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I. INTRODUCTION

Recent interest in providing an updated fire control system solu-
tion for the Improved Cobra has stimulated a review of the existing tra-
jectory simulation model input data used by the Army. Bell Helicopter-
Textron (BHT) through a contract with PM, Cobra, has the responsibility
for generating the fire control algorithm and its inputs and has been
using data from FCE 20-A-1, prepared by BRL in 1967, as a guide. Modi-
fications to 20mm, M56 ammunition, that projectile intended for near-
term use on the Cobra, and advances in computer technology have occurred
since 1967. To take advantage of the most recent data, BHT requested
trajectory simulation input parameters suitable for both six degree of
freedom and modified point mass trajectory models. These inputs were
not immediately available through Army channels primarily because the
existing M56A3 ballistic data and model were derived for the Vulcan
Air Defense System in the ground-to-ground fire mode.

The purpose of this report is to present those input parameters
which currently 'best" describe the M56A3 projectile for use in trajec-
tory simulation.

II. RESULTS

A. Physical Characteristics and Input Parameters

Subsequent to a review of several data sources, the following values
were selected as being the most representative of the M56A3 for use in
the line of sight trajectory simulation models.

Weight - 101.41 gm (.22357 1b)

Diameter - 20mm (.06562 ft)

CG from nose - 44.93mm (.1474 ft)

Axial moment of inertia - 54.78 gm-cm2 (.000130 lb—ftz)

Transverse moment of inertia - 409.18 gm—cm2 (.000971 lb—ftz)
Twist of rifling - 1 turn in 25.4 calibers
Muzzle velocity - 1045 m/s (3428.5 ft/sec - Vulcan System)

Ballistic coefficient - 25.35 gm/cm2 (.36056 lb/inz)

Initial angular rate - 32 rad/sec (horizontal - six degree of
freedom model only)

Lift coefficient - 1.0 (modified point mass only)



Yaw drag coefficient - 1.2 (modified point mass only)

Integration time step - .0004 sec (six degree of freedom)
.05 sec (modified point mass)

B. Six Degree of Freedom Aerodynamic Inputs

An aerodynamic package suitable for use with the BRL Six Degree of
Freedom (6DOF) trajectory simulation modell was derived from unpublished
data supplied by L. C. MacAllister of BRL. These data have as their
basis a collection of 20mm (T282, M56 mods, M246, etc.) aerodynamic
testing over a period of some 25 years.

Certain assumptions and limitations apply to the inclosed parameters
and are outlined below:

1. Because testing conditions did not specifically include all
possible conditions of use (example - sideways fire from aircraft, long
ranges), the data are applicable to projectile yaw levels not exceeding
10° and are weak at Mach numbers less than 0.7.

2. As indicated from testing, a first maximum yaw of approximately
2.5° may be expected and is introduced into the trajectory model through
the use of an initial transverse angular rate (tipoff). Using this rate
produces aerodynamic jump which, in reality, is random in nature; how-
ever, to be practical from the standpoint of volume and cost of trajec-
tory simulations, the rate is applied in only one direction. Usage in
this manner causes a slight bias in the values obtained from the simu-
lations; therefore, the direction of aerodynamic jump was selected so
as to minimize computational problems. Investigation into the various
methods of generating a first maximum yaw of about 2.5° revealed that
inducing an initial transverse angular rate of 32 radians/second to the
left in the horizontal plane produced the most consistent results with-
out generating a large bias in either the range or deflection planes.
If the data output from the 6DOF program are used directly to determine
aiming angles in the horizontal and vertical planes, this relatively
small bias (which is, in reality, aerodynamic jump) should be removed.
Specifically, the deflection angle should be corrected 0.8 mils to the
left for all ranges, and, because the bias is not more than 0.1 mil in
elevation for all ranges, correction to elevation is probably not war-
ranted.

