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1.Motivation: wnhy Hypersonic Aerial Gunnery Ammunition?

- Large expansion in mission effectiveness & force multiplication

* Increased range, KE, lethality, P,, flat fire S

- Reduced TOF, CEP, system weight, volume, airframe MGWTO & LCC

Dy¥stribution A Uinfimited Distribution
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2. Aerial Gunnery History (condensed)

British QF 6-Pounder Antitank Gun 1944
Armor-Piercing Discarding Sabot (APDS Round)

ited Distribution

Distribution A Unlim

ii. History




THE UNIVERSITY OF
w KANSAS Adaptive Aerostructures Laboratory... from Hover through Hypersonic 7

2. Aerial Gunnery History (condensed)

- Post-War, 949.5/1130.25 (84%) of aerial victories are gun kills
- Specialized rounds for aerial combat developed 1950's (M50 family)
- M61 & derivative Gatling guns evolved 1950's forward

- GAU-8 & PGU-13/14/15 developed for A-10 %

Distribution A Unlimited Distribution

ii. History
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2. Aerial Gunnery History (condensed)

Ammunition for the More Modern Jets:
Better Form Factor, Reduced HE
- PGU-28 fielded 1992

10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

M56A4
PGU-28A/B

TIME OF FLIGHT TO RANGE - SECONDS

Unlimited Distribution

= 2000 4000 6000 8000 10000

SLANT RANGE - FEET
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2. Aerial Gunnery History (condensed)
Problems with Aircraft & Sabots

Conventional Discarding Sabot
Aeromechanically unstable by necessity...

Distribution A Unlimited Distribution

ii. History
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2. Aerial Gunnery History (condensed)

10

- USAF worked hard to develop saboted aerial gunnery rounds 1970 — 1998

Conventional Discarding Sabot Design Philosophy and Aeromechanics

The disadvantage of sabots is that they must be discarded at muzzle exit, and these
rapidly decelerating sabots pose an unacceptable hazard to launching aircrafft.

-Dale Davis, Director, USAF Munitions Directorate 1984
Historical Development of Automatic Cannon Caliber Ammunition 20 — 30mm 1952 - 1983

Linfimited Distribution
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ii. History
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2. Aerial Gunnery History (condensed)

- USAF developed 15t guided aerial gunnery round prototypes 1995 - 1998

- Barrel-Launched Adaptive Munition (BLAM) Program 1995 - 1998

power supply & switching network —

articulated nose

seeker assembly

tendon mounts

Unlimited Distribution

\ : piezoceramic tendons
<—anchor ring

Distribution A

ii. History
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2. Aerial Gunnery History (condensed)

1948 Key West Agreement:

Section VI - Functions of the United States Army
Primary Functions
a. To defeat enemy land forces.

1-

b-

To

seize, occupy and defend land areas.

Section VI - Functions of the United States Air Force
Primary Functions

1.

b.
c.
d.
e.

To
To
To
To

gain and maintain general air supremacy.
defeat enemy air forces.

control vital air areas.

establish local air superiority except as

otherwise

assigned herein.

12
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2. Aerial Gunnery History (condensed)

1948 Key West Agreement:

Section VI - Functions of the United States Army
Primary Functions
1. a. To defeat enemy land forces.
b. To seize, occupy and defend land areas.

Section VI - Functions of the United States Air Force
Primary Functions
1. b. To gain and maintain general air supremacy.
c. To defeat enemy air forces.
d. To control vital air areas.
e. To establish local air superiority except as otherwise assigned herein.

1998: USAF ceases all advanced/quided aerial gunnery & saboted ammo. RDT&E

13
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2. Aerial Gunnery History (condensed)

1948 Key West Agreement:

14

Section VI - Functions of the United States Army
Primary Functions
l. a. To defeat enemy land forces.
b. To seize, occupy and defend land areas.

Section VI - Functions of the United States Air Force
Primary Functions
1. b. To gain and maintain general air supremacy.
c. To defeat enemy air forces.
d. To control vital air areas.
e. To establish local air superiority except as otherwise assigned herein.

