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Introduction 

 

The PTO Telemetry Torque Transducer was designed to fit between male and female PTO 

splines. The transducer was strain gaged and calibrated to measure torque. The strain gage 

signals are transmitted through telemetry. There is also a 60 pulse/rev tone wheel installed on 

the rotating transducer. A stationary Hall Effect sensor detects the tone wheel and provides the 

speed signal. 

 

A telemetry transmitter provides excitation to the strain gages and amplifies, digitizes, and 

transmits the torque signal via RF. A telemetry and induction housing is attached to the 

transducer and contains the telemetry transmitter, induction regulator, and secondary induction 

coil.   

 

A non-rotating aluminum stator is held in place and aligned to the rotating transducer by a 

large sealed bearing. The stator contains the primary induction coil, receiving telemetry 

antennas, and Hall Effect sensor. 

 

The PTO Telemetry Torque Transducer can be purchased with either the Type 1 (6 tooth 

1⅜”), Type 2 (21 tooth 1⅜”), or Type 3 (20 tooth 1¾”) agricultural splines.  Both the male 

and female spline ends can be simply removed and replaced with different spline sizes.  Other 

spline ends can be purchased from Michigan Scientific that can bolt directly to this PTO 

Telemetry Torque Transducer. 
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System Components 

 

This section of the manual provides photographs and descriptions of the major 

components of the PTO Telemetry Torque Transducer system. 

 

PTO Telemetry Torque Transducer 
 

DESCRIPTION 

The PTO Telemetry Torque Transducer is a strain gage based transducer that is gaged 

and wired to measure torque and speed. Integral to the transducer (Figure 1) is a 

secondary inductive coil that supplies power to the electronics mounted to the transducer. 

The electronics condition the inductive power and provide a regulated voltage to the 

transmitter that contains the strain-gauge-bridge driver. The transmitter provides bridge 

excitation and amplification. Gain and shunt calibration resistors are fixed. The data is 

anti-alias filtered, digitized, and transmitted via telemetry.  

 

 
Figure 1: PTO Telemetry Torque Transducer 
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M540 Receiver/Induction Power Supply 
 

DESCRIPTION 

The M540 Receiver/Induction Power Supply provides the high frequency AC power 

to the primary coil. The primary coil inductively couples with the secondary coil. The 

telemetry receiver converts the RF signal from the telemetry transmitter, decodes the 

signal, and provides an analog signal that corresponds to the torque applied to the 

PTO Telemetry Torque Transducer.  

 

  

Operating and adjustment details of the M540 Receiver/Induction Power Supply start 

on page 14. 

 

 
Figure 2: M540 Receiver/Induction Power Supply 
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Transducer Wire Harness 
DESCRIPTION 

The Transducer Wire Harness contains the induction cable, two antenna cables, and 

the Hall Effect speed sensor cable. 

 

 
Figure 3: Transducer Wire Harness 
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12 VDC Power Cable 
DESCRIPTION 

The 12 VDC Power Cable connects the M540 Receiver/Induction Power Supply to a 

power source. 

 

 
Figure 4: 12 VDC Power Cable 
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Signal Cable 
 

DESCRIPTION 

The Signal Cable allows data to be transmitted to a data acquisition unit or 

multimeter. The CH1 cable carries analog transducer torque data. The Fault, Cal, and 

Low Power cables carry analog data regarding the receiver RF fault, shunt cal, and 

low power conditions respectively. If possible, these wires should be attached to your 

data acquisition in order to monitor the RF fault, low power, and shunt cal conditions. 

 

 
Figure 5: Signal Cable 
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Spline Locking Blocks 
 

DESCRIPTION 

The Spline Locking Blocks get fastened to the female spline of the Type 3 PTO 

Telemetry Torque Transducer in order to prevent any axial movement of the mating male 

Type 3 PTO spline. 

 

 
Figure 6: Spline Locking Blocks 
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PTO Telemetry Torque Transducer 

Installation 

 

Installation of the PTO Telemetry Torque Transducer should be straight forward.   
 

1. Mate the female spline of the PTO Telemetry Torque Transducer with the male PTO 

spline of the tractor.   
 