1. R. F. Lieske, R. L. McCoy, "Equations of Motion of a Rigid Projec-
tile", BRL Report 1244, March 1964. AD 441598
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3. Tests? conducted in the BRL spark range facilities revealed
that damage experienced by rotating bands of projectiles fired at the
service muzzle velocity differed from that observed when firing was
conducted at reduced velocities. These latter velocities are required
so that various areas of the Mach number region, which would otherwise
occur outside the distance limitations of the spark ranges, may be ex-
plored. This damage is estimated to add about 5% to the aerodynamic
drag coefficient (CD ) and has been appropriately applied to the lower

0
Mach number C_. values given herein.

Do

4. The data sources surveyed suggest that a yaw limit cycle of
about 5° is developed as the round proceeds downrange. This limit
cycle appears as Mach number one is approached, grows quickly to about
5°, and persists at that level throughout the remainder of flight. A
strongly nonlinear Magnus moment at transonic and subsonic speeds is
the cause of the yaw limit cycle. To simulate this performance, the
Magnus moment coefficient (CM ) is treated as listed herein.

po

5. The effects of moving parts in the fuze on flight behavior are
not directly modeled in the 6DOF simulation. For the lots of ammunition
tested by BRL, the fuzes apparently behaved in a consistent fashion so
that whatever fuze effects were present are included in the aerodynamic
data listed herein. This performance resulted in relatively little vari-
ation in the observed aerodynamic drag coefficient. Testing conducted
by other agencies has shown, from time to time, poor drag coefficient
reproducibility (as much as 50% variation) which could be attributed to
increases in yaw (10° yaw can increase drag by about 50%). The nature
of this latter testing was such that the variations could not be di-
rectly related to different fuze or projectile lots nor to differing
levels of rotating band damage in the particular tests. Hence, aerody-
namic perturbations which may have been caused by anomalous fuzes will
not be reflected by the model used nor by the aerodynamic coefficients
included. In reference 3, a theory is developed for relating fuze moving
part parameters to a destabilizing yaw moment.

Table I is a listing of the aerodynamic input data for the 6DOF
model and is in the form described by Appendix A. Additionally, Figures
1 through 8 are a graphic representation of the same data.

2. M. J. Piddington, "Compariative Evaluation of the 20mm Developmental
Ammunition-Exterior Ballistics', BRI, MR 2192, May 1972. AD 9023191L.

3. C. H. Murphy, "Influence of Moving Internal Parts on Angular Motion
of Spimning Projectiles', Journal of Guidance and Control, Vol. 1,
pp 117-122, March-April 1978. (See also BRL MR 2731, February 1977,
AD 12037338.)

11



C. Modified Point Mass Aerodynamic Inputs

For economy reasons, it was desired to translate the input data of
section B in order that representative simulations could be performed
using the BRL Modified Point Mass (3DM) trajectory simulation model®.
To accomplish this, so that, within the ranges of interest in the Cobra
application (ranges less than 2500 meters), the differences between the
6DOF and 3DM models under reasonable helicopter flight conditions would
be generally less than 0.5 mils, some adjustments to apply the 6DOF in-
put data to the 3DM model were required. These are described below:

1. Neither first maximum yaw nor yaw limit cycle effects can be
directly generated from the equations of motion in the 3DM model. To
overcome this, the aerodynamic drag coefficient for the 3DM model is
that derived from the output of 6DOF trajectory simulations. By so do-
ing, the effect of rotating band damage, first maximum yaw, and yaw
limit cycle on drag coefficient are included. Therefore, yaw drag force
(C, ), damping moment (C,, + C, ), Magnus force (C,, ) and Magnus mo-

D,2 My M Noa
ment (CM ) are all taken to be zero for 3DM simulation since the com-
po.
plexities they contribute to drag are already accounted for in an ef-
fective drag coefficient.

2. The present 3DM model includes no quantity to account for the
effect of windage jump - a rather significant value when firing from
moving platforms at azimuths or elevations other than zero. An effect
of about .044 mils per metre/second of cross velocity seems reasonable.
For forward velocities, this effect is down when firing to the right,
up when firing left, right when firing up, and left when firing down.
Therefore, to compensate for this in the computation of angles to be
supplied to a gun, a correction of the opposite sense must be applied.
The formula below is an approximation for the computation of windage

jump.

4. R. F. Lieske, M. L. Reiter, "Equations of Motion for a Modified
Point Mass Trajectory'', BRL Report 1314, March 1966. AD 485869
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jump

CL = 1ift force coefficient at muzzle
o

CM = overturning moment coefficient at muzzle
o

A = axial moment of inertia

m = weight

d = diameter

n = twist (calibers/turn)

a, = initial yaw due to cross velocity

3. 1If, in addition to the items mentioned above, the two trajectory
simulation models are being compared, it is necessary to correct the
6DOF results as described in B.2 above.

