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INTRODUCTION 
This manual describes the operation of the BDI Cable Force Measuring System. This system 
was designed specifically for measuring cable forces using six accelerometers, but can be 
modified for reading up to 10 if required.  If for any reason the number of accelerometers being 
used changes, be sure to contact BDI so that the program can be changed accordingly. 
 
The Cable Force Measuring System described here consists primarily of a Campbell Scientific, 
Inc (CSI) CR5000 datalogger and six accelerometers.  The purpose of the system is to 
automate the cable balancing procedure, in turn speeding up the balancing procedure and 
reducing the human error involved in manual calculations.  The CR5000 is completely 
programmable so that measurements, data storage, and data processing can be customized to 
perform specific applications. All of the programming and user interaction with the CR5000 is 
done with CSI’s PC9000 software. The following sections contain information regarding the 
operation of the monitoring system and indicate areas that need consideration with regards to 
operational parameters, user interaction, data storage, and data retrieval.     

LOGGER SET-UP  
Below are instructions for setting up the Cable Force Measurement System and the laptop 
computer for interfacing with the datalogger. 

INSTALLING PC9000 ON A LAPTOP 

PC9000 
1. Shut down all other programs/ windows running on the computer. 
2. Insert PC9000 disk into CD drive. 
3. Run install.  
4. DO NOT CHANGE INSTALLATION DIRECTORY.  LEAVE AS DEFALT DIRECTORY!!  
5. Restart Computer. 

 

SERIAL TO USB CONVERTER (FOR COMPUTERS WITHOUT A SERIAL PORT) 
1. Shut down all other programs/ windows running on the computer. 
2. Plug in converter. 
3. When prompted, insert USBgear CD. 

PC9000 SET-UP AND BASICS 

CHANGING COMMUNICATION PORT (COMM PORT) 
When starting the PC9000 program there is a small window called “About” that will open 
automatically.  Within this box there will be a flashing line indicating what Comm port will be 
used to communicate with the CR5000 logger. This will need to match the port that the CR-
5000 has been plugged into.  To test that the correct port has been selected, click the “Press to 
change Comm Port” button.  Click on the “test” button in the lower left corner.  Once the 
connection has been tested a prompt window will indicate whether the connection worked or 
not.  If the connection was not made, change the Comm port accordingly. 
 
The first time the program is run ensure the following: 

1. Baud Rate = 115200 
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2. Max Packet Size = 1024 
3. Extra Response Time = 9000 mSec 
4. Comm Timeout = 10 sec 

 
Once the communication has been checked click “OK”. 
 

SYNCHRONIZING LAPTOP AND CR-5000 CLOCKS 
It is important that the Laptop and CR-5000 clocks are synchronized while testing is being 
performed as this is how data files will be referenced if future data comparisons are ever 
needed.  This is done by performing the following steps: 

1. On the tool bar, go to Tools -> Logger Clock 
2. Click the “Set Logger Clock” 
3. To exit, Click “Quit” 

 
 

INSTALLING A CR-5000 PROGRAM 
The correct program will have to be installed when the logger in delivered.  The only time a 
program will need to be installed is when changes have been made by BDI.  Installing a CR-
5000 program is done as follows: 
 
****Be sure to download all of the previous data before installing a new CR5 Program*** 

 
1. On the tool bar, go to Tools -> Download 
2. Select the new program file (i.e.  CF_2.CR5) 
3. Click the CPU button 
4. Once the download is complete the program will open a prompt window asking is the 

user wants to see table size and time info.  Click no.  
5. The new program is now loaded and all of the data files have now been flushed. 
 

SETTING UP REAL-TIME VIEWING WINDOWS 
PC9000 has numerous real time viewing programs that are useful for examining measured and 
computed data. In this case a Field Monitor is used to display various data values such as cable 
forces and the required adjustment values. FFT Graphs are used to verify that the cable force 
measurement process was satisfactory. Setting up viewing windows when the program is first 
installed will save time next time PC9000 is used.  To Set up Real-Time Viewing Windows 
perform the following steps: 

1. FFT Graphs (quality control) 
a. On the tool bar, go to RealTime -> Fast Fourier Transform 
b. If there is not a yellow line connecting CR5000 to the blue highlighted pull-down 

tabs, click on CR5000.  If this line already exists, continue with Step c  
c. In the first blue highlighted pull-down tab, select “FFTCBL 1” 
d. In the second blue highlighted pull-down tab, select “AccVec_FFT” 
e. Click the “setup” button in the top right corner of the window 
f. In the “New Setup Name” window enter the following: FFT1 
g. Click the “Save” button 
h. Click the “Done” button to exit out of this window 
i. Repeat Steps (a) thru (f) for cables 2 through 6. 