Unlimited Distribution

1998: USAF ceases all advanced/guided aerial gunnery & saboted ammo. RDT&E

The AFRL does not have an S&T portfolio in ammunition.
-David Lambert AFRL Munitions Directorate Chief Scientist, (via J. Ellison) 2021

D¥stribution A

ii. History
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RSN,

Problems with Aircraft & Sabots -+ '

Why a conventional sabot
won't work for aerial

gunnery

Uniimited Distribution

Dystribution A

Dale Davis’
Observations:

Conventional sabot pieces are designed = == e =
to be aeromechanically unstable, by > 4 )
necessity, to separate from projectile

Aeromechanically unstable sabot pieces tumble

—_—

...and strike airframe/engine

P - —
1y b * _ -
/F']GURES 1
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3. Breakthrough:
Problems with Aircraft & Sabots

Adaptive Aerostructures Laboratory... from Hover through Hypersonic

The Great Show Stopper for conventional sabots:

Flight Safety

1300 .

320

310 .

290

280 .
20

30mm Conventional Saboted Ammunition 30x173 NM225 APFSDS-T

16
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3. Breakthrough:

Ms. (now Dr.) Lauren Schumacher

2016 Co-Inventor
Ballistic Aeromechanically Stable Sabot (BASS) Ammunition
Maneuvering Aeromechanically Stable Sabot (MASS) Ammunition

Senior Systems Engineer, Raytheon

Distribution A Unlimited Distribution

iii. Breakthrough
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3. Breakthrough:

BASS Rounds: Design the Sabot to clear the launching aircraft

"y
-
-

18
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3. Breakthrough:

BASS Rounds: Design the Sabot to clear the launching aircraft

Air-to-Air Case ._g_:,-e,C)‘f"\N rurn
SOOBFW B S
> dest
N4 Wi
J{}j‘
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>
& \5‘(9-@0‘2
- Y
@) “
< \&
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S ) FIG. SF
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£ ?‘% Tightest BASS turn
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3. Breakthrough:

BASS Rounds: Design the Sabot to clear the launching aircraft

20

Ground Attack Case

SOOBRW

Unlimited Distribution
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Distribution A

iii. Breakthrough



) (LJ KAN AS Adaptive Aerostructures Laboratory... from Hover through Hypersonic

21
4. MASS & BASS Rounds
What is claimed 1is:
1. An aeromechanically stable sabot...
a0
ﬁjf @jimi
] Joos aaos —T

% 1T J=— 440D J
B
%

D¥stribution A

54 major families, >1,000 species covered in expansive patent filings
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4. MASS & BASS Rounds

Today's Aerial Gunnery Ammunition Design Philosophy

Design space for fuze, Design space for

HE, |, shaped charge, propellant, primer, etc.
tracer etc.

Linfimited Distribution

Distribution A

iv. MASS & BASS
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4. MASS & BASS Rounds

Today's Aerial Gunnery Ammunition Design Philosophy

Design space for fuze,
HE, |, shaped charge,

Design space for

ropellant, primer, etc.
tracer etc. s P

Components laid out in full-bore shell for mission at hand, cartridge case filled

Unlimited Distribution
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4. MASS & BASS Rounds

Today's Aerial Gunnery Ammunition Design Philosophy

Design space for fuze,
HE, |, shaped charge,

Design space for

tracer etc.

Components laid out in full-bore shell for mission at hand, cartridge case filled

Unilimited Distribution

Distribution A

iv. MASS & BASS

propellant, primer, etc.
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4, MASS & BASS Rounds

MASS & BASS Design Philosophy

KU

25

Design space for fuze, sabot, HE, |, shaped charge,

tracer, propellant, primer, etc.

- HE/l volume set by blast effects requirements
- Armor penetration & longer ranges achieved by high ballistic coefficient flechette

- Use decoupling of bore & projectile to maximize objectives while minimizing cost, recoil, caliber, etc.

