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PM6000-BD  
Dual Channel Shaft Eccentricity 
Monitor - Bending Detector 
 ● Dual channel monitor with 

patented unique algorithm 
for shaft eccentricity (bend) 
detection 

● Applicable with standard 
eddy current shaft vibration 
sensors 

● Self-test functions for 
electronic circuits and 
sensors 

● Part of advanced diagnostics 
of rotor condition 

● Designed for operation of      
a rotor with the help of          
a turning gear                           
(speed ≥ 2 RPM) 

 
● Functionally independent 

module.  No additional 
modules are necessary. 

Applications: 

Turbine rotors are influenced by plenty 
of various circumstances while 
operated. One of them is                        
a heterogenous temperature field that 
appears within preheating a turbine and 
its particular parts in terms of 
commissioning, rotor – stator contact 
and other possible effects.  
This kind of circumstance causes 
temporary deformation – bend of a rotor, 
which is professionally denoted as 
eccentricity. 
 
 

Operation of the rotor being bent is very 
risky especially while passing its critical 
speeds with fair damping. Amplitudes of 
rotor vibrations get increased and this 
can cause machine damage or wreck as 
the worst case. 
Shaft bending detector provides precise 
information to machine operators about 
actual rotor eccentricity. 
 

The eccentricity diagnostics proceeds 
along any constant angular speed of  
the rotor up to 500 RPM. Operation of 
the rotor with the help of turning gear is 
one of the most frequent regimes when 
the diagnostics is carried out. 
The knowledge of actual rotor 
eccentricity can lead to proper 
modifications of machine operation in 
order to guarantee sufficient rotor 
alignment before start-up (for example 
prolongation of the preheating period).  
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Functional description: 

Rotor eccentricity is represented by     
an instantaneous position of the first 
harmonic component phasor of a signal 
from a proximity probe in the complex 
plane. The signal from the proximity 
probe is measured along a low constant 
angular speed of a rotor when 
dynamical forces are not around. 
This means that the methodology 
consists in determination of time 
development of the phasor position. 
Identification of the position is 
sequentially performed within several 
revolutions of a rotor and visualized. 
There is established a reference 
position of the phasor in the complex 
plane together with a tolerance zone. 
The reference position together with    
the tolerance zone corresponds to       
the rotor being sufficiently aligned.          
The reference position is identified 
along rotation of a flat rotor.               
The tolerance zone is calculated and 
the computation is based on a static 
catenary curve of the rotor. 
Functionality of the rotor eccentricity 
diagnostics is presented on the figures 
mentioned beneath. When the actual 
position of the endpoint of the phasor is 
found inside the tolerance zone and 
does not move, the rotor is sufficiently 
aligned and a machine can be run up. 
 
 

  
  

 

On the contrary, when the actual 
position of the endpoint of the phasor is 
found outside the tolerance zone, the 
rotor is bent and operators have to take 
actions in order to make the rotor get 
aligned (for example prolongation of          
the preheating). 
 
The position of the reference phasor at 
an optimally aligned rotor can be stored 
in two ways: 
- In the control system. The graphical 

representation of the x-y graph shows 
the position of reference phasor and 
the tolerance field (circle). In this field, 
the vector must lie with the rotor 
aligned. 

 
- Directly in the PM6000-BD. In this 

case, the card saves the position of 
the reference vector when the rotor is 
aligned and subtracts its value from 
the currently measured value. As a 
result, when the rotor is aligned, the 
vector indication is about position 0/0 
(in the center of the graph). The 
advantage of this solution is that after 
initial alignment of the rotor and 
storage of the reference in the card, it 
is not necessary to adjust the position 
of the tolerance zone in the graph. Its 
center is always at 0.0. 

   
Implementation of PM6000-BD card: 
 
Use in epro / Emerson systems: 
 
PM6000-BD card is mechanically and 
electrically compatible with 
epro/Emerson system racks MMS6000, 
CSI 6500, AMS 6500 ATG. It can be 
easily installed, powered, connected to 
sensors and outputs. 
An exception is the communication line 
RS485. 
Emerson cards use a proprietary 
protocol on the RS485 interface that 
cannot be connected to the Modbus 
interface of the PM6000BD. When used 
in racks of the AMS 6500 ATG system, it 
is necessary to disconnect the RS485 
interface on the PM6000-BD card using 
the DIP switches on the card. 
 
