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1 Preface 

The described hardware and/or software are developments of the KEB Automation KG. 
The enclosed documents correspond to conditions valid at printing. Misprint, mistakes 
and technical changes reserved. 

The application notes describe solved applications or application scenarios. They serve 
designers and developers as an approach to be taken in the implementation of own ap-
plications. However, they are considered for information only without responsibility. The 
selection with regard to their suitability for the intended use can only be made by the user. 

The use of our units in the target products is beyond of our control and therefore 
exclusively the responsibility of the machine manufacturer, system integrator or 
customer. 

1.1 Signal words and symbols 

The used signal words and symbols have the following meaning: 

 DANGER   Dangerous situation, which will cause death or serious injury in case 
of non-observance of this safety instruction. 

  

 WARNING   Dangerous situation, which may cause death or serious injury in case 
of non-observance of this safety instruction. 

  

 CAUTION 
 

 Dangerous situation, which may cause minor injury in case of non-
observance of this safety instruction. 

  

ATTENTION   Situation, which can cause damage to property in case of non-
observance. 

  

 

RESTRICTION 

Is used when certain conditions must meet the validity of statements or the result is lim-
ited to a certain validity range. 

 

i   Is used when the result will be better, more economic or trouble-free by fol-
lowing these procedures. 

 

► This arrow starts an action step. 

• / - Enumerations are marked with dots or indents. 

=> Cross reference to another chapter or another page. 
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1.2 Registered trademarks  

 

The following registered trademarks are used in this documentation: 

EtherCAT®  

EtherCAT® is a registered trademark and patented technology licensed by Beckhoff Au-
tomation GmbH, Germany.
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2 AFE Master / Slave Operation H6 

2.1 Enhanced power by master / slave operation with EtherCAT® Master 

 

In order to be able to cover a larger power range, two AFE systems should be connected 
parallel or the two DC buses should be connected. The transfer of the setpoint Isq_ref 
and the phase position to the slave must be done with an EtherCAT® master. It synchro-
nizes both AFE units so that the requested load sharing takes place. Redundancy is only 
conditionally possible (EtherCAT® operation) and is the responsibility of the customer. 

 

 

 
1 
2 
3 

Control unit 
AFE (Active Front End) 
Axis module 

4 
5 
6 

DC connection unit/ DC terminal 
AFE filter(Sinus EMC filter, EMC filter, choke) 
Motor 
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2.2 Circuit diagram 400V mains 

 

Legend 

F0 

F1 

F2 

F3 

F4 

G1 

S0 

S1 

K0 

K1 

U1 

U2 

Main fuse (line protection gL/gG) 

Mains fuse 24V unit (line protection 10A gL/gG) 

Mains fuse charging unit (line protection 10A gL/gG) 

Mains fuse master (semiconductor fuse gR/aR) 

Mains fuse slave (semiconductor fuse gR/aR) 

Motor 

Main switch 

Driver release AFE 

Coupling relay for main contactor 

Main contactor 

Braking resistor with temperature switch 

24V unit inclusive control 

U3 

U4 

U5 
 

U6 

U7 

U8 

 
U9/U12 

U10/U13 

U11/U14 

Charging unit 

AFE master 

DC connection unit/ DC terminal (protect 
against overload) 

AFE slave 

EMC filter E6 

H6 axis module or group of axis module 
(max. 6 modules with 20m line lenght) 

EMC filter E6 

KEB mains choke 

KEB sine-wave EMC filter 

1 Figure 2: Circuit diagram 

 
 

ATTENTION  Load reduction in error case 

 The currents of the AFE master and slave must be monitored with a 
control. 

 If an AFE unit fails, it must be ensured that load reduction takes place 
and the max. current of the DC connection unit is not exceeded! 
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ATTENTION  Observe special features in operation! 

 An autotransformer must be connected upstream at a 480V mains. 

 The cable lengths of the DC feedback from the sine-wave EMC filter 
should neither be shortened nor lengthened. 

 The respective release has to be done via the control word. In partic-
ular, the synchronization of the slave has to be carried out with a con-
trol. 

 The network synchronization (speed search) of the slave shall only 
be done when the master is ready for operation (see circuit diagram).  

 The synchronization (congruence) of the master and slave currents, 
especially during load step are depending on the cycle of the control 
(EtherCAT® master). We recommend a cycle time less than 2 ms. 

  

 
 

2.3 System initial setting / parameterization 

Master 

Parameter Value Note 

Cu01 = Cu01_single / 2 Gain voltage controller kp 

Cu17  Total capacity of the system [µF] 

Cu21 >=720V Due to modulation without 3rd harmonic 

Ds05 40 ms Smoothing time for EMF precontrol 

Is00 18 Without 3rd harmonic 

Is12 0 Smoothing of ru parameters for slave transmission 
for operation 

IS13 0 Smoothing of ru parameters for slave transmission 
for operation 

Table 2-1: Parameterization master 
 
Slave 

Parameter Value Note 

Cu01 0 Voltage controller switched off 

Cu03 0 Voltage controller switched off 

Cu20 0 Smoothing of ru parameters for slave transmis-
sion for operation 

Cu21 Cu21(Master) – 20V Safety factor; is only required for the start 

Cu99 off Voltage controller switched off 

Dd16 4 Start with preset frequency at an angle of 0°; 
must be synchronized via control! (from software 
version 1.7) 

Ds05 40 ms Smoothing time for EMF precontrol 

Is00 18 Without 3rd harmonic 

Is12 0 Just like master 

IS13 0 Just like master 

Table 2-2: Parameterization slave 
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2.4 Settings of the EtherCat master 

The master/slave control concept provides that the Iq setpoint of the master is transmitted 
to the slave via process data. The control represents an additional delay in the controlled 
system. This is to be kept as low as possible, for example, by choosing a small cycle 
time. The delay clocks between reading and writing the control can be reduced by one 
clock by setting parameter "FrameAtTaskStart = FALSE". 

EtherCat master 
 

Parameter Value Note 

FrameAtTaskStart FALSE Lower latency at read/write operation 

 

i   FAQ CVStudio6 0005 EthercatTiming.pdf 

 

Process data are also required for the network synchronization (Speed search) of the 
slave. A bus-synchronous operation is absolutely necessary for this (bit 8 of the status-
word ST00 at master and slave is set. If necessary, write cycle time with parameter fb10)! 

2.5 Process data settings 

This is the minimum configuration of process data required for speed search and M/S op-
eration: 

Master 

Parameter Read/write Note 

Ru23 Read IqRef[%] (standard: *100/1024) 

St48 Read RhoAct (standard: 65536 = 360°) 

Co00 Write(optional) control word 

Cu21 Write(optional) UicRef[V] 

 
Slave 

Parameter Read/write Note 

Co18 Write IqOffset[%] (standard: *10) 

Co00 Write Controlword, required for speed search 

Cu21 Write(optional) UicRef[V], = Cu21(master) – 20V (required for 
start) 

2.6 Mains synchronization slave (speed search) 

The slave is parameterized by way that it starts with an angle of 0° after setting the con-
trolword. Therefore, the starting time must be adjusted by way that also the mains angle 
at this moment passes the 0° mark.  

The read St48 (RhoAct) provides the information via the mains angle. The read/write de-
lay must be taken into account. 

i   RhoDelay = -3.5 * cycle time * mains frequency * 360° 

 Supported from software version 1.7 
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