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Safety Information

Important Safety Information

The Leybold TURBO.DRIVE with serial interfaces 
have been designed for safe and efficient operation 
when used properly and in accordance with these 
Operating Instructions. It is the responsibility of the 
user to carefully read and strictly observe all safety 
precautions de scribed in this section and throughout 
the Operating Instructions. The devices must only be 
oper ated in the proper condition and under the con-
ditions described in the Operating Instruc tions. It 
must be operated and maintained by  trained personnel 
only. Consult local, state, and national agencies regar-
ding specific requirements and regulations. Address any 
 further safety, opera tion and/or mainten ance questions 
to our nearest office.

1 General
Frequency converters TURBO.DRIVE S, TURBO.DRIVE L, 
TURBO.DRIVE 300, 400 and 700 may optionally be equip-
ped with one of the following interfaces: 
n RS 232 
n RS 485 
n Profibus DP

The Operating Instructions for the frequency converter 
or the pump cover the way in which the serial interface 
connectors for RS 232 and RS 485 have been wired and 
how to make the link work. Moreover, these Operating 
Instructions contain a list of parameters for the frequency 
converter.

Pxxx denotes parameter value xxx. 

TURBO.DRIVE are slave units and thus respond to 
requests from the master, and they supply data exclusively 
after having received a request to do so from the master, 
i.e. the interface of the frequency converter will always 
respond to a read or write access to the frequency conver-
ter.

In the case of word data (16 or 32 bit word length) the high 
bit is transmitted first (Motorola standard).
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2 Description of the Protocol used for RS 232 and RS 485

2.1 Structure of the Character Frames for Transferring a Telegram Byte

Beschreibung

n The even parity bit is a check bit: the number of 
data bits “ones” (including the parity bit) is an even 
number.

n Start bit = 0

n Stop bit = 1
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3 Profibus DP
In a Profibus DP system, a difference is made between 
master and slave units. Here the master units control all 
traffic. They transmit data to the related slaves and request 
data from these. It is possible to run one or several masters 
in a system.

For more information on the Profibus system:

„The New Rapid Way to Profibus DP“, 
Manfred Popp, Profibus Nutzerorganisation e.V.  
Haid-und-Neu-Str. 7 
D-76131 Karlsruhe 
P/N 4.072 
www.profibus.com

3.1 Description of the Interface
At both ends of the bus a terminating resistor is required. 
Such a terminator must be incorporated in an external plug. 
The connections for this plug are provided through the 
interface connector. For this also see the standards.

Standards Profibus DP V0 acc. to 
 IEC 61158-2 and IEC 61784 Type 3

Protocol in acc. with Profibus profile for 
 variable-speed drives Profile No.3; Version 2.0
Transmission rates and cable lengths 
(see also the standards) 
 Transmission rate (kBit/s) Max. segment length (m)
 9.6 –93.75 1200
 187.5 1000
 500 400
 1500 200
 3000 - 12000 100

The baud rate is set automatically. The following baud rates 
are supported: 
9.6 k Baud 19.2 k Baud 45.45 k Baud
93.75 k Baud 187.5 k Baud 500 k Baud
1.5 M Baud 3 M Baud 6 M Baud
12 M Baud

Profibus
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Address range Hex $01 ... $7E;  
corresponding to Decimal 1 ... 126

Cable type SIEMENS-SINEC-L2 bus cable;  
P/N 6XV1830-0AH10

Voltage level see standards

Interface connector Sub-D 9 way  
 socket (female) on the side of the instrument  
Thread UNC4-40

Both sync mode and freeze mode are supported.

The TURBO.DRIVE 300 and 700 are also equipped with 
the Profibus watchdog function, which in the event of a fail-
ure affecting the cyclic exchange of Profibus data will stop 
the pump after about 5 s.

Note: After having changed the bus address through the 
rotary switch, switch the frequency converter off (yellow 
Power LED off) and then on again so as to enable the new 
address setting.

Profibus
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Profibus

3.2 Description of the Telegram
Three types of protocol (PPO types) have been implemented. In the following 
only the payload data are described. Data which serve communication purpo-
ses (data link layer, layer 2 acc. to OSI, for example, start byte and addressing 
etc.) are processed automatically in the background by the Profibus.

