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Results
G-Force, the vector sum of  all non-gravitational forces acting on an 

object’s mass, has been a significant concern for fighter pilots over the past 
several decades. Additionally, more rigorous aerial combat maneuvers 
(ACM) are associated with pilots needing to withstand more g-force 
(measured in g’s) to sustain optimal performance.

The effects of  g-force can be detrimental to the short and long-term 
health of  pilots. An example of  these acute effects is g-induced loss of  
conscious (G-LOC), indicated by gray-outs, black-outs, and red-outs. Long-
term effects of  large amounts of  g-force include permanent neck, back, or 
spinal pain (Fosdick & Gillingham, 1988). Therefore, effects of  acceleration 
forces are not only dangerous for pilots, they also hinder their performance 
of  the ACM severely during flight. Studies have shown that, for up to 15 
seconds, roughly 5-8 g’s can be tolerated by pilots before their performance 
level severely deteriorates or health concerns become too big of  a risk to 
continue flight (Creer et al., 1962). Being able to predict the amount of  g-
force that pilots experience during flight is essential to ensuring the safest 
flying environment possible. 

The purpose of  the study was to correctly predict the amount of  g’s that 
a fighter pilot experiences when performing an ACM. The accuracy of  the 
created equation was to be measured by comparing it to data from Aberdeen 
Proving Ground’s (APG) real-flight tests.

The g-force equation was developed by starting with a free-body diagram 
of  the plane’s flight path. The flight path that the aircraft takes in the 
different stages of  flight were drawn, x1, x2, and x3 (Figure 1). Using these 
force vectors equations modeling the g-force experienced in each of  the 
stages were created. 

Equations for phases one and two were merged into a piecewise 
function, with the parameter being the amount of  time the plane spent in 
each phase of  flight. In real life, the time that an aircraft takes to perform 
each maneuver varies from flight to flight. Therefore, a better way to 
express the time in the predictive model was theorized to be by dividing the 
total distance of  each respective phase by the constant velocity of  the 
aircraft, 300 knots (154.333 meters per second). Originally, a counter 
variable (t) was planned to be created to accomplish this, acting as dt, the 
change in time. The length of  dt would have been calculated to minimize the 
runtime of  the code, while maximizing its precision. This was not able to be

done, as the total distance and the total time for each respective phase was 
unknown. Instead, a hypothetical time constant of  10 seconds was made, 
which will appear in the phase 2 equation.

After the first equation was created, code was written in Jupyter
Notebook to run the calculations. Jupyter Notebook is a web application 
used for data science and scientific calculations and allows for the live 
sharing of  code. A software resource document was also made, which gives 
users a purpose, scope, and list of  functionalities for the code. The code was 
run to obtain the g-force for the first phase. The dive angle was varied, 
starting at 0.6 degrees, ending at 90 degrees, and moving in increments of  
0.6 degrees. 

The equation for phase 2 was then derived, proving to be much harder 
than deriving the first phase’s equation. The key to deriving this equation 
was realizing that the central angle of  the circular path and the dive angle 
were equal. Normally, centripetal acceleration is inversely proportional to 
the path’s radius, and directly proportional to its velocity squared. The user 
of  the created code would most likely not know their flight’s radius. As a 
result, the radius was related to the arc length of  the second phase, which 
was related to the initial dive angle of  the aircraft. 

If  the angle of  descent is 90 degrees, the plane will take a quarter-circle 
path to reach the point where it is flying horizontally. If  the angle of  
descent is 45 degrees, the plane will instead take an eighth-of-a-circle path to 
reach horizontal flight. Realizing this, the second equation was derived and 
input into Jupyter Notebook using the same process as the phase 1 
equation. Because the velocity remained constant throughout the ACM and 
due to the scope of  the project, the 3rd phase’s g-force is zero. The equations 
that were input in Jupyter Notebook are seen below (Figure 2). 

A scatterplot of  the outputs from the two equations was created (Graphs 
1 and 2). A paired t-test was performed on mock data to compare the 
difference (MD = 0.062, SD = 0.996). With a confidence level of  95%, the 
p-value was 0.857. Using an alpha level of  0.05, the null hypothesis could 
not be rejected, indicating there was not a significant difference between the 
predicted and actual g-force. Due to complications surrounding the 
Coronavirus, this could not have been done to compare the data from the 
equations and real-flight data.

The purpose of  this project was to successfully create a predictive model 
that outputs the amount of  g-force that a fighter pilot experiences when 
performing an ACM. By failing to reject the null hypothesis, it can be 
concluded that there was not a significant difference in the mock outputs 
from the created equation and the mock APG real-flight data. Thus, it can 
be assumed that the theorized model that the mock data was obtained from 
was accurate. This work can be used to enhance the understanding of  how 
different flight patterns affect g-force experienced by a pilot (angular 
velocity, dive angle, etc). Further study may include investigating the 
magnitude to which the anti-g straining maneuver (AGSM) effects g-force 
experienced by a pilot. The AGSM is a tensing action performed by pilots to 
increase the amount of  g-force that they can tolerate. Combining the ideas 
from a study involving AGSM and from this project would include 
determining flight patterns safe for pilots when performing the AGSM.
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Figure 1: Diagram of  the plane’s flight path 
during an ACM. The first phase (x1) is modeled 
by the constant linear decent with dive angle θ. 
The second phase (x2) begins at the release point 
as the pilot begins to “pull up”, with an arc length, 
(S) measured as a portion of  a circle’s circumference. 
Φ represents the central angle. The third phase (x3) 
begins when the plane is moving horizontally to the Earth’s surface. 

Figure 2: Piecewise function 
that outputs g-force based on 
time, t, the pilot’s mass, m, 
tangential velocity, v, dive 
angle, θ, a time constant of  10 
seconds, SIoD, and BIoD, 
which represent small and big 
increments of  distance, 
respectively. 

Graph 2: The 
scatterplot 
displaying the g-
force from the first 
phase’s equation. In 
both equations, a 
range of  30-50 
degrees for thee 
dive angle produced 
5-8 g’s which is an 
average fighter 
pilot’s g-tolerance. 

Graph 1: The 
scatterplot 
displaying the g-
force from the first 
phase’s equation. 
Dive angle was 
varied to obtain the 
data, ranging from 
0-90 degrees in 
increments of  0.6 
degrees. 
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