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ABSTRACT

Results of free-flight range tests of the 20-mm M56A2-M505E3 shell
over a Mach number range from 1.24 to 4. 67 and at simulated altitudes
up to 60,000 ft are presented. Measurements indicate that the arming
ball rotor of the M305E3 fuze can have a pronounced adverse effect on the
damping characteristics of the shell, with the severity becoming greater
with increasing altitude.
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SECTION |
INTRODUCTION

A 20-mm shell currently used by the Air Force has a fuze section
that contains a moving arming ball rotor. In ballistic range tests con-
ducted several years ago at atmospheric pressure (Refs. 1 and 2),
adverse effects of the moving ball on the damping characteristics of the
shell were detected. In more recent range tests at Mach numbers up to
about 3.0 and for simulated altitudes up to 30, 000 ft (Ref. 3), somewhat
larger destabilizing effects attributable to the ball fuze were indicated.
A recent study made at Eglin Air Force Base indicated that the insta-
bilities of the 20-mm shell at higher Mach numbers (around 4. 0) and.at
high altitudes could be quite critical. Yaw angles greater than 45 deg
and dispersions in the trajectory of several feet were predicted to be
possible within the first 1000 ft of shell travel. The computations incor-
porated extrapolations of the limited aerodynamic test data of Ref. 3.

In consideration of the significance of the questionable stability of the
20-mm shell for high altitude fighter aircraft application, RTD requested
in March of 1865 that tests of the 20-mm shell be conducted in the VKF
1000-ft hypervelocity range (Armament Test Cell, Hyperballistic (G)).

The data required from the 1000-ft flights were velccities, yaw angles,

and shell positions as functions of time or distance traveled. Although the
spacing of the shadowgraph stations in Range G was selected for testing
statically stable configurations (in contrast to spin-stabilized projectiles),
it was felt that the desired data could be satisfactorily cbtained. Later, in
examining the data, it was shown that, with the exercise of particular care,
the measured yawing motion of a series of the test shots could be satisfac-
torily ''fitted’’ to permit obtaining stability derivatives. The derivatives,
along with drag coefficients obtained, are felt to be significant and are pre-
sented in this report with the measured angular orientation and trajectory
data for the shell,

Tests of the 20-mm shell were conducted over a Mach number range
from 1,24 to 4. 67 and over a simulated altitude range from sea level to
60, 000 ft.

SECTION !
APPARATUS

2.1 RANGE

Range G consists of a 10-ft-diam, 1000-ft-long tank that is contained
within an underground enclosure (see Fig. 1). It is a variable density
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aerodynamic range and has an 840-ft instrumented length that includes
43 equally spaced, dual-plane shadowgraph stations., The shadowgraph
system permits determining the angular orientation and position of most
test configurations to within approximately +0, 25 deg and 0, 002 ft,
respectively, at each station., A timing system provides corresponding
timing values to within 3 x 10-7 sec. The launcher normally used with
this range is a 2-stage, light-gas gun having a 2. 5-in. -diam launch tube.
However, this launcher was not used for the special tests reported here.

In the present tests the shells were fired from a 20-mm cannon. Two
barrels, one with a rifling of one turn in 30 calibers and a second barrel
with a rifling of one turn in 40 calibers, were used with the cannon which
was provided by RTD. The cannon was positioned in the blast tank section
of the range in contrast to the normal launcher position shown in Fig. 1.

A photograph of the cannon and its support system is shown in Fig. 2,
indicating that the cannon was well secured.

