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DISCLAIMER
While every effort has been made to ensure the accuracy of the information contained in
this report, any errors of commission or omission are solely the responsibility of the research
team. The research team shall not be liable for any damages or injury caused by errors,
inaccuracies, omissions, or other defects in the content or any of the products tested, or any of
the products referred. The researchers shall not be liable for any third-party claims or losses of
any nature, including but not limited to, any claims or losses relating to any product referred to at
any time in the content of this report. The researchers do not intend for references to
corporations, products, or entities to be endorsements of such and the researchers are not
affiliated with, sponsored by, or endorsed by any consumer product in this report.
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ABSTRACT
The purpose of this study was to examine the overall functioning of the compressed gas
less lethal weapon system, the PepperBall® SA-8™. The trained less lethal munitions shooter
was used to eliminate the effect of individual shooter bias and ability under various conditions
and determine their effectiveness based upon the process objectives outlined below. All of the
research team members hold either end-user or instructor certifications in the PepperBall®
systems.
The PepperBall® SA-8 Launcher™ is designed for suspect compliance and crowd
control, and has the ability to fire eight (8) shots of ammunition. The manufacturer stated range
for this weapon is 35 feet, with approximately 11 foot pounds per projectile and a muzzle
velocity of 320 feet per second. Within the study, testing was conducted to determine its
accuracy, reliability and overall functioning. It was found that the average muzzle velocity was
in fact 298.4fps. This study produced a linear regression model with the goal to provide an
operator the ability to compensate for ballistic drop to attain the desired point of impact.
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INTRODUCTION
There is a lack of research that examines a less lethal weapons effectiveness which is a
major problem when selecting the correct weapon for use. Most often the product’s
manufacturer is the party who generates studies probing the effectiveness of a particular less
lethal weapons system. Because of this, these agencies are obligated to rely on the factory data,
specification sheets, and company marketing in order to make a serious decision as to which
weapon to utilize and the best way to employ it.
The PepperBall® families of launchers are designed mostly as compressed air less lethal
weapons, whereas the SA-8 functions with a compressed gas system. Munitions for the
PepperBall® include paint marking rounds, inert training rounds, oleoresin capsicum (OC)
rounds, pelargonic acid vanillylamide (PAVA) rounds, water inert training rounds and glass
shattering rounds (not to be used against human subjects). According to the PepperBall®
System Instructor-Training Manual (2009), “PepperBall® operators must understand that thirty
feet is the farthest distance to target individual suspects. The lightness of the projectiles makes
the ballistic accuracy fall off dramatically past thirty feet.”
The PepperBall® SA-8 is a multi-shot, hand held compressed gas pistol and works as a
semi-automatic with an eight (8) shot capacity per magazine. The SA-8 is compact in size and
has a removable magazine pistol grip, making reloading faster and easier. The SA-8 Launcher™
is much different than other PepperBall® systems by utilizing a CO2 cartridge and compressed
gas versus compressed air. According to the PepperBall® Instructor-Training Manual (2009),
its range is effective at 35 ft on target and the area of saturation is 100 ft. The average muzzle
velocity is said to be 320 fps, while the average kinetic impact force is 11ft-lbs.
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Figure 1. PepperBall® SA-8™ Launcher and Magazine