Linfimited Distribution

Distribition A

iv. MASS & BASS
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4. MASS & BASS Rounds

MASS & BASS Design Philosophy

26

Start Point: M789 HEDP

ition

Unlimited Distribu

Distribution A

iv. MASS & BASS
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4. MASS & BASS Rounds

MASS & BASS Design Philosophy

Start Point: M789 HEDP

Eliminate air, low-stress
metal, shrink fuze, stretch
HE, add W or DU nose §{

A Unlimited Distribut

iv. MASS & BASS
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4. MASS & BASS Rounds

MASS & BASS Design Philosophy

Start Point: M789 HEDP

Eliminate air, low-stress
metal, shrink fuze, stretch
HE, add W or DU nose

Stretch more to full

- length, maintaining HE
volume & effects, leave
clearance for flash hole

iv. MASS & BASS
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4. MASS & BASS Rounds

MASS & BASS Design Philosophy

29

Reshape flechette for
sabot compatibility

Uinfimiited Distribution

Dystrabution A

iv. MASS & BASS
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4. MASS & BASS Rounds

MASS & BASS Design Philosophy

Reshape flechette for
sabot compatibility

Run MDO including sabot,
flechette, gun(s), aircraft
and optimization vector

jon

imited Distribut

Unii

tion A

strbut

iv. MASS & BASS
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4. MASS & BASS Rounds

MASS & BASS Design Philosophy

Reshape flechette for
sabot compatibility

Run MDO including sabot,
flechette, gun(s), aircraft
and optimization vector

Send to Class Il analysis
& optimization

2
2
A
+
4]
Q
-
)
8
—
S

iv. MASS & BASS
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4. MASS & BASS Rounds

Today's Aerial Gunnery Round

PLASTIC ROTATING
BANDS
A\

PG U_1 4 ALUMINUM a\éov

ALUMINUM WINDSCREEN
\

/
HEAVY METAL PENETRATOR

BASS 2081 Flechette/penetrator

Unlimited Distribution

Distribution A

iv. MASS & BASS
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5. Modeling & Testing

» Conceived 2016 & reduced to practice
» Modeled in CFD, FEM, DATCOM & PRODAS
- Tested on Shock Table, Wind Tunnel, Range

- >100 rounds fired, currently @ TRL-6

Unlimited Distribution

Distribution A

v. Modeling/Testing
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5. Modeling & Testing

Top-Level Drag and Stability Characteristics

Flechette o

cg. ac.

X-Sectional Area of PGU-14 >> Flechette ° @ Supersonic Drag ~ proportional to X-Sectional Area, Dragpgy14>> Driechette

PGU-xx

Unlimited Distribution

Distribution A

v. Modeling/Testing
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5. Modeling & Testing ﬁ
-t —
S

X o~

Interior Ballistics:

System Modeling & Design:
+ FEM calibrated with fielded-round dynamic shock modeling;

* Numerical simulation of sabot and projectile assembly through
muzzle exit with initial dynamic perturbation.

v. Modeling/Testing
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5. Modeling & Testing

Aeromechanics:

- Six-degree of freedom aeromechanical modeling of munitions of varied geometry and stability
schemes through high angles and angular rates with the potential for deploying surfaces;

36

- Initial structural and aeromechanical design of a preferred configuration of the BASS system for
penetrator and cargo rounds.
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5. Modeling & Testing

Aeromechanics:

= Quaternion DE until small angle assumption oscillation

» Pseudo-steady state 6DOF exterior ballistics model for projectile and sabot
= Von-Karman gust field for scatter analysis downrange (MIL-F-8785C)

» Conventional sabot modeling with empirical data
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5. Modeling & Testing

Exit Dynamics

Sabot Separation event

- Transfers loads during launch
- Separates cleanly from projectile

» Clears launching aircraft & proceeds downrange
in an aeromechanically stable configuration

Uniimited Distribution

FiG. 15E

Distribution A

FIGURES 15

v. Modeling/Testing
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5. Modeling & Testing

Computational Fluid Dynamics (CFD)
* Drag, center of pressure and aerodynamic center locations identified with o sweeps

Linfimited Distribution

Distribution A

v. Modeling/Testing
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5. Modeling & Testing

Wind Tunnel Verification:
« Center of pressure and aerodynamic center locations identified with a. sweeps

Unlimited Distribution

Dystribution A

v. Modeling/Testing
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5. Modeling & Testing
Rangeﬂ_‘l‘eing

.