2,2 MODELS AND TEST CORDITIONS

Modifications made in the 20-mm shell over the past several years
have resulted in several designations for the slightly different configura-
tions, In the present tests, the shell configuration designated M56A2 with
a MS05ES3 fuze (located in the nose section of the shell) was the primary
configuration tested. A sketch of the M56A2 configuration is shown in
Fig. 3a, and a shadowgram of a sheil in flight is shown in Fig. 3b. The
MD305E3 fuze is one that contains a moving arming bhall rotor. In a few
rounds the ball was ''fixed' with an adhesive, and a few other rounds were
equipped with solid steel nose sections. These modified rounds were used
to provide reference data for evaluating the effects of the moving ball fuze.
Further, for comparison purposes, a few shots were fired using the T282E1
configuration with a M505A2 fuze. The M505A2 fuze also has a moving
arming ball rotor and differs only slightly from the M505E3 fuze, The
T282E1 configuration, used in the tests of Refs. 1 and 2, has an exterior
geometry that differs slightly from the M56A2 geometry. The geometry
differences are small enough, however, that no appreciable differences
between the aerodynamic characteristics of the M56A2 and T282E1 config-
urations would be expected. The measured physical properties of the 20-mm
rounds for which aerodynamic data were obtained are presented in Table I.
These measurements were made at AEDC,

The initial disturbances in the yawing motion of the shells were obtained
from the normal gun effects. During the program, when shell instability
did not seem as great as RTD expected, there was a small effort to induce
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larger initial launching disturbances. Attempts to augment the normal
initial disturbances to the shells by various devices positioned at the
muzzle end of the gun proved unsatisfactory. Shadowgrams and X-ray

photographs were used to ensure that the rifling band was intact for all
data shots.

In the present tests the range pressure was varied from atmospheric
pressure down to 55 mm Hg, and the corresponding Reynolds number, based
on shell length and free-stream conditions, ranged from 0. 25 x 106 to
6.73 x 106,

SECTION Il
DATA REDUCTION PROCEDURES

For the majority of the test shots, the drag coefficient, Cp, was eval-
uated by fitting a cubic equation, by the least squares method, to the time-
position data. This is consistent with conventional range practices (Ref. 4).
For some of the simulated high altitude shots, the deceleration of the 20-mm
shell was small enough that the Cp values could be better evaluated using the
slope of the curve of shell velocity as a function of distance traveled; in this
procedure velocity values are computed over range intervals between consecu-
tive shadowgraph stations. The procedure is advantageous when the velocity
drop over the range interval is less than about two percent of the velocity,
and, for this condition, an assumed linear velocity variation is quite satis-
factory. The total drag ccefficient was adjusted to a zero yaw angle with the
usual relationship in range testing, viz,

2

Cp = Cp, + Cs (1)

The corresponding values of C for the different test conditions were obtained
from plots of Cp as a function of 52.

The stability derivatives were evaluated in an analysis of the angular
motion of the shell with the following equation:

& = K, exp[(;c,_ + ig{vt)x] - K, exp[(y, + id;z)x] + K, exp{ipx) (2}

Equation (2), defining tricyclic motion, is the solution of the linear dif-
ferential equation (Ref. 5} for general rolling, yawing model motion. Its
use is restricted to models having slight configurational asymmetries,
linear variations of force and moment with yaw angle, and a constant p/V
ratio. Equation (2) is fitted to the variations of the measured components
of the complex yaw angle with distance traveled, using a differential cor-
rections procedure. There are ten equation constants to be determined in
fitting Eq. (2), The K's, in general, are complex numbers; however,
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p can be expressed as a function of ¢; and ¢2. The desired stability
parameters can be expressed in terms of the determined equation con-
stants by the following relationships:

Cm, = (2ly /dps) ¢, o, (3)
D={(uy + pg,){2m/ps) (4)
Cmyq = [T(zm/ps) -~ Cy, + CD] k% (5)
where
T = 1/2{[(F: = f‘z)(‘ﬁ’l - ?;z)/(ﬁg’l + ‘;!;z)J = (Pl + P’z)} (6)

In fitting an equation using the differential corrections procedure,
which is an iterative process, it is necessary to determine first a set of
approximate or initial values for the equation constants to be evaluated.
The errors in the determined initial values must be sufficiently small to
permit the iterative process to converge. In determining the initial values
for a spin-stabilized shell, it is usually adequate to assign zero values for
#1, #2, and K3. The remaining initial values are normally determined
from the measured angular motion as demonstrated in the sketches below.

