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AProvide soldier with an organic precision lethality solution for indirect fire
systems
AGrowing demand for precision capability across multiple caliber systems
AFirst-round lethality
Amore stowed kills
Amore timely
ALimit collateral damage
Ause in urban terrain
Ause in close proximity to friendly troops and civilians
ADeliver scalable effects warheads
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Rﬂ,__—ggn[,_r) Guidance, Navigation, and Control

(GNC) Overview and Challenges

Three basic questions:
Where am |? Where do | need to go? How do | get there?

GNC Algorithms Maneuver System

= A g
Dynamics

Sensors

Electronics

Multi-disciplinary Research Area
Integrate into miniature, guhardened package with reime processing

Unique Challenges for GNC in the Gun-Launched Environment:

Rifled guns A spin-stabilized projectiles (Magnus moment, gyroscopic action, actuation freq.)
Survivability of components at gun launch event

Sensors in high-dynamic environment

Physics of flight for novel concepts

Embedded processing

Varied applications (1s < time-of-flight < 100s, OHz < spin rate < 1000Hz)

Size, weight, and power

Affordability ($/round, $/kill)
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.lrnF!:ﬂM ) Technical Approaches

Current Approaches:
A Gun-hardened missile technology
I maneuver system complexity/tolerance
I high grade sensors
I expensive
A Retro-fit existing stockpiles
I narrowed design space

Anti-Jam GPS/IMU
Navigation

Base Bleed

Inductive Fuze
Interface

Slip Multi-Function Unitary Warhead Canard
Rotating Obturator Control Guidance
Base/Fin Design

Alternate Approach for Affordable Precision

A DoD scientists and engineers develop technical underpinnings
I Accept greater technical risk
I Non-proprietary
I Fund R&D once and apply to all

Fundamental understanding of science and technology enables general

caliber-independent GNC solutions
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- Overview -

Objective

A To develop and demonstrate affordable precision technologies independent of projectile
caliber applicable across all indirect fire platforms

A Requirements

I Cost

Precision

Angle-of-Fall

|
i
i
I Range

A Solution: rolling airframe with single-axis maneuver mechanism, reduced sensor
requirements and ballistic-based guidance algorithm

Joint ARDEC-ARL effort with support from PM-CAS
CRADA with industry for GPS expertise
Fuzing, warhead, rocket, tactical battery leveraging other efforts

To I I

Demonstrated guideto-hit capability in flight experiments on multiple calibers
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RDECOM ) Maneuver System

- Development

A Mechanical design Initial controller performance and
power requirements from HIL/CFD

T T T T T
Power Consumed (W), AVG = 12

T Linear voice coil coupled to canards
with locking mechanism * 1
- - 20 7
A Electrical design O AYWAYSAYWD ~{
i Algorithms embedded for real-time 5 0 - :
processing on DSP 28 Output
i H-bridge driven by pulse width %%E o4r Signal
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anggn,i) Guidance and Flight Control

- Development -

A Guidance algorithm based on flight dynamics A impact point

canard deflection maneuver
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A Guidance and flight control algorithms developed in 6DOF / system
simulation environment with full-spectrum error sourca%

) " . 7 states for
| Initial conditions
A muzzle velocity G&C

A roll rate at muzzle exit
A gun pointing angles

T Physical properties
A mass

A diameter/length 12 rng id

A inertia tensor bOdy states
T Aerodynamics
T Atmosphere

A temperature

A pressure

A steady wind
A turbulence

T CAS
: GPS -/

A Auto-code generation tools transfer algorithms to embedded proc.
A GNC implemented on DSP for flight experiments

Guidance algorithm reduces sensor and actuat

requirements
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GPS data

projectile states

Real-Time 6-DOF
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Extensive laboratory/field efforts reduce risk
before flight experiments WARFIGHTER FOCUSED.




roecom ) Guided Flight Experiments

—- Check -out/ Procedure / Setup

120mm mortar 155mm atrtillery

Detailed check-out
and test procedure

Full ballistic range
support

APG YPG

Target at 3.8 km Target at 16.4 km
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