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Structure:
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ii. BASS Basics – Aeromechanics, Kinematics

iii. Design Philosophy & Configurations

iv. Basic Physics 

v. General Performance

vi. Intellectual Property Filings, Claims & Status

vii. Only Real Way Forward:  ROC
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i. Motivation for Hypersonic AC-130 Gunnery: 

i. Engage targets from outside of threat range

ii. Cut round time of flight by > 50%

iii. Increase KE on target by > 50%

iv. Allow smaller caliber guns & ammo to do the job of larger guns

v. More rounds on target for same weight & volume

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC    
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i. Motivation: 
Give Smaller Guns & Ammo

Greater Lethality & Range than

Larger Guns & Ammo

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC    
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i. Motivation: 
The same reason why the Allies first fielded

discarding sabot ammunition…

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC    

British QF 6-Pounder Antitank Gun 1944

Armor-Piercing Discarding Sabot (APDS Round)

Tungsten Carbide Penetrator Core
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ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

USAF Worked Hard 1948 – 1998 to develop discarding sabot ammunition for aerial gunnery: 
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i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

USAF Worked Hard 1948 – 1998 to develop discarding sabot ammunition for aerial gunnery: 
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Flechette ammunition by its nature must be sabot launched. Herein lies another 

advantage and its major disadvantage. The advantage of sabot launch is, of course, 

that the projectile has a low sectional density while in the gun bore and can be easily 

accelerated to velocities not readily attainable with conventional shot. The 

disadvantage of sabots is that they must be discarded at muzzle exit, and these rapidly 

decelerating sabots pose an unacceptable hazard to launching aircraft.

-Dale Davis, Director, USAF Munitions Directorate 1984 

USAF Worked Hard 1948 – 1998 to develop discarding sabot ammunition for aerial gunnery: 

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Conventional Discarding Sabot: Aeromechanically unstable by necessity... 

Problems with Aircraft & Sabots

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Dale Davis’ Observations: 

Image Source: PCT/IB2020/053899

Aeromechanically unstable sabot pieces tumble

...and strike airframe/engine

Conventional sabot pieces are designed 
to be aeromechanically unstable, by 

necessity, to separate from projectile

Why a conventional sabot 

won't work for aerial gunnery

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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The Great Show Stopper for conventional sabots: 
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Problems with Aircraft & Sabots

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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The Great Show Stopper for conventional sabots: 

Flight Safety
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i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Air-to-Air Case

Ground Attack Case

BASS Rounds: Design the Sabot to clear the launching aircraft

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Aeromechanics, Kinematics

Air-to-Air Case

Ground Attack Case

Image Source: PCT/IB2020/053899

BASS Rounds: Design the Sabot to clear the launching aircraft

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Air-to-Air Case

Ground Attack Case

Image Source: PCT/IB2020/053899

BASS Rounds: Design the Sabot to clear the launching aircraft

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

Aeromechanics, Kinematics
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Aeromechanics, Kinematics

BASS Rounds: Design the Sabot to clear the launching aircraft

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Aeromechanics, Kinematics

BASS Rounds: Design the Sabot to clear the launching aircraft

Recover Sabot KE

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics
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Use BASS Configuration to clear all airframe compoents

Conventional Sabot danger zone

BASS Sabot danger zones  < 0.5°

i. Motivation       ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics



Unclassified       Distribution A      Unlimited Distribution

Aerospace  Engineering 

20

1. Use BASS to Increase projectile Vflt & KE at range; 

2. Avoid unintentional airframe strikes via aeromechanically stable sabot; 

3. Cut CEP by reducing flechette tipoff & gust sensitivity. 

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy



Unclassified       Distribution A      Unlimited Distribution

Aerospace  Engineering 

21

What is claimed is:
1. An aeromechanically stable sabot... 

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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Today's "Advanced" 30mm Aerial Gunnery Round

BASS Round: Sub-caliber flechette goes into powder, seated in sabot 

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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Modeling, Analysis & Testing
Experimental Validation: 

• Wind tunnel verification of preferred BASS sabot geometry center of pressure

and aerodynamic center location with angle of attack changes. 

Image Sources:

https://nuclearprojects.com/blog/schlieren-flow-visualization/ 
https://www.researchgate.net/figure/Focused-shadowgrams-of-223-automatic-rifle-fire-a-sharply-focused-b-defocused-1m_fig3_226053639

Freeflight Aeromechanics

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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Today’s Premier API Aerial Gunnery Round

BASS 2081 Flechette/penetrator

PGU-14

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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Projectile Aeromechanics & CEP Fundamentals

Flechette

PGU-xx

c.g

.

c.g

.

a.c

.

a.c

.
X-Sectional Area of PGU-14 >> Flechette

Supersonic Drag ~ proportional to X-Sectional Area, DragPGU14 >> 

DFlechette

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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Flechette

PGU-14

c.g

.

c.g

.

a.c

.

a.c

.

Flechette weathervanes into the wind 

nulling transverse lift and moments

V∞

V∞

Mgust

Lgust

Lift and destabilizing nose-up 

moment generated

V∞

Magnus effect 

generates second

destabilizing 

moment

& side-force

Fymag

Projectile Aeromechanics & CEP Fundamentals

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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Projectile Aeromechanics & CEP Fundamentals

Flechette

PGU-xx

c.g

.

a.c

.
V∞

V∞

Fymag

c.g

. a.c

.