2. Field Monitor (data values) 
a. On the tool bar, go to RealTime -> Field Monitor 
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b. If there is not a yellow line connecting CR5000 to the blue highlighted pull-down 
tabs, click on CR5000.  If this line already exists, continue with Step c  

c. In the first blue highlighted pull-down tab, select “FORCEOUT” 
d. In the second blue highlighted pull-down tab, select “FFTCBL1” 
e. In the third blue highlighted pull-down tab, select “Public” 
f. Click the “setup” button in the top right corner of the window 
g. In the “New Setup Name” window enter the following: CF 
h. Click the “Save” button 
i. Click the “Done” button to exit out of this window 
 

LOGGER OPERATIONS 
The Program installed on this logger has been specifically designed to measure the forces in six 
cables and compute relative differences between the forces in the six cables.  This section 
describes the different operations that can be performed by the logger and how to use them.   
 

FLAGS 
Various program control flags are used to provide user interaction with the program while it is 
running.  Flags 1 through 6 are used to tell the user when an accelerometer has been triggered 
(a cable force measurement executed).  These flags will be red (off) until the corresponding 
accelerometer has been excited by the cable being hit.  Once the cable has been excited past 
the pre-set threshold the flag will turn green (on), meaning data is now being collected and the 
calculations are being run.  The logger will record approximately six seconds of acceleration 
data and turn the flag back off.   
 
Flag 7 is used to mathematically zero the gage readings. It is necessary to turn Flag 7 on once 
after all 6 accelerometers are installed on the cables so that a zero reference point is 
established. Zeroing is required for the triggering process to work correctly.  Flag 7 will always 
be red until it is triggered manually; the Flag will immediately turn back to red after the zeroing 
process is complete. When Flag 7 is triggered AccelVal 1 thru 6 will read 0.00+ 0.02.  These 
values can be seen in the “field monitor” screen under table “public”. 
 
Flag 8 activates the triggering and recording processes.  After the accelerometers are installed 
on the cables and the system has been zeroed, the logger is ready to collect data. When it is 
time to start collecting data click on Flag 8 and it will turn green.  Once it is green the system is 
active and the system is ready to calculate cable forces.  
 
Table 1 provides a summary of the above descriptions for control flags. 
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Table 1 Flag descriptions 

Flag Number Flag Off (Red) Flag On (Green) 
1 Waiting Accel 1 to be triggered Accel 1 has been triggered 
2 Waiting Accel 2 to be triggered Accel 2 has been triggered 
3 Waiting Accel 3 to be triggered Accel 3 has been triggered 
4 Waiting Accel 4 to be triggered Accel 4 has been triggered 
5 Waiting Accel 5 to be triggered Accel 5 has been triggered 
6 Waiting Accel 6 to be triggered Accel 6 has been triggered 
7 Inactive “Zeros” each gage value 
8 System is Inactive System is activated and ready for testing 

 

OPENING REAL TIME VIEWING WINDOWS 
While testing, it is a good idea to have the FFTs and File Monitoring screens open to ensure the 
readings are valid.  These screens can be opened as follows: 
 

1. On the tool bar, go to RealTime -> Fast Fourier Transform (FFT) 
2. If there is not a yellow line connecting CR5000 to the blue highlighted pull-down tabs, 

click on CR5000.  If this line already exists, continue with Step 3. 
3. Click the “setup” button in the top right corner of the window 
4. Click “FFT1”  
5. Open all six FFTs 
6. On the tool bar, go to RealTime -> Field Monitor 
7. Click the “setup” button in the top right corner of the window 
8. Click “CF” 
9. Orient the windows as seen below in Figure 1 Field Information Screen. 
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Figure 1 Field Information Screen 

MODIFYING VARIABLES  
Modifying a variable is done as a temporary change to the program.  Once the CR5000 is 
turned off or the CF program has been stopped, all variables will go back to their default values.  
The only variables that is likely to require modification is the cable length (ft). Modifying a 
variable is done as follows: 
 

1. On the tool bar, go to RealTime -> Get/Set Variable 
2. Choose Clength under Field Name  
3. Change the value to the measured cable length (in decimal Feet). 
4. Click “done” 

DOWNLOADING DATA 
Data should be downloaded every time cables on one side of a spillway gate have been 
balanced or if the system is going to be turned off.  This is done to minimize the size of the data 
files and to ensure that no data is lost.  Downloading data is done as follows: 
 

1. On the tool bar, go to Collect -> Data Retrieval 
2. Ensure that the “Time Stamps” and “ASCII” boxes are checked under the File Format 

section 
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3. Ensure that the “All Tables” box is check under the Table Select section 
4. Under the Collection Method section check “Since Last, Create New File” 
5. Click “Execute”  
6. Downloading will take between 5 and 10 minute depending on the amount of tests that 

were performed.  Once complete, go to the folder were the data is being stored, zip the 
data, and rename the zip file according to the Army Corps marking standards.  