ia ia

In the sketch on the left the K1exp(iq5'1x) and Kzexp(iq5’2x} terms are shown
as rotatmg vectors in the complex yaw plane. For a spin-stabilized shell
¢2 >|><,61, and a typical pattern of the motion defined by the two vectors

is shown in the sketch on the right. If the angular motion can be suf-
ficiently defined by the plotted (8, @) values, then relationships between
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the measured motion pattern and the Kiexp (ig1x) and ngxp(iqb'gx) vectors

permit obtaining adequate initial values for the g.fi'l, 49, K1, and K2 param-
eters.

To give an indication of a typical motion pattern, the 20-mm shell at
M = 3.5 and atmospheric pressure has a shell travel distance per loop of
the motion pattern of approximately 17.5 ft. In a ballistic range designed
for testing spin-stabilized projectiles, the station spacing is usually about
5 ft or less in portions of the range; hence, the basic motion pattern usually
can be defined adequately with the measured (8, «) values. In Range G with
a nominal station spacing of 20 ft {on the order of one station per loop) the
problem of defining the motion pattern of a spin-stabilized shell can be
critical. The problem has been magnified in the present tests because of
the wide bands of range pressure and Mach number of the tests in conjunc-
tion with using ,different barrel rifling. To circumvent this problem, initial
values for the ¢'s were evaluated from a simplified equation of motion, i.e.,

g - i(P/V)(Ix/[y)é - (pstMa/QI},)E =0 (7

where

&% = (1,721 (p/V) i\/[(lx,"ZIy)(p"'V)]z - (psd Chrg/ 21y ) (8)

Equation (7) defines the mode! motion corresponding to conditions for
CNQ = (Cpp. + CMo}) = 0; however, it furnishes excellent approximations
for the angular velocities of the two rotating vectors of an axisymmetric
model having nonzero values for the CNa and (Cyp . + CM&) derivatives.

In evaluating ¢'s for a test shot with Eq. (8), the p/V ratio was determined
from the nominal rifling of the barrel, and an approximate Cpj, value was
obtained from available experimental data. By using the ¢’s evaluated by
the above procedure, the corresponding initial values for the components
of the amplitudes of the two vectors were approximated from the plotted
(B, a) values. This approach proved extremely useful as the quality of the
initial values for the £'s is, in general, particularly sensitive in the curve
fitting procedure.

The angular motion of several test shots was tco small to permit a
stability analysis. However, it should be pointed out that some test shots
with motion of sufficient amplitude required more than one attempt to
determine an adequate set of initial values for the amplitudes of the two
vectors; further, there were a few shots, with sufficient amplitude but hav-
ing critical motion patterns, for which a satisfactory set of initial values
could not be found.
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SECTION IV
RESULTS AND DISCUSSION

Results of the present tests of the 20-mm shell are tabulated in
Table II. The various aerodynamic parameters obtained are presented
in Figs. 4 through 10. Also shown in some of the fizores for comparison
purposes are data for the 20-mm shell from Refs. 1 and 3. All test shots
of modified rounds are defined in Table I. However, for simplicity the
aerodynamic data presented in the figures for modified rounds incorporat-
ing steel noses are included in the category of ''ball-fixed'' data.

It is significant in view of the previously mentioned analytical study
that the experimental data of Table II indicate rather small values for the
maximum amplitude of the yawing motion and for the dispersion in the
trajectory data., The maximum amplitude of the yawing motion measured
in the 1000-ft range tests was about 17 deg. The maximum angular motion
measured corresponded to rounds with fuzes having arming ball rotors.

No apparent correlation of the amplitude of the angular motion with altitude
was indicated. It was difficult to evaluate shell dispersion because it was
necessary to adjust the parrel alignment during the tests to compensate
for gravity effects when the launch velocity was changed. However, the
downrange positions of the many rounds relative to the nominal centerline
of the range indicate that there were no appreciable altitude effects or fuze
effects in the dispersion of the rounds over the range length for the tests
reported herein.

