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Do Muzzle Tuners, Muzzle Brakes and Suppressors
Affect Group Size?

By Jeff Siewert

In early November 2023, I decided to conduct a study on the effect added masses on the end of
barrels could have on the group size of bullets fired from said barrels. It was felt that the mass
added to the end of the barrel would indeed reduce the transverse motion of the barrel (movement
perpendicular to the bore axis), but the more important question was: “would a reduction in
transverse barrel motion result in smaller group sizes?”

Another question to be answered is “does the presence of a muzzle brake or suppressor affect
group size and mean impact point of a group of projectiles being fired?”

Background

The study of in-bore balloting dates to at least the early 1970’s when dispersion problems arose
during the development of the 30x173mm API designated the PGU-14. A lumped mass and beam
element model of this projectile was created and a structural dynamics code written was
subsequently used to solve the excessive dispersion exhibited by early developmental versions of
this projectile.

In the intervening years, this code has been further developed and enhanced, adding the capability
of analyzing the interaction between a flexible projectile a flexible gun barrel with externally
applied masses, variable pressure-time forcing functions, Monté Carlo draws for initial projectile
position and preferred ranges for initial in-bore orientation. The balloting code ultimately provided
engineering basis for dispersion reduction efforts on projectiles ranging from 5.56mm to 155mm
on 50+ different projectiles since then and continues to be used to this day on all types of
ammunition. The model assumes both the projectile and the barrel operate in a mechanically elastic
regime. In Monté Carlo mode, the balloting program collects the initial angle of attack in the
vertical and horizontal plane, as well as the angular rates imparted to the projectile at muzzle exit
in the horizontal and vertical planes, along with the associated cross velocities in both axes to
enable computation of the true dispersion for 500 simulated shots.

For projectiles exhibiting average dispersion (the average of Sigma X & Sigma Y) greater than
approximately 0.10 mrad, the dispersion predictions of balloting model historically have been
fairly close to firing observations provided an accurate account of the in-bore clearances and
pressure-time history is available. Below 0.10 mrad, (typical dispersion for small caliber
projectiles) the mean and standard deviation of the in-bore clearances are SWAG’s (Scientific Wild
Ass Guesses) based on bullet construction, bullet type (military ball vs. target vs. hunting) and
other engineering judgements. The model has never been able to characterize the effect of varying
free run to the rifling, but then again, that analytical task has never been undertaken.
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Projectile Model Description

The projectile used for this study was a 30 Caliber, 178g Hollow Point Boat Tail (HPBT) made by
Hornady, item #30715. Figure 1 shows a comparison of the physical representation of the
referenced projectile (above the horizontal centerline) and the lumped mass and beam element
model of that projectile (below the centerline).
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Figure 1: Physical Model and Balloting Model of 178g, 30 Cal HPBT Projectile

The mass of each “segment” of the model is assumed to be concentrated at projectile nodes located
along the projectile axis, which are connected with beam elements comprised of cylinders having
the same density and elastic modulus of the projectile body components. The composite projectile
model is “connected” to the barrel lands by a linear spring at the aft bourrelet, and a “gap” spring
at the forward bourrelet. For the purposes of this study, support spring stiffness values previously
derived from 3-D FEA models on similarly constructed projectile were used. The projectile is
assumed to be “perfectly built” (no principal axis tilt, non-symmetric products of inertia or
corresponding CG offset) and is constrained to bend only in the plane of in-bore yaw, which rotates
in-bore with respect to the barrel per the defined twist vs. travel profile.

Barrel Model Description

The lumped mass and beam element model used for this study is shown in Figure 2. The springs
connecting the barrel to “ground” in recoil, horizontal and vertical axes is shown on the left-hand
side and the added mass of the muzzle tuner is shown on the right-hand side.
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Figure 2: Physical Model and Balloting Model of 24”, 30 Cal Rifle Barrel
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To simulate the adjusting of the tuner mass, the distribution of the total tuner mass was
parametrically distributed between barrel nodes 30 and 31 on the far right-hand side. As with the
projectile model, the barrel beam elements are assumed to be comprised of right circular cylinders
made of the density and elastic modulus of steel with dimensions corresponding to the model
shown above with a total length of 24 inches. The tuner is assumed to have a total mass of 1.0 lbs
which is distributed in 10% increments between the barrel nodes at the far right-hand side of the
barrel.

Bore Centerline Profile

The bore centerline profile can have anywhere from a little effect to a major effect on the dispersion
exhibited by the system depending on the details of the conditions simulated. For this analysis,
three different bore centerline profiles were evaluated; a “crooked” barrel, a “good” barrel and a
bore profile believed to be “benign” with varying degrees of maximum bore deviation from
straight. The bore profiles used in this analysis are shown in Figure 3.
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Figure 3: RSS Bore Centerline Profiles.

