed that can be used in
operation. It designates the width of the speed control range; within this range, the speed actual value lies
within its specifications, e.g. regarding —Accuracy and constancy (— Closed-loop control stability).

Speed operating range
See Speed control range.

Speed-torque characteristic

The speed-torque characteristic of an electric motor or the complete drive specifies the characteristic of the
maximum possible torque as a function of the speed. The characteristic is largely determined by the type of
speed control employed.

The speed-torque characteristic of an induction motor at rated voltage and rated frequency is characterized
by the following values - starting torque M,, breakdown torque M, rated torque My. Depending on how the
speed is changed - by changing the stator voltage, the rotor voltage, the rotor resistance or the supply
frequency, different sets of speed-torque characteristics are obtained. These must be taken into account
when adapting the drive to the driven machine.

M, M,
MK
MN
M | !
T " | | Base speed Ny Field- | n
0 n | range | weakening |
Ny | | range |

Speed-torque characteristic Speed-torque characteristics when changing the stator
of an induction motor voltage and frequency

The speed of a separately-excited DC motor is controlled in the armature control range up to the base speed
by changing the armature voltage. The limiting torque is constant in this range. Above the base speed, the
speed is changed by weakening the field with decreasing limiting torque.

Armature voltage I Field weakening

M, range | range

Speed-torque limiting characteristic for a closed-loop controlled separately-excited DC motor
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Stacked cell inverter
See Muilti-level inverter (Perfect Harmony).

Stalling

An —Induction motor stalls if it exceeds its stability limit, i.e. the highest point of the speed/torque
characteristic. In operation, the stability limit should never be approached, as otherwise there is a danger that
the motor can no longer provide the torque demanded by the driven machine. The drive can fall out of step
and no longer follow its speed or torque setpoint.

For a —Synchronous motor, "stalling" means that the maximum possible torque at the particular operating
point is exceeded and the drive is no longer in synchronism - and as a consequence, can no longer follow its
speed or torque setpoint.

STARTER

STARTER is a PC-based tool for commissioning, optimizing and troubleshooting (diagnostics) SINAMICS
and MICROMASTER drive systems. STARTER can be operated as an autonomous program and can also
be integrated in the STEP 7 and SCOUT engineering systems.

See also Drive Control Chart (DCC), SIZER.

Starting time

Starting time or ramp-up time is the time that a variable-speed drive requires to accelerate (ramp up) from
standstill (zero speed) up to its rated speed. It depends on the acceleration torque available - taking into
account a specified current limit.

Step-down controller
See Chopper, DC chopper controller.

Step-up controller

Just like a chopper, the step-up controller comprises a power semiconductor in the main arm (in this case, an
IGBT) and a free-wheeling arm with diode. Contrary to the chopper, in this case, the output voltage is higher
than the input voltage.

Step-up controller
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Synchronous motor

For a synchronous motor, the stator magnetic field (rotating field) - which rotates with the synchronous speed
- and the magnetic field of the rotor (rotating DC field) generate a torque.

For a synchronous motor, the rotor always rotates in synchronism with the stator magnetic field (the rotating
field). Together with the magnetic field of the rotor (rotating DC field), a torque is generated.

The synchronous speed ng (in rpm) is obtained from the supply frequency f (in Hz) of the motor divided by
the pole pair number p.

ns = 60*f/p

The magnetic field in the rotor is either generated electromagnetically, where the current is transferred to the
rotor via sliprings, using an exciter or permanent magnets.

Contrary to induction motors, synchronous motors have no slip.

In order to be fed from a converter, depending on their particular version, synchronous motors require
different open-loop and closed-loop controlled concepts.

