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SAFETY WARNING 
 
The use of the TDR200 equipment on a rotor installe d in an operational 
generator must be carried out with the explicit per mission and under the 
supervision of the local plant operator.  All local  safety rules and procedures 
must be complied with. 
 
In particular, the equipment must only be connected  to the generator rotor  
after the field supply has been disconnected and is olated in accordance with 
local safety regulations. Failure to comply with th is instruction will damage the 
equipment and may endanger both the the plant and t he operator.   
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 1. INTRODUCTION 
 
 
1.1 SUMMARY OF HARDWARE AND SOFTWARE DETAILS 
 
This User Guide refers to TDRPLOT software for use with the ROWTest TDR200 RSO 
Rotor Reflectometer. This instrument is similar to the TDR100 version, but contains an 
additional digital interface which interfaces to a Laptop PC via a USB connection. The 
TDR200 versions can operate as normal analogue Rotor Reflectometers, but are designed to 
be controlled by a PC running the TDRPLOT  software, which displays and stores the input 
and output waveforms. This Software User Guide should be used together with the 
TDR100/200 INSTRUCTION MANUAL, which describes the principle of operation of 
these RSO reflectometers in detail. 
 
 
1.1 OPERATION IN ANALOGUE MODE 
 
When both the TDR 100 and 200 reflectometers operate in analogue auto mode, square 
pulses are applied to each end of the rotor winding alternately via a bridge switching network 
and the resulting input or output end waveforms are displayed on single channels of an 
analogue oscilloscope as 2 alternating waveforms. Because the bridge switching operates at a 
relatively high speed (around 500Hz), these appear as 2 superimposed waveforms on the 
oscilloscope screen, allowing any differences between these 2 waveforms to be viewed 
directly.  
 
In analogue mode, a single frame of input data consists of the waveform applied to and 
measured at end 1 of the rotor winding, followed by the waveform applied to and measured at 
end 2 of the rotor winding. The pulse repetition rate is set by the Frequency control on the 
Reflectometer front panel. The width of the applied pulse is also set by a pair of Pulse 
Width controls on the Reflectometer. 
 
NB   For full information about the use of the TDR100 Reflectometer in its conventional 
ANALOGUE mode with an OSCILLOSCOPE, please see the TDR100 INSTRUCTION 
MANUAL . 
 
 
1.2 OPERATION IN DIGITAL MODE 
 
When the TDR200 Reflectometer is connected to a PC running the TDRPlot software, it 
operates in digital mode and the pulse repetition rate is set by the Control PC and the 
waveforms are captured, digitised and sent to the PC via a USB interface by the TDRPLOT 
software.  This software  allows the waveforms at the input  or output ends of the rotor 
windings to be viewed and captured as either bitmap or text data files. The difference 
between the waveforms is also displayed, which should be a straight horizontal line for a 
fault-free rotor. The display horizontal plot width  is calibrated and cursors can be used to 
measure appropriate time delays for fault location. 
 
 
1.3 CONNECTION TO THE CONTROL PC 
 
The connection to the Control PC is via a USB cable to a connector on the rear panel of the 
TDR200 unit. The USB connection simulates a standard PC com port and it is necessary for 
the User to know the number of the PC comport in use. Details of where to find or reset the 
com port number are given in Appendices 1 and 2. 
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2. OVERVIEW OF THE TDRPLOT SOFTWARE 
 
 
2.1  HARDWARE AND SOFTWARE CONFIGURATION  
 
The Control PC is connected to the TDR200 unit using a standard USB printer lead and the  
control software  (TDRPlot.exe) is used to display and capture the rotor waveforms. 
 
All of the program and data files are contained within a single folder (the "Default folder") 
on the Control PC. Most of the data files generated by the software are saved to an Output-
waveforms subfolder of the Default folder.  
 
When the TDR200 is operated in digital mode using a Control PC running the TDRPlot 
software, the pulse repetition rate ("Frequency" in analogue mode) is set by the control 
software instead of the  Frequency control on the TDR200 front panel (which is inoperative 
in digital control mode).  
 
The rotor input and output end waveforms can still be displayed and observed by 
connecting an oscilloscope to the TDR200, as in analogue mode, but an oscilloscope is no 
longer necessary, as the primary method of displaying the waveforms is now the screen of the 
Control PC. 
  