 

 
Figure 7: Factory Male PTO Spline 

 

2. The male spline of the PTO Telemetry Torque Transducer has a groove which can be 

used to restrain the axial movement of the PTO.  For Type 1 and Type 2 splines, push 

in on the spring-loaded locking pin and engage it with the mating spline (see Figure 8).  

Once the pin is lined up with the groove in the male spline, release the locking pin to 

lock the male spine in place. Mate the male spline of the transducer with the female 

spline of the PTO accessory. For Type 3 splines, remove the eight #8-32 screws 

holding the two Spline Locking Blocks to the female spline of the PTO Telemetry 

Torque Transducer.  Then engage the PTO transducer with the mating male spline.  

Once the groove in the mating male spline is aligned with the holes in the female 

spline of the PTO transducer, insert the Spline Locking Blocks and tighten the #8-32 

screw to 32 in*lbf with blue Loctite threadlocker.  
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Figure 8: Spring Loaded Locking Pin on Type 1 and 2 PTO Telemetry 

Torque Transducers 
 
 

 
Figure 9: Spline Locking Blocks Mounted to Type 3 Female PTO Spline 
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3. Use the eye bolt on the PTO Transducer Stator to restrict the rotational motion of the 

unit.  It should be tethered to a stationary component of the tractor and securely fixed. 

 

 
Figure 10: PTO Telemetry Torque Transducer Stator and Eye Bolt 

 

 

4. Connect the induction power, Hall Effect sensor, and both antenna cables from the 

Transducer Wire Harness to the corresponding connectors found on the PTO 

Transducer Stator as shown in Figure 11. 
 

Eye Bolt 

PTO Transducer 

Stator 
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Figure 11: Attaching the Wire Harness to the PTO Telemetry Torque 

Transducer 

 

 

5. Route the Transducer Wire Harness back to the cab. Avoid making sharp bends in any 

of the cables, especially the receiving antenna cables. 
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Setting Up Electronics 

 

M540 Receiver/Induction Power Supply Control and 

Connector Descriptions 
 

 

 
Figure 12: M540 Receiver/Induction Power Supply Front and Rear 

 
POWER CONNECTOR (INPUT) INDUCTION POWER (OUTPUT)

1
 

Terminal Function Terminal Function 

A Input power A Primary out 

B Input ground B Primary out 

C Chassis ground C Chassis ground 

                                                 

1
 CAUTION: HIGH VOLTAGE!!!  Primary out pins generate high voltages under normal operating conditions.  
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M540 Receiver/Induction Power Supply Setup 
 

1. Connect the induction power cable and the female ends of the receiving antenna 

cables from the Transducer Wire Harness to the back of the M540 

Receiver/Induction Power Supply as shown in Figure 13.   

Figure 13: Attaching Cables to the M540 Receiver/Induction Power Supply 

2. One four conductor cable was provided for the Hall Effect speed sensor.  The red 

wire should be connected to + DC voltage 4.0 to 27 Volts at ≤ 30mA (or 4.0 to 30 

+ DC voltage at ≤ 18 mA).  The black wire is for signal & power ground.  The 

white wire is the + signal.  See pages 24-25 for more info about the Hall Effect 

speed sensor. 
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Figure 14: Hall Effect Speed Sensor Cable 

 

3. Connect the M540 Receiver/Induction Power Supply to 12VDC power using the 

supplied 12 VDC Power Cable as shown in Figure 15. 

 
Figure 15: 12 VDC Power Cable Attached to M540 Receiver/Induction Power Supply 

 

4. The system is now ready to be tested. Turn on the power switch to the M540 

Receiver/Induction Power Supply.  

5. If the RF Fault Indicator light does not turn off either the system is not getting 

power or the signal is not getting to the receiver. Proceed to the Induction Power 

Operating/Adjustment Instructions section for more details on Tuning the 

Induction Power Supply.   

6. If the RF Fault Indicator light turns off, the system is operating and will start 

the Shunt Calibration Sequence.  

7. Rotate the PTO Telemetry Transducer to check for any RF faults as you rotate.   

8. Proceed to the Shunt Calibration Sequence section on page 21.  

Hall Effect 

Speed Sensor 

Cable 
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Induction Power Operating/Adjustment Instructions  
 
NOTE: The M540 Receiver/Induction Power Supply is equipped with a fan to cool 

the internal electronics. Be sure to leave at least 0.5” air gap to the side and rear panel 

vents. Failure to do this may damage the electronics or not allow it to operate 

effectively. 