A differentiation is made between synchronous motors
= permanently excited/separately excited
= with/without damping cage
=  with/without position encoder
Synchronous motors are used for various reasons:
= High drive dynamic response (synchronous servomotors)
= High overload capability
= High speed accuracy with precisely the specified frequency (SIEMOSYN motors)

Synchronous servomotor

Synchronous servomotors are —Synchronous motors with small up to medium power ratings that have an
extremely high —Dynamic response and are extremely compact. These motors are mainly used for fast
motion control applications and other applications that demand a high dynamic response and precision.
Siemens synchronous servomotors (e.g. 1FK7, 1FT7) are permanently excited (permanent magnet)
Synchronous motors with speed/position encoders such as —Incremental encoders or —Absolute encoders.
The low intrinsic moment of inertia permits an extremely high dynamic performance. A high power density
with low envelope dimensions is achieved among other things as a result of the fact that there are no rotor
copper losses. Synchronous servomotors can only be fed from converters. The required —Servo control
results in a torque-dependent motor current. The instantaneous phase angle of this current is derived from
the (mechanical) rotor position as determined by the position encoder.

System deviation
This is the difference between the setpoint and actual value at the controller input.
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Tachogenerator
Tachogenerators are used to sense the speed actual value and they output an analog signal.

Today, they are only infrequently used as essentially digital solutions have established themselves as
encoders used to sense the speed and position actual value, e.g. —Incremental encoder.

THD

Total Harmonic Distortion (THD) is a measure of the distortion of an AC quantity and is predominantly used
in English speaking countries. Contrary to —Fundamental content, harmonic content (distortion factor), with
THD, the rms value of the fundamental is used as reference quantity. For example, the following applies for
the THD of the current:

2 2 2 2
THD:,/12+I3+..._\/1 17k,

I, I, 8

Three-level inverter

In low-voltage drives up to a line supply voltage of 690 V —PWM inverters are used that approach the
required sinusoidal output voltage using pulse modulation using just two output voltage levels. The deviation
from a pure sinusoidal waveform results in harmonic currents, which must be limited. In this case, a
sufficiently high switching frequency of several kHz is required; this can be easily implemented using IGBTs
with blocking voltages of 1200 V or 1700 V.

For medium-voltage drives with voltages of 2.3 kV, 3 kV, 4.16 kV etc., high-voltage IGBTs or IGCTs are used
instead. These have far higher switching losses and as a consequence only permit lower switching
frequencies. Further, the blocking voltage of the power semiconductors themselves is not sufficient which
means that several power components must be connected in series.

In this case, a three-level inverter uses the series circuit in a smart way by being able to switch the center tap
of the voltage DC link to the output terminals as an additional third voltage level. As a consequence, the
required sinusoidal voltage waveform can be more closely approached - and the current harmonics are
sufficiently low even at switching frequencies substantially lower than 1 kHz.

See also Modulation.
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3-level inverter

Three-level inverter and output voltage waveform

Three-phase AC drives

A variable-speed three-phase drive (DIN EN 61800-2, 4) is a combination of a controllable converter with a
polyphase machine. The speed is controlled by changing one or several of the following variables: Stator
voltage, stator current, frequency. The most common types of three-phase AC drives are as follows:
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Controlling the

Three-phase AC drive

Application

stator voltage

Stator voltage Three-phase AC power controller with Drive for pumps, fans, up to 6 kW - in special
squirrel-cage induction motor cases up to 50 kW
Stator frequency, Current-source DC link converter with Drive for processing machines, pumps,

synchronous motor (converter motor)

blowers, up to 60 MW

Voltage-source DC link converter with
synchronous motor or squirrel-cage induction
motor

Drive for textile machines, roller tables,
machine tools, up to 20 MW

Cycloconverter with synchronous motor or
squirrel-cage induction motor

Drives with very low speeds,
e.g. rock crushers, up to 15 MW

Stator frequency,
stator current

DC link converter with squirrel-cage induction
motor

Drive for fans, centrifuges, mixers/agitators,
up to 1800 kVA

Three-phase AC power controller
See AC power controller.

