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1. INTRODUCTION 
 
Magnetic Field Transducers provide a high level voltage output exactly proportional to the 
applied magnetic field. Purely analog, without any internal modulation or chopping, they 
respond to static or alternating magnetic fields up to a frequency of several kilohertz. Our 
transducers are available for single-axis, two-axis and three-axis measurements with different 
accuracy specifications from 1% to 0.01% and different field ranges up to typically 2 tesla. 
We are using our own Hall elements as field sensitive parts inside the probeheads, allowing 
us to measure simultaneously two or all three components of a magnetic field at exactly the 
same spot in space. This is possible due to our unique single-chip 3-axis Hall probes. The 
probe tip can be as thin as 0.1mm and the dimension of the field sensitive volume as small as 
0.1 x 0.1 x0.1mm3 
 
"The use of air-gap magnetic flux probes has proven effective in the detection of generator 
rotor winding shorted turns and has helped to improve the quality of predictive maintenance 
decisions concerning when or if to perform rotor rework. 
We specializes in the detection of rotor winding shorted-turns in synchronous generators and 
motors. This information can help your plant operators and engineers pinpoint the cause of 
abnormal vibration, assist in major maintenance decisions and verify the quality of rewound 
rotors. These pages provide information on the theory behind the field winding shorted-turn 
detection system for round rotor generators.  
offers:  

• permanent and temporary air-gap flux probes designed for your machines  

• installations of permanent and temporary flux probes  

• testing services  

o tests and report provided by pdtech. 

o testing conducted by your own staff using pdtech equipment, but data analyzed 
and report provided by pdtech experts.  

• Rotor Winding Shorted-Turn Analysis Package. Will allow your staff to test and 
analyze your machines.  
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Data collected on a 2-pole, 7-coil/pole generator with 1 out of 9 turns shorted in 
Pole A - Coil # 3. 

 

Overlay of Pole A and Pole B's coil #3 lead slot peaks from data above showing 
the decrease in slot leakage flux due to shorted turn in Pole A - Coil # 3.
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• Valuable Predictive Maintenance Tool 

Shorted turns are the result of failed insulation between individual windings in 
generator rotors and can cause:  

• Load sensitive vibration  

• Undetected local winding hot spots  

• Excessive excitation currents  

• Possible forced outages  

In today's highly competitive electrical power market, predictive maintenance is an effective 
method of minimizing maintenance costs and downtime. Monitoring the condition of your 
rotor windings using the flux probe and analysis products will help you make informed 
decisions on "when" and "if" to bring a machine down for a major overhaul and rotor rewinds.  
 
2. Single Axis Magnetic Field Transducer YR100-3-2 
 
The Model is a single axis, 0.1% accuracy, high linearity, high stability magnetic field to 
analog voltage Transducer. It is particulary appropriate for mapping the magnetic field in the 
range to 2 tesla. A novel sensor chip in the probe entirely eliminates influences from DC 
magnetic field components other than the one measured (y-axis), so that even for strong non-
uniform fields no planer Hall effect leads to errors in the output voltage. The transducer 
consists of two modules connected by a flexible cable. The magnetic field sensitive module H 
contains a high quality Hall element. To build up a complete measurement system, connect 
the module E with a simple power supply and a voltmeter. 
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3. MAIN FEATURES / PERFORMANCES 
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4. What are Magnetic Transducers 
 
Pdtech self-contained Magnetic Field Transducers / Hall probes are designed to be used as a 
building block of a user's own high-quality teslameter. They are available with three different 
probeheads as single-axis, two-axis or three-axis instruments in the accuracy classes 10%, 
1%, 0.1% and 0.01%. When connected with a power supply, the magnetic transducer 
provides at its output a high level analog signal - a voltage proportional to the measured 
magnetic field. A complete magnetic measurement system consists of a self-contained 
transducer, a power supply and a good voltmeter. Instead of the voltmeter you may also 
connect it to an oscilloscope, a spectrum analyzer or a digital data acquisition system. So the 
signal may be checked for the presence of a.c. perturbations or it can be analyzed to 
determine the wide-band characteristics of the field. 

Fig. 1: Fiberoptic Acceleration Sensor outline drawing  

The typical requirements for the power supply are a voltage of ± 12 V (± 1 V) with Ripple 
(peak to peak) < 5 mV. The current consumption (per Hall generator) is less than 20 mA. The 
voltmeter shall have an input resistance > 10 MW and an input capacitance < 100 pF. For 
high-precision d.c. measurements, a nanovoltmeter or a sensitive digital voltmeter with the 
integration time of several periods of the mains should be used. For fast measurements, use a 
high rate sampling voltmeter. 