Drag coefficient as a function of Mach number is shown in Fig. 4a.
The figure includes data points measured at the various simulated altitudes
and some from Ref. 3. Although the drag coefficient is listed in Fig. 4a
as CDO, the plot includes some Cp values corresponding to small amplitude

shots for which 52 values were not evaluated. However, for the restricted
shell amplitudes the differences between Cp and Cpy_ values are not
appreciable. The Cp_values of the present tests do not indicate any detect-
able fuze effect, and t?‘ney agree well with the 20-mm shell data of Refs, 1
and 3. The apparent scatter of data in Fig. 4a is largely caused by varia-
tions in Reynclds number., The CDo values obtained at atmospheric pres-
sure and at the 60, 000-ft simulated altitude are shown in Fig, 4b to demon-
strate the measured difference in the drag coefficient associated with the
corresponding change in Reynolds number, In the latter figure, with the
influence of Reynolds number accounted for, data scatter is slight.

The static-stability derivative, Cpr , is plotted as a function of Mach
number in Fig. 5. No appreciable fuze Tfects or altitude effects are indi-
cated in the measurements. Data from Refs, 1 and 3 agree well with the
measurements of the present tests,
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The damping parameter, D, is shown in Fig., 6 as a function of Mach
number. It should be noted that for a model in free flight D is more
significant in defining the damping characteristics of the model than the
damping-in-pitch derivatives alone, The damping values obtained in the
present tests are in general agreement with data of Refs. 1 and 3 and
indicate that the 20-mm shell fuze with the moving arming ball rotor can
have an appreciable adverse effect on the damping characteristics of the
shell., Further, the data indicate, that in general, this instability (dencted
by a positive damping parameter} increased with increasing altitude, The
stability analysis used in the present case presumes a rigid model; it should
be pointed out that any mechanical effect from the fuze will then be meas-
ured as an apparent aerodynamic effect, and hence the measured aerody-
namic parameters should be interpreted accordingly. Figure 7 presents
examples of the angular motion of a round with the M505E3 fuze and of a
round with the same fuze but with the ball fixed. To aid the clarity of the
figure, only portions of the motions of the two rounds have been plotted.
Both rounds were fired at a simulated altitude of 60, 000 ft, and the meas-
ured motion clearly demonstrates the marked effect of the fuze on the
damping of the shell motion at that altitude. It should be noted that the
apparent inconsistencies in the measured damping values (rounds having
fuzes with arming ball rotors) for similar test conditions appear quite
reasonable. This follows from the known criticalness of a loase component
on the damping of a simple oscillating mechanical system.

The damping-in-pitch derivatives (Cpg + CME,;) have been separated
from the damping parameter and are presented in Fig. 8, Variations in
the (CMq + CMQ.) values with Mach number are similar to the variations
in the total damping measurements. In separating the (Cpp. + CMdr) values
from the total damping parameter, CNQ_values from Ref. 1 were used.

The Magnus-moment derivative, Cpq o asa function of Mach number

is shown in Fig, 9, The measurements are in general agreement with the
data from Refs., 1 and 3, and no detectable fuze effects are indicated.

The damping rates of the precessional and nutational vectors are shown
as functions of Mach number in Fig. 10 for the simulated altitude of 60, 000 ft.
The measurements indicate that the damping effect attributable to the shell
fuze (with the arming ball rotor) is primarily restricted to the nutational

vector, This is consistent with the measurements at atmospheric pressure
reported in Ref. 1.