Three-phase motor

A three-phase motor is a —Polyphase machines, that is used for drives. As far as the operating principle is
concerned, a distinction is made between —Induction motors and —Synchronous motors.
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Thyristor

The thyristor is a power semiconductor, which is similar to a —Diode, however, it can only be turned on by
applying a current pulse between the gate and cathode. If this firing pulse is not available, then the thyristor
blocks in both directions and can accept high voltages between the anode and cathode. Firing is only
possible in the forwards direction, when the anode voltage is positive (blocked state). Just the same as a
diode, the current can only flow in one direction. If the thyristor has been turned on, it remains in this state
until the current becomes zero. Turning off or extinguishing is realized in exactly the same way as for a
diode. This can also be realized externally using —Commutation. After being turned off, initially, there is a
negative voltage between the anode and cathode. This must be guaranteed for the duration of the
—Recovery time, before the voltage becomes positive again so that the thyristor cannot be undesirably
turned on again.

Anode

i N ‘T\riggering

\
~ 7 \

u,

1

Gate

Cathode

Circuit symbol and ideal characteristic of a thyristor

TN line supply
The abbreviation TN stands for the French term "Terre-Neutre" (ground neutral).

For the TN line supply, one point of the line supply (neutral point or outer conductor) is directly grounded.
The bodies of electrical equipment are connected to the grounded point of the line supply via a protective or
PEN conductor.

There are 3 versions of TN line supplies:

- TN-S line supply: Neutral conductors (N) and protective conductors (PE) are routed separately
throughout the complete power supply network.

- TN-C line supply: Neutral conductors (N) and protective conductor function (PE) throughout the
complete power supply network are combined in a single conductor - the PEN
conductor.

- TN-C-S line supply:  This term refers to line supply systems in which one section is configured as a
TN-C system and another section as a TN-S system.

See also Line supply configuration, TT line supply and IT line supply.

Torque control

For closed-loop torque control the torque is the setpoint, and the actual torque value should, as far as
possible, precisely track the torque setpoint with a low associated ripple and without any delay. Generally,
closed-loop speed control is not active. However, in some cases, a speed overcontrol setpoint is applied.
When the load torque is no longer present, this then ensures that the drive does not accelerate
uncontrollably, i.e. it ensures that no inadmissible overspeeds occur.

Closed-loop torque control is a sophisticated function. The reason for this is that generally the torque cannot
be measured, but must be calculated from other variables.

For instance, closed-loop torque control is used for
» Axial winders (torque setpoint ~ tension setpoint * wound roll diameter)

* Load equalization between several motors that are mechanically and rigidly coupled with one another.
The main drive is closed-loop speed controlled. The following drives operate in the closed-loop torque
controlled mode and receive a certain percentage of the torque setpoint of the main drive, which is
taken from the output of the speed controller.
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Torque motor
Torque motors are slow-running synchronous or induction motors with a high torque.

Siemens torque motors are synchronous motors with liquid cooling (see Synchronous servomotor). They
have a hollow shaft and are available as either built-in motors or complete motors. The torque motors
comprise a stator and a rotor with permanent magnets.

Siemens torque motors have the following properties: High number of pole pairs, high operating and
standstill torques, low speeds, good dynamic properties. They have an extremely compact, space-saving
design and are predestined for gearless, space-saving directly-coupled drives.

Torque-free interval

For a double-way converter, the torque-free interval is the period of time during which current does not flow
through the motor while reversing and therefore no torque is generated. In the case of one-way converters, it
is the duration of the armature or field circuit reversal and in the case of double-way converters in a
circulating current-free inverse parallel connection, it is the duration of the changeover controlled by the
sequential logic stage.

See also Inverse parallel connection.

Totally Integrated Automation (TIA)

Tailored to individual customer requirements, Totally Integrated Automation can be used to implement
industry-specific automation solutions that boost productivity and provide a high degree of investment
security.

