PROTOR Tutorial : Transducer Orientation

Don Davies. Prosig Ltd.  April 2001

Summary

It is not always possible to place a transducer in the absolute desired direction.  This is generally only significant with a pair of transducers where perhaps the desire is to obtain say a resultant vertical and horizontal vector. It is assumed that when a transducer is mounted it only responds to signals along its measurement axis. PROTOR contains configuration parameters and algorithms in order to resolve vibration for a pair transducers into the corresponding vertical and horizontal components based on their mounting orientation.

Algorithm

Consider that we have a vector of magnitude, r, acting in a given direction at an angle 

 to some axis.  If there is a transducer mounted such that it measures the motion ,m, at an angle 

 relative to the same axis then we have





Consider the situation where we have two transducers measuring vectors, m1 and m2 in directions 

1 and 

2 respectively.  Suppose we wish to resolve m1 and m2  along the line of the reference axis, u, say as illustrated below
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We have the following relationships





Expanding (2) and (3) gives  




Eliminating 






Solving for u we have





Clearly if sin ((2 - (1) is small then there will be numerical inaccuracies. The best results will be where (1 is close to 0( or 360(, (2 is close 90( or 270( and ((2 - (1) is close to 90( or 270(.

Because the Fourier transform is a linear operator this same relationship may also be expressed in the frequency domain.   In particular if M(f) is the Fourier transform of m(t) and M(f)=R(f)+iI(f) then
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Configuration

The PROTOR configuration editor allows the setup and identification of transducer partners and of their mounting orientation.  For each transducer you will need to specify.

(a)
an associated channel number ( or orthogonal partner).

(b)
the angular rotation from the mounting position to the required axis (

).

(c)
the angular rotation from the associated channel mounting position to the required axis (

).

The associated channel is specified by channel number, that is its position within the dynamic channel table.  If there is no association then the associated channel number is set to zero.  Orientation angles are specified as +ve for anticlockwise rotation from the measurement direction to the target direction.  This scheme allows full flexibility for the mounting of the vibration transducers. However in practice two main mounting schemes would be used. These are:









That is, orthogonal transducers mounted at 45 degrees to the vertical either on top or underneath the bearing.

Note that PROTOR channels tend to be named relative to the bearing number ( i.e. B1, B2 etc), the transducer type ( i.e. E for eccentricity or V for velocity or pedestal vibration) and the position. This position may be the genuine Horizontal or Vertical Plane (H or V) or it may be the left and right positions (L or R) as shown above. 

Note that the convention used for determining the left and right hand sides of the bearing is to imaging standing at the hot or steam input end of the shaft and looking towards the generator.

The configuration setup within PROTOR for these two examples would be as follows assuming that the channels B1EL and B1ER are PROTOR channels 1 and 2. Remember that the angles are +ve in the anti-clockwise direction.

Top mounted transducers at 45 degrees 

Assuming we wish to transform the 1st channel ( B1EL) into the vertical component and the 2nd channel (B1ER) into the horizontal, then we have :









This is achieved by setting the orientation configuration parameters within PROTOR to the following




Bottom mounted transducers at 45 degrees 

Again assuming we wish to transform the 1st channel ( B1EL) into the vertical component and the 2nd channel (B1ER) into the horizontal, then we have :











This configuration is achieved by setting the orientation configuration parameters within PROTOR to the following




In either configuration then when transducer orientation is applied within PROTOR then channel B1EL is converted to the vertical component and B1ER to the horizontal.

Note that data is stored and alert checked in the transducer measurement direction only. The orientation transformation is a display-time calculation only.
Note also, in cases where vector runout subtraction and transducer orientation are both selected then the runout subtraction is performed first.  That is, the runout subtraction data is assumed to be in the measurement direction.
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