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RDECOM ) Introduction

Motivation

« Extending the range of gun-launched smart munitions enables larger
area of influence, more timely fires, enhanced effectiveness, and
improved urban operations.

Goal

» Identify the critical technical drivers for extended range of precision
munitions

Approach

* 105-mm fin-stabilized projectile with rocket motor and general control
mechanism studied in six degree-of-freedom simulation

* Guidance, navigation, and control (GNC) techniques

* Optimization of quadrant elevation, ignition time of rocket motor, start
time of glide actuation

« Trade-offs in aerodynamic/control mechanism strategies
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.RBEEH_'@} Configuration of Candidate Projectile —{

« 105-mm fin-stabilized projectile

. . Transverse Center of Gravity . Overall
Mass Axial Inertia . Diameter
(kg) (kg-m? Inertia From Nose (mm) Length
: (kg-m? (mm) (mm)
18.40 0.03199 0.5607 422.7 104.7 762.0

e Generalized control mechanism

« Solid grain rocket motor

— 3.6 sec burn time
— 491.8 N thrust
— Variable ignition time
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RBEEH_IID Modeling of Control Mechanism —{

e Control mechanism (canards, thrusters, etc.) modeled as
axial control force (A.), normal control force (N.) with
control moment arm (X.), producing control moment
(Mc).

 Maneuver direction of given control mechanism
prescribed by commanded roll orientation ( ¢ -) and
duration of roll cycle ( #,,).

N view from base
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RBEEH_IID Parameters and Metrics —{

* Fire control (max charge)
— quadrant elevation (QE)
— rocket ignition time (Ty)
— glide start time (T)
* Projectile configuration
— control normal force
— control normal-to-axial force ratio
— control axial location
— static margin
— roll window
* Metrics
— extended range
— total angle of attack ( « )
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nnfmrr_.@ GNC for Maximum Range —{

e Common sense: control normal force direction
( # ) should be opposite gravity to maximize
range.

* Problem: Projectile drift (interaction of gravity,
spin, and pitching moment) can significantly
bend the trajectory in the crossrange direction
and reduce range.

« Solution: develop flight control system to
maximize range while minimizing drift.
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BBE!-‘G_.@ Flight Control Law for Maximum Range —{

Kpey + Kpé
goC:arctan( PTy Dy)
eZ
Ey =Yp =Wt €y =Y¥Yp Wt €2 =2Zp— ¢

* Projectile inertial position (y,, z,) and velocity (yp)
iInput from GPS, IMU, etc.

» Target inertial position (y;, z;) and velocity (Y;)
orovided from fire control

* Proportional (K;) and derivative (Ky) gains

* Flight controller seeks to maximize pitch angle of
attack, minimize yaw angle of attack
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roECOM )  Flight Control System Performance
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.RBEEH_IID

Fire Control Parameters
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.RBEEH_IID

Projectile Parameters
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RDECOM ) Projectile Parameters
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RDECOM ) Projectile Parameters
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RDECOM ) Summary

 Examined technical drivers to extending range of
gun-launched precision munitions

— fin-stabilized projectile with rocket motor and general
control mechanism studied in six degree-of-freedom
environment

— Flight dynamics (projectile drift) required GNC
algorithm development
* maximize pitch angle and minimize yaw angle

— Fire control parameters (QE, rocket ignition time, glide
start time) must be optimized in parallel

— Projectile configuration for maximum range: low static
margin, large control normal force, control normal-to-
axial force ratio of at least 10, control axial location at
the nose, and large roll window
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RDECOM ) Contact Info

* Frank Fresconi, PhD

 U.S. Army Research Laboratory
AMSRD-ARL-WM-BC, APG, MD 21005
410-306-0794
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