Totally Integrated Automation is an integrated, seamless solution platform for all sectors from a single
source. As a consequence, TIA supports companies when it comes to optimizing their production, process
and plant operations.

Totally Integrated Automation is based on the Siemens philosophy aimed at continuously further developing
products, services and application know-how in a future-orientated way. Lower engineering costs when
generating automation solutions, lower life-cycle costs when operating plants and systems, and significantly
shorter time to market result in a significant increase in productivity and high security of investment.

Transient response

When there is a step change at the input of a control loop, then the response of the output signal with
respect to time - referred to the magnitude of the step change of the input signal - is known as the transient
response.

TT line supply
The abbreviation TT stands for the French term "Terre-Terre" (ground-ground).

For TT line supplies, one point is directly grounded. The bodies of the electrical equipment are connected
individually to ground or to the central ground point. The influence of the grounding resistance between the
grounded points of the line supply and the potential of the separately grounded equipment must be taken
into consideration.

With converter technology, when using TT line supplies, please take into consideration that the effect of
conventional line filters can be undefined as a result of the floating reference point.

See also Line supply configuration, TN line supply and IT line supply.

October 2009 -71-
© Siemens AG



ABC of Drives

\"

Vector control

Vector control is a high-performance control type for induction motors. It is based on a precise model
calculation of the motor and two current components that simulate and accurately control the flux and torque
by means of software-based algorithms. This means that speed and torque setpoints can be precisely
maintained and limited with superior dynamic response.

There are two types of vector control:
Frequency control (sensorless vector control) and speed-torque control with speed feedback (—Encoder).
See also Field-oriented control.

V/f control

Control technique for —Induction motors, where the voltage amplitude U is specified as a function of the
actual motor frequency f. In this case, an approximate motor model (see Model) is used, where the quotient
V/fis proportional to the torque that can be achieved.

The V/f characteristic can be adjusted. The most usual characteristic types are those with a constant torque
or a square-law characteristic for pumps and fans.

The following measures improve the properties of V/f control:

Slip compensation maintains the speed constant during load changes using a load current-dependent
frequency boost. The slip compensation becomes effective from approx. 10 % of the rated motor
speed. This therefore allows a speed holding accuracy of approx. (0.2 x rated slip) to be achieved. The
rated slip is, e.g. for motors from 30 KW and above, approx. <1.5 %.

FCC control (Flux Current Control, extended i*R compensation) also improves the speed holding
accuracy during load changes. FCC adapts the voltage - and therefore the rotor flux - to the load.

The voltage increase at low frequencies ("boost") optimizes the starting behavior.

Resonance damping attenuates electromechanical oscillations in the range between 10 and 40 Hz for
induction motors up to approx. 160 kW.

The current limiting control is used as stall protection.

V/f control is preferably used in the following applications:
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For applications with low to average requirements placed on the dynamic response, speed control
range and accuracy.

For —Group drives (several drives connected to a converter), also with "group synchronous operation”
(with reluctance motors in the textile sector).

If commissioning is to be as simple as possible and high parameter ruggedness is required.
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Important standards for converter-fed drives

DIN 40110-1, 2

DIN 41750-4,
Supplementary
Sheet 1

DIN 41756-1
DIN 41756-2
DIN 41756-3
DIN EN 55014-2

DIN EN 60034-1
VDE 0530-1

IEC 60050-151

IEC 60050-551

DIN EN 60947-1
VDE 0660-100

IEC 61000-2
VDE 0839

IEC 61000-3
VDE 0838

IEC 61000-4

IEC 61000-6
VDE 0839

IEC 61158, Part 2
to6

DIN EN 61800-1
VDE 0160-101

DIN EN 61800-2
VDE 0160-102

DIN EN 61800-3
VDE 0160-103

DIN EN 61800-4
VDE 0160-104

DIN IEC 61800-8
(draft)

IEC/TS 62578

October 2009
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Quantities used in alternating current theory — Part 1: Two-line circuits
Quantities used in alternating current theory — Part 2: Multi-line circuits

Static power converters; terms and definitions for static power converters; notes
for calculations for line-commutated converters for rectifying and inverting

Static power converters; duty cycles and rating classes
Static power converters; duty of power converters, types of DC load
Static power converters; duty of power converters, types of AC load

Electromagnetic compatibility - requirements for household appliances, electric
tools and similar apparatus - Part 2: Immunity — Product family standard.