Inputs IN1 and IN2 are connected in 
parallel to the inputs of the rotor 
vibration measuring card. Key phasor 
input is connected in parallel to other 
vibration measurement system cards. 
 

Use in 3-rd party systems: 
 
For standard rotor bending detection 
applications, a compact rack with 
integral terminal block is used. Printed 
circuit board (backplane BP605BD) 
provides internal connections as well as 
fixation of terminal board. 
A backplane with a width of approx. 
60mm ensures the commonly used 
functions of one PM6000BD card. If 
more cards are needed, the appropriate 
number of backplanes will be used. 
For single card systems, a compact rack 
with a system width of 60mm is used 
(see sketch), larger systems are 
mounted in conventional 9.5 "or 19" 
racks. 
There are some limitations in number of 
terminals of the backplane, but they do 
not pose a problem in bending detector: 
- Only 2 Digital inputs are available, 

used for storage of reference 
vectors of CH1 and CH2 

- Only 4 Digital output are available, 
they are not used  

- Raw outputs are not available on 
terminal 

 
 

 
 
The compact rack is also equipped with 
two buttons SET1, SET2 for storing the 
reference vector of channel 1 and 
channel 2. These buttons, connected to 
inputs DI1 and DI2, can be accessed by 
removing the blind panel to the right of 
the card. This location prevents the 
buttons from being accidentally pressed 
and thus accidentally storing an invalid 
reference vector. 
 
The inputs of the measuring channels 
IN1, IN2 are connected by a shielded 
conductor to the RAW buffed outputs of 
the rotor vibration monitoring system. 
Connecting directly in parallel to the 
sensors is also possible if the vibration 
monitoring system can withstand the 
input resistance of the connected 
PM6000-BD card. 
The Key phasor input is connected 
either directly to the sensor or to the 
pulse output. Trigger levels 
automatically adjust as soon as the card 
detects a recurring frequency higher 
than 50% of turning gear speed at the 
KP input. 
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Configuration and service: 
 
The PM6000-BD is shipped fully 
configured and tested and does not 
require any configuration adjustments 
during commissioning or during use. 
In this application, the vast majority of 
parameters are fixed. Only a few of 
them are project-specific, but they also 
do not change at a later time (e.g. 
rotating speed of machine on turning 
gear or sensor sensitivity).  
A questionnaire is prepared for entering 
these parameters by the customer. 
 
Special software is available to monitor 
the function of the card. It runs on a 
regular PC running Windows 7 or later. 
It is connected to the PM6000-BD with a 
commercially available USB-B cable. 
 

 
This software is not required for routine 
commissioning and operation. All 
parameters are set at the factory or 
adjusted automatically (e.g. key phasor 
input parameters). 
Software displays important quantities in 
digital and graphic form. 
It also allows the user to read card 
configuration and save it to a file and 
vice versa. If necessary, the user is 
given the option to read the 
configuration from the card, send it to 
the manufacturer for modification, and 
then load the modified parameter set 
back into the card. User configuration 
changes are not allowed due to the 
large number of parameters and patent 
protection of the algorithm. 
 
 

 
Operating modes: 
HW error 
   Green LED is permanently OFF 
   HW failure, sensor failure etc. 
   Output current = 0mA 
Out of speed limit  
   Green LED is flashing 
   Card and sensor signal are ready but 

rotational speed (key pulse frequency) 
is out of limits (e.g. turbine still stand). 
Output current = 4mA (all outputs) 

Normal operation 
  Green LED is permanently ON 
  Card and sensor signal are ready, 

rotational speed is within limits. Card 
evaluates the shaft eccentricity 
(bending). 
Output current = 4…20mA indicating     
the eccentricity 

Technical data: 

Inputs for sensors: 
Two independent inputs. 
Voltage range:   -24V…+24V 
Input resistance: 100kΩ 
Resolution:         24 bit 
Sampling freq:   up to 100kHz 
 