A pair of high-resolution 16 bit Analogue to Digital Converters (ADCs) in the TDR200 
digital interface are used to digitise the waveforms at the input and output ends of the rotor 
winding and to construct frames of  data containing the waveforms at the input and output 
ends. In digital mode, the waveform frames are built up using a number of sequential 
measurement scans (pulses), where the number of scans per measurement frame depends on 
the measurement resolution set by the user. 
 
 
2.2 PROGRAM WINDOWS 
 
The TDRPlot software generates 3 windows when it is run as follows: 
 
A Control Window which allows the user to set/select the reuired control parameters and 
file names etc. 
 
A Plot Window which displays the measured waveforms. 
 
A Text Window which is primarily used for error-checking etc. 
 
 
 
2.3 DATA FILES 
 
2.3.1 Input files 
 
The TDRPlot software uses an input data file to initialise the control parameters. This file 
(T200ini.txt) contains the last used values for the control parameters. 
 
A similar customini.txt file, which holds set up data for a specific measurement onfiguration, 
can also be defined and saved by the user  
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2.3.2  Output files 
 
The software also generates a number of output files in an Output-waveforms sub-folder: 
 
Lastframe.bmp contains a bit-map image of the last plot image window before the program 
was terminated.  
 
Lastdata.txt contains the ADC readings for the 3 waveforms in the last frame of data before 
the program was terminated. 
 
In addition, a number of optional files can be generated by the user as follows: 
 
Custom.bmp which is similar to TDRPlot.bmp but has a file name (in this case, Custom) 
which can be chosen by the user. 
 
Customini.txt which contains the set of measurement configuration data defined by the user 
and can be used instead of ther standard T200ini.txt initialisation file. 
 
 
2.4.  THE CONTROL WINDOW. 
 
When the program is run, a Control window appears as shown in Figure 2.1 below. This 
window contains the control parameters which must be set before the program is run. The 
program retains the last-used control parameters by default in the T200ini.txt file and also in 
an optional custom ini file if one has been defined by the used.. 
 
 

 
 

Figure 2.1. Control window 
 
 
Full details of the Control window parameters are given in section 3.  
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2.5 THE PLOT WINDOW  
 
 
Once the control parameters have been modified or confirmed, the program is run by 
clicking the ENTER button, followed by the RUN button.   This generates a Plot window, 
shown in simplified form in figure 2.2 below.  
 

 
 

Figure 2.2  Plot window showing input end waveforms for a fault-free rotor winding * 
 

The Plot window shows the rotor waveforms at either the input, output or both ends of the 
rotor winding  depending on the option set in the Measurement Channel selection box in 
the Control window.  
 
Figure 2.2 shows the waveforms at the input ends of the windings for a fault-free rotor.  As 
well as the 2 input waveforms (shown in red and blue), the difference between these 2 
waveforms is shown in green.  It is also possible to display (white) time cursors as described 
later. 
 
The width  of the Plot window (Plot width) is set in the Control window. However, the 
actual width of the applied pulse is still set by the pair of pulse width controls on the front 
panel controls on the  TDR200 Reflectometer. 
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Similarly, figure 2.3 shows the Plot window in simplified form for the output ends of the 
rotor winding 
 

 
 
Figure 2.3  Plot window showing output end waveforms for a fault-free rotor winding * 

 
 
Full details of the Plot window parameters are given in section 4 .  
 
 
 



 9

3. THE CONTROL WINDOW  
 

 
 

Figure 3.1   The Control window 
 
 
 
3.1 CONTROL WINDOW PARAMETERS 
 
Details of the Control  window set up parameters are as follows: 
 
 
1. Rotor ID:     
 
A user-entered character string which identifies the rotor being tested. (Max 64 characters) 
 
 
2. Com Port Number:   
 
The number of the com port on the laptop PC connected to the TDR200 reflectometer. 
Details for obtaining or setting this number are given in Appendices 1 and 2. 
 
 
3. Select measurement channel 
 
To view the waveforms at the input ends of the rotor, select  Input ends.  
To view the waveforms at the output ends of the rotor, select Output ends. 
To view the waveforms at both ends of the rotor, select  Both ends.  
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4. Set Plot window width 
 
This parameter sets the width of the waveform plotting window in integer multiples of 16uS.  
(A suitable value for the test delay line is 48uS.)  
 