3.2.1 PPO Type 1 (Profibus)
Length of the payload data block: 6 words = 12 bytes

Designator = 0xF3, 0xF1 (see 3.3 GSD File)

    Read Write 
 Byte Abbre-  access access Response 
 No. viation Description on con- on con- from con- 
   verter verter verter

 0-1 PKE Parameter number 
  and type of access  Value (s. 4.1)

 2 IND Parameter index   Value (s. 4.2)

 3 – reserved  0

 4-7 PWE Parameter value 0 Value  Value 

 8-9 PZD1 
 STW Status and  
 ZSW control bits   Value (s. 4.3)

 10 PZD2 
 -11 HSW 
 HIW Current rotor 
 (MSW) frequency (= P3) 0 0 Value (Hz)



  10 GA05281_002_C0 - 11/2016 - © Leybold

Profibus

3.2.2 PPO Type 6 (Profibus)
Length of the payload data block: 1 word = 2 bytes

Designator = 0x00, 0xF0 (see 3.3 GSD File)

    Read Write 
 Byte Abbre-  access access Response 
 No. viation Description on con- on con- from con- 
   verter verter verter

 0-1 PZD1 
 STW Status and  
 ZSW control bits   Value (s. 4.3)

 
3.2.3 PPO Type 7 (Profibus)
Length of the payload data block: 1 byte

Designator = 0x00, 0xB0 (see 3.3 GSD File)

   Read Write 
 Byte Abbre-  access access Response 
 No. viation Description on con- on con- from con- 
   verter verter verter

 0 PZD1 
 STW Status and  
 ZSW control bits   Value (s. 4.4)
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Profibus

3.3 GSD File (Example)
Documented in the GSD file are the parameters of the 
Profibus DP interface. The file format has been defined in 
the standard so that project tools from different manufac-
turers can be used. The current GSD file is available from 
Leybold upon request. In addition the contents of the GSD 
file have been documented in the following.

==========================================

GSD-Datei for LEYBOLD SS18135

Status : 24.09.98 - Harald Fleischmann Sync_mode_supp

Freeze_mode_supp

==========================================

#Profibus_DP

Vendor_Name = „Leybold AG

Model_Name = „NT 1600C

Revision = „Ausgabestand 1“

Ident_Number = 0x00F1

Protocol_Ident = 0

Station_Type = 0 FMS_supp = 0

Hardware_Release = „A01“

Software_Release = „A01“

9.6_supp = 1

19.2_supp = 1 93.75_supp = 1

187.5_supp = 1 500_supp = 1

1.5M_supp = 1 3M_supp = 1

6M_supp = 1 12M_supp = 1

MaxTsdr_9.6 = 60

MaxTsdr_19.2 = 60

MaxTsdr_93.75 = 60

MaxTsdr_187.5 = 60

MaxTsdr_500 = 100

MaxTsdr_1.5M = 150



  12 GA05281_002_C0 - 11/2016 - © Leybold

Profibus

MaxTsdr_3M = 250

MaxTsdr_6M = 450

MaxTsdr_12M = 800

Redundancy = 0

Repeater_Ctrl_Sig = 2

24V_Pins = 0

Slave spezifische Werte

Freeze_Mode_supp = 1

Sync_Mode_supp = 1

Auto_Baud_supp = 1

Set_Slave_Add_supp = 0

Min_Slave_Intervall = 1

Modular_Station = 1

Max_Module = 1

Max_Input_Len = 20

Max_Output_Len = 20

Max_Data_Len = 40

Max_Diag_Data_Len = 6

Module = „PPO 1“ 0xF3, 0xF1 EndModule

Module = „PPO 6“ 0x00, 0xF0 EndModule

Module = „PPO 7“ 0x00, 0xB0 EndModule
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PKE

4 Description of PKE, IND, Control and Status Bits

4.1 PKE: Parameter Number and Type of Access  
 (RS 232, RS 485, Profibus)

The parameter number is sent when accessing the fre-
quency converter and also in the response of the frequency 
converter.

The receiver is provided with information on the parame-
ter value PWE: size, field value or individual value, read or 
write.

