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I. Motivation for Hypersonic AC-130 Gunnery:

I. Engage targ» rom outside of threat}{nge

4

ii. Cut round time of#liq| Wi.50%

iii. Increase KE on target by >4
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Aerospace Engineering

1. Motivation:
Give Smaller Guns & Ammo
Greater Lethality & Range than
Larger Guns & Ammo
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KARBAS I. Motivation:
The same reason why the Allies first fielded
discarding sabot ammunition...

British QF 6-Pounder Antitank Gun 1944
Armor-Piercing Discarding Sabot (APDS Round)
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Kﬁis Il. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

Aerospace Engineering

USAF Worked Hard 1948 — 1998 to develop discarding sabot ammunition for aerial gunnery:
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mlgisu Ballistic Aeromechanically Stable Sabot (BASS) Round Basics i

Aerospace Engineering

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

Dale M.Davis



Kﬁisu Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

Aerospace Engineering

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

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

AFATL-TR-84-03

Historical Development Summary

of Automatic Cannon Caliber
Ammunition: 20-30 Millimeter

e M Dpis
NUKITIONS DIVISHON

JANUARY 1984

FINAL REPORT FOR PERIOD: 1952 - 1863

decelerating sabots pose an unacceptable hazard to launching aircraft.

-Dale Davis, Director, USAF Munitions Directorate 1984

Dale M.Davis




KU ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics™

Aerospace Engineering

Problems with Aircraft & Sabots

Conventional Discarding Sabot: Aeromechanically unstable by necessity...




Mlgis ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics™

Aerospace Engineering

Why a conventional sabot
won't work for aerial gunnery

Dale Davis’ Observations:

Conventional sabot pieces are designed
to be aeromechanically unstable, by
necessity, to separate from projectile

Aeromechanically unstable sabot pieces tumble

20 4

- FiGc. 1G
...and strike airframe/engin e =——— FIGURES 1



KU ji. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

KANSAS
Problems with Aircraft & Sabots e ——
The Great Show Stopper for conventional sabots: B:f’l—

320 . 30mm Conventional Saboted Ammunition 30x173 NM225 APFSDS-T
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KU ji. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics™

KANSAS

Aerospace Engineering

The Great Show Stopper for conventional sabots:

Flight Safety
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KU Ballistic Aeromechanically Stable Sabot (BASS) Round Basics

Aerospace Engineering

BASS Rounds: Design the Sabot to clear the launching aircraft

Air-to-Air Case

SO0BFW o BN




Mlgis ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics™

Aerospace Engineering

Aeromechanics, Kinematics

BASS Rounds: Design the Sabot to clear the launching aircraft

Ground Attack Case

\\' S500BRW
o w i «|




Mlgis ii. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics'

Aerospace Engineering

Aeromechanics, Kinematics

BASS Rounds: Design the Sabot to clear the launching aircraft

Air-to-Air Case

S00BFW

Wid® Ground Attack Case

S00BRW



KU ji. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics"

KANSAS . . .
Aerospace Engineering Ae romeChan I CS’ KI nematl CS

BASS Rounds: Design the Sabot to clear the launching aircraft

Breech

Maximum Aircraft Turn 1
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KU ji. Ballistic Aeromechanically Stable Sabot (BASS) Round Basics "

KANSAS . . .
Aerospace Engineering Ae romeChan | CS, KI nematl CS

BASS Rounds: Design the Sabot to clear the launching aircraft

Breech

Maximum Aircraft Turn 1

Recover Sabot KE

&9 =




Aerospace Engineering

Conventional Sabot danger zone

BASS Sabot danger zones < 0.5°




KU Iii. BASS Design Philosophy
KANSAS_ _
1. Use BASS to Increase projectile V4, & KE at range;

2. Avoid unintentional airframe strikes via aeromechanically stable sabot;

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

20
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n 1. BASS Design Philosophy
What is claimed is:
1. An aeromechanically stable sabot...
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Aerospace Engineering

1. BASS Design Philosophy

Today's "Advanced" 30mm Aerial Gunnery Round

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

22
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Aerospace Engineering

1. BASS Design Philosophy

Freeflight Aeromechanics
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.

23



KU lii. BASS Design Philosophy

IIIIIIIIIIIIIII

Aerospace Engineering

Today’s Premier API Aerial Gunnery Round

PLASTIC ROTATING
BANDS
A

P G U-14 ALUMINUM BODY
- \
ALUMINUM WINDSCREEN

/
HEAVY METAL PENETRATOR

BASS 2081 Flechette/penetrator

24



IIIIIIIIIIIIIII

KU lii. BASS Design Philosophy

Aerospace Engineering

Projectile Aeromechanics & CEP Fundamentals

Flechette

. a.c
X-Sectiohal Area of PGU-14 >> Flechette o @

PGU-xXx Supersonic Drag ~ proportional to X-Sectional Area, Dragpgyis >>
DFIechette

25



1. BASS Design Philosophy

THE UNIVERSITY OF

Aerospace Engineering

Projectile Aeromechanics & CEP Fundamentals

Flechette weathervanes into the wind
nulling transverse lift and moments

Magnus effect
generates second
destabilizing

Lift and destabilizing nose-up moment

moment generated

26
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Aerospace Engineering

1. BASS Design Philosophy

Projectile Aeromechanics & CEP Fundamentals
Flechette

Flechette returned to steady-state flight close to original flight path
(maintaining very small CEP)

Vo
—_—>
a.c
NG —
sssssss ion e Gy
PGU-xx
CEP greately increased due to steady-state and dynamic effects oY ¥, b i