Rotating electrical machines - Part 1: Rating and performance
(IEC 60034-1:2004); German version EN 60034-1:2004

International Electrotechnical Vocabulary — Part 151: Electrical and Magnetic
Devices

International Electrotechnical Vocabulary — Part 551: Power Electronics

Low-voltage switchgear and controlgear — Part 1: General rules
(IEC 60947-1:2007); German version EN 60947-1

Electromagnetic Compatibility (EMC) - Part 2: Environmental conditions
Electromagnetic Compatibility (EMC) - Part 3: Limits

Electromagnetic Compatibility (EMC) - Part 4: Testing and measurement
techniques

Electromagnetic Compatibility (EMC) - Part 6: Generic standards
Industrial communication networks — Fieldbuses

Adjustable speed electrical power drive systems — Part 1: General requirements;
rating specifications for low-voltage adjustable speed DC power drive systems
(IEC 61800-1:1997); German version EN 61800-1:1998

Adjustable speed electrical power drive systems — Part 2: General requirements;
rating specifications for low-voltage adjustable frequency AC power systems
(IEC 61800-2:1998); German version EN 61800-2:1998

Adjustable speed electrical power drive systems — Part 3: EMC requirements and
specific test methods
(IEC 61800-3:2004); German version EN 61800-3:2004

Adjustable speed electrical power drive systems — Part 4: General requirements;
rating specifications for AC power drive systems above 1000 V AC and not
exceeding 35 kV

(IEC 61800-4:2002); German edition EN 61800-4:2003

Adjustable speed electrical power drive systems — Part 8: Specification of voltage
on the power interface

Power electronics systems and equipment - Operating conditions and
characteristics of active infeed converter applications
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Three-phase AC drives

Low voltage Medium voltage

For basic For high-quality applications For sophisticated applications For high-power
applications applications
SINAMICS  SINAMICS SINAMICS SINAMICS  SINAMICS SINAMICS SINAMICS SINAMICS
G110 G110D G120 G120D G130/G150 S$120 S150 GM150/SM150/GL150

0.12 kW 0.75 kW 0.37 kW 0.75 kW 75 kW
.. 3kW .. 1.5 KW ..250 kW .. 7.5kW ... 1500 kW

... 4500 kW ... 1200 kW ... 120 MW

0.12 kW 75 kW 0.8 MW

Common Engineering Tools

SIZER - for simple planning and configuration STARTER - for fast commissioning, optimization and diagnostics

Earlier drive systems and their SINAMICS replacement:

SIMOVERT MV SINAMICS GM150

SIMOVERT ML2 SINAMICS SM150

SIMOVERT S current-source DC link converters (converter-fed motor) SINAMICS GL150

SIMOVERT D cycloconverter SINAMICS SL150
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DC drives

Drive system

I

=

-
- Lo

(1 o

L L

Converter

One-way converter

Double-way converter

Motor

DC shunt-wound motor

Speed-determining quantity

Armature voltage of the motor, where relevant, also the motor field

Speed control principle

Closed-loop armature voltage control using open-loop controlled, line-commutated

converters

Closed-loop control version

Fully digital microprocessor-based control with standardized automation interfaces
(optionally, closed-loop analog control with hybrid components)

Typical speed control range| 1:100 1:100

or frequency range for

three-phase current

Principle of torque reversal | Field current reversal using external Electronic reversal of the armature current
contactors