Bit No.

Parameter number

Reserved
Type of  
parameter access
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IND

4.2 IND: Parameter index  
(RS 232, RS 485, Profibus)

Most parameters address during writing and reading 
only one value and do not need any sub-addressing. The 
TURBO.DRIVE have an error memory allowing to save 
 either the 8 most recent or the last 40 (error) events as a 
data field and if required for presentation of indexed field 
values.

The parameter index indicates the position of a field value 
in a field. In the case of the TURBO.DRIVE S and L there 
are two field parameters: the error code memory (P171) 
and the error operating hours memory (P176) with 8 field 
values each.

In the case of the TURBO.DRIVE 300, 400 and 700 there is 
in addition an error memory for the rotor frequency (P174) 
and 40 field values each.

Parameter High Byte  Low Byte  
 (Byte i) (Byte i+1)

Field parameter   Low byte = Position of  
 (only P171, P176 0 the value in field – 1, 
 (and P174 for  0 ≤ low byte ≤ 7 
 TD 300, 400  Example: 4th field value  
 & 700)  → Low byte = 3

Parameter 
 (not P171, P176 0 Low byte = 0 
 P174)

15 891011121314

Byte i

Bit No.



  16 GA05281_002_C0 - 11/2016 - © Leybold

4.3 Status and Control Bits for RS 232,  
RS 485, Profibus PPO Type 1 and 6
The status and control bits are only temporary available, 
i.e. after interrupting the power supply the bits are set to 
default.

4.3.1 Control Word (PZD1, STW) = 16 Bits 
 (only for TURBO.DRIVE S and L)
Is sent each time the frequency controller is accessed.

Bit  Default 
No. status Description

 0 0 * 1 = Start; 0 = Stop  
  Start/Stop are only run if 
  n no error is present and 
  n control bit 10 =1 or P12 = 1 or 2

 7 0 * 0 to 1 transition = error reset 
  Reset is only run if 
  n the fault cause has been removed and 
  n control bit 0 = 0 and 
  n control bit 10 =1 or P12 = 1 or 2

 10 0 1 = Start/Stop via serial interface  
  0 = Start/Stop via REMOTE (X1) 
  Remark: Control bit 10 sets the status bit  
  15 if the frequency converter is ready to  
  accept control commands through the  
  interface.

All other bits are reserved.

*  In order to enable the control functions via the Profibus 
interface, bit 10 for PPO type 1 or 6 must be set. 
Control via the control plug X1 or through the service 
interface (RS 232/485) is then disabled.

Status and Control Bits
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4.3.2 Status Word (PZD1, ZSW) = 16 Bits 
 (only for TURBO.DRIVE S and L)
Is sent together with each reply from the frequency conver-
ter.

Bit  
No. Description

 0 1 = frequency converter and pump are ready to start;  
like P303, Bit 1

 2 1 = active operation; the frequency converter is  
 driving the pump

 3 1 = a fault has occurred affecting the pump or the  
 frequency converter, the pump is stopped

 4 1 = pump speed is increasing, like P303, bit 2

 5 1 = pump speed is dropping, like P303, bit 3

 9 1 = the frequency converter accepts parameters from  
 the serial interface, normally always 1 (set)

 10 1 = the pump is running normally 
 (P3 ≥ P24 x P25); like P303, bit 0

 11 1 = the pump is turning (speed > 1 Hz)

 15 1 = Start/Stop (control bit 0) and Reset (control bit 7)  
 is possible through the serial interface; is set through 
 control bit 10 = 1 or with P12 =1 or 2;

 0 = Start/Stop and Reset only via REMOTE (X1)  
 is possible; is set to 0 with control bit 10 = 0 or  
 P12 = 0.

All other bits are reserved.

Status and Control Bits
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4.3.3 Control Word (PZD1, STW) = 16 Bits 
 (only for TURBO.DRIVE 300 and 700)
Is sent each time the frequency controller is accessed.