There were nc detectable amplitude or rifling effects indicated in any
of the data obtained for the ranges of these two parameters covered in the
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tests. It should be noted that the motion of a shell can be affected by

the initial conditions. However, the cannon that was used in the present
tests was particularly well secured, as previously discussed. Consist-
ent with previous comments, there were certain combinations of test
conditions for which it was difficult to obtain stability data (see Table II).
For example, in tests at atmospheric pressure the change in p/V over
the length of the range was too large to permit fitting the yaw equation

to the measured motion. However, the motion could be fitted over por-
tions of the range. Another set of critical test conditions was at the simu-
lated altitude of 60,000 ft and a barrel rifling of one turn in 40 calibers.
For these conditions the shell traveled approximately 20 ft longitudinally
per loop of the angular motion pattern. Hence, the angular values of the
motion (in the complex yaw plane) measured at the shadowgraph stations
tended to be grouped together, Although the combination of critical test
conditions and small amplitude moticn has limited the amount of stability
data obtainable from the present tests, the data obtained should be very
useful in an analysis of the 20-mm NMS6A2 shell configuration.

SECTION V
CONCLUDING REMARKS

Results of tests conducted in Range G indicate that the 20-mm M56A2
rounds had much smaller dispersion and angular motion than predicted in
a previous analytical study made at Eglin Air Force Base. The arming
ball rotor of the M303E3 fuze produced a marked degree of dynamie
instability at the simulated 60, 000-ft altitude in the present tests. A
smaller drag coefficient was measured throughout the Mach number range
at the 60, 000-ft simulated altitude than was measured at atmospheric
pressure. Static stability, Magnus moment, and drag coefficients at lower
simulated altitudes and Mach numbers are in good agreement with previously
published results.
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Fig. 2 Support System for the 20-mm Cannon
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20, 000 o ] o o
30, 000 D » r ¥ D
40, 000 A h |
50, 000 V] * v
60, 000 0 4 ¢
Rifling 1 turn in 30 calibers 1turnin 1turnin
40 calibers 25 calibers

T282E1, M505 (Ref. 1)

Wy (Zero Altitude)
2.0
b .ago o g—.:rﬂﬁf

= |
0.4}

0 | | ] | 1 | l | 1 [ ] | ] | | |

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4

M

Fig. 5 Static-Stability Derivative
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AEDC Ref. 3
Approximate | MS6A2 M56A2 T282E1 | M56AZ M56A2 M56A2
Altitude, M5Q5E3 M505E3 M5(BA2 | M505E3 MSIBE3 MS05A 2 or
ft {Ball Fixed) {Ball Fixed! M505E3
0 o] . o ©
10, 000 A n
20, 000 o L of o
30, 000 ] » r | 4 M)
40, 000 9 |
50, 000 o & i}
60, 000 0 ¢ 13
Rilling 1turn in 30 calibers 1turnin 1lwrn in
40 calibers 25 calibers
) T282E]1, MS0S, Ball Removed (Ref. 11
E —4 B . ’ it
o B N Do - ¥ B » pof
- o) o - n\n{?‘y = ¥
(o]
r
\ T282E1, M505 (Ref. 1} . gqu @
L {Zero Altitude) b 0
¢
= o)
0
é’ 0
| | | | | | ] ! | ] | | | ] I |
1.2 1.4 1.6 1.8 2.0 %2 2.4 2.6 2.8 3.0 3.2 34 3.6 38 4.0 4,2 4.4 4.6

M

Fig. 8§ Doamping Parameter
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AEDC-TR-65-258

o Computed yaw angie corresponding to a given
shadowgraph station. {The number adjacent
to the symbol Is the station number. Stations
are numbered from the launcher end of the
range. )

4 Measured yaw angle for the corresponding
shadovgraph station.

NOTE: There are approximately 1-1/3 mation
foops in a 20-ft station interval.

ia, deg

Mation Pattern from Initial Portion of the Fiight
——-——— Mation Pattern from Middie Portion of the Flight
—- =— Mation Pattern from End Portion of the Flight

a. M = 3.97

Fig. 7 Camputed Motion of the 20-mm M56A2 Shell with M505E3 Fuze
at a Simulated Altitude of 60,000 ft
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AEDC-TR-65-258

o Computed yaw angle corresponding to a given
shadowgraph station. (The number adjacent
to the symbol is the station number. Stations
are numbered from the launcher end of the
range.)