The self-contained transducers feature an excellent long term stability. For measurements 
with a 0,1 % precision, no recalibration is ever needed. For 0,01 % precision measurements, a 
yearly recalibration is recommended. A magnetic field transducer consists of two modules 
connected by a flexible cable. The magnetic field sensitive module contains, depending on the 
probe type, one or two high quality Hall generators. The carefully machined robust case of 
this module enables a high precision positioning of the field sensitive volume in the magnetic 
field. The electronics module contains current sources, error-correction circuits, and output 
amplifiers. This module carries the cables to connect the probe with the power supply and the 
voltmeter.  
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5. EQUIPEMENT LIST 
 
This list runs down all items included in this package. 
 

Qty Description 
1 Module H 

Cable C1 
Module E 
Connector CoS (field signal) 
Connector Cop DC Power input 

1 User’s Manual 
 
 
6. THE NEED FOR A SHORTED_TURN DETECTION SYSTEM  
 
Shorted-turns are the result of failed insulation between individual windings in generator 
rotors. As generator units age, shorted-turn problems are more likely to be experienced. The 
stresses involved in each Stop-Start cycle play an especially important role. However, newly 
rewound fields have also been shown to have shorted-turns on occasion. Shorted-turns in the 
field winding can cause operating conditions which may limit unit loads. If conditions are 
extreme, forced outages may occur.  

The conditions that may result in running a rotor with shorted-turns include:  

• Rotor unbalance that varies 
with field current changes 
(thermal sensitivity and/or 
magnetic unbalance). 
Coils with shorted-turns 
operate at lower temperatures 
than coils without shorted-
turns. This is because the 
heating resulting from I2R 
losses are lower in the effected 
coil (the coil current is 
traversing a shorter copper 
path, thus R is lower for the 
coil), while the cooling circuits remain the same. The rotor temperature gradient 
responsible for rotor bowing will be a function of the number of turn-shorts, their 
location (refer to the figure above) and the magnitude of the field current (which 
varies with load).  
Shorted-turns in coils near the quadrature axis in 2-pole rotors will have little effect on 
thermal sensitive balance because the effected slots are nearly 180° apart. Shorted-
turns in the small coils (1, 2 or 3) of one pole will have a greater effect in causing 
rotor unbalance problems since the rotor temperature gradient will be more 
asymmetrical.  



   

 Single Axis Magnetic Field  Sensor - User's Manual 

 
 
Shorted-turns in 4-pole rotors 
will cause unbalanced magnetic 
forces. These unbalanced 
magnetic forces cause rotor 
vibration along the pole axis that 
has the turn shorts. Shorted 
turns in 2-pole rotors do not 
generally cause an unbalanced 
magnetic force as the N-S poles 
are 180 mechanical degrees 
apart.  
 
 
 
 

• Higher field current is required than previously experienced at a specific load. 
 

When shorted-turns occur, higher field current is required to maintain a 
specific load. Excitation capacity may limit load if greater than 5-10% 
of the field winding is shorted out. The Amp vs. Field-Turn relationship 
is AS = ANTN/TS, where AS and TS are the field current and active 
turns in a rotor with shorted-turns and AN and TN are the same in a 
rotor with no shorted-turns. The field winding loss (I2R) at a specific 
load can be determined by noting that the resistance of the field 
winding will decrease by TS/TN, but the I2 component increases by 
(TN/TS)2. This results in an increase in the field winding loss of TN/TS 
for a specific load.  
For example, two turns shorted out of one hundred turns of a 5000-KW 
excitation system will result in approximately 100-KWs higher loss at 
full load.  
IS2RS = (IN2RN) (TN/TS) = (5000-KW) (100/98) = 5,102-KW 

• Higher field currents result in higher operating temperatures. 
Even though the volts/amp (V/A) field temperatures instrumentation 
will indicate lower operating temperatures (this is a result of the 
instrumentation algorithm used to calculate field temperature assuming 
a constant field resistance), the higher field currents required to 
maintain a given load will result in an increase in (I2R) loss for the 
entire rotor winding.  
Because shorted-turns result in higher field current when operating at a 
given load, the hot-spot winding temperature in coils without shorted-
turns are higher. Winding temperature rise above cold gas is 
proportional to I2. Two turns shorted out of 100 turns will result in a 
4% higher hot-spot rise over cold gas temperature. The table below is 
an example for one specific load.  
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 No turn 
shorts 