The bore profile of the “crooked” and “good” barrels were drawn from previously measured
straightness profiles and scaled for in-bore travel and peak magnitude. The “benign” bore
centerlines are assumed to be half sine wave shapes with bore centerlines oriented only in the
vertical plane.
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Pressure Time Forcing Function

One of the primary methods by which changes in barrel pointing can dramatically affect scatter in
bullet fall of shot is through an interaction between the barrel structure and variations in bullet in-
bore travel time.

When performing balloting simulations, it is crucial to ensure that the pressure-time forcing
functions being used closely replicate measured pressure-time behavior. The forcing function rise
time and peak pressure both have a significant influence on the dynamic response of the projectile
structure and barrel motion. Figure 4 shows a comparison of measured pressure-time history using
conformal pressure transducers along with the computed pressure-time history for the same
propellant, charge weight and bullet weight in a 30-06 Springfield cartridge. In general, there is
pretty good agreement between the two pressure-time curves.
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Figure 4: Comparison of Measured and Computed Pressure-Time Behavior

The balloting code simulates the interaction of shot-to-shot variations in pressure-time history and
bullet-barrel structures by a Monté Carlo draw, interpolating between nearest adjacent pressure-
time forcing functions. Figure 5 shows the average and variations in in-bore forcing function for
W760 propellant as a function of travel used for these simulations.
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Breech Pressure vs. In-Bore Travel
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Figure 5: Simulated Variations in Pressure-Travel History for Balloting Analysis

Table 1 lists a summary peak chamber pressure, muzzle velocity and action time of the pressure-time
forcing functions used for the balloting analysis.

Peak Chamber| Muzzle . .
Press Velocity Action Time

psi ft/sec msec

-3 Sigma 48288 2634.0 1.665
-2 Sigma 49084 2646.0 1.652
-1 Sigma 49914 2658.0 1.639
Nominal 50780 2670.0 1.626
+1 Sigma 51684 2682.0 1.613
+2 Sigma 52632 2694.0 1.600
+3 Sigma 53626 2706.0 1.587

Table 1: Summary of Interior Ballistics In-Bore Forcing Functions

The simulated standard deviation in muzzle velocity for the balloting simulation is 12 feet per second,
closely mimicking the data shown in Figure 6. This was believed to be on the higher side of typical muzzle
velocity variation for reloaded ammunition, but still within useful range. It should be noted that while there
is typically good correlation between peak pressure and muzzle velocity for bottle necked cartridges (>0.8
correlation coefficient is common) it never achieves the 1.0 correlation coefficient shown above. Figure 6
shows typical peak pressure vs. muzzle velocity performance for a typical bottle necked cartridge with a
single charge mass.
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Figure 6: Typical Peak Pressure vs. Muzzle Velocity Performance for Bottle Neck Cartridge

In this instance, the pressure-muzzle velocity data comes from a well-known magnum cartridge and the
standard deviation in peak pressure is a bit over 1100 PSI while the standard deviation in muzzle velocity

is a bit north of 12 FPS.

Projectile Initial Conditions

Yet another factor causing dispersion of projectiles is the variation in initial position of the
projectile longitudinal axis with respect to the bore centerline at the origin of rifling. The bullet is
presumed to be “perfectly made” (no tilt of the principal axis with respect to the bullet bourrelets)
but the bullet can be tilted with respect to the bore centerline and its pointing vector can vary
“around-the-clock” as viewed from the breech. At first blush in-bore clearances might seem to be
impossible due to the interference fit between the projectile outside diameter and the barrel lands,
but small caliber barrel bores grow in diameter elastically in response to the increasing pressure
trapped behind the bullet, effective in-bore clearances can indeed arise. This allows the bullet to
tip in-bore relative to the bore centerline. Figure 7 shows the inputs for variations in the initial in-
bore tilt of the projectile at the top, along with the constraints on the initial pointing vector of the
projectile (around-the-clock as viewed from the breech) shown in the middle of the input page.
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Figure 7: Projectile Initial Conditions Input

The predicted dispersion was studied with both limited and unlimited pointing initial conditions
(IC’s) and the results are herein reported.

Muzzle Tuner Results

The answer to the question “Does a muzzle tuner reduce barrel motion?” is a definite “YES”.
Figure 8 shows the displacement vs. time for Node # 31 at the very muzzle of the barrel. Clearly
there is much less motion with the muzzle tuner installed vs. the bare barrel.
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Figure 8: Comparison of Barrel Muzzle Displacement w/ & w/o Tuner

However, a reduction in barrel motion alone is no guarantee of shooting smaller groups. Dispersion
arises from both angular rate (bullet wobble at muzzle exit) and cross velocity. The cross velocity
of the bullet at muzzle exit can arise from any of three different sources:
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1. The product of the bullet CG offset from the bore centerline multiplied by the exit spin rate
is a “cross velocity” oriented in a random direction perpendicular to the bullet velocity
vector.