CABLE TENSIONING PROCEDURE 
This section describes in detail how the logger shall can be used to tension multiple cables on a 
lift gate.  When reading this section please use the “Logger Operations” section for clarifications 
on how to operate the CR-5000. 
 
The following list provides step-by-step operation procedures for balancing the cable tensions: 

 
1. Lift the gate 1-2 inches off the sill 
2. Using spray paint or a marker, make a mark on the cable and drum as a lift height 

reference.  This will ensure that the cable length is identical for each lift. 
3. Measure the cable length from point of contact on the drum to the center of the pin.  If a 

fret (cable brace) is added above the pin, measure to the top if the brace (This will be 
explained later). 

4. Attach the corresponding accelerometer to each cable (i.e. Accel-1 attaches to Cable 1, 
etc.) about 4-5ft from the drum as follows: 

a. Un-loop the Velcro strap 
b. Orient the gage so that it is facing the direction that the cable is going to be 

excited.  In other words, if the cable is going to be hit from the north, ensure that 
the threads of the screws are also facing north. All accelerometers should be 
oriented in the same direction. 

c. Press the accelerometer against the cable 
d. Firmly pull on the Velcro strap and loop it around the cable. 
e. Zip-tie the wire about 1ft from the accelerometer.  

5. Open PC9000 – Tools – Get/Set Variable 
6. Enter Cable Length (see Modifying Variables in Logger Operations) 
7. Open Real Time Viewing Windows (see Opening Real Time Viewing Windows in Logger 

Operations) 
8. Activate Flag 7 to zero the accelerometers.  This flag will turn itself off once the gages 

are “balanced” 
9. Activate Flag 8.  The system is now ready to collect data once the trigger value has been 

reached.  Note that the trigger value is the acceleration the gage must read before 
readings are recorded.  This value will be set by BDI upon delivery of the system. 

10. Excite the cables, one at a time, and allow the CR-5000 to perform the calculations. It 
will take a couple seconds to compute and update the force value after the Flag has 
turned off. Do not touch the cable for at least 6 seconds after it has been excited. Do to 
processing time it is recommended to wait a few seconds between exciting one cable 
and exciting the next. 

a. After each cable is excited, compare the fundamental frequency (FundFreq) seen 
in the second table called FFTCbl(1) thru (6) of the field monitoring screen with 
the distance between peaks on the FFT Graphs (see Figure 2).  Note that the 
correct table is chosen by using the pull-down tab.  If these do not match the 
reading is invalid and the cable will need to be excited again.   
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b. Some experimentation may be required to determine the best excitation 
procedure. The goal is to get the cable vibrating at its fundamental frequency (1st 
mode). Hitting the cable with a relatively soft object is usually best. It is generally 
best (but not required) to hit the cable at the end opposite the accelerometers. 
Hitting the cable as close as possible to the midpoint will also improve the 
measurement. 

c. Examination of the FFT graph will determine the quality of the measurement. 
Several spikes on the FFT graph will usually show up on the plot. The spacing 
between the first few spikes should appear consistent. For example the location 
of the second spike should be at twice the value of the first, the third spike should 
be at 3 times the first and so on. If the first spike shows up distinctly and has the 
largest magnitude or is at least 25% of the largest magnitude then the calculated 
fundamental frequency should be correct and the force calculation will be correct.  
(NOTE: IF THE READINGS ARE INCONSISTENT A FRET MAY NEED TO BE ADDED TO THE 
CABLES.  THIS CAN BE DONE BY PUTTING A 2 X 4 BETWEEN TWO CABLES AND TYING 
IT IN PLACE.) 

11. Once all six cables have valid readings, view the first table called “ForceOut” of the field 
monitoring screen.  This table displays the following information:  

a. TotalCnt = Total Count- Number of reading taken. Each time Flag 1 thru 6 is 
trigger this number will increment by one. 

b. TotalFrc = Total Force- Total force seen by all six cables (lbs) 
c. AvgFrc = Average Force- Average force of all six cables (lbs) 
d. ClbFrc(1) -> (6) = Cable Force- Force seen in each cable [ClbFrc(1)= Force in 

Cable 1, ClbFrc(2)= Force in Cable 2, etc.] (lbs) 
e. DeltaFrc(1) -> (6) = Difference from average force (lbs) 
f. DeltaPrc(1) -> (6) = Percent difference from average force (lbs) 

12. Use this information to make the proper adjustments to the cables. 
a. The amount of change needed to balance the forces will need to be determined 

through trial and error on the first gate tested. After a few adjustment attempts it 
should be possible to approximate a change in force due to one revolution of the 
tightening nut. 

13. Download the data after balancing each side of a spillway gate (i.e. two downloads per 
gate). Storing the data in separate zip files or folders will greatly help organization if the 
data needs to be reviewed at a later date.   See “Downloading Data” in Logger 
Operations section. 
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Figure 2 Fundamental frequency comparison. 

 