Table ITI lists the aerodynamic input to the 3DM model and is de-
scribed by Appendix A. Figures 3, 5 and 8 apply to the 3DM, as well as
the 6DOF; Figures 1, 2, 4, 6 and 7,are not directly used in the 3DM;
and Figure 9 represents the effective aerodynamic drag coefficient as
described in 1 above.

ITI. CONCLUSIONS

The input data presented for the M56A3 are suitable for use in 6DOF
and 3DM trajectory simulation models as long as the yaw level is less
than 10° and the Mach number exceeds 0.7. Corrections for a small bias
in the 6DOF derived aiming angles and for windage jump in the 3DM models
should be applied if the results are to be incorporated into a fire con-
trol system.

13
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Table I, Aerodynamic Input - 6 DOF

35000000+036A301011

35000000+036A301021

T.0 7.0 100. [ 6430101036

T.0 7.0 100. «65 6A30102036

660 640 100, 77 6430103036

640 6,0 100. 95 6430104036

T.2 7.2 100. 1,0 6430105036

Te? Te7 100, 1.1 6430106036

648 6.8 100. 1.3 6A30107036

641 6el 100, 1.75 6A30108036

442 4,2 100, 3.5 6A301n9036

« 236 «236 100. 0. 6A30101046

236 236 100, 45 6430102046

«229 229 100, o7 6A30103046

234 «234 100, 8 6A30104046

252 « 252 100, +.R8 6430105046

294 294 100, .94 6A301N6K0GA

525 525 100, 1.02 6430107046

«556 556 100, 1.05 6A30108046

567 567 100. 1.1 64301030646

«575 «575 100, 1.2 6A30110046

567 567 100, 1,35 6430111046

«531 «531 100, 1.5 6430112046

507 «507 100, 1.7 6430113046

«4B83 «483 100, 2,03 6A3011406464

0452 0452 100, 2.25 6430115046

«399 «399 100, 2¢76 6A30]116046

357 +357 100, 3.5 6430117046

1.944 1.944 100, 0 6A30101056

1.944 14944 100, 9 6430102056

1.923 1.923 100, 1.1 6A30103056

2.1 2.1 100, 1.3 6A30104056

24311 2.311 100, 1.6 6430105056

2.484 2,484 100, 2.0 6430106056

24554 ‘24554 100, 2.4 6A30107056

2.317 24317 100, 3.4 6A3010R056

2.283 2.283 100, 3.5 6430109056

35000000+0164301N65

-2, -2, 100, 0 6A3010n1086
=2, =2, 100, .94 6A30102084
=5, -5 100, «99 6A30103084
=7 =T 100, 1.0R 6A30104086
=78 =7.8 100, 1.2 6A30105086
-7.8 =7.8 100, 1.3 6A30106086
=6.1 =6.1 100, l1.48 6A30107086
=5.8 =5,.8 100, 2.1 6A30108086
=3.1 =3.1 100, 2.7 6A30109084
=2¢4 -2.4 100, 3.3 6A30110n8¢6
=244 2.4 100, 3.5 6A30111086A
35000000+016A4301095