Note that the actual applied  pulse width is set by the front panel controls of the TDR200 unit.  
 
 
5. Set Scan (pulse) Rate (Hz) 
 
When the TDR200 unit is under PC control, the Frequency control on the front panel of the 
TDR200 unit is inoperative. 
 
Instead, the repetition rate of the applied voltage pulse is set by the Set Scan (pulse) Rate 
(Hz) parameter. 
 
 
 
6. Update Display every N frames 
 
The value of N selected determines how often the Plot window is updated. For example, if N 
= 5, the plot window is updated after every 5 frames of measured data. 
 
 
7.  Set Resolution parameter  
 
This parameter sets the effective sampling rate for the displayed waveforms in multiples of  
0.1us.  
 
(A suitable resolution value for the supplied delay line  is 0.5uS). 
 
 
8. Set averaging method 
 
This allows data for consecutive frames to be averaged to reduce any noise in the displayed 
waveforms. The optionsare None, Rolling or Exponential with the following meanings: 
 
None: No averaging 
Rolling: Frames are averaged using a true rolling average algorithm 
Exponential: Simple cumulative averaging using an exponential averaging algorithm. 
 
 
9. Set Number of frames to be averaged NAv 
 
This parameter (NAv) sets the number of frames to be averaged 
 
 
10. Set difference channel gain 
 
This parameter (GD) allows the gain applied to the difference channel to be modified as 
required. The normal (default) value is 1. 
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11. Vertical scaling factor:  This parameter allows the vertical span (height) of the displayed 
waveforms to be adjusted.  Valid values for this parameter are in the range between 0.5 and 2. 
 
 
12. Set custom input parameter file name 
 
This output data file is generated as an option by the TDRPlot software and contains 
initialisation parameters for a specific Rotor or test site. 
 
 
13. Set name for custom output files 
 
This box contains the generic file name for custom output data.  
For example, if the generic name is "Rotor1", then the output files will have the format: 
 
Rotor1.bmp The image saved from the plot window 
Rotor1.txt The text file of ADC values for the data displayed in the plot window 
Rotor1ini.txt  Initialisation parameters for a specifc rotor or test site. 
 
 
 
3.2 CONTROL BUTTONS 
 
The functions of the various buttons in the Control window are as follows: 
 
Select File: Used to select a custom ini data file for a previously saved specific measurement 
configuration. 
 
Quit : Used to quit the program before the Run button is clicked. The Quit  button is 
inoperative once the Run button has been selected. Use the Exit button  to quit the program 
after it has been run. 
 
Enter: Used to confirm the data defined  in the Control Window before running the 
program. 
 
Run: Used to run the program after the control data has been confirmed by use of the Enter 
button. 
 
Stop Scan: Used to Stop the program to allow the  control data to be changed. 
 
Update: Used to confirm the modified control data. 
 
Continue: Used to restart the program after updating the control data. 
 
Note that when the Stop Scan/Continue buttons are used, the frame count is reset to 1 
when the Continue button is clicked. 
 
To stop the scanning while retaining the frame count, use the Pause/Resume buttons in 
the Plot window instead of the Stop Scan/Continue buttons in the Control window (see 
section 4.2). 
 
Exit : Used to exit the program after the Stop button has been clicked. 
 
When the Exit button  is clicked, a number of files are generated  as follows: 
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T200ini.txt: The initialisation file which contains the current set of Configuration 
parameters. This file is generated in the default folder. 
 
 
The following files are generated in the Output-waveforms subfolder: 
 
Lastframe.bmp: This file contains a bitmap image of the last frame captured before the  Exit 
button is clicked. 
 
Lastdata.txt:  This file contains a set of ADC readings for the last frame captured before the  
Exit button  is clicked. 
 
In addition, if a Custom output file has been specified in the Control window, 3 further  
output files are generated in the Output-waveforms folder: 
 
Customout.bmp: The last plot window waveform image saved to the custom output generic 
file name defined in the Control Window. 
 
Customoutini.txt: The custom initialisation file which contains the current set of 
Configuration parameters.  
 
Customout.txt: The set of ADC readings for the last frame captured before the  Exit button  
is clicked. 
 