Typical operating mode 1 direction of rotation, driving 2 directions of rotation, driving and braking

Possible operating modes
using additional measures

Dynamic braking

Typical power range

1 to 1300 kW (G)

2 to 1250 kW (G)

G = unit series up to 10000 kW and higher up to 10000 kW and higher
Typical features Low converter costs High control dynamic performance
Main applications All types of processing machines Cranes, rolling mills, paper, plastics and textile

machines, machine tools

Earlier drive systems and their SINAMICS replacement:

SIMOREG

October 2009
© Siemens AG

SINAMICS DCM
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Electrical variables

Code Variable Sl unit |Name
letter
U Electrical voltage \% Volts
I Electric current A Ampere
R Electrical resistance Q Ohm
G Electrical conductance S Siemens
L Inductance H Henry
XL Inductive reactance Q Ohm
C Capacitance F Farad
Xc Capacitive reactance Q Ohm
Z Apparent resistance, impedance Q Ohm
f Frequency Hz Hertz
w Angular frequency 1/s Reciprocal second
P Power, active power W Watt
Q Reactive power var Var
S Apparent power VA Voltampere
A Power factor
cos® Displacement factor
Formulas
Direct current: I R ‘
U 1 ‘
[=—;1=U-G;G=— A
. R R
Alternating current: I 7z
I= E A Q
T |
Z:\/(XL—XC)Z+R2 X | X
Q Q Q ‘
X =olL X | o | L
Q 1/s H
X — 1 XC (0] C
€ oc Q | s | F
f
o=2-n-f e
1/s Hz
Active power, general
T I
P=— J.M -l dt W v A s
Ty
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Power for sinusoidal quantities:

Active power
P=U-1-4
Apparent power
S=U-I
Reactive power
Q=+s2 _p2
Power factor

P
A=—

Input power of a DC motor, general

Input power for pure DC quantities

P =0, -1
EUdd

Input power of an AC motor

PEZ\B-U-I%

Output power of a motor

Fundamental content of the current

g =

I
1
I

I  rms value of the current

I; rms value of the fundamental of the current

Fundamental content of the voltage

U
g =—1L
U u

U rms value of the voltage

U, rms value of the fundamental of the voltage

October 2009
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P 1
W A ‘
S 1
VA \Y A
Q S P
var VA W
A P S
w VA
PE Uq id T ‘
w \Y A S ‘
Pg Ug Iy
w \Y A
P r| o |
w \Y A ‘
Py Pg n
w w
g1 I I
A A
‘ gu ‘ U, U
\
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Harmonic content (distortion factor) of the current

I
kI—lgI

Harmonic content (distortion factor) of the voltage

[ 2
kK =.1-
U gu

Controlled ideal DC voltage

u =U . ‘ a ’ Udiot
dia  dio ¢

a delay angle

Displacement factor

di o

cosp, =
Udi

¢, Phase displacement angle between a sinusoidal voltage and fundamental |1 of the current

Power factor

A =g "c0sp,

rms value of an AC voltage with harmonic number v superimposed on a DC voltage Uy

V2
U . =—-\/V2-(V2—1)-cosza~U
-1

via 2 di

Ideal AC voltage content (ripple) of DC voltage Uy for delay angle o

\lezvia
W, =—m—

ia U
di
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Calculation values for the most commonly used connections for converter-fed DC drives

Connection ‘ ‘ Udi/UvO Ip/Id ‘ Iv/Id ‘ ILi/Id ‘ SLi/(Udi . Id) | STr/(Udi . Id) ‘ k

p
M3 3| 0.675 0.577 0.577 0.472 1.21 1.46 0.866
B2 2| 0.900 0.707 1.000 1.000 1.1 1.1 0.707
B6 6| 1.350 0.577 0.816 0.816 1.05 1.05 0.500
p No. of pulses

Ug  Ideal DC voltage with a delay angle of 0
Uy Valve side no-load voltage (rms voltage)
Iy Arm current (rms value)