Bit  Default 
No. status Description

  0 0 * 1 = Start; 0 = Stop  
  Start/Stop are only run if 
  n no error is present and 
  n control bit 10 =1 or P12 = 1 or 2

  6 0 * Enable setpoint (releases the main set 
  point (speed)) for PPO type 1 for taking  
  over; for PPO type 6 set always to 0

  7 0 * 0 to 1 transition = error reset 
  Reset is only run if 
  n the fault cause has been removed and 
  n control bit 0 = 0 and 
  n control bit 10 =1 or P12 = 1 or 2

  8 0 * Standby speed (see P150 and P151)

 10 0 1 = Start/Stop via serial interface  
  0 = Start/Stop via REMOTE (X1) 
  Remark: Control bit 10 sets the status bit  
  15 if the frequency converter is ready to  
  accept control commands through the  
  interface.

 11 0 * Purge gas ON (see description of  
  parameter 29)

 12 0 * Venting ON (see description of  
  parameter 29)

All other bits are reserved.

*  In order to enable the control functions via the Profibus 
interface, bit 10 for PPO type 1 or 6 must be set. 
Control via the control plug X1 or through the service 
interface (RS 232/485) is then disabled.

Status and Control Bits
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4.3.4 Status Word (PZD1, ZSW) = 16 Bits 
 (only for TURBO.DRIVE 300 and 700)
Is sent together with each reply from the frequency converter.

Bit  
No. Description

  0 1 = frequency converter and pump are ready to start;  
 like P303, Bit 1

  2 1 = active operation; the frequency converter is driving  
 the pump

  3 1 = a fault has occurred affecting the pump or the  
 frequency converter, the pump is stopped

  4 1 = pump speed is increasing, like P303, bit 2

  5 1 = pump speed is dropping, like P303, bit 3

  6 Switch on lock: 1 = in case of an error,  
 pump can not be started

  7 Warning temperature; see P227; all temperature  
 warnings

  9 1 = the frequency converter accepts parameters from  
 the serial interface, normally always 1 (set)

 10 1 = the pump is running normally 
 (P3 ≥ P24 x P25); like P303, bit 0

 11 1 = the pump is turning (speed > 1 Hz)

 12 Warning bearing change

 13 Warning high load / overload; see P227

 14 Collective warning, see P227, all warnings

 15 1 = Start/Stop (control bit 0) and Reset (control bit 7)  
 is possible through the serial interface; is set through 
 control bit 10 = 1 or with P12 =1 or 2;

 0 = Start/Stop and Reset only via REMOTE (X1)  
 is possible; is set to 0 with control bit 10 = 0 or  
 P12 = 0.

 Changes status at a cycle rate of 1 s as a  
 “sign of life”

All other bits are reserved.

Status and Control Bits
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4.3.5 Control Word (PZD1, STW) = 16 Bits 
 (only for TURBO.DRIVE 400)

Bit  
No. Description

0 1 = Start; 0 = Stop  
 Start/Stop are only run if 
 n no error is present and 
 n control bit 10 =1

2-5 Reserved

6 Enable setpoint (releases the main set 
 point (speed)) for PPO type 1 for taking  
 over; for PPO type 6 set always to 0

7 0 to 1 transition = error reset 
 Reset is only run if 
 n the fault cause has been removed and 
 n control bit 0 = 0 and 
 n control bit 10 =1

8 Standby speed (see P150 and P151) 
 0 = System drives to normal set speed (P24) 
 1 = System drives to stand-by speed (P150)

9 Reserved

10 Enable process data (Bit 0, 6, 7, 8, 11, 12) 
 1 = Start/Stop via serial interface  
 0 = Start/Stop via REMOTE (X1) 
 Remark: Control bit 10 sets the status bit 15 if the  
 frequency converter is ready to accept control  
 commands through the interface.