2. A change in barrel pointing relative to the boresite location as the bullet emerges from the
muzzle caused by the interaction of the projectile dynamics and the barrel structure.

3. The transverse motion of the barrel as the bullet emerges from the bore also caused by the
interaction of the projectile dynamics and the barrel structure.

It is entirely possible for these three cross velocity sources to be in random orientations relative to
one another relative to the static bore centerline (boresite point).Depending on the bullet
construction and location of manufacturing defects, the aerodynamic jump from angular rate can
either add to or subtract from the throw caused by cross velocity. Energy in the system from bullet
travel down the bore must move the barrel if the bore is not straight, and if the application of the
tuner mass reduces the motion of the barrel, the energy then goes into the bullet, potentially
increasing the dynamic in-bore deflection of the bullet axis relative to the bore axis and also adding
to the cross velocity if the bullet CG is dynamically displaced. The added angular rate and cross
velocity at muzzle exit usually results in an increase in dispersion.

Figure 9 shows the dispersion of the 178g 30 Caliber Hornady HPBT as a function of the
percentage of the muzzle tuner mass applied to Barrel Node #31, the muzzle of the barrel. Also
shown for reference is the calculated dispersion for each of the barrel profiles with no tuner at all
on the far left-hand side of the plot. Note the dispersion trends of the “crooked” bore and “inverted
crooked bore” shown in red.
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Figure 9: Dispersion vs. Bore Centerline Profile & Tuner Weight Distribution
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As can be seen in Figure 9, compared to the barrel without tuner mass applied, there is only one
bore profile which exhibits a clear, across-the-board reduction in dispersion with tuner mass
applied to the barrel muzzle, namely the Inverted “Crooked” barrel. For the other barrel profiles,
there appears to be very limited tuner mass distributions that result in dispersion smaller than the
bare barrel.

So, what’s going on with the Inverted “Crooked” barrel? Why does that bore shape result in
consistently smaller dispersion than the bare barrel with the tuner mass applied? This bore shape
has its maximum bore centerline deviation from straight located vertically below the centerline
defined by the bore center at the origin of rifling and the bore center at the muzzle, making the
bore closer to straight when the muzzle tuner is applied to the muzzle of the barrel. Taking an
average of the dispersion with the “crooked” barrel in its original orientation and an average with
the same barrel inverted, the application of the muzzle tuner mass made the dispersion
approximately 12% smaller in the inverted orientation. As will be shown shortly, at this dispersion
performance level, it will take a large number of shots to prove this improvement in dispersion is
real at a 95% confidence level.

Other variations in the simulation were considered: increasing the jacket wear due to friction
between the land and the jacket, as well as increasing the roll orientation “window” allowable by
the bullet as the cartridge is chambered. Figure 10 shows the results of the majority of the
conducted analytical studies. The horizontal axis in Figure 10 represents the variation in the roll
orientation limits for the projectile as the cartridge is inserted into the chamber; the far left-hand
side indicated limited initial roll orientations while the far right-hand side shows much larger (up
to 45 deg. standard deviation) for the initial roll orientation for the initial pointing vector of the
bullet nose. The solid black line shows the expected dispersion for the 178g 30 Cal HPBT bullet
as a function of the allowable roll orientation without a tuner, while the dashed black line shows
the dispersion for the same barrel with a muzzle tuner applied to the muzzle.
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30 Cal Hornady 178g HPBT: Dispersion vs. IC Angle Sigma
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Figure 10: Dispersion vs. Interface Conditions & Limitations on Initial Rotation Angle

Figure 11 shows the predicted dispersion for the 175g 30 Caliber HPBT projectile vs. maximum
bore centerline deviation for half sine wave barrels and deviation orientation. The “inverted half
sine” barrels are predicted to shoot smaller groups than the non-inverted barrels because the
addition of the 1 Ib muzzle tuner mass pulls those bore centerlines closer to “straight” when applied
to these bore shapes.

Dispersion vs. Max Bore Curvature
& Barrel Boundary Conditions

0.20
o 0-18 ====\N/ Muz Tuner, Limited IC's Invert half sine /f”f
E" 0.16 ===/ Muz Tuner, Limited IC's Half Sine / 5
: 0.14 No Muz Tuner, Limited IC's Invert half sine /
=2 0.12 No Tuner, Limited IC's Half Sine
€ 0.10
S 0.08
£ 0.06
& 0.04 g—
© 0.02
0.00

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008
Max Bbl Centerline Bore Deviation, in.