2.48 2.48 100. 0 6A3010)106

2.48 2,48 - 100, A 6430102106

2.56 2.54 100, N3 6A30103106

2.60 2¢60 100, .71 6A301N610A

2.76 2476 100, « 85 6A30105106

3.07 3.07 100, +96 6A30106106

2.8 2.8 100, 1.06 6A30107106

2.72 2,72 100, 1.15 6A301Nn8106

2.16 2.16 100, 2.2 6A30109106k

1.93 1,93 100, 2.7 6A30110104

1.8 1.8 100, 3.1 6430111106

1.77 1.77 100, 3.3 6430112106

1.75 1.75 100, 3.5 6430113106

=.2 =2 100, 0. 6430101134

-2 -2 100, 9 6A30102136

=-.25 =25 100, «95 6A301n3136

=e35 =+35 100, 1.0 6A301n4136

=¢35 =¢35 100, 1.1 6A301n5136

=¢25 =25 100, 1.5 6430106136

=¢25 =25 100, 3.5 6A301n7136

=2.,0 =¢85 8.21 2.39 100, O 6A30101156

=2.,0 =.85 8,21 2439 100, «85 6A30102156

=l.48 12.54 100, .92 6430103156

=1l.16 12.86 100, 1.032 6430104156

=74 13,28 100, 1,065 6430105156

=-s32 13.70 100, 1.098 6A30106156

«05 «05 100, 1.2 6A301Nn7156

ol4 14 100, l.4 6A301nK156

15 15 100, 1.6 6A30109156

15 15 100, 3.5 6A30110156

=13000000-01 35000000+016A3N01175
35000000+016A301245

35000000+016A301255

35000000+016A301415

23 35000000+0164301425

35000000+016A301435

35000000+016A301445



«280
«2756
« 270
« 247
«286
«309
«526
«559
«568
«576
«570
«561
«528
«508
483
428
386
« 357
1.944
1.944
1.923
2.1
2.311
2.4R4
2.554
2.317
2.283

2.48
2.48
2.54
260
2.76
3.07
2.8

2.72
2.16
1.93
1.8

1.77
1.75

=13000000-01

Table II.

«280
« 2756
270
247
« 286
«309
526
«559
«568
«576
«570
561
528
«508
«483
428
«386
«357
1.944
1.944
1.923
2.1
2.311
2.484
2.554
2317
2.283

2448
2.48
2.54
2.60
2.76
3.07
2.8

2.72
2.16
1.93
1.8

1.77
1.75

Aerodynamic Input - 3 DM

100,
100.
100.
100.
100,
100.
100.
100,
100.
100.
100,
100,
100,
100.
100.
100,
100.
100.
100,
100.
100,
100,
100.
100.
100.
100.
100,

100,
100,
100.
100.
100,
100.
100,
100.
100,
100.
100.
100,
100,

24

35000000+0364301011
35000000+036A301021
35000000+016A301035

O 6A30101046
62 6A30102046
«78 6A30103046
«87 6A30104046
«93 6A30105046
«95 6A3010N604AK
l1.02 6A30107046
1.06 6A30108046
l.1 6A30109046
1.2 6A30110046
1.31 6A30111046
1.38 6A30112046
1.53 6A30113046
1.7 6A30114046
2.03 6A30115046
2.475 6A30116046
3.0 6A30117046
3.5 6A30113046
0. 6A30101056
9 6A30102056
l.1 6A30103056
1.3 6A30104056
l.6 6A30105056
2.0 6A30106056
2eb 6A30107056
3.4 6A3010R056
3.5 6A30109056
35000000+016A301065
35000000+016A301085
35000000+016A301095
0. 6A30101106
o4 6A30102106
) 6A30103106
71 6A30104106
«85 6A30105106
96 6A30106106
1.06 6A30107106
1.15 6A30108106
2.2 6A30109106
2.7 6430110106
3.1 6A30111106
3.3 6A30117106
3.5 6A30113106

35000000+016A4301135
35000000+016A301155
35000000+016A301175
35000000+016A301245
35000000+016A301255
35000000+016A301415
35000000+016A301425
35000000+016A301435
35000000+016430144%
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APPENDIX
SIX DEGREE AERODYNAMIC INPUT PACKAGE

A six degree aerodynamic input package (aero pack) contains values
for a set of aerodynamic coefficients, forces and a friction force co-
efficient. Two forms of the values may appear - type 5 and type 6.
Type 5 represents the values as functions of Mach number (M)*, and type
6 represents the values as functions of Mach number and resultant yaw

squared (uRz).

Values in type 5 form are defined in the form of a series of poly-
nomials of fourth degree or less over a region of Mach number beginning
with zero.

. _ 2 3 4
ieeci € = Ap+ AM+ AM + AM + AM

where M varies from M to including M A
max; . max,

and Ci indicates a coefficient or force.