11 Error relay;  enables control of the relay output on X1

 If parameter 29 index 1 is set to 2: 
 0 = Relay is not triggered 
 1 = Relay is triggered

12 Normal operation relay;  enables control of the relay  
 output on X1

 If parameter 29 index 0 is set to 2: 
 0 = Relay is not triggered 
 1 = Relay is triggered

13-15   Reserved

Status and Control Bits
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4.3.6 Status Word (PZD1, ZSW) = 16 Bits 
 (only for TURBO.DRIVE 400)

Bit  
No. Description

  0 1 = frequency converter and pump are ready to start; 
  like P303, Bit 1

  2 1 = active operation; the frequency converter is  
 driving the pump

  3 1 = a fault has occurred affecting the pump or the  
 frequency converter, the pump is stopped

  4 1 = pump speed is increasing, like P303, bit 2

  5 1 = pump speed is dropping, like P303, bit 3

  6 Switch on lock: 1 = in case of an error,  
 pump can not be started

  7 Warning temperature; see P227; all temperature  
 warnings

  8 Reserved

  9 1 = the frequency converter accepts parameters from  
 the serial interface, normally always 1 (set)

 10 1 = the pump is running normally 
 (P3 ≥ P24 x P25); like P303, bit 0

 11 1 = the pump is turning (speed > 3 Hz)

 12 Reserved

 13 Warning high load / overload; see P227

 14 Collective warning; see P227; all warnings

 15 1 = Start/Stop (control bit 0) and Reset (control bit 7)  
 is possible through the serial interface; is set through 
 control bit 10 = 1;

 0 = Start/Stop and Reset only via REMOTE (X1)  
 is possible; is set to 0 with control bit 10 = 0

Status and Control Bits
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4.3.7 Examples for 16 Bit Control Words (PPO Type 1 and 6)

 Decimal Hexadeci- Binary value 
 value mal value ← MSB       LSB → Description

 0 0000 0000 0000 0000 0000 No control via this interface,  
    all other bits disabled

 1024 0400 0000 0100 0000 0000 Control via this interface; no start,  
    no reset

 1025 0401 0000 0100 0000 0001 Control via this interface; start is active,  
    no reset

 1152 0480 0000 0100 1000 0000 Control via this interface; no start,  
    reset is active

4.3.8 Examples for 16 Bit Status Words (PPO Type 1 and 6)

 Decimal Hexadeci- Binary value 
 value mal value ← MSB       LSB → Description

 513 0201 0000 0010  0000 0001 Parameters are ready, start is ready

 33281 8201 1000 0010  0000 0001 Control is ready, parameters are ready,  
    start is ready

 35348 8A14 1000 1010  0001 0100 Control is ready, pump is rotating,  
    parameters are ready,  
    speed is increasing, active operation

 36356 8E04 1000 1110  0000 0100 Control is ready, pump is rotating,  
    normal operation  
    parameters are ready, active operation

 36484 8E84 1000 1110  1000 0100 Control is ready, pump is rotating,  
    normal operation parameters are ready,  
    temperature warning, active operation

 33352 8248 1000 0010  0100 1000 Control is ready, switch on lock,  
    error is present

Status and Control Bits
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4.4 Status and Control Bits for Profibus PPO 
Type 7
The status and control bits are only temporary available, 
i.e. after interrupting the power supply the bits are set to 
default.

4.4.1 Control Byte = 8 Bits 
 (only for TURBO.DRIVE S and L)
Is sent each time the frequency controller is accessed.

Bit  Default 
 No. status Description

 0 0 * 1 = Start; 0 = Stop  
  Start/Stop are only run if 
  n no error is present and if 
  n control bit 10 =1 or P12 = 1 or 2

 2 0 1 = Start/Stop via serial interface 
  0 = Start/Stop via REMOTE (X1)

 7 0 * 0 to 1 transition = error reset 
  Reset is only run if 
  n the fault cause has been removed and if 
  n control bit 0 = 0 and 
  n control bit 10 =1 or P12 = 1 or 2

All other bits are reserved.

Status and Control Bits
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4.4.2 Status Byte = 8 Bits 
 (only for TURBO.DRIVE S and L)
Is sent together with each reply from the frequency conver-
ter.

Bit No.   Description

 0 1 = the pump is running normally 
	 (P3	≥	P24	x	P25);	like	P303,	bit	0

 1 1 = the pump is turning (speed > 1 Hz) 

 3 1 = a fault has occurred affecting the pump or the  
 frequency converter, the pump is stopped

All other bits are reserved.

*  In order to enable the control functions via the Profibus 
interface, bit 2 for PPO type 7 must be set. Control via 
the control plug X1 or through the service interface (RS 
232/485) is then disabled.

