
 
How to Accelerate Motor Calibration and Control Development 
Frequently Asked Questions and Answers 

 
 

1. How do you use measurement during calibration to account for torque ripple in a controller? 
 
Torque ripple is a fluctuation of torque around an average at a given frequency and can cause 
problems issues with the mechanical system down line of the motor. Designers and calibrators will 
want to account for this, and suppress it in their controller using control techniques. Torque ripple 
can be calculated from measured voltages and currents using an air gap torque calculation, but the 
actual amplitude and frequency will not be well known because of the inertia of the rotor. You can 
use the measurements during calibration to identify which loading points and situations will have a 
significant torque ripple and either choose to avoid them or implement suppression techniques. Like 
many other issues, calibration can be used to identify the states and conditions where events are 
likely to happen, without actual measurement in vehicle. 
 

2. How does the cycle detection influence the measured values with harmonic content? 
 
Cycle detection identifies the period that signals like torque, current, voltage, and others need to be 
averaged on to determine values of power, RMS and efficiency. This means that every point within 
that period will be accounted for during a calculation. If a signal, such as current or torque has 
harmonic content, that will also be included in the calculation. The exciting part about cycle detect is 
that you can get those values during transients. Every half cycle of the fundamental you view a high 
accuracy calculation which will enable a calibrator to account for harmonic content during changes in 
torque or speed. This can accelerate the job of the calibrator and give the calibration a higher quality. 
Cycle detect can be used to track individual harmonics to find trouble areas in a control.  
  
 

3. Do you need to account for dynamic behavior? 
 
During a calibration, engineers will often test for drive cycle energy usage, or dynamics in transition 
from one state to another. You can learn about how machines will respond in the real world to 
disturbances and driver behavior. Once the you understand the disturbance behavior, you can alter it 
to better fit the use case of the electric motor. These tests are made possible by a combination of 
continuously recorded data and cycle detect power measurements. Knowledge of the dynamic 
behavior can help  deliver a more desirable experience and be used to improve the range of the 
vehicle by gracefully controlling the transitions. 
 
 

4. How do you determine the best sampling rate? 
 
Sampling rate is dependent on the type of test that is being run. Is the concern accuracy, transient 
events, failures, or something else? Some of these tests will require higher sampling rates than 
others. The switching frequency of the inverter will also drive the sampling frequency that is needed. 



 
A common rule of thumb is to have 10x the switching frequency in order to catch the transients, but 
users will often go as high as 20 or 30x switching frequency. 
 
Sampling rate should also be influenced by the bandwidth of the sensors that are integrated. If a 
sensor has a significantly lower bandwidth than the bandwidth dictated by the sampling rate, then 
there is no point to oversampling. 
 
The eDrive system allows for continuous data storage for extended periods of time at a 2MS/s rate. 
This will allow you to record data for transient scenarios at a rate high enough to understand their 
inverter and get extremely accurate results. 
 
 

5. Is it possible to estimate electric machine rotor temperature during running condition? 
 
Monitoring rotor temperature is important for calibration so you can understand if you are going to 
risk demagnetization in the permanent magnet motors. Temperature measurement can be achieved 
in a variety of ways including thermal cameras, lasers, fiber optic solutions, and sometimes 
equations. Once the temperature is characterized for the different motor states, the rotor 
temperature can be estimated in the controller. The eDrive system can measure a wide variety of 
inputs so that you can correlate your rotor temperature to your powertrain state with a high level of 
confidence. The real time equation ability also allows you to look at a sensor and compare it to your 
estimation equations in real time. 
 

6. How is the eDrive able to reduce the testing time so much? 
 
The cycle detect algorithm running on the real time hardware can reduce the time per measurement 
point significantly because it does not have a settling time. The lack of settling time means the 
machine is running for a shorter period, which means it is heating up less. This results in the 
machine cooling down less, again saving time. The total savings in time can be significant when you 
consider a characterization often has thousands of points.  
 

7. How can you improve or refine simulation accuracy with your test data ? 
 
The eDrive system is recording electrical and mechanical data for any steady state or transient 
condition. A simulation is a mathematical assumption on how the machine will react, it can often be a 
good assumption but needs to be tuned to fit a physical system with imperfections. The recorded 
data can then be compared to the output of the simulation. With the sufficient accuracy in the 
measurement, you can use that to decide where errors in your simulation model are coming from 
and refine your model.  
 
 

8. How do you account for audible noise testing?  
 
Audible noise testing can be achieved by including a microphone into an electric motor test stand. 
This is useful for tracing the audible noise back through the powertrain and allows you to identify if it 
is a function of the stator housing resonating, torque ripple, or another noise causing system. It is 
becoming popular to include the inverter measurements since the inverter can be tuned to minimize 
noise in the system. 