& Measured yaw angle for the corresponding
shadowgraph station.

NOTE: There are approximately 1-1/3 motion
loops in a 20-ft station interval.

ia, deg

Motion Pattern from Initial Portion of the Flight
—————— — Motion Pattern from Middle Portion of the Flight
———-——Motion Pattern from End Portion of the Flight

b. M = 3.93 (Boll Fixed)
Fig. 7 Concluded
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~ AEDC Rel, 3
Approximate | M56A2 M56A2 TZR2E1 | MS6A2 M56A2 MS6A?2
Altitude, M505E3 M505E3 M5MBA2 | MSOSE3 M505E3 MS05A2 or
it (Ball Fixed) (Ball Fixed) M505E3
0 o] L] o ©
10, 000 & n
20, 000 D ] o n
30, 000 ) » r [ 4 D
40, 000 A b
50, 000 o [ °
40, 000 0 ¢ | g
Rifling 1 turn in 30 calibers lturn in 1turn in
40 calibers 25 calibers
-20
5ol o = T282E1, M505, Ball Removed (Ref. 1)
1 © i
Vege) —fo— . » O
$ o8 h+] 5 < i ke [ ] .n * o
b o : e ¥
0 \ 0 P & & = o
T282E1, M505 (Rel. 1) 5 qu U
10 | {(Zero Altitude) D v
o ¢
20 |- o
¢
30 -
v
@ |- 8§
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1 ] 1 l ] l ] | | | i | | & ] ] ]
1.2 1.4 1.6 1.8 2.0 Fot2 2.4 2.6 2.8 3.0 342 3.4 1.6 3.8 4,0 4.2 4.4 4.6

M
Fig. 8 Damping-in-Pitch Derivatives
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AEDC Rel, 3
Approximate | MS6A2 M56A2 T282El | MS6A2 M56A2 M56A2
Altitude, M505€3 M505E3 M505A2 | MSOBE3 M505E3 MS05A2 or
it {Ball Fixed) (Ball Fixed) MS6E3
0 o ] [+4 o
10, 000 a n
20, 000 o = o v
30, 000 D ] r  § ©
40, 000 A b
50, 000 (o ¢ °
60, 000 v} ¢ ¢
Rifling 1turn in 30calibers 1 turn in 1turn in
40 calibers 25 calibers
4.0
2.0 |— 0
> ¢
LI
Y &
' T282E1, M505 (Ref. 1)
2 = iZero Altitudel
-4,.0 |- -3
w
] | | | ] ] ] gl | | I ] | ]
1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 1.6 3.8 4.0

M

Fig. 9 Mognus-Moment Derivotive
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Rifling | Altitude, | M56A2 |  M56A2 T282E1
1Turn ft M505E3 M505E3 M505A2
Calibers | 60, 000 * ¢ ¢
-2x 107
[ )
0 - 0
L ¢ 06
2 b / %
= Nutational Vector
= Precessional Vector
E -2 x 107 \
E
S 0
=
£ of— 0 9 v
+2
] I | | | | I I ] I
1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4,0
M

Fig. 10 Precessiona! and Nytational Yow Domping Rates
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AEDC-TR-65-258