Injuries are a significant concern for law enforcement administrators when using less
lethal weapons. Having a weapon that can reach a suspect at extended distances consequently
means that its projectiles have the potential to impose injury at closer distances. Ocular injuries
caused by paintballs are similar to other blunt traumas to the eye (Fineman et. al, 2000), that are
caused by the impact itself or its payload. Ocular trauma is the predominant injury resulting
from the use of paintball guns (Feist & White, 2002), which the ammunition is very similar,
meaning that the injuries can be the same. It is unlikely that individuals that are struck by a
PepperBall® will be wearing eye protection and risk severe injury. The target area for impact is
the torso and to avoid the head, neck and groin areas (PepperBall, 2009). The force derived from
these munitions depends greatly on the distance which directly impacts the weapons accuracy.
METHODOLOGY
A multifaceted approach was used to conduct this study, which included a field research
data collection effort and a qualitative assessment of the weapon. The research design was
created to measure the overall performance of the PepperBall® SA-8 Launcher™. The primary
goal was to identify its accuracy, reliability, range and any malfunctions presented. Inert
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munitions were used for the testing of the weapon. The testing was also conducted on
standardized life-sized human style targets, indoors at the warehouse of the Weapons and
Equipment Research Institute.
There were six (6) different shooting intervals beginning with a distance of ten (10) feet
and moving back in five (5) foot increments for a distance of 40 feet to test the accuracy of the
weapon. At each distance, there were sixteen (16) shots fired at the point of aim (POA) on the
target, for a total of 96 shots. In order to reduce human error during the testing, the SA-8
Launcher™ utilized a gun vice and using only one shooter to limit the effect of skill differences.
Photographs, videos and measurements of the targets were taken after each distance was tested.
The point of aim was consistent by utilizing a neon orange stick on target, which contrasted the
rest of the target. This POA stayed consistent on each target at each distance. From a
quantitative perspective, data was collected by test-firing the compressed gas weapon from a
fixed platform to ensure 100% reduction in human firing error. It was then analyzed by using
Statistical Package for the Social Sciences (SPSS) to determine its overall accuracy, hit/miss, and
failure rates.
Figure 2. Firing from a Fixed Platform
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Accuracy was measured as the difference between the point of aim (POA) and the point
of impact (POI) in order to assess the drop, drift and maximum spread of the projectiles. This
method was done by taking the center of each group and identifying it by using the average
group radius method. The drift of the projectile was then found by taking the furthest shot to the
left of the POA and calculating the average of all the remaining shots from this distance. The
drop was found by locating the lowest shot and obtaining the average of all the shots from this
distance, then measuring this point from the point of aim. These two averages identified the
center of the group and from this point the average distance of each shot was determined, giving
the mean radius of the shots. This illustrated the accuracy of all of the shots within the group and
this procedure was done for each of the six (6) firing positions. The ability to view the
distribution of the grouping as a whole while evaluating to performance of each individual shot
was the greatest strength utilizing this method.
To further quantify the accuracy of the weapon, maximum spread or extreme spread was
measured to determine the distance between the two furthest shots of the shot pattern or
grouping. This results in being a less accurate method of measuring of the group size and does
not provide a valid measure of central tendency for any statistical analysis. This method relies
solely upon the two most extreme data points and does not account for all of the remaining data
points.
A chronograph was set up to test the stated velocity of 320 feet per second. This was
tested by firing 22 shots to determine the average projectile velocity. Data that was acquired in
this phase was done by measuring the distances in inches and then entering the data into SPSS so
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that a statistical analysis can be conducted. The following table describes the key variables of
interest of this study.
Table 1. Key Variables and Measurement
Variable
Projectile Accuracy
Projectile Spread
Projectile Speed
Projectile Mass
Reliability
Malfunctions

Description
Distance from point of aim to point of impact
Distance between projectiles (mean & median)
Chronograph measurement
Weighed to be factored into kinetic energy formula
Continues to function without failure
Anything that goes wrong with its overall functioning
FINDINGS

This research study was completed with a statistical analysis and interpretation of the
data collected. The results were placed into a statistical software package (SPSS 11) for
quantitative analysis which made it possible to evaluate the data using advanced statistical
methods beyond that of mere comparison of averages. In terms of individual relationship
between the independent variable (distance) and the dependent variables (drift, drop, maximum
spread), drift (t=-2.91, p<.05), drop (t=1.82, p<.05), and maximum spread (t=8.19, p< .01), the
overall goal of this project was to create a predictive model that would allow a SA-8 user to
determine where the projectile would strike given a known distance.
Drift Relationship
A linear regression was conducted to measure the strength of the relationship between the
distance from the target and the drift of the projectile from the point of aim (Table 2). The
greater the distance the projectile is from the target area, the more likely the projectile is to drift
to the left from the point of aim, but in this case, the statistics illustrate otherwise. However,
when looking at the targets (see Appendices) the shots are all over the target, leaving this statistic
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to give a false sense of accuracy. Due to finding the mean radius, it has illustrated very little
drift, while many of the shots were scattered away from the point of aim. The unstandardized
coefficients of the regression model indicate that for every five (5) feet of distance, the drift
would be approximately .482 inch to the left of the point of aim.
Table 2. Linear Regression of Drift
Model Summary

Model

R

R Square
.793a

1

Adjusted R
Square

Std. Error of
the Estimate

.554

.87729

.628

a. Predictors: (Constant), DISTANCE

ANOVAb
Model
1

Sum of Squares

df

Mean Square

Regression

6.509

1

6.509

Residual

3.848

5

.770

10.357

6

Total

F

Sig.

8.457

.033a

a. Predictors: (Constant), DISTANCE
b. Dependent Variable: DRIFT

Coefficientsa
Unstandardized
Coefficients
Model
1

B
(Constant)
DISTANCE

Standardized
Coefficients

Std. Error

-1.071

.741

.482

.166

a. Dependent Variable: DRIFT

Beta

t
.793

Sig.