The card format is 12 digit floating point with the following set up:

Columns Content

1-60 Polynomial coefficients (AO, Al’ A2, A3, A4)

61-72 Independent variable - upper breakpoint for
which polynomial is applicable

73-75 Job code (must be the same for all cards in
aero pack)

76-77 Card count of individual function (begin
with 01 for each new aero code)

78-79 Aerodynamic (aero) code (in numerical order)

80 The digit 5

*Exceptions: Thrust force and spin rocket thrust force are functions
of time.
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Aerodynamic coefficients and forces are as follows:

Code

02

03

04

05

06

08

10

13

15

17

24

41

42

43

44

Coefficient

zero yaw drag force (thrust on)

yaw drag force

zero yaw drag force

zero yaw lift force

zero yaw damping force

zero yaw damping moment

Zero yvaw overturning moment

zero yaw Magnus force

zero yaw Magnus moment

spin damping moment

fin cant moment

cubic 1lift force

cubic overturning moment

cubic damping moment

cubic Magnus moment

28



Code Force Symbol

01 thrust force T
S
T
09 friction force coefficient F
25 spin rocket thrust force TS
R

Only the coefficients with the following codes may appear in type 6
form: 02, 03, 04, 05, 06, 08, 10, 13, 15. Except for 02, 03 and 04, the
coefficients in type 6 form represent the total value of the aero co-

efficient at the given a 2 and Mach number. The card format for type 6

R
is 10 digit fields with decimals punched. The content is in the form
of points - (Ci, uRZ). A minimum of 2 points per card and maximum of 3

cards per Mach number is set. A zero Mach number card is required.

Columns Content

1-10 Ci

11-20 aRZ

21-30 Ci

31-40 aRZ

41-50 Ci

51-60 - aRZ

61-70 Mach number

71-73 Job code

74,75 Card count of o 2 (one, two or three cards

per Mach number)

76,77 Card count of Mach number

78,79 Aero code

80 The digit 6
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To find the value of a coefficient in type 6 form, first choose Mach
numbers which bracket the one being used and interpolate with respect

to aRz on each line. Then interpolate with respect to Mach number.

30



No.

Copies

12

DISTRIBUTION LIST

Defense Technical Info Center

ATTN: DDC-DDA

Cameron Station

Alexandria, VA 22314

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCDMD-ST

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander R
US Army Missile Research and
Development Command
ATTN: DRCPM-RK
Redstone Arsenal, AL 35809
Commander
US Army Armament Research and
Development Command
ATTN: DRDAR-TSS (2 cys)
DRDAR-SCS-E,
Mr. J. Paz
DRDAR-LCA-FE,
Mr. S. Wasserman
DRDAR-SCF,
Mr. G. Clineff
Dover, NJ 07801
Commander
US Army Armament Materiel
Readiness Command
ATTN: DRSAR-LEP-L, Tech Lib
Rock Island, IL 61299

Director

US Army ARRADCOM

Benet Weapons Laboratory
ATTN: DRDAR-LCB-TL
Watervliet, NY 12189

31

No. of
Organization Copies Organization
-Commander 1 Commander

US Army Aviation Research
and Development Command
ATTIN: DRSAV-E
P.0. Box 209
St. Louis, MO 61366
Commander
Troop Support and Aviation
Materiel Readiness Command
ATTN: DRCPM-CO (T)
P.0. Box 209
St. Louis, MO 61399
Commander
US Army Communications Rsch
and Development Command
ATTN: DRDCO-PPA-SA
Fort Monmouth, NJ 07703
Commander
US Army Electronics Research
and Development Command
Technical Support Activity
ATTN: DELSD-L
Fort Monmouth, NJ 07703
Commander
US Army Missile Command
ATTN: DRSMI-R
DRSMI-YDL
Redstone Arsenal, AL 35809
Commander
US Army Tank Automotive Rsch
and Development Command
ATTN: DRDTA-UL
Warren, MI 48090

Project Manager

Advanced Attack Helicopter,
DARCOM

ATTN: DRCPM-AAH

P.0. Box 209

St. Louis, MO 63166



DISTRIBUTION LIST

No. of
Copies Organization

1 Director
US Army TRADOC Systems
Analysis Activity
ATTN: ATAA-SL, Tech Lib
White Sands Missile Range
NM 88002

Aberdeen Proving Ground

Dir, USAMSAA
ATTN: DRXSY-D
DRXSY-MP, H. Cohen
DRXSY-AAG, J. Lauzau
Cdr, USATECOM
ATTN: DRSTE-TO-F
Dir, USAMTD
ATTN: Analytical Branch/
Mr. H. L. Barnhart
Dir, USACSL, Bldg. E3516, EA
ATTN: DRDAR-CLB-PA

32



s

USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place

in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
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