 
Before turning on power, make sure all cables are connected. First turn on the power 

switch. The RUN and CAL receiver status lights and all three induction power status 

lights should turn on indicating that the receiver is powered.  At power up, the 

transmitter and receiver should perform an automatic calibration sequence.  The user 

may observe the calibration sequence on the receiver signal output, and it should look 

similar to the example shown in Figure 17 on page 21. The calibration sequence lasts 

about 2 seconds.   

 

The drive level and frequency of the induction power system is adjusted at the factory 

but may need to be field adjusted if the M540 transmitter does not power-up and 

perform the automatic calibration sequence. 

 

If the Transmitter Does Not Power Up 
If the transmitter does not power up and the receiver RF Fault light is ON, press the 

induction tune button.  While tuning, the induction blue tuning status light will be ON.  

Once the induction is tuned, the induction blue tuning status light turns OFF and the 

induction green tuned status light turns ON.  If the receiver red RF Fault light is ON, 

manually increase the induction power slightly by pressing the UP amplitude 

adjustment once and then press the SHUNT CAL button to reattempt the automatic 

calibration sequence.  Once SHUNT CAL is pressed, the three induction status lights 

(IND. ERROR, TUNED, and TUNING) will be ON for 2 seconds and the primary 

coil power strength indicator will decrease to zero.  After 2 seconds, the three 

Induction status lights will turn OFF and power will be restored to the primary coil.  If 

successful, the receiver CAL status light should be ON indicating the automatic 

calibration sequence started.  If the calibration has not started and the red RF Fault 

light is ON, repeat the process of increasing the amplitude and pressing the SHUNT 

CAL button.  If the RF Fault light does not turn off after a few attempts of increasing 

the amplitude, see the troubleshooting guide on pages 22 and 23. 

 

NOTE: Cycling the power switch or pressing the CAL button will reset the Induction 

green Tuned light on the induction power supply. The frequency of the supply will not 

change. 

Transducer Zero 
Before recording data with the telemetry system, as typical with transducers, it is 

necessary to null out or zero any voltage offsets in the signal under no-load condition. 

This establishes a zero output at zero load reference. First ensure that there is zero 

torque on the PTO Telemetry Torque Transducer. There is one offset adjustment 

potentiometer per channel on the M540 Receiver/Induction Power Supply. The offset 

adjustment potentiometer is labeled for the channel it affects. To adjust the zero 

offset, turn the screw potentiometer, with a small flat head screwdriver, until the 

signal is zeroed.   
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Transducer Sensitivity and Shunt Calibration 
 

The conversion from transducer telemetry output signal (volts) to engineering units (lb-ft or 

Nm) can be obtained using either the transducer sensitivity (engineering units/volt) or shunt 

calibration method. Cycling the power on induction power supply will initiate a shunt 

calibration sequence.  It will produce a voltage offset (delta shift) equivalent to a certain 

magnitude of force or moment as determined during the factory calibration. This magnitude is 

referred to as “shunt cal equivalent.”  The telemetry calibration sequence is explained further 

on page 21.  See page 19 for a list of the PTO Telemetry Torque Transducer specifications. 

  



 19 

 

Specifications 

 

TORQUE RANGE   +/-1850 LB.-FT. (2508 Nm) -Nominal 

     

 

SPEED RANGE   0 to 2850 RPM (bearing limiting speed) 

 

SPEED SENSOR SPECTEC Hall Effect Speed Sensor Part # 

0166-43111 set to a 1/16” height above the tone 

wheel 

 

BRIDGE RESISTANCE  Torque: 700 Ohm 

     

DATA BANDWIDTH 
Low-pass 2-pole Bessel    

High Bandwidth Output  1000 Hz @ -3dB (factory setting) 

Low Bandwidth Output  100 Hz  @ -3dB 

 

TEMPERATURE 

Transmitter   -40 to 125˚C 

Receiver    -40 to 70˚C 

 

 

POWER REQUIREMENT 

Induction Power   9 to 36VDC (12V Nominal) Input, 40W 

And Receiver 

 

 

 

See calibration data sheet for details specific to your PTO Telemetry Torque 

Transducer. 
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Telemetry Information 

 

Telemetry Overview 
 

The M540 Series Digital Telemetry Measurement System conditions low level strain 

gage bridge signals, transmits signals wirelessly, and ultimately provides a high level 

analog voltage signal for recording. 

