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Defence Research and Development Canada (DRDC) in collaboration with
Canadian industrial partners has initiated a project titled "Artillery Precision
Guided Munitions" aimed at developing a sub-155mm artillery precision
guided projectile. The project supports the Canadian Force in making
performance-based choices and decisions on future acquisition of precision
guided artillery projectiles. This paper describes the integration of the
various components and sub-systems for a 105mm canard-guided fin-
stabilized artillery projectile.  The fully-integrated projectile is then
evaluated in terms of its aerodynamic characteristics. The aerodynamic
coefficients as predicted by PRODAS are given. The static and dynamic
stability of the fully integrated projectile is evaluated for various flight
conditions.  Finally, the directional authority provided by the control
surfaces together with the flight behaviour of the projectile are studied.

INTRODUCTION

Current operational requirements whereby friendly and enemy forces
operates at very short distances from each other combined with the need for
operations in densely populated urban area as quickly lead armies around the world
to require the development of high-precision artillery, mortar and rocket systems
over the last decade. Among the systems in development or fielded there are the
155mm Excalibur guide artillery projectile XM982 [1] and the 120mm PGMM
(Precision Guided Mortar Munition) XM385 [2].

Currently, there are no known guided 105mm artillery projectiles being
developed and about to be fielded. The reason often mentioned refers to the lack of
range of the 105mm artillery gun system. However, the 105mm artillery projectile
has a definite advantage over the 155mm projectile when minimizing the lethality
area becomes critical such as in urban operations or in ‘danger close’ fire missions.

A possible solution to the range problem of the 105mm is currently being
studied and involves the use of a sub-caliber projectile.

In this paper, the integration of the various components for a 105mm guided
artillery projectile is presented and then the fully integrated projectile is evaluated
for its aerodynamic characteristics.



INTEGRATED PROJECTILE

The fully-integrated guided 105mm artillery projectile is shown in Figure 1.
It is a 105mm full bore projectile designed to be fired from a LG1 Mk 2 howitzer
gun. The overall length of the projectile is 615mm with a mass of 12.7kg.
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Figure 1. Fully-integrated guided 105mm artillery projectile.

TAIL ASSEMBLY

The aft part of the projectile includes the stabilization fins and its
deployment mechanism, the driving band and the fuze. Figure 2 presents an
isometric view of this sub-assembly. The fuze is centered in the rear part of the
projectile by thread to the front component of the frame. The approximate size of
the fuze is 42mm in diameter and about 100mm in length. The fuze is derived from
the base fuze of a 105 mm tank projectile. The driving band is formed on the front
component of the rear sub-assembly. The projectile has 8 clipped delta
stabilization fins. This configuration was determined from a previous study aimed
at optimizing the fins and canards configuration in terms of the projectile stability
and directional authority [3]. The fins are short enough to be packaged without
exceeding the projectile diameter, thus not requiring a curvature of the fins. The
deployment mechanism uses only springs to lock the fins in a fully open position.
When the projectile reaches the gun muzzle, the centrifugal force initiates the
opening process. Airflow to push the fins in the open position is created by the
projectile spin. The spring pushes the fin in the forward direction to slide the fin in
a locked position when it is aligned with the groove.

WARHEAD
The warhead is built of three structural components. The explosive is placed

inside a structure made of high strength-composite material. This material is known
as Tecamax SRP. A cylinder-structural component, made of steel, contains the



lethal fragments. Finally, a plate is placed between the explosive and the lethal
fragments. This plate is a pre-fragmented plate made of steel. The complete
warhead design is presented in [4].
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Figure 2. Projectile’s tail assembly.

Figure 3 presents an isometric view and an exploded view of the warhead.
The directional warhead was designed in order to maximize the number of
fragments projected forward upon detonation and to minimize those ejected
laterally. The projectile releases more than 4000 directed fragments upon
detonating. This design yields a very controlled foot print or lethality area on the
target. Hence, the chances of collateral damage are minimized. A comparison of
the lethality area between a standard 105mm artillery round and the current concept
is shown in Figure 4.
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Figure 3. Sub-assembly of the projectile warhead.
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Figure 4. Lethality area for a standard M1 105mm artillery projectile compared with that of the
current directional warhead concept.
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GUIDANCE SYSTEM

The guidance system can be divided into three groups. The electronics
group is composed of the flight computer (including the GPS and the IMU), two
electronic boards for the motor control, the battery and the antenna for the height of
burst. The CAS (Canard Actuation System) group contains four motors with
gearing, the canards’ release actuator and the canards themselves. Finally, the
structure group is made of three components to build the frame and the
aerodynamic envelope. Components of the electronics group are provided by
Honeywell as a DI-GNU (Deeply Integrated-Guidance and Navigation Unit),
shown in Figure 5, except for the antenna which is based upon the antenna used in
the C32A1 fuze. The components of the CAS are also developed by Honeywell.
Figure 6 presents these components.
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Figure 5. Honeywell Deeply Integrated-Guidance Navigation Unit (DI-GNU) structure.
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Figure 6. Close-up view of the guidance system and frame.

AERODYNAMIC EVALUATION

The aerodynamic evaluation of the fully-integrated projectile was performed
using the software PRODAS. A detailed model of the projectile was built in
PRODAS based on the SolidWorks® CAD drawing. The PRODAS model is shown
in Figure 7. The mass, the axial and transverse inertia and the position of the center
of gravity calculated by PRODAS are similar to the values estimated by
SolidWorks®. Table I presents the value of some aerodynamic coefficients that
have major effects on the trajectory.
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Figure 7. Geometry of the APGM projectile in PRODAS.