4.4.3 Control Byte = 8 Bits 
 (only for TURBO.DRIVE 300, 400 and 700)
Is sent each time the frequency controller is accessed.

Bit  Default 
No. status Description

 0 0 * 1 = Start; 0 = Stop  
  Start/Stop are only run if 
  n no error is present and if 
  n control bit 10 =1 or P12 = 1 or 2

 2 0 1 = Start/Stop via serial interface 
  0 = Start/Stop via REMOTE (X1)

 4 0 Error relay;  enables control of the relay  
  output on X1 (See description of  
  parameter 29)

 5 0 Normal operation relay; enables control of  
  the relay output on X1 (See description of  
  parameter 29)

 6 0 *Go to standby speed

Status and Control Bits
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 7 0 *0 to 1 transition = error reset 
  Reset is only run if 
  n the fault cause has been removed and if 
  n control bit 0 = 0 and 
  n control bit 10 =1 or P12 = 1 or 2

All other bits are reserved.

4.4.4 Status Byte = 8 Bits  
 (only for TURBO.DRIVE 300, 400 and 700)
Is sent together with each reply from the frequency conver-
ter.

Bit  
No. Description

 0 1 = the pump is running normally 
 (P3 ≥ P24 x P25); like P303, bit 0

 1 1 = the pump is turning (speed > 1 Hz) 

 2 Maintenance required

 3 1 = a fault has occurred affecting the pump or the  
 frequency converter, the pump is stopped

 6 Warning high load

 7 Warning high temperature

All other bits are reserved.

* In order to enable the control functions via the Profibus 
interface, bit 2 for PPO type 7 must be set. The control 
means via the control plug X1 or through the service inter-
face (RS 232/485) is then disabled.

Status and Control Bits
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4.4.5 Examples for 8 Bit Control Bytes (PPO Type 7)

 Decimal Hexadeci- Binary value 
 value mal value ← MSB       LSB → Description

 0 00 0 0 0 0   0 0 0 0 No control via this interface,  
    all other bits disabled

 2 02 0 0 0 0   0 0 1 0 Control via this interface; no start,  
    no reset

 3 03 0 0 0 0   0 0 1 1 Control via this interface; start is active,  
    no reset

 130 82 1 0 0 0   0 0 1 0 Control via this interface; no start,  
    reset is active

4.4.6 Examples for 8 Bit Status Bytes (PPO Type 7)

 Decimal Hexadeci- Binary value 
 value mal value ← MSB       LSB → Description

 0 00 0 0 0 0   0 0 0 0 Start is ready

 2 02 0 0 0 0   0 0 1 0 Pump is turning

 3 03 0 0 0 0   0 0 1 1 Pump is turning, normal operation

 131 83 1 0 0 0   0 0 1 1 Temperature warning, pump is turning,  
    normal operation

 10 0A 0 0 0 0   1 0 1 0 Error is present, pump is (still) turning

Status and Control Bits
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Possible fault causes

Wrong bus address for the fre-
quency converter or in the data 
protocol.

Cable broken or not connected.

Bus termination improperly con-
nected, not properly rated, not 
enabled.

Cable shield not connected in 
addition (in the case of high 
interference levels). 
 

Hardware defective.

No or incorrect power supply 
voltage for powering the bus 
system.

Troubleshooting

Notes on remedial action

Check address setting at the frequency converter. 
 

Check cables.

On the Profibus enable both terminating resistors at both ends of 
the Profibus itself. Any additional terminating resistors must not be 
enabled.

If the standard ground connection is inadequate, connect instru-
ment ground or frame ground to the shield of the bus cable: remo-
ve a short piece of insulation from the bus cable and use a metal 
clamp, for example, to provide an ultra-short link at a suitable 
place between cable shield and casing section.

Replace the frequency converter.

In order to let the interface take part in the communication process 
with the field bus, the frequency converter needs to be powered 
with a suitable DC voltage. For Profibus: if the bus terminating resi-
stors are supplied with power via the field bus cable, the required 
voltage of 5 V must be supplied. Normally the terminating resistors 
will be powered by the frequency converter so that here there 
should be no problem.

5 Troubleshooting
Symptom: no data transfer.
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