 

The M540 is comprised of three components: transmitter, receiver, and power source. 

These components are shown schematically in Figure 16. 

 

The transmitter incorporates a strain gauge driver, amplifier, and anti-alias filter within 

the signal conditioning block. It sends the bridge output signal (measured across S+ to S-) 

via radio frequency (RF). The RF carrier transmits the digital data. After detection by a 

receiving antenna, the digital signal is then converted to an analog force or moment 

signal.  A jumper selectable low-pass filter in the receiver provides data output 

bandwidths of either 100 Hz or 1000 Hz. The system shipped to you has been set at the 

factory for a bandwidth of 1000 Hz. 

 

Each time the power is switched on to the transmitter, a shunt calibration sequence is 

initiated and transmitted.  This lasts for approximately 2 seconds. This will be explained 

in more detail on page 21.  

 

  

Frequency Shift Keying 
(FSK) 

Figure 16: General Overview of Telemetry System 
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Shunt Calibration Sequence 
 

A power-up calibration sequence is generated to provide the user a means to relate output 

voltage (the voltage recorded) to engineering units. This sequence also allows for 

background noise checking. The calibration sequence can also help the user monitor 

bridge-offset or gain changes, which may indicate a problem. 

 
When powered up, the transmitter generates a calibration sequence that lasts approximately 2 

seconds.  An example of this sequence is depicted in Figure 17. 

 

 

Figure 7:  

 

The sequence begins with a shunt calibration resistor applied across the positive 

excitation (P+) and positive signal (S+) of each strain gage bridge. This is referred to as 

the +SHUNT MODE. This shunting produces an electrical unbalance of the bridge that 

produces a positive voltage shift as shown. The amount of voltage shift (or delta) is 

equivalent to a corresponding voltage shift that would result from a physical force or 

moment applied to the transducer as determined by the factory calibration of the 

transducer. IMPORTANT: The shift or delta to use must be with respect to the 

OPERATE MODE voltage level (OPERATE MODE ends the sequence as shown in 

Figure 17).  

 

The next part of the sequence directly following the +SHUNT mode is the -SHUNT 

MODE. As with the +SHUNT mode this likewise electrically offsets the bridge but now 

in the negative direction due to placement of the shunt resistor across the positive 

excitation (P+) and negative signal (S-) leads of the transducer bridge. 

 

The next sequence mode is BRIDGE KILL MODE. During this mode the bridge 

excitation is removed but the signal amplifiers remain active. This provides an 

opportunity to check for background noise (for example due to EMI). The tractor PTO 

should be running (PTO spinning) to best evaluate the level of background noise. Any 

dynamic signal that is present during bridge kill mode is noise.  The end of the sequence 

is noted by OPERATE MODE. This is the normal “measurement-taking” mode. 

  

START OF 

SEQUENCE 

AT POWER-

UP 

        +SHUNT  

     -SHUNT  

DELTA wrt 

OPER. MODE 

OPERATE 

MODE 

(END OF 

SEQUENCE) 

Bridge Kill MODE  

OUTPUT 

VOLTAGE 

TIME 

0.5 sec 

Figure 17: Typical Power-Up Shunt Calibration and Noise 

Check Sequence 
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Troubleshooting Guide 

 

Shown below are guidelines to help in determining the cause of problems you may 

experience with the PTO Telemetry Torque Transducer system.  These guidelines are 

arranged in categories of failure symptoms.  Areas to check for problems are listed for 

each specific symptom. 