Based on the normal force coefficient (Cyn,) and the pitching moment
coefficient (Cpa) obtained in Table I, the stability margin is estimated as a function



of the Mach number in Figure 8. The stability of the APGM projectile is marginal
at a high Mach number (near the muzzle) and at Mach numbers around one. The
near muzzle condition is not a problem because only the stabilization fins will be
deployed at this stage to minimize the drag. Some particular attention should be
taken at Mach one because the projectile may react more swiftly for a given canard
deflection because of the small static margin. As the projectile continues its flight,
the stability margin becomes relatively constant for a Mach number between 0.1
and 0.8. This is advantageous because it may simplify the modeling of the
projectile’s behavior implemented in the guidance algorithm.

TABLE I - VALUE OF THE AERODYNAMIC COEFFICIENTS FROM PRODAS.

Mach Force Coefficients Moment Coefficients
Number | Cy, Cx2 Cna Cng Crna Crng Cip Cu
0.60 0.2487 2.52 8.084 | 26.01 | -1.605 | -56.8 |-5.6888(0.03095
0.70 0.2587 2.76 8.436 26.84 | -1.680 | -60.0 |-5.9897(0.03266
0.80 0.2687 3.00 8.787 27.67 | -1.752 | -63.1 |-6.2905|0.03437
0.90 0.2899 3.48 9.219 27.63 | -1.483 | -69.9 |-6.617710.03631
1.00 0.4367 4.38 9.759 27.54 | -1.120 | -81.1 |-6.9431 [0.03825
1.20 0.4580 5.89 9.647 31.19 | -1.943 | -88.0 |-6.762510.03721
1.50 0.4306 | 4.69 8.495 30.83 | -2.184 | -79.1 [-5.675010.03066
1.75 0.4051 4.08 8.398 30.74 | -2.272 | -76.9 |-5.5090 |0.02966
2.00 0.3944 3.48 6.952 2737 | -1.906 | -61.2 |-4.1884(0.02201
2.25 0.3776 3.17 6.532 2444 | -1.364 | -56.8 |-3.716410.01950
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Figure 8. Static stability of APGM projectile with fins and canards deployed.

The design requirement for the directional authority was set at 3g or three
times the gravitational acceleration. The directional authority is estimated using the



CONTRAJ module from PRODAS. In order to simplify the simulations, the
directional authority is evaluated using a simple trajectory. The muzzle velocity of
the projectile is adjusted to obtain the desired Mach number after one second of
flight. The canards are then actuated over a period of two seconds. The directional
authority is estimated as the mean acceleration during these two seconds. For these
simulations, the gun elevation is 10° and the spin of the projectile is neglected.

The directional authority is evaluated for Mach numbers of 0.6, 0.7, 0.8 and
0.9. It is evaluated for altitudes of 30 m and 300 m and temperatures of -46°C,
15°C and 63°C. The maximum directional authority is evaluated with a maximum
canard angle of 15°. For numerous conditions, the maximum directional authority
was obtained for an angle smaller than 15°. The simulations indicate that the
directional authority and the performance of the projectile decrease when the
projectile reaches an angle of attack of about 45°. Results from the simulations are
presented in Table II.

TABLE II - DIRECTIONAL AUTHORITY OF THE APGM PROJECTILE.

Maximum Directional \
Mach Authority (g) Canard's Angle at 30 m
Temperature N
umber 30m 300m Max 3 g Acceleration
Acceleration
0.6 2.69 2.65 9°2 -3
o 2 o
46°C 0.7 3.50 3.45 8 5

0.8 4.33 4.31 7°2 3.25°

0.9 5.08 5.02 6°? 2°

0.6 2.80 2.75 9°2 -3
o 2 o

15°C 0.7 3.65 3.60 8 4.75

0.8 458 453 8°2 3°

0.9 5.35 5.27 7°2 2°

0.6 2.86 2.81 9°2 -3

o 2 o

63°C 0.7 3.78 3.72 8 4.5

0.8 4.72 468 8°2 3°

0.9 5.53 5.45 7°2 1.9°

Note 1: The directional authority is evaluated as function of the gravitational acceleration (g).
Note 2: Maximum canard rotation for maximum directional authority.
Note 3: The directional authority goal of 3 g cannot be achieved in this flight condition.

Results from Table II indicate an increase in the directional authority when
the temperature or the Mach number increases. For a Mach number of 0.6, the
lateral acceleration is lower than the initial requirement of 3g for all temperature
ranges. The altitude also affects the directional authority but the difference is about
2 % between 30 m and 300 m of altitude.



The simulations were done with a turning time of 0.01s from 0° to any other
position. This turning time may be faster than what the CAS, designed by
Honeywell, can perform. Currently, the actual turning time of the CAS is not
known and an approximate value was used. Additional simulations have shown
that slower action time of the CAS modify the behavior of the projectile when the
canards are actuated.

CONCLUSIONS

A 105mm guided artillery projectile was integrated with its various
components including the warhead, the CAS and the GNU/INU. The overall
weight of the guided projectile is identical to the C132 HEER 105mm artillery
projectile. However, the projectile had to be lengthened by 50mm to accommodate
the CAS and the battery package.

Analysis of the directed effect warhead have shown that a significantly
reduced lethality footprint could be achieved. This is highly desirable in urban
operations and in ‘danger close’ procedure.

The current configuration of the 105mm guided projectile is stable
statically, dynamically and gyroscopically. The projectile is stable with a minimum
stability margin of 0.1 calibre with its fins and canards deployed.

Work on the integration concept is continuing in order to prepare for an
advanced engineering phase that will develop a gun launched prototype.

LIST OF SYMBOLS

Cy Axial force coefficient, C;, Spin damping moment coefficient

Cy =Cy, +Cy, sin’a
Cy, Normal force coefficient Cis Rolling moment coefficient
C,, Pitching moment coefficient Cy, Pitch damping force coefficient

Cng Pitch damping moment coefficient
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