 
3.3 LIMITATIONS ON THE VALUES OF THE CONTROL PARAMETERS 
 
The maximum horizontal resolution achievable is 0.1 uS, but the amount of internal 
memory in the TDR200  imposes a limit on the combination of resolution and plot window 
width  for the captured waveforms. As the plot window width (time) is increased, the 
maximum resolution achievable decreases. 
 
For example, for displaying data at either the input  or output ends of the rotor winding at the 
maximum resolution of 0.1uS, the longest possible data capture time corresponds to 48uS. 
When the Control window is set  to display data at both ends of the winding simultaneously, 
the maximum window width is 24uS. 
 
It is therefore necessary to reduce the measurement resolution accordingly when longer 
plot window times are required. Alternatively set the software to display the wavefroms at 
either the input or output ends only.. 
 
Note that as both the plot window width  and measurement resolution are increased, the time 
to capture a frame of data also increases. 
 
There is also a limit on the pulse scan rate when long pulse widths are set on the TDR200 
unit, as high pulse repetition rates can result in potentially damaging power dissipation in the 
internal electronic circuitry. Consequently, when the TDR200 pulse width switch is set to 
the highest pulse width setting, the maximum pulse scan rate is restricted to 250 Hz. If 
attempts are made to set a higher pulse rate, this is detected by the software and a value of 
250Hz is set automatically in the Control Window . 
 
If attempts are made to exceed the permitted combinations of pulse width, measurement 
resolution and/or pulse rate, a number of warning windows are displayed. 
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4. THE PLOT WINDOW  
 

 
 

Figure 4.1  The Plot window for the test delay line with simulated shorted turn 
 
 
4.1 DISPLAY DETAILS 
 
The Plot window displays the rotor waveforms at either the input or output or both ends of 
the rotor winding  depending on the option set in the Measurement Channel selection box 
in the Control window. Figure 4.1 shows the waveforms at the input ends of the 
demonstration delay line containing a simulated inter-coil fault. The waveform for end 1 is 
shown in Red, the waveform for end 2 is shown in Blue, and the difference between these 2 
waveforms is shown in Green.  The waveform baseline is shown in Purple. 
 
The width  of the Plot window (Plot width) is set in the Control window and is shown at the 
bottom left hand corner of the window. However, the actual width of the applied pulse is still 
set by the pair of front panel controls on the  TDR200 Reflectometer. Other parameters 
displayed in this part of the window are the horizontal resolution, number of frames 
averaged and the pulse frequency. 
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4.2 CONTROL BUTTONS 
 
The functions of the Control buttons in the Plot window are as follows: 
 
Pause button: Stops the scanning and allows use of the remaining control buttons. 
 
 
 
Cursor button: After this button has been clicked, a vertical white cursor line appears at the 
horizontal location of each point on the screen at which the mouse is subsequently clicked 
and the corresponding time from the start of the pulse is displayed in the waveform plot 
area. A new cursor line is displayed for each mouse click, but the time displayed corresponds 
to the last mouse click only. 
 
Save button:  When this button is clicked, the current waveform image frame is saved as a 
bitmap file in the Output-waveforms subfolder, with a filename of the form customout-
frame number.bmp. Any number of frames can be saved to individual file names using the 
Save button. 
 
Resume button: Clicking on this button completely erases the current Plot window and 
resumes scanning and plotting the next frame number. 
 
Diff Tick box : If ticked this diplays a trace which plots the difference between the 2 input or 
output end waveforms. This box is ticked by default at program initialisation. 
 
 
Note that the use of the Pause/Resume buttons to stop the scanning  retains the frame count, 
whereas the use of the StopScan/Continue buttons in the Control Window  resets the frame 
count to zero. 
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5. USING THE REFLECTOMETER IN DIGITAL MODE 
 
 
5.1  SETTING UP THE EQUIPMENT 
 
Connect the Reflectometer to the PC via the USB cable and switch it on. 
 
Boot up the PC and run the TDRPLOT  software 
 
 
5.2 INITIALISING THE CONTROL PARAMETERS 
 
Set the parameters  in the Control Window  as follows: 
 
Rotor ID : Enter a text description for the rotor under test (Max 64 characters) 
 
Com Port Number: The number of the PC com port in use (see Appendix 1). 
 
