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The purpose of this document is to share our approach to and results on motor inertia identification. 

 

Motor inertia – also called mass moment of inertia – is an essential element in calculating dynamics in 

numerical simulations.  This value is important to FRC #1018 for the numerical simulations that have 

been published. In equations of motion, Inertia is used to scale torque into angular acceleration; 

integrating angular acceleration once defines angular velocity and twice defines angular position. 

 

1.0 Approach 

Previously results have been produced using a torsional pendulum method.  This involves measuring the 

period of oscillation for known and unknown inertias, the results being used to identify the unknown 

inertia value.  While this approach seemed to deliver suitable results for the larger rotor motors, e.g. 

CIMs and MiniCIMs, we had difficulty applying the approach to smaller rotor motors, e.g 775s.  Even 

with the larger rotor motors, the instrumentation challenge was measuring the full-oscillation period – a 

single time base oscilloscope did not provide much precision when measuring long time durations. 

The present approach is to apply torsional resonance to the inertia identification problem.  Essentially 

establish an Inertia-spring-Inertia mechanical system, where the spring constant is sufficiently low to 

dominate other stiffnesses. Given a known spring constant and a known resonant frequency it should be 

possible to compute the inertia value. This method should work for two like motors even when the 

inertia is unknown. This method should also work for two different motors, e.g. one CIM and one 

MiniCIM, given that at least one of the test motors has a known inertia. 

 

2.0 Equations 

A good explanation of the equations involved can be found here: 

rt_chapter6.pdf 

Referencing section 6.2, equation 6.11 provides the solution to the equations of motion: 

 

For this work, the second frequency is re-written to: 

𝜔 = √
(𝐽1+𝐽2)𝐾𝑐

𝐽1 𝐽2
  (1) 

  

http://www.iitg.ac.in/scifac/qip/public_html/cd_cell/chapters/rtiwari_rotor_bearing_system/rt_chapter6.pdf
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In the case where the two inertias are the same – i.e. the same motor on each end – the equation 

becomes: 

𝜔 = √
2𝐾𝑐

𝐽
  (2) 

Note that the frequency, , is the angular frequency – in units of radians/second. This is not the same as 

temporal frequency, or f – in units of cycles per second or Hz. The following relationship must be applied 

to convert between the two: 

𝜔 = 2𝜋𝑓  (3) 

One additional detail should be pointed out.  The addition of the coupling, to the combined set of 

motors, alters the inertia of the system. We are assuming that the total inertia of the coupler can be 

split and equally divided between the two motors, leaving an ideal stiffness element between. 

Applying this assumption to equation (2) : 

𝜔 = √
2𝐾𝑐

(𝐽𝑚+0.5∗𝐽𝑐)
 (3) 

Solving this for the motor inertia: 

𝐽𝑚 =
2𝐾𝑐

𝜔2 − 0.5 ∗ 𝐽𝑐  (4) 

A slight change of topics, the Voltage equation for brushed DC motors is: 

𝑉 = 𝑅𝐼 + 𝐿
𝑑𝐼

𝑑𝑡
+ 𝐾𝑒𝜔  

For the driven motor, no current will be flowing.  This leaves us with: 

𝑉 = 𝐾𝑒𝜔  

With no current, the driven motor will be operating as a Voltage source. This is the Voltage that will be 

monitored to observe the resonant frequency. 

 

3.0 Setup 

The setup uses as much of the FRC hardware as possible.  We used an older power distribution panel, a 

main breaker and one of the batteries.  In place of the FRC approved motor drives, we used a Maxon 

ADS 50/5 4-Q-DC servo motor drive. Details for this drive can be found here: 

https://www.maxonmotor.com/maxon/view/product/control/Servoverstaerker-4-Q-DC/145391 

This drive allowed us to command the driven motor from a function generator, via an analog input to 

the drive.  This supports testing over a larger frequency range than we can achieve with the standard 

FRC control system. This drive also operates down to 12 Vdc – this is important to be able to apply the 

FRC power components to this test. The input to the system – the function generator output – and the 

output from the system – the Voltage generated by the driven motor – were both observed on an 

oscilloscope. 

https://www.maxonmotor.com/maxon/view/product/control/Servoverstaerker-4-Q-DC/145391
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The complete electrical setup is provided in the following diagram: 
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And shown in the following picture: 

 

From a mechanical standpoint, the motors under test were supported with 3D printed brackets bolted 

to a common base-plate.  Between the motors was a shaft coupling.  Recall that one of the critical items 

is a known spring constant. These couplers chosen were: 