-1.445

.208

2.908

.033
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Drop Relationship
A linear regression was conducted to measure the strength of the relationship between the
distance from the target and the drop of the projectile from the point of aim (Table 3).
Projectiles normally drop in a predictable fashion as they travel down range, reducing its
accuracy. The unstandardized coefficients of the regression model indicate that for every five
(5) feet of distance, the projectile was expected to drop.268 inches.
Table 3. Linear Regression of Drop
Model Summary

Model
1

R

R Square
.630a

Adjusted R
Square

Std. Error of
the Estimate

.277

.78034

.398

a. Predictors: (Constant), DISTANCE
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ANOVAb
Model
1

Sum of Squares

df

Mean Square

Regression

2.009

1

2.009

Residual

3.045

5

.609

Total

5.054

6

F

Sig.

3.299

.129a

a. Predictors: (Constant), DISTANCE
b. Dependent Variable: DROP

Coefficientsa
Unstandardized
Coefficients
Model
1

B
(Constant)
DISTANCE

Standardized
Coefficients

Std. Error

-.357

.660

.268

.147

Beta

t
.630

Sig.
-.542

.611

1.816

.129

a. Dependent Variable: DROP
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Maximum Spread Relationship
A linear regression was conducted to measure the strength of the relationship between
distance and maximum spread (the two furthest distances or outlying shots of point of impact).
The unstandardized coefficients of the regression model indicate that 4.32 inches of spread was
expected for every five (5) feet of distance. This was a relatively strong, erratic model, making it
the strongest relationship. This is illustrated in Table 4.
Table 4. Linear Regression of Maximum Spread
Model Summary

Model

R

R Square
.965a

1

Adjusted R
Square

Std. Error of
the Estimate

.917

2.792

.931

a. Predictors: (Constant), DISTANCE

ANOVAb
Model
1

Regression
Residual
Total

Sum of
Squares
522.893
38.982
561.875

df
1
5
6

Mean Square
522.893
7.796

F
67.068

Sig.
.000a

a. Predictors: (Constant), DISTANCE
b. Dependent Variable: SPREAD

Coefficientsa
Unstandardized
Coefficients
Model
1

B
(Constant)
DISTANCE

Standardized
Coefficients

Std. Error

-2.536

2.360

4.321

.528

a. Dependent Variable: SPREAD

Beta

t
.965

Sig.

-1.075

.332

8.190

.000

15

40

30
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Velocity Relationship
Upon testing the manufacture’s stated velocity of 320fps, it was found that the majority
of test shots fell within a 73.71 fps difference. A chronograph was set up to test the said velocity
of 320 feet per second. There were 22 shots fired to determine the average velocity. Below,
Table 5 describes that the average velocity of the 22 shots was 298.8 fps. The minimum velocity
was 38.94 fps, with the maximum at 352.2 fps. This average velocity fell below the stated
manufacturer’s velocity, it is assumed that the more shots fired from the launcher, the lower the
CO2 cartridge is losing air, lowering the velocity and causing a problem with its accuracy.
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Table 5. Projectile Velocity Means
Statistics
VELOCITY
Mean

298.7687

Median

317.5500

Std. Deviation

73.70884

Minimum

38.94

Maximum

352.20

Malfunctions
The first launcher that was fired actually had the CO2 cartridges blow up in the gun,
causing issues with the PepperBalls to get stuck inside. The ammunition would have to be dug
out. The photo below illustrates how the magazine broke when winding it to crack the seal on
the CO2 cartridge. After this broke off, the ability to still use the magazine for firing was a bit
more difficult as a screwdriver had to be used to get the CO2 punctured. It was found that this
method actually held more gas in, rather than leaking it out.
Figure 3. Malfunction Photos
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CONCLUSION
In conclusion, the purpose of this preliminary study was to evaluate the SA-8
PepperBall® System with regards to its overall functionality, accuracy, reliability, velocity and
possible malfunctions. The greater the distance the projectile is from the target area, the more
likely the projectile is to drift .482 inches away from the point of aim. For every five (5) feet of
distance, the projectile was expected to drop.268 inches and there would be 4.32 inches of
spread. The weapon’s overall accuracy was consistent within the manufacturer’s stated range of
35 feet. The average velocity was 298.8 fps, which fell below the manufacturer stated velocity
of 320 fps. The weapon performed partly within the parameters and specifications of its user
manual, but this has to do with the fact the CO2 lost gas every shot, making it lose velocity. As it
being a fairly new technology, there is need for further testing of this weapon system.
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