Iy Valve-side conductor current (rms value)
lg DC current (arithmetic mean value)
I Ideal line-side conductor current

S, Ideal line-side apparent power
St Transformer rating
k Factor used to determine the inductive voltage drop

o Li

l, \ U, I, \ ‘ y

11 - 11 11 11
L S LR
11 P 1 11 i 1
¥ ¥ ¥ ION
1 1
¥ NN

Ia\ Ud ldl Ud

o [ o o
B2 B6
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Mechanical variables

Code Variable Sl unit |Name
letter
s Distance m Meter
r Radius, lever arm m Meter
d Diameter m Meter
t Time s Second
w Angular velocity rad/s |Radians per second
n Speed 1/s Reciprocal second
\Y Velocity m/s Meters per second
a Acceleration m/s® Meters per second squared
g Acceleration due to gravity m/s? Meters per second squared
m Mass kg Kilogram
J Moment of inertia kgm2 Kilogram meter squared
F Force N Newton
M Torque Nm Newton meter
W Work, energy Ws, J |Watt second, Joule
P Power w Watt
n Efficiency
g Coefficient of friction
p Density kg/m3 Kilograms per cubic meter
Formulas
Distance at constant velocity
S v t
s=v-t
m m/s s
Distance at constant acceleration
1 S a t
s=—-a-t’ ;
2 m m/s s
Acceleration force
F m a
F=m-a
N kg m/s?
Kinetic energy
2 w m v
m-v
W= Ws kg m/s
2
Power
P F \%
P=F-v
w N m/s
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Drive power of a pump

e lalolo]nls]

P

Quantity of fluid per hour (flow rate)
Delivery height

Pump efficiency

Q
h
p Density
n
g 9.81m/s?

Rotary motion

n-3600 g ‘ kw ‘ m3/h‘ m ‘kg/m3

M=F-r M F r
Nm N m
9550-P M P n
M=———
n Nm kW rpm
Angular velocity
2. w n
®=——"'n
60 1/s rpm
Acceleration/braking time
¢ = J-o ts J w Mg
B MB s kgm? | 1/s Nm
¢ = J-An ts J An Mg
B 95s5. My s | kgm* | rpm | Nm

An Difference between the highest and lowest speed

Kinetic energy

1 2 W J w
2 Ws | kgm? | 1/s
W J-n2 W J n
- 182.4 Ws kgm? | rpm
Power
P=M-o P M w
w Nm 1/s
M:-n P M n
P =
9550 kW Nm rpm
Moment of inertia of a solid cylinder
Lo IR
J = — . m . r
2 @ ko | kg | m |
October 2009
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1 J 1 d,
J:—.n.p.l.d4 p
32 a kgm? | kg/m®*| m m

Moment of inertia of a hollow cylinder

1 J m I, I
J=—~m-(r2 +r.2)

2 a 1 kgm? | kg m m
]:L.n.p.].(d4_d4) ! P ! d di ‘

32 a 1 kgm? | kg/m®*| m m m ‘

Conversion of moment of inertia with gear reduction from n, to n,

Travel gear

Frictional force

meg (4 e | m e | e [ oo
F_ = Ap+—+f
R ¢ 2 ‘N’kg‘m/sz‘m’m‘m‘
r Wheel radius
d Journal diameter
f Lever arm of rolling friction
Power
» :FR~V Py Fr v
R 1000 kW N m/s

Frictional torque

9550 - PR Mg Pr n

MR - n Nm kW rpm

Moment of inertia

2 J m \% n

v
J=912-m - —
2

n

kgm kg m/s rpm

Acceleration torque

J-An Mg J An ts

M =—
B 9.55-tB Nm | kgm? | rpm ]

ts Acceleration time

Transmittable torque

M, =p-m-g-r ‘
il
‘ Nm ‘ kg ‘ m/s
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