Ruland MWC20-4-4-A https://www.ruland.com/MWC15-4-4-A.html 

Ruland MWC20-5-5-A https://www.ruland.com/MWC15-5-5-A.html 

Ruland MWC25-8-8-A https://www.ruland.com/MWC25-8-8-A.html 
 

https://www.ruland.com/MWC15-4-4-A.html
https://www.ruland.com/MWC15-5-5-A.html
https://www.ruland.com/MWC25-8-8-A.html
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The 4mm diameter component is suitable for coupling BAGmotor shafts, the 5 mm diameter component 

is suitable for coupling 775 motor shafts, and the 8 mm diameter component is suitable for coupling 

CIM, MiniCIM, and NEO (future work) shafts. 

Once motors were coupled, the motors restrained to the test fixture using large diameter hose clamps. 

The mechanical setup detail is shown in the following figure: 

 

 

3.0 Operation 

 

Before proceeding into how to perform the test, we need to discuss the resonance and the 

characteristics that occur around the resonance. At the resonance, the two motors will actually be 

oscillating in opposite directions. When examining the two signals, the driven motor will be perfectly out 

of phase (180 degrees of phase shift) from the driving motor.  In addition, at the resonance the 

amplitude of the driven motor output will be significantly larger than the amplitude at frequencies near 

the resonance – either above or below. 

If we were to apply DC Voltage to the driving motor, the driven motor would rotate at the same speed.  

In this condition, the two motors are in phase. Starting at low frequency, the two motors will be nearly 

in phase.  As the frequency is increased, the amplitude response of the driven motor will decrease and 

the phase shift of the response will increase. As the resonant frequency is approached, the amplitude 

will increase and the phase will approach 180 degrees. Above the resonant frequency, the amplitude 

will typically decrease sharply.  If possible, a video of the test will be posted. 

Once the electrical and mechanical connections are completed,  

(1) Turn on and setup the function generator (typical starting configuration is a sinusoid output with 

a frequency of 10 Hz. and an amplitude of ~8 Volts peak-to-peak). 

(2) Turn on the oscilloscope (in this case a scopemeter) and adjust the frequency and scaling of the 

display so that at least two cycles are visible. 

(3) Close the main circuit breaker – note that once the breaker is closed, the motor drive is enabled. 

Once power is applied to the drive, both the driving and driven motors will begin to oscillate. 
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(4) Gradually increase the frequency setting on the function generator.  As the frequency is 

increased, the adjust the scope time base to maintain visible waveforms.   

(5) As the driven motor signal – Channel B on the scope– decreases, periodically adjust the Voltage 

sensitivity in order to maintain a visible waveform. 

(6) Continue increasing the frequency applied to the system.  

(7) As the frequency approaches the resonant frequency, the driven motor amplitude will increase. 

At the resonant frequency, the scope display will resemble the following: 

 

 

In the previous figure the red trace is channel A which is displaying the signal from the function 

generator, and the blue trace is channel B which is displaying the signal from the driven motor. 

Note that the two waveforms appear to be opposites – one travels positive and then negative while the 

other travels negative and the positive.  This indicates that the test has reached the point where the two 

motors are oscillating in opposite directions; i.e. this is the resonant frequency – or at least very close. 

One additional comment – Modal testing of mechanisms is often a very harsh test to perform. 

Depending upon the design damage to the mechanism can result. For most FRC mechanisms, modal 

testing is probably not needed and may not be advisable to perform. 
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4.0 Results 

4.1 CIM 

Previously, the inertial pendulum method identified the CIM motor inertia as 

Jm 7.754E-05 kg-m^2 
 

The following defines the coupler used for this test: 

Motor tested CIM  

 Coupling 8x8  

 P/N MWC25-8-8-A 

 Jc 2.955E-06 kg-m^2 

 Kc 46.96375 Nm/rad 
 

Observed test results follow, along with an updated motor inertia by use of equation (4): 

Observation  Calculated result 

f w  Jm 

(Hz.) (rad/sec)  kg-m^2 

    

163 1024.159  8.807E-05 
 

4.2 MiniCIM 

Previously, the inertial pendulum method identified the CIM motor inertia as 

Jm 5.547E-05 kg-m^2 
 

The following defines the coupler used for this test: 

Motor tested MiniCIM  

 Coupling 8x8  

 P/N MWC25-8-8-A 

 Jc 2.955E-06 kg-m^2 

 Kc 46.96375 Nm/rad 
 

Observed test results follow, along with an updated motor inertia by use of equation (4): 

Observation  Calculated result 

f w  Jm 

(Hz.) (rad/sec)  kg-m^2 

    

193 1212.655  6.240E-05 
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4.3 CIM – MiniCIM 

Given that new inertia values have been calculated for both the CIM and MiniCIM motors, how does the 

combination of CIM and MiniCIM in a common test fixture compare?  Ideally, we will be able to predict 

the observed frequency. 