 

 
Step Action Yes No 

1  START - Turn ON the power switch 

Is the power switch light ON? Go to step 3 Go to step 2 

2  1. Turn OFF the power switch 

2. Verify all connections are good (open/shorts) 

a. 12 VDC Power Cable 

b. Induction Cable 

3. Verify the power source is ON 

a. Voltage Input is in the 9-36V range 

b. Receiver requires about 40W of power 

4. Turn ON the power switch 

Is the power switch light ON? Go to step 3 Contact MSC 

3  Verify the calibration process has started. 

Is the yellow CAL light ON? 
Go to step 18 

Go to step 4 

4  Verify the induction power is working. 

Is the red RF Fault light ON? Go to step 6 Go to step 5 

5  Verify the receiver is working. 

Is the green RUN light ON? Go to  step 6 Go to step 2 

6  Once power is ON for at least 5 seconds: 

Press the Induction Tune button (hold ~ ½ sec). 

Did the blue Tuning light turn ON? Go to step 7 Go to step 2 

7  Verify Induction power is tuned. 

Note: Tuning process takes about 1 minute 

Did the green Tuned status light turn ON? Go to step 8 Go to step 11 

8  Verify the transmitter is getting power 

Is the red RF Fault light ON? Go to step 9 Go to step 3 

9  Is the Primary coil power strength indicator at a 

maximum level on the bar graph? Go to step 17 Go to step 10 

10  Increase the Induction Power to the Primary Coil 

1. Press UP amplitude button 2x 

2. Press the CAL button 

3. Wait 2 seconds 

Is the red RF Fault light ON? Go to step 9 Go to step 3 

11  Is the Induction Error status light blinking? 

Is the error flashing 1x every 2 seconds? 

Is the error flashing 2x every 2 seconds? 

Is the error flashing 3x every 2 seconds? 

Is the error flashing 4x every 2 seconds? 

Go to step 12 

Go to step 13 

Go to step 14 

Go to step 15  

12  Induction error flashing 1x every 2 seconds: 

The Induction Power supply did not Tune 

properly to a normal operating frequency. 

Contact MSC. 

 Contact MSC Contact MSC 

13  Induction error flashing 2x every 2 seconds: 

The Induction Power Supply sensed an over-

current condition. 

Is this the first time this fault occurred? Go to step 2 Go to step 16 
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Step Action Yes No 

14  Induction error flashing 3x every 2 seconds: 

The Induction Power supply could not reload the 

previous successful tuning parameters 

Is this the first time this fault occurred? Go to step 2 Contact MSC 

15  Induction error flashing 4x every 2 seconds: 

The Induction Power supply could not adjust the 

amplitude automatically. 

Is this the first time this fault occurred? Go to step 2 Contact MSC 

16  Check cables and connections for open/short 

Note: 20 Mega Ohm or less = BAD!!! 

1. Turn OFF the power switch 

2. Disconnect the Induction Cable 

3. Verify the Induction Cable connector pins 

A-B are NOT connected 

4. Verify Induction Power Primary coil 

leadwire connector pin A is electrically 

isolated from pin C and vehicle ground 

5. Verify Induction Power Primary coil 

leadwire connector pin B is electrically 

isolated from pin C and vehicle ground 

6. Repair as necessary 

Was a repair made? Go to step 2 Contact MSC  

17  Verify that the transmitter and receiving 

antennas are not damaged. 

1. Verify the receiver antenna is connected 

Is this the first time inspecting the antennas? Go to step 2 Contact MSC 

18  Automatic calibration in process, wait 2 seconds 

to complete and the yellow CAL light turns OFF 

Did the calibration complete? Go to step 23 Contact MSC 

19  Did the receiver output the correct readings 

during the calibration sequence? 

Note: Verify with the calibration report provided Go to step 23 Go to step 20 

20  Has the receiver offset pot been adjusted already 

to compensate for the problem? Go to step 21 Go to step 22 

21  Verify the PTO Transducer is installed properly. 

Was an issue with the PTO Transducer fixed? Go to step 2 Go to step 22 

22  The receiver amplitude may be offset up to +/-

1.00V, separately for each channel, as described 

on page 17. Adjust as necessary. 

Did this fix the problem? Go to step 23 Contact MSC 

23  END - Calibration is complete and the induction 

powered telemetry system is working properly.   
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Speed Sensor Specifications 
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All Type 1-3 PTO 

Telemetry Torque 

Transducers come with the 

SPECTEC 0166-43111 

Hall Effect Speed Sensors. 