V∞

Flechette returned to steady-state flight close to original flight path

(maintaining very small CEP)

CEP greately increased due to steady-state and dynamic effects

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iii. BASS Design Philosophy
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• Conceived & reduced to practice 2016 – Present

• Modeled in CFD, FEM, DATCOM & PRODAS

• Tested on Shock Table, Wind Tunnel, Range

• >100 rounds fired, currently @ TRL-6

How safe? 

FAR-23: 10-6 air-to-air 

FAR-25: 10-9 ground attack

Aeromechanics, Kinematics

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iv. BASS Round Physics & Modeling
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1 Sec. 

AH-64 & A-10 Sabot separation Modeling (99% atmospherics)

Source: Schumacher, L. N., "BASS Medium Caliber System Modeling: Proof-of-Concept and the Future of Aerial Gunnery with Advanced Munitions," Ph.D. Dissertation Defense, 29 

June 2020, The University of Kansas Aerospace Engineering Department, Lawrence, Kansas. 

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iv. BASS Round Physics & Modeling
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Source: Schumacher, L. N., "BASS Medium Caliber System Modeling: Proof-of-Concept and the Future of Aerial Gunnery with Advanced Munitions," Ph.D. Dissertation Defense, 29 

June 2020, The University of Kansas Aerospace Engineering Department, Lawrence, Kansas. 

AH-64 & A-10 Sabot separation Modeling (99% atmospherics)

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iv. BASS Round Physics & Modeling
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Source: Schumacher, L. N., "BASS Medium Caliber System Modeling: Proof-of-Concept and the Future of Aerial Gunnery with Advanced Munitions," Ph.D. Dissertation Defense, 29 

June 2020, The University of Kansas Aerospace Engineering Department, Lawrence, Kansas. 

AH-64 & A-10 Sabot separation Modeling (99% atmospherics)

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iv. BASS Round Physics & Modeling
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Source: Schumacher, L. N., "BASS Medium Caliber System Modeling: Proof-of-Concept and the Future of Aerial Gunnery with Advanced Munitions," Ph.D. Dissertation Defense, 29 

June 2020, The University of Kansas Aerospace Engineering Department, Lawrence, Kansas. 

AH-64 & A-10 Sabot separation Modeling (99% atmospherics)
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iv. BASS Round Physics & Modeling
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5 Sec. 

Source: Schumacher, L. N., "BASS Medium Caliber System Modeling: Proof-of-Concept and the Future of Aerial Gunnery with Advanced Munitions," Ph.D. Dissertation Defense, 29 

June 2020, The University of Kansas Aerospace Engineering Department, Lawrence, Kansas. 

AH-64 & A-10 Sabot separation Modeling (99% atmospherics)

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

iv. BASS Round Physics & Modeling
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Modeling, Analysis & Testing
Experimental Validation: 

• Full scale range testing of preferred BASS configuration w/muzzle exit dynamics;

• Structural verification of BASS components via soft catch. 

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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Modeling, Analysis & Testing

Video Source: Schumacher, L. N., "BASS Medium Caliber System Modeling: Proof-of-Concept and the Future of Aerial Gunnery with Advanced Munitions," public Ph.D. Dissertation 

Defense, 29 June 2020, The University of Kansas Aerospace Engineering Department, Lawrence, Kansas. 

Range Shots

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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BASS Rounds Represent the First Major Advance 

in Ballistic Coefficients for Aerial Gunnery 

Ammunition in Over a Century

Relative Ballistic Coefficients

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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PGU-xx

BASS-xxxx

90% gust field for both round families

CEP Comparison:

BASS rounds VS Conventional PGU-series ammunition 

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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20mm Performance Comparison

i. BASS Basics  ii. Design Philosophy   iii. Physics   iv. Performance   v. IP Status    

IV. BASS Performance

38

20mm (AH-1,F-15/16/18/22/35)
30mm A-10
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Lowest Time of Flight of 

major Air-to-Ground Weapons

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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20mm Hypersonic BASS Rounds:   

Vflt = 1 – 2 mi/s, cuts through T-72 top armor @ beyond MANPADS range

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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AC-130 with Hypersonic Ammunition vs SA-25 Threat Dome

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance

Source: AIAA 2023 Ground Attack Aircraft Design Competition

BASS Average TOF 31% of Conventional Round
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Smaller guns w/BASS rounds do the job of larger guns w/conventional rounds
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Enabling Technology for 

Light Attack, Rotorcraft & UAV Gunnery

All data from public, Distribution A Sources

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS Round Performance
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• Strong, Broad US Patents Filed 2019, 2020

• Fed. Government Approved the Concept for Export & Exported

• Patents filed: US, Europe, Germany, Norway, Australia, UK, Netherlands, France, Belgium, Italy, Spain, Japan, Korea, Singapore

US Patent 11,852,447     Issued 26 December 2023 

Provisional Patent Application 62/839,551  26 April 2019 priority date

Licensed to Watson Aerospace and Defense

i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

v. BASS IP Status
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i. Motivation        ii. BASS Basics        iii. Design Philosophy         iv. Physics       v. Performance       vi. IP Status       vii. ROC     

vi. The Next Step: 

If the AC-130 community wants hypersonic gunnery… 

Issue the ROC
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Questions? 

Distribution A      Unlimited Distribution        
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