Figure 11: Dispersion vs. Max Bore Centerline Deviation
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Please note that the dispersion assessment in barrels with bore centerlines in half sine wave profiles
is only an academic exercise because bore centerlines previously examined are considerably more
complex.

Effect of Muzzle Brakes and Suppressors

If additional mass hung on the end of the barrel appears to increase dispersion of the bullet-barrel
system, can the effect of a muzzle brake or suppressor be different? The answer is an emphatic
“YES”! If a fixed impulse is applied perpendicular to the longitudinal axis of a projectile for one-
half revolution, the angle of attack and trajectory “jump” angle that result are shown in Figure 12.
The minimum angle of attack developed by the projectile is seen when applied impulse is located
at the projectile center of mass, while the minimum trajectory deviation (the “jump angle”) is
minimized when applied to the projectile normal force center of pressure location. Also shown is
the trajectory deviation is maximized when the impulse is applied at the aft end of the projectile,
farthest from the normal force center of pressure.
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Figure 12: Projectile Angle of Attack & Jump Angle vs. Impulse Location

This behavior implies that if a muzzle brake or suppressor can strip a large portion of the reverse
flow at the time the bullet exits the barrel, there is the potential to reduce the observed dispersion.

Figure 13 shows the relative dispersion and dispersion variation observed in a test where the effect of
rifling twist angle and rifling geometry was being assessed. The “baseline” twist of 1/12” and conventional
rifling geometry is shown on the left-hand side of the figure, and moving to the right, the twist moves to
1/10” for guns 4-9 (standard rifling in guns 4-6, polygonal rifling in guns 7-9) and 1/8” twist for guns 10-
15, with the same rifling options tested. A vertical shift in mean point of impact of approximately 1.0 mils
when employing the suppressors was noted.

11



Bulletology LLC All Rights Reserved June 2024

Normalized Dispersion Mean & Sigma vs. Gun Number
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Figure 13: Dispersion & Dispersion Variation vs. Gun Number

When assessed individually, there isn’t a statistically significant change in dispersion with and
without the suppressor in place. However, when taken across all 15 guns, there is a statistically
significant increase in dispersion with the suppressors fitted. However, the reader should note that
this assessment is with only one barrel manufacturer with a single manufacturing process firing
one type of ammunition.

Statistical Assessment of Performance Variations

We then need to determine how many shots are needed to prove that our groups are either better
or worse when using a tuner than with a bare barrel. Using a statistical test known as the “Student’s
T test”, it’s possible to determine how many shots are needed to distinguish between the dispersion
performance at a statistically significant level. I used the roughly 12% reduction in dispersion
performance between the normally oriented “Crooked” barrel and the inverted “Crooked” barrel
shown in Figure 9. This analysis presumes the dispersion variation is a fixed percentage of the true
dispersion.

Depending on the targeting metric you choose, the number of shots to prove a dispersion difference
can change. Dispersion can be assessed via Extreme Spread, Mean Radius or an average of the
standard deviations in X & Y. The average of the Horizontal and Vertical standard deviations in
my opinion is the best option, as will be shown shortly. Using the Student’s T test, if 95%
confidence is an acceptable level of confidence, the required number of shots to be fired for the
12.2% difference in dispersion is shown in Figure 14 for the three dispersion metrics mentioned.
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Figure 14: Number of Shots Required to Validate Dispersion Reduction vs. Dispersion Metric

If the dispersion metric chosen is the Average of X&Y Standard Deviations, firing targets with
five shot group, approximately 260 rounds would be required (130 test articles plus 130 controls)
to validate the 12.2% reduction in dispersion at 95% confidence level. A total of a minimum of
270 rounds would be required for the Mean Radius dispersion metric, and 300 rounds would be
required for the same statistical confidence using the Extreme Spread dispersion metric.

Summary

It appears that so called “muzzle tuners” are only able to reduce dispersion in limited situations,
namely when the static maximum bore centerline deflection is vertically below the centerline of
the straight line defined by the center of the bore at the origin of rifling and the center of the bore
at the muzzle. In this situation, the mass of the muzzle tuner, combined with the effects of gravity,
tends to make the bore centerline closer to perfectly straight, helping to reduce the interaction
between variations in bullet initial position, in-bore forcing function and the resulting barrel
motion in a direction perpendicular to the bore at muzzle release. For other orientations of the bore
maximum deviations, the expected dispersion is larger, and small movements of the tuner mass
are expected to result in only minor changes in true dispersion.

The effect of brakes and suppressors stripping gas from the vicinity of the projectile may prove
beneficial to reducing dispersion provided they are installed concentric with the bore axis.
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