2% shorted-
turns 

10% shorted-
turns 

Cold gas 46.0 C 46.0 C 46.0 C 
Hot spot 
rise 84.0 C 87.5 C 101.6 C 

Hot spot 130.0 C 133.5 C 147.6 C 
 

• Decreased power generating efficiency. 
The increase in field current and cooling requirements over what would 
be required to produce the same amount of energy with a rotor with no 
shorted turns will reduce the overall power generating efficiency of the 
unit.  
Although field current comparisons at known load points can provide 
an indication of shorted-turns (though not their locations), generators 
which use rotating rectifier excitation systems may have no direct 
readings of field volts or current. On these units, impedance tests and 
V/A field temperature test data can not be used to provide an indication 
of shorted turns.  
Forced outages rarely occur due to isolated shorted-turns, because as 
more shorts develop, generator performance deterioration normally 
suggests corrective action before a catastrophic fault occurs. However, 
in the past, because definitive shorted-turn detection systems were not 
available, operating personnel would limp along for years without 
taking meaningful corrective action. During these experiences, friction 
occurs between mechanical and electrical maintenance organizations . 
For example, balance shot compensation programs for shorted-turns are 
expensive and sometimes prove unacceptable.  
Generatortech has also shown that critical shorted-turn flaws in 
rewinds, performed off-site of the OEM’s testing facilities, have also 
been missed. Without this information, warranty corrections are not 
obtained in a timely and equitable manner.  
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7. INSTALLATION 
 
New shorted-turn detection technology has been developed which can identify the coils with 
shorted turns and the number of shorted turns in the effected coils. The test data can be 
obtained while the generator is at speed and normal operating load conditions. With this 
information, rational corrective action maintenance decisions can easily be made. No special 
off-line test set-up is required. (Impedance tests or stator short-circuit tests originally 
described in D.R. Albright's 1970 IEEE paper.(2)) Obtaining a baseline set of test data before 
a critical shorted-turn condition develops 
enhances the sensitivity of the detection 
system.  

The new technology uses a simple permanently 
mounted air-gap flux probe positioned on a 
stator wedge. The probe is sensitive to changes 
in radial flux density magnitudes as the rotor 
surface passes by. This waveform is the time 
rate of change of the radial air-gap flux density 
waveform. Thus, it greatly amplifies minute 
variations in the slopes. Analyses of the flux 
probe waveforms can detect critical shorted 
turn conditions.  The flux is directely tape with resin epoxy on the wedge.  

 

It’s not important on which wedge the flux are placed placement . The rotor is turning so the 
flux will see on each position (on each wedge) the same results. 

 



   

 Single Axis Magnetic Field  Sensor - User's Manual 

Views of flux probe depicting clearance 
between the probe and retaining ring during installation of the rotor  

We mounts a permanent flux probe at a selected location on a stator wedge. Signal cabling is 
routed to the outside of the generator housing trought a drilled hole in the generator housing.. 
The flux probe, cabling and installation materials are inert to the harsh environment within a 
generator. Probes are designed for each installation to assure that it does not interfere with 
rotor installation and removal. Probe installation requires advanced planning and maintenance 
personnel should contact Pdtech during the planning stages of a major overhaul.  

Note the probe tip location will be two inches or less from the rotor surface. The dimension 
will be established by providing a 0.5 inch radius clearance to the retaining ring. Thus, there 
will be no interference with the retaining ring during rotor assembly and disassembly. The 
probe is wired to the conditioner terminal which is mounted on the housing of the generator 
casing.  
 
Installation Pictures 
 

 
The fluxprobe and the cable is glued (fixed) with resin epoxy  
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The right green part is the sensor 

 
the coaxial cable is fittet directely on the back of the endwinding (has no direct high 
voltage contact, the two blue triangles are removed after the resin epoxy has completely 
hardened) 
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1-Axis Magnetic field transducer. 5Volt = 1Tesla . On the left there is the power  
supply cable and the signal output,. The right cable is the sensor cable. 
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general overwiev : The power supply and signal cable are fitted trough the generator 
housing (trouhgt the four holes, see pictures above) 
 
 

 


