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* |ntroduction

* Tracer Bullet
e Error Budget Approach

e Significant Factors Identified
— PATIlt / CG Offset
— Moving Parts
— Tracer Drag Offset
— Barrel Influence on Muzzle Exit Yaw Rates

e Conclusion
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e While Tracer ammunition has a trajectory match to its ball

counterpart, tracer is known to exhibit a higher fall of shot
dispersion than ball

 An engineering approach has been used to identify factors
unique to tracer bullets which cause an increase in dispersion

Tracer ammunition enables a shooter to make aiming corrections,
optimizing tracer dispersion will improve the shooters aiming capability
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Closure

Copper Plated
Steel Jacket

2 Increment Tracer Mix P Cannelure

Cup

Slug

Unique Design Elements Influence on Dispersion
e No boat tail e Tracer jump sensitivity is much higher than Ball
 Long jacket * CG close to normal force center of pressure
e CG closer to normal * Large transverse moment of inertia

force center of pressure ¢ High radial stiffness, relatively low bending

than Ball stiffness, and forward CG location increase
* Copper plated steel sensitivity to non-straight barrels

jacket

, * Drag offset due to trace burn
e Solid tracer pellet
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600 Yard Dispersion Pareto (RSS, Avg of Bbl Test) Inputs:
e Historical Dispersion

e Bullet mass imbalance -

25 principal axis tilt / center of
20 —— gravity offset
" Vert e |nitial yaw and pitch rates

Factor % of Total Error Budget
[ =
i

10 I l e Muzzle velocity sigma
5 ° .
. o - Drag sigma
o o *  Weight sigma
we? e Wind velocity sigma

Factors Identified via Error Budget
e  Bullet mass imbalance

. Drag Sigma

e Bullet-Barrel Interaction

Other Factors believed to contribute to dispersion performance
*  Moving parts, slug moving independently from jacket

Structured approach to identify and prioritize causes of dispersion
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Process Contributors

Process Sensitivity of fall of shot to bullet mass imbalance

Impacts at 200 yards vs. Load Case

A Sqrt Ditfs Squared

WRSS Prod. Est “Perfect” Bullet
A Impact Point Tilted Cavity

# “Perfect” Bullet
® Avg. 191.00
ik
LC3 ]
L q -
o 190.00 - - ! o

#LC1b

sl 189.00 | | |
# Legh -4.00 -3.00 -2.00 -1.00 1.00 2.00 2.00 4.00 5.00
& LC3a
# L3
< "Wector” Average
e Internal
. Cavity Offset

eLCe

e Driving Manufacturing Process Contributor

— Jacket Wall thickness variation, i.e. internal cavity offset

from OD, known to be cause of mass imbalance
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— Study found tilted internal cavity much worse case 17-5-1207
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Firing Boundary Conditions

Die supports jacket during consolidation and limits

Manufacturin . . .
8 ogive radial deflection

Ogive is unsupported and free to deflect outward

Firing during firing

Slug movement independent of jacket during firing due to internal pressurization
can cause mass imbalance by ogive radial deflection
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Radar Asst: Tracer 1-25 Raw CD
Heated Tip

(170°C)

Reflection Grooves in
off tail Bullets
>500°C) [320°¢C)

Drag Ceeff, CDT

Soldering
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e Slug constrained in jacket by: | N\
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— Residual contact stress between jacket and slug

Live, 5td-Loose

Live, Small-Tight

= DeC 12: Inert, Baseline
=== Inert, Std-Loose

Imert, Small-Tight

— Consolidated tracer pellet

e Contact stress reduced by:

— Thermal expansion of jacket, caused by firing and tracer
burn, reduce contact constraint

o
=]

—  Loss of tracer pellet R — @ 4
e Study found key slug/jacket characteristics 20 —“]ﬁ\ : —]

Drag Sigma, Percent of Mean Drag

. . '(}..._ L% k- ____._-I————:---_ _..--"_':__-:-.F
improved residual contact stress ] e T e A - _
Mach Number
Dispersion degraded by loose slug; factors to improve identified 8
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Time of flight at 2950ft vs Bullet Type Drag S5td Deviation vs. Mach Number
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Ball Bullat Tracer

* Time of flight variability significantly greater with
tracer when compared to ball
» Believed to be caused by inconsistent tracer burn
e Validated by luminous intensity data captured
during laboratory burn testing
* Increases drag sigma, large contributor to
vertical dispersion

Inconsistent tracer burn increases dispersion of

Luminous Intensity of Trace burn

tracer bullets at extended ranges 9
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Bullet-Barrel Interaction ,

Mean Radius by Barrel / Ammo

P Tracer
i — — — L] [
= Spec Limit
E
S
= o Barrel
Qualification
Limit
Ammo Ref Tracer Ref Tracer Ref Tracer
Barrel A B C

Ref = Ball reference is used to qualify barrels for 5.56 dispersion testing

» Barrels A & B qualified for testing w/ref., failed Tracer test; barrel C failed to qualify

wi/ref., passed Tracer test
« Barrel Characterization suggests tracer is more sensitive to barrel straightness, while Ball

has a higher sensitivity to jump to rifling

Barrel features that influence dispersion need to be repeatable, represent
fielded weapons 17-5:1207
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e A structured engineering approach was used to identify and
prioritize factors unique to 5.56mm tracer ammunition
dispersion.

 The effort has lead to opportunities for continual
improvement and optimization of tracer ammunition

Optimizing tracer dispersion will advance the Warfighter 17_5}1207
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