Select Measurement Channel: Output ends 
 
Set Plot window width: 160uS 
 
Set scan Rate Hz 1250  
 
Update Display: 5 frames    
 
Set resolution : 0.5uS 
 
Set averaging method: None 
 
Set number of frames to be averaged Nav: 1 
 
Set difference channel gain GD: 1 
 
Set Vertical Scaling factor = 1.7 
 
 
5.3 MEASURING THE ROTOR TRANSIT TIME 
 
The first task is to measure the approximate time it takes for the input pulse to travel from one 
end of the rotor winding to the other. This information is needed in order to set up the correct 
control parameters for the software. 
 
It may help to connect an analogue oscilloscope to the Reflectometer if you are using the PC 
software for the first time. 
 
Adjust the front panel controls on the TDR100 unit as follows: 
 
Frequency: Max clockwise   R1 and R2 controls: Set to 100 Ohms 
 
Pulse width switch: middle position 
 
Pulse width control: Fully counterclockwise (minimum) 
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Check that the control parameters have been input correctly in the Control Window  and then 
click on the Enter button. The control parameters will be updated in the Control window. 
 
Next click on the Run button. The waveforms at the output ends of the rotor winding will be 
displayed in the Plot window as shown in figure 5.1, which shows the data for the test delay 
line supplied with the reflectometer. 
 
All of the following example waveforms were obtained using the DL100 demonstration 
delay line which is supplied with each TDR200 instrument. 
 

 
 

Figure 5.1. Plot window (output ends) 
 
Adjust the value of R1 on the TDR200 unit so that the height of the trace is approximately 
half the plot window height, then click on the Pause button in the Plot window, which will 
stop the scanning. Now click on the Cursor button in the Plot window and then click the 
mouse pointer at the point near the start of the output waveforms (where the waveform starts 
to increase, see figure 5.1). This will generate a white time cursor line as shown in figure 5.1. 
 
Note the time displayed for the cursor (9.3uS). This is the time in microseconds for the pulse 
to pass through the rotor winding from one end to the other. This is known as the single-pass 
transit time (t1). 
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5.4 OPTIMISING THE CONTROL PARAMETERS. 
 
Now that the single-pass transit time t1 is known, the Control parameters can be 
optimised.  
 
The Plot width  should be adjusted to have a value around 2.5 x t1. This is done as follows: 
 
Click on the Pause button to stop the scanning and modify the Plot width parameter in the 
Control window to give a Plot window width around 2.5 x t1. Note that the Plot window 
width is always a multiple of 16uS, so choose a value for the Plot width parameter closest to 
the desired value. 
 
Click on the Update button to set the new plot width  value and then click the Continue 
button. An updated plot window for the output end waveforms will be displayed as shown in 
figure 5.2 below: 
 

 
 

5.2 Optimised Plot window (output ends) 
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Click on the Cursor button and then use the mouse to obtain a more accurate estimate of  t1 
(9.5uS). 
 
Now click again on the Pause button and  set the Measurement channel  box in the Control 
window to display the input end waveforms. It may also be helpful to increase the Plot 
window width by one or more 16uS increments. 
 
Click the Update button in the Control window  and then the Continue button to display the 
input end waveforms as shown in figure 5.3. 
 

 
 

Figure 5.3   Optimised input end waveforms 
 
Now adjust the value of R2 on the TDR200 unit to minimise the reflection from the ends of 
the rotor windings. The values of R1 and R2 set on the TDR200 unit should now be 
approximately equal. 
 
By deliberately mis-matching the output end terminating impedance control (R2) on the 
TDR200 unit, it is now possible to see where the reflections from the winding ends start and 
to measure this time using the Cursor facility. 
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The final step is to check the effects of changes in the the scan pulse rate, as setting too high a 
pulse rate can cause changes to the overall shape of the  output waveforms. 
 
Reduce the scan pulse rate in stages in the Control window and check to see if the 
waveforms change shape. The highest scan pulse rate which does not change the overall 
shape of the measured waveforms should be used for all subsequent measurements. 
 
 
5.5 INTERPRETING THE WAVEFORMS 
 
Detailed information about how to interpret the RSO waveforms is given in the TDR100/200 
Instruction Manual , including the use of the demonstration delay line to show the effects of 
simulated winding faults.  
 
