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Abstract— Woodward manufactures, distributes, and designs 
motors that are applied to various industries. For the purpose 
of this project, the aerospace applications of motors are the 
focus. The motor lifespan applies to all motors despite differing 
scenarios. From a financial standpoint, a self-learning system 
would provide a more accurate understanding of unique motor 
lifespans in accordance with the servicing environment. The 
self-learning tool will perform self-corrections to motor 
behavior to improve longevity. The test stand manufactured is 
capable of testing motor functionalities while remaining as a 
closed loop system. Data collected from the motors was used to 
obtain a baseline that will serve as a control for the acceptable 
motor behaviors. A MATLAB Simulink simulation will 
compare and establish a baseline with data collected from a 
faulted motor. The faults include failures in the stator winding 
wire and attempt to force the motor to perform the baseline 
behavior. The safety precautions taken aim to avoid electrical 
system damages, electrical shocks, and injuries while 
machining. Communication capabilities between Simulink and 
the motor controlling software are used to detect faulty stator 
windings. The deliverable will address some of the financial 
concerns while maintaining a quality product that Woodward 
had brought forward. 

I. INTRODUCTION 
Woodward, Inc. is a company that manufactures and 

distributes system components for use in “fixed wing and 
rotorcraft platforms in commercial, business and military 
aircraft, ground vehicles and other equipment” [1]. For the 
purpose of this project, the aerospace applications of motors 
are the focus. The motor lifespan applies to all motors 
despite differing scenarios. From a financial standpoint, a 
self-learning system would provide a more accurate 
understanding of unique motor lifespans in accordance with 
the servicing environment. The intent is to incorporate a self-
learning tool to perform self-corrections to motor behavior to 
improve longevity for the future of the project. The 
deliverable will address some of the financial concerns while 
maintaining a quality product that Woodward had brought 
forward. 

Brushless DC (BLDC) motors were chosen for the 
project as they are often used in commercial and military 
aircraft applications. The benefits of using them is their small 
size to the amount of power they produce, and the wide 
range of applications they can be applied to [2]. They are 
also more readily available to manufacture as components 
are more accessible from a wider range of manufacturers. 
BLDC motors can contain numerous Hall effect sensors, 

furthermore motors with three Hall Effect sensors will be the 
focus. The sensors detect the position of the rotor by sensing 
the magnetic poles produced by the stator winding wires. 
Figure 1 depicts the components and where they physically 
lie.  

 
Figure 1.  Cutaway of a Brushless Motor [3] 

The figure closely relates to the motor chosen for the 
testing purposes [3]. 

From the three most common failures that Woodward 
experiences, stator winding faults were chosen to be the first 
fault type that the project will encounter. Stator winding 
faults are common but are normally found during 
manufacturing and validation and rarely occur during 
operation. Modeling a full short in the stator winding would 
not serve to be helpful as motors are designed not to operate 
when there is one. Due to the static nature of the windings 
within the motor chamber, sensors can be arranged within 
the motor while the motor is operational without causing 
unprecedented faults from the testing equipment.  

The project considered some of the existing testing 
methods. A test environment will be created with two motors 
and supporting components to simulate variable loading and 
worn stator wires. 

II. METHODS AND MATERIALS 
A test stand was manufactured with equipment capable 

of testing motor functionalities while remaining as a closed 
loop system. The components of the test stand are as follows: 
a motor controller, microcontroller, sensors, a load motor, 
motor, and software. The DRV8312-69M-KIT from Texas 



Instruments is what the team utilized as the foundation of the 
project. 

The control card included in the kit will perform the role 
of the motor controller coupled with the paired software. The 
motor controller will allow for regulations of the inputs to 
the motors and is a direct connection between the power 
supply and the motors. The microcontroller role is taken by 
the Data Acquisition and Control (DAC). DAC boards create 
a link between a physical system and a computer allowing 
for communication between the two. For electric motors, a 
DAC is the primary hardware used for receiving data and 
controlling motor function with software, algorithms, or 
models. Thermocouples are the sensors that will be 
connected to the motor and DAC. 

Temperature sensors would be necessary to ensure that 
there are no additional factors altering the rotary position 
detection accuracy. Thermocouples are an effective and 
cheap tool able to detect the temperature changes within the 
stator winding chamber at various sensitivities. As Hall 
effect sensors are sensitive to temperature changes and the 
magnetic field produced by the stator windings, close 
attention needs to be made to temperature changes.  

Load motor and circuit is comprised of a 3-phase BLDC 
motor, resistors, 3-phase diode bridge rectifier, and switches. 
The motor coupled with the loading circuit serves as a load 
for the motor that is monitored. The load motor relates to the 
3-phase diode bridge rectifier to convert and direct the 
current to pass through a series of resistors activated with 
their corresponding switches. The reason for this is to imitate 
a fault in a stator winding such as a nick in the wire or even a 
crack in the insulation. The switches will allow for their to be 
adjustments in the severity of the simulated nick. 

Data collected from the motors without failures or faults 
will establish a baseline that will serve as a control for 
acceptable motor behaviors. A MATLAB Simulink 
simulation will be included in the process in order to 
compare the incoming data from a faulted motor with the 
baseline data. By comparing the data sets, Simulink will 
attempt to detect motor failures and potentially self-correct 
motor behavior to return to the baseline. 

III. RESULTS 
From the motor test stand, a basis of design was created 

to drive the MATLAB Simulink models. The motors were 
tested with open and closed circuits. Once the closed circuit 
was completed, the motors were tested with varying 
resistances based on the open and closed switches, and the 
data was then logged for comparison to the test simulations 
completed by the motor models.  

The Simulink model for the open circuit showed similar 
trends in the data measurements taken through the scope 
tools in Simulink. The closed circuit test setup with the 
varying resistances was tested on a very basic level on the 
test stand, so the motor model in Simulink was used for the 
basis of analysis for failures in windings of the motor. The 

use of the added resistors helped to mimic leakage of the 
current and gave a look into the trends of the motor failures 
seen in stator windings.  

IV. DISCUSSION 
With the trends analyzed from the motor failure 

simulations, it has been verified that the leakage of current 
from the stator windings affects the overall performance of 
the motor and lifespan of the components. The use of heat 
detection sensors to detect changes in the temperature of the 
stator can help to detect these leakages before there is a 
significant deterioration of the windings, or can detect when 
there are shorts in the system that cause the failures in the 
performance of the system. 

V. CONCLUSIONS 
In fruition, Model-based monitoring for 3-phase motors 

will create a simulation tool to assist in motor failure 
predictions. Through testing and data acquisition, a 
MATLAB Simulink program has been created to simulate 
stator winding faults in BLDC motors. Further work on the 
system will be able to find trends and operational baselines 
for the test motors which will help with the identification of 
impending failures or faults. Being able to identify these 
faults early would allow for the development of maintenance 
plans which are more accurate and customizable to the 
environment that the motors will be serviced in. With this 
project, Woodward also seeks to improve the accuracies of 
lifespan calculations for in-service motors across a variety of 
actuators that they design and manufacture. 
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