27



THE UNIVERSITY OF

Iv. BASS Round Physics & Modeling

Aerospace Engineering

Aeromechanics, Kinematics

* 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: 106 air-to-air
FAR-25: 109 ground attack

28
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Aerospace Engineering

Iv. BASS Round Physics & Modeling

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

1 Sec.

Altitude, 7

rT—’i—'_ﬁ

Downrange, X

No loss
+ 25%loss
4 50% loss
°  75% loss

— N
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THE UNIVERSITY OF

Aerospace Engineering

Iv. BASS Round Physics & Modeling

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

2 Sec.

Altitude, Z

Downrange, X (m)

A

No loss

25% loss
50% loss
75% loss

-~~~



Iv. BASS Round Physics & Modeling

THE UNIVERSITY OF

Aerospace Engineering

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

3 Sec.
N P
o S
2
= s N v
< No loss
e 25% loss
(('?P 4 50% loss
D, °  75% loss - —
%, ~—~ N
VR Downrange, X
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Iv. BASS Round Physics & Modeling

THE UNIVERSITY OF

Aerospace Engineering

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

4 Sec.
N
_g
= N A
< No loss
C, © 25%loss
O"fr 4 50% loss
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Iv. BASS Round Physics & Modeling

THE UNIVERSITY OF

Aerospace Engineering

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

< L
[}
=
i No loss
25% loss - & N
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2, - - e
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Aerospace Engineering

v. BASS Round Performance

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.

34



v. BASS Round Performance %

Range Shots

THE UNIVERSITY OF

Aerospace Engineering

Unclassified Distribution A Unlimited Distribution



S v. BASS Round Performance 36

Aerospace Engineering

BASS Rounds Represent the First Major Advance
In Ballistic Coefficients for Aerial Gunnery
Ammunition in Over a Century

45 cal. 1st Aerial Combat 1913

Best Army High-Caliber
BASS Mid-Caliber Aerial Gunnery

|

20mm USMC/M53/56 m

20mm USAF/PGU-28 mm

25mm USAF/PGU-47

30mm Army AH-64 M789 W
Best Army & Navy Mid-Caliber I

|
(|

Relative Ballistic Coefficients
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Aerospace Engineering

v. BASS Round Performance

CEP Comparison:
BASS rounds VS Conventional PGU-series ammunition
2
PGU-xx

X X 1.5
X

1 X

0.5 %
% BASS-xxxx b

+
g%)%;* X x
2 1.5 A% 05 T 05 1 15
0.5

X =3 X

X 16

X 54 X X

90% gust field for both round families

2%
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Aerospace Engineering

V. BASS Performance

20mm (AH-1,F-15/16/18/22/35)

KINETIC ENERGY

20mm Performance Comparison

30mm A-10

M56A4

PGU-28

M789 LW30mm
BASS2081

PGU-14

SLANT RANGE

38
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Aerospace Engineering

TIME OF FLIGHT TO RANGE

v. BASS Round Performance

Lowest Time of Flight of
major Air-to-Ground Weapons

SLANT RANGE

39
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Aerospace Engineering

v. BASS Round Performance
20mm Hypersonic BASS Rounds:
Via = 1 — 2 mi/s, cuts through T-72 top armor @ beyond MANPADS range

TIME OF FLIGHT TO RANGE

SLANT RANGE

40
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Aerospace Engineering

Altitude, h, (ft)

15,000

12,000

9,000

6,000

3,000

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

= - = Target
Center
PGU-32

25mm APEX

——PGU-13

PGU-14

e 40mm AP
40mm HE
105mm HE

— -+ BASS2581

_ — - - BASS2583

\
I
|
)
|
4

[
L

5 6 7 8 9
Range(mi) BASS Average TOF 31% of Conventional Round

0 1
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Aerospace Engineering

Small6e6 guns w/BASS rounds do the job of larger guns w/conventional rounds

A
o
o

AN
o
o

N
o
o

=
o
o

Average Recoil Force, Fr (Ibf)/1000RPM, Gun
Weight, Wg (Ibf), Cartridge Mass, Mc (gm)
w
o
o

v. BASS Round Performance

Enabling Technology for
Light Attack, Rotorcraft & UAV Gunnery

72||

‘M 214 Microgun, 5.56 x 45mm M193 ===

N
o

i ——

M 134 Minigun, 7.62 x 51mm
NATO

w
N

skries/PGU-28 20 x 102mm

§CCAL .50 BMG

M61 Vulcan Gatling Gun,

qAU-19/B

10 15
Gun & Ammo Caliber, g (mm

N

0



v. BASS |IP Status “3

THE UNIVERSITY OF

Aerospace Engineering

» 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

- 20Aa

aisa
" azoa

nzos

US Patent 11,852,447 Issued 26 December 2023 - . ‘é;"s ‘(lf/j/-s}“\
i 7€j7|5
Licensed to Watson Aerospace and Defense '® - FIGURES 20

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

vi. The Next Step:

PAGE 2 OF

PART Il - USING COMMAND VALIDATION
12. USING COMMAND VALIDATION

Toate Receneo
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13. LEAD COMMAND ACTION OFFICER
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PART | - REQUEST FOR ACTION
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T INTATOR z 3
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4 TmE

5. ORGANIZATION CONTROL NUMBER . OTHER NUMBERS

7. AFFECTED CONFIGURED ITEWSYSTEM

A MDSTMSICE/CPIN B WG o=
. SAD CODE Te woun [¥ omer
8 PURPOSE

If the AC-130 community wants hypersonic gunnery...
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