Unlimited Distribution

Distribution A

v. Modeling/Testing
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5. Modeling & Testmg

Range Testl ng
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5. Modeling & Testmg

Range Testl ng
BRENEL. N

" -

Unlimited Distribution
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5. Modeling & Testmg

Range Testing
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5. Modeling & Testlng

Range Testmg
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Distribution A
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5. Modeling & Testlng

Range Testing
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5. Modeling & Testmg

Range Testl ng
‘ , v - - ‘v: | 'z-.. =
T, Y Wf DY

Unlimited Distribution

Distribution A
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6. BASS Performance

Flight Safety/Airframe Strike Check

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

Kl

Distribution A

1 Sec.
N a@a N
) N No loss
o
= 25% loss
= N 50% loss
< Q, 75% loss

o,

% < S N\
R‘P‘ﬁ \
" Downrange, X

vi. Performance
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6. BASS Performance

Flight Safety/Airframe Strike Check

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

2 Sec.
- : I . | n
_g % LY LY ~
s N - No loss
= « 25% loss
< \ A 50% loss
Q. \ °  75% loss
Op ¢
d}, ~
9 N N\
% N < N N N |

N Downrange, X (m)

Uniimited Distribution

Distribution A

vi. Performance
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6. BASS Performance

Flight Safety/Airframe Strike Check

AH-64 & A-10 Sabot separation Modeling (99% atmospherics)
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=
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6. BASS Performance

Flight Safety/Airframe Strike Check

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

4 Sec.
NN
U
§=
BN
< No loss .
O N « 25% loss
fb% \ s 50% loss

: o 75% loss

‘%’ : N N N

N
Downrange, X

™

Linlimited Distribution
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6. BASS Performance

Flight Safety/Airframe Strike Check

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

5 Sec.
N i '
S
E N\
< - No loss
N + 25% loss % & “ \
Q. & 50% loss
_% Gd‘d} \ o 75% loss <
% a‘?\o N N\ N\ N\ N h )
B oS y Downrange, X
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Distribution A
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6. BASS Performance

Relative Ballistic Coefficients

45 cal. 1st Aerial Combat 1913

20mm USMC/M53/56 Aerial
20mm USAF/PGU-28 — Gunnery
25mm USAF/PGU-47 Ammunition

30mm Army AH-64 M789

Unfimited Distribution

Dystribution A

vi. Performance
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6. BASS Performance

Relative Ballistic Coefficients

45 cal. 1st Aerial Combat 1913 B
20mm USMC/M53/56 m Aerial
20mm USAF/PGU-28 mm — Gunnery
25mm USAF/PGU-47 mm Ammunition
30mm Army AH-64 M789 m

Unlimited Distribution

Distribution A

vi. Performance
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6. BASS Performance

Relative Ballistic Coefficients

45 cal. 1st Aerial Combat 1913 ]
20mm USMC/M53/56 Aerial
20mm USAF/PGU-28 — Gunnery
25mm USAF/PGU-47 Ammunition
30mm Army AH-64 M789 m

Best Army & Navy Mid-Caliber numms CIWS
Best Army High-Caliber s M1A17

Unfimited Distribution

D¥stribution A
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6. BASS Performance

Relative Ballistic Coefficients

45 cal. 1st Aerial Combat 1913

20mm USMC/M53/56 Aerial
20mm USAF/PGU-28 — Gunnery
25mm USAF/PGU-47 Ammunition

30mm Army AH-64 M789

Best Army & Navy Mid-Caliber
Best Army High-Caliber

BASS Mid-Caliber Aerial Gunnery

Unfimited Distribution

BASS & MASS Flechettes

Distribution A
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6. BASS Performance

—M56A4
—PGU-28
M789
= — AGM-114 Hellfire
g —Hydra70/2.75 Rockets
t —HBASS 2081
&
Ll
§ =
- F
g IBASS
§ 1 —2 mils

Dystribution A

RANGE

vi. Performance
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6. BASS Performance

Relative Weapon Kinetic Energy from USA/USMC Aircraft

52

—M56A4 —PGU-28

M789 LW30mm ———HBASS 2081

KINETIC ENERGY

Hypersonic MASSIBASS |

Unlimited Distriburtion

L M789 M.