A normal fault-free rotor winding is characterised by 2 identical waveforms at each end of the 
rotor winding (red and blue waveforms) with a horizontal straight line (green) difference 
waveform, as shown in figure 5.3. 
 
 
 
5.5  EXITING THE SOFTWARE 
 
After scanning has started, press the EXIT  button in the Control window to terminate the 
program. 
 
This operation generates a number of files containing the last frame of ADC data and also a 
copy of the Plot window in bitmap format as described in section 3.2. A Summary window 
is also generated as shown in figure 5.4.  

 

  
Figure 5.4  Summary window 

 
Note that to exit the software before scanning has started, click on the QUIT  button in the 
Control window. 
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5.6  OUTPUT FILE MANAGEMENT 
 
The output data files generated by the TDRPlot software will be in the Output-waveforms 
subfolder in the Default folder. 
 
Once a test has been completed, we suggest that a new folder should be created with a unique 
name which identifies the rotor under test. 
 
The files in the Output-waveforms subfolder should then be moved to this new folder for 
safe keeping. 
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APPENDIX 1 
 
 

FINDING THE PC COMPORT NUMBER (WINDOWS 7) 
 
 
Connect the Reflectometer to the PC via the USB cable and switch it on. 
 
 
Click on the PC Start button and then select the Control Panel option. 
 
 
This will open the Control Panel window as shown below (in small icon view mode). 
 
  
 

 
 

Control Panel window 
 
 
Select the System option. This will open the System window. 
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System window 
 
Select the  Device Manager option to open the Device Manager window 
 

 
 

Device Manager window 



 23

 
Expand the Ports (COM and LPT) listing by clicking on the + box next to this item. The list 
of com ports in use is then displayed. 
 
If only one port is shown (as in the case above), this is the comport number in current use (in 
this case 3). 
 
Enter this number in the comport parameter box in the TDRPLOT Control window.  
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APPENDIX 2 
 

ASSIGNING A SPECIFIC COM PORT NUMBER TO THE CONTROL PC 
 

 
 

Note that this utility program ReAssignCOMPortNumb.exe is included with the ROWTest 
software TDRPlot installation files. 
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APPENDIX 3 
 

SOFTWARE INSTALLATION AND INITIALISATION 
 
 
A2.1 SOFTWARE INSTALLATION 
 
The TDR200 itruments are suplied with a custom Control Laptop PC with pre-installed 
software. No further software installation is required other than posted upgrades. If the 
software is to be installed on an additional PC, this should be done as described in Appendix 
3.3. 
 
 
A2.2 FIRST TIME USE WITH A NEW PC ONLY 
 
Carry out the instructions listed in Appendix 1 to establish the number of the communications 
port in use on the Control PC. 
 
 
A3.3  TEMPORARY INSTALLATION INSTRUCTIONS 
 
Install all of the files in the same folder on the C: drive. eg C:\Rowtest 
 
Make a shortcut to this folder on the Desktop 
 
Run either the compiled ('exe') version or the Basic (.bas) version of T200-XX 
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APPENDIX 4 
 
 

FOLDER STRUCTURE FOR SOFTWARE AND DATA FILES  
 
 
All of the software and data files are installed to a Master folder eg C:\ROWTEST. 
 
This folder also contains subfolders for output data files and documentation. 
 
 
The Master folder contains the following files: 
 
TDRPLOT.exe  : The main program file 
 
T200ini.txt : Data file containing the last used values for the control parameters. 
 
customini.txt : User-defined data file, which holds set up data for a specific measurement 
configuration.  
 
 
 
 
The Output Waveforms sub-folder contains the following files: 
 
Lastframe.bmp  File containing a bit-map image of the last plot image window before the 
program was terminated.  
 
Lastdata.txt  File containing the ADC readings for the 3 waveforms in the last frame of data 
before the program was terminated. 
 
 
In addition, a number of optional files can be generated by the user as follows: 
 
Custom.bmp which is similar to TDRPlot.bmp but has a file name (in this case, Custom) 
which can be chosen by the user. 
 
Customini.txt which contains the set of measurement configuration data defined by the user 
and can be used instead of ther standard T200ini.txt initialisation file. 
 
 
 