The following defines the coupler used for this test: 

Motor tested MiniCIM  

 Coupling 8x8  

 P/N MWC25-8-8-A 

 Jc 2.955E-06 kg-m^2 

 Kc 46.96375 Nm/rad 
 

Using the method presented in this report, the following results have been obtained: 

Calculated results   

 Motor Inertia Units 

 CIM 8.807E-05 kg-m^2 

 MiniCIM 6.240E-05 kg-m^2 
 

The observed frequency, and the predicted frequency by use of equation 1, are both provided as 

follows: 

Observation  Prediction  
f w  f w 

(Hz.) (rad/sec)  (Hz.) (rad/sec) 

     

180 1130.973  1.786E+02 1122.371074 
 

This result helps to confirm the equations used in this work.  
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4.4 775pro 

The following defines the coupler used for this test: 

Motor tested 775Pro  

 Coupling 5x5  

 P/N MWC20-5-5-A 

 Jc 2.930E-07 kg-m^2 

 Kc 10.99727 Nm/rad 
 

Observed test results follow, along with the calculated motor inertia by use of equation (4): 

Observation  Calculated result 

f w  Jm 

(Hz.) (rad/sec)  kg-m^2 

    

388 2437.876  3.554E-06 
 

4.5 BAGmotor 

The following defines the coupler used for this test: 

Motor tested BAGmotor  

 Coupling 4x4  

 P/N MWC20-4-4-A 

 Jc 2.930E-07 kg-m^2 

 Kc 12.90445 Nm/rad 
 

Observed test results follow, along with the calculated motor inertia by use of equation (4): 

Observation  Calculated result 

f w  Jm 

(Hz.) (rad/sec)  kg-m^2 

    

465 2921.681  2.877E-06 
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4.7 MiniCIM – NEO 

Given that a new inertia value has been calculated for both the MiniCIM motor, can this inertia value be 

used to calculate the inertia of a REV NEO motor?   

The following defines the coupler used for this test: 

Motor tested MiniCIM  

 Coupling 8x8  

 P/N MWC25-8-8-A 

 Jc 2.955E-06 kg-m^2 

 Kc 46.96375 Nm/rad 
 

Using the method presented in this report, the following results have been obtained: 

Calculated results   

 Motor Inertia Units 

 MiniCIM 6.240E-05 kg-m^2 
 

Some additional math is appropriate at this point. Recall that earlier we have equiation (1): 

𝜔 = √
(𝐽1+𝐽2)𝐾𝑐

𝐽1 𝐽2
   

If we solve this for J2 in terms of w, J1 and Kc we can define: 

 𝐽2 =
𝐽1𝐾𝑐

𝐽1𝜔2−𝐾𝑐
  (5) 

Realize that this formulation for inertia includes the coupling contribution so that: 

 𝐽𝑁𝐸𝑂 =
𝐽1𝐾𝑐

𝐽1𝜔2−𝐾𝑐
− 0.5𝐽𝑐 , and 

 𝐽1 =  𝐽𝑚𝐶 + 0.5𝐽𝑐  (6) 

 

Observed test results follow, along with the calculated motor inertia by use of equation (6): 

 

Observation  Calculated result  
f w  J1 J2 Jm 

(Hz.) (rad/sec)  kg-m^2 kg-m^2 kg-m^2 

      

190 1193.805  6.387E-05 6.807E-05 6.660E-05 
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5.0 Conclusions 

 

Prior work had identified the following inertias: 

CIM Jm 7.754E-05 kg-m^2 

MiniCIM Jm 5.547E-05 kg-m^2 
 

Following from this work, the following inertias are provided for future work: 

 

Motor tested Jm 

 kg-m^2 

  

CIM 8.807E-05 

MiniCIM 6.240E-05 

775Pro 3.554E-06 

BAGmotor 2.877E-06 

REV NEO 6.660E-05 
 

The results provided by this report reflect limited testing on a limited set of motors.  When additional 

motors are available and are tested, there results will be updated. 

We anticipate updating these results once a NEO motor is available to test. 

We hope that these results will be useful for other teams to use. 
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