SLANT RANGE

Distribition A

vi. Performance
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7. Intellectual Property Staatus

WHAT IS CLAIMED IS:

1. AN AEROMECHANICALLY STABLE SABOT...

2. THE AEROMECHANICALLY STABLE SABOT OF CLAIM 1, WHEREIN THE
ASSEMBLY INCLUDES AT LEAST ONE AEROMECHANICALLY STABLE SEGMENT...

S500BERW

FIG. 5G

Unfimited Distribution

r ‘_-.—__
SDOARWH%'

D¥stribution A

Invented 2016 Modeled 2017 Reduced to practice 2018 Pat. priority date: 4/26/2019



Uniimited Distribution

Dystribution A
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7. Intellectual Property Staatus

- Strong, Broad US Patents Filed 2019, 2020

- Fed. Government Granted Export License & Exported

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

-~ Fim. 206

g, 2Gr

PROVISIONAL PATENT APPLICATION 62/839,551 26 APRIL 2019 PRIORITY DATE 25 FIGURES, 83 CLAIMS, 80 PAGES

PCT FILING PCT/IB2020/053899 24 APRIL 2020 > 54 FAMILIES 3+ SPECIES WITHIN EACH FAMILY: 33 FIGURES, 130 CLAIMS, 106 PAGES

FEDERAL GOVERNMENT APPROVED FOR EXPORT & EXPORTED ENABLING BASS TECHNOLOGY & DESIGNS

vii. IP
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8. Opportunities

Attack Rotorcraft _
AH-64 (M789 30 x 113mm) AH-1 (M56 20 x 102mm) FARA i’/ ﬁ

Fixed-Wing Attack Aircraft
A-10 (PGU-14 30 x 173mm)

~<

Multi-Role Fixed-Wing Aircraft
F-15, F-16, F-18, F-22 (PGU-28 20 x 102mm)
F-35 (PGU-47 25 x 137mm)

Gunships
AC-130 (25mm, 40mm, 105mm)

Armed Drones
MQ-9, MQ-?, Bayraktar TB2, Shadow... s

D¥stribution A Linfimited Distribution
irl o

viii. Opportunities
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8. OppOI‘tu n ItIeS ...Nontrivial chance of capturing a substantial part of the market

US Army:
20, 25, 30mm  $113MAyr

USMC:
20, 25, 30mm  $34M/yr

US Air Force:
20, 25, 30mm+ $193M/yr

Dystribution A Linfimited Distribution



w KA NS A‘S Adaptive Aerostructures Laboratory... from Hover through Hypersonic 57

8. Opportunities Ku Aerospace: open for business...

« Exclusive & non-exclusive licenses available for:
-US, Europe-Wide, Germany, Norway, Australia, UK, Netherlands, France, Belgium, Spain, ltaly, Japan, Korea, Singapore

Approved by the Federal Government for export

- Engineering support: 3+ yr acceleration, data sets (as allowed by law)
-On site support up to 2 yrs

- Operational Units:

-"What's possible — whole new mission sets" briefings (ITAR restricted)
« Corporate Labs:

-"What's possible" briefings (ITAR restricted & open)

8 -Short courses (1 hr to 2 days)

:5’_‘ -Patent/IP structure, legal offense/defense planning & weaponization R

s * Government Labs: o T T
E e Ao = e ,,N_FH_F:_
5 -Next research steps & navigating 15 CFR § 700 to 700.93 DPA i = e o ;ﬁf/
< -Short courses (1hr to 2 days) I et

viii. Opportunities
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