Supply for sensors: 
Two isolated sources 24V/50mA 
 
Input for key phasor: 
Voltage range:   -24V…+24V 
Input resistance: 100kΩ 
Resolution:         16 bit 
Sampling freq:    3 MHz 
Trigger levels are adjusted automatically 
(as default) or manually. 
Min. amplitude for automatic adjustment: 
                             2V p-p 
 
Digital inputs: 
Number of DI:    4 (2) 
Voltage range:   0…+33V 
Input resistance: 100kΩ 
Active (H):         > 14V 
Non active (L):   < 6V 
 

Analog outputs: 
Type od AO : Active current source, 
                      common ground 
Number of AO:     4 
Currrent range :    4...20mA 
Permissible load : 0...500 Ω 
Resolution:           16 bit 
    
2 outputs for each channel :     
    -real component of the vector 
    -imaginary component  
    4.. 12..20 mA = -X μm..0..X μm, 
 
Digital outputs: 
Type of DO:   individually isolated solid  
                      state switch 
Number of DO:   6 (4) 
Voltage range:   +/-35V 
Max. current:     200mA 
Switch on resistance: 6…15 Ω 
Can be used for indication of failure or 
limit crossing. 
 
Key phasor output: 
Type of KPO: Active voltage source 
                      Common ground 
Voltage range:   -10V…+10V 
Max. load:       10kΩ 

Raw signal outputs: 
Number of RSO:   2 
Available: front panel, syst. connector 
Resolution: analog, ½ of input signal 
Voltage range:   -10V…+10V 
Max. load:       10kΩ 
 
Power supply: 
Redundant 2x 24VDC. 
Permissible voltage range: 18…31,2V 
Power consumption : max 6W (250mA 
at 24V)  
 
Communication interface: 
An RS 485 line is available on system 
connector. Protocol Modbus RTU. 
Prepared for future use. 
 
Environmental, General: 
Protection level:  IP 20  
Operating temperature:  0…65°C 
Storage temperature:  -30…85°C 
Rel. humidity:  5…95%, non-condens. 
Vibration: IEC 60068-2-6 
                0,15 mm, 10-55Hz 
                20m/s2, 55-150Hz 
EM resistance: EN 55011 
                         EN 61326 

Patents list: 
 
The rotor bending evaluation algorithm is protected by the following patents owned by Doosan Škoda Power: 

 
1.     EUROPEAN PATENT EP 3 055 661 B1 - A METHOD FOR DETERMINING CURRENT ECCENTRICITY OF 

ROTATING ROTOR AND METHOD OF DIAGNOSTICS OF ECCENTRICITY OF ROTATING ROTOR 
2.     KOREAN PATENT 10-1741885 
3.     UNITED STATES PATENT US9,593,998 B2 

 
 

Ordering information: 

 
The PM6000-BD card and the PM6000-BD-RACK can only be ordered from Profess. 
 
PROFESS, spol. s r.o. 
Květná 5, CZ-326 00 Plzeň 
CZECH REPUBLIC 
Tel.: +420 377 454 411 
Fax.:+420 377 240 472 
email: mms@profess.cz 
Internet: www.profess.cz 
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 Mechanical dimmensions of card: 
 

Single euro board acc. To DIN 41494 
Dimensions:  100x160 mm 
Panel width:   6TE (30,1 mm) 
Panel height: 3HE (128,4 mm) 
Color of panel: anodised aluminum 
 
 
Weight without packing  cca 200g 
Weight incl. packing cca 400g 
Packing volume cca 2,5dm3 

 
 
 
 
 

 
 

 
Mechanical dimmensions of compact rack: 
 

 
 
 
Single-card compact rack with BP605BD backplane. 
 
Block of screw terminals: Phoenix-contact MK3DS, allowed conductor cross section 0,25…1,5mm2. 
 
Weight without packing cca 1 kg 
Weight incl. packing and documentation cca 3 kg 
Packing volume cca 20dm3 
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Functional diagram of the card: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  Connection diagram of the rack with backplane BP605BD: 
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