TABLE |
PHYSICAL PROPERTIES OF THE 20-MM SHELL

. . - i

Shot ) ) e, Mass, I, x 104 I x 104
Number (S okl o r—in. gm se ig. -1b-sec? irig-lb—sec2
A-1 M56A2, M505E3 2.9980 101.4440 |59.31 3. 694 0. 4864
TA-2 ; T 2, 99700 101.4607 | 59.27 3,672 0.4867
A-3 L 2.9061] 101.8186 | 59. 29 3.675 0.4683
A-4 e |2.9922] 101, 9353 | 59.31 3.612 0, 4874
A-3 [3.0046] 101,9696 |59, 43 3. 706 0. 4882
A-b 2. 8931 101.3104 |59.21 3.662 0. 4860
A-7 ~ [2.9836] 102,2055 |50.14 | 3.895 0, 4883
A-8 2.9950| 101,4652 | 59. 26 3.680 0. 4841
A-9 2,9982| 101.5321 | 59,19 3.618 0.4839
A-10 2.90936] 101.4762 |59.17 3,682 0.48653
A-11 2. 9978 101, 7342 | 59,34 3.682 [ 0.4848
A-12 2.9928] 101, 7548 [59.24 3.667 | 0.4856
A-13 2.9984] 101.7775 | 59.28 3. 709 T 0.4867
A-14 2.9900 101.8035 |59, 15 3.671 0. 4821
A-15 3.0006] 101.8359 [58.34 | 3.687 0. 4884
A-16 2.9977 101.9110 |58, 20 3.688 0.4859
A-17 2.9942| 101.9123 |59, 16 3.680 0. 4874
A-18 2.9963] 101.9175 | 59, 26 3.680 0. 4876
A-19 '2.9bG0| 101. 0223 59,35 3.686 0. 4864
A-20 2. 9985 101, 0948 [59.33 3.703 0. 4877
A-21 2.9963| 101.9952 |59, 40 3.688 0.4881
A-22 T282FE1, M505A2 '2.9838] ©9.8535 | 9. 25 3. 581 0.4798
A-23 M56A2, M50SE3 3.0008] 102, 2690 | 59.30 3. 708 0.4904
A-24 2. 9850 102, 2B35 | 59. 16 3.684 0, 4887
A-25 2, 9950 102. 2665 | 59. 22 3,692 0.4875 |
A-26 2, 9960| 102, 1312 | 59. 21 3. 702 0.4906
A-27 2.9957] 102, 1501 ' 59. 32 3.695 0.4938
A-28 M5GAZ, Solid Steel Nosel|2.98722| 107.7655 57, 24 4,024 0.4961
A-29 2.9506| 107.3513 57,25 | 3.984 0.4974
A-30 2.9791] 06.6164 | 56.65 3.870 0.4721
A-31 2.9711] 96.5373 | 56.44 3.828 | 0.3776
A-32 2,9719] 96,0071 |56, 36 3.818 0., 4700
A-33 T282E1, M5305A2 2.9846] 99,7492 | 59.25 3. 606 0.4811
A-34 T282F1, M505A2 2.9823| 100.7944 | 59,18 | 3.591 0.4836
A-35 2.9828] 99.5840 | 59.27 3.590 0.4774
A-36 2.9805| 100.2305 | 59, 24 3.599 0.4802
A-37 2.9820] 99,7074 |59.26 3.594 0.4798 |
A-38 M5642, M505E3 2.9084| 101.3244 59,01 3.660 0,4871
A-39 3.0008] 101.4365 58, 96 3,652 0. 4960
A-40 | '2.9984] 102, 1882 [59,02 3.670 0.4869
A-41 ]2.9998] 101,1894 [58.07 3, 636 0.4858
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AEDC-TR-65-258

TABLE | (Concluded)

Shot : 1 T ¢ Mass. | T Iy <104 | 1y x 162
Number BonSElyrian in. gm —cg* »in-‘., -1b-sec? | in. -1b-sec?
A-42 | M56A2, M505E3 (Ball Fixed) |2.9918 |100.6556 |59.12 | 3.618 0.4788
A-43 3.0051 |101.4805 [58.96 | 3.669 0.4847
A-44 3.0072 |101.480G [58.90 | 3.616 0.4873
A-45 3.0042 [101.2811 |59.07 | 3.678 0. 4900
A-46 3.0007 | 101, 5422 [58.96 | 3,661 0.4863
A-47 2.9982 | 101.6188 |58, 78 | 3.647 0.4852
A-48 | M56A2, M505E3 3.0036 | 102,0689 [58.83 | 3.663 0. 4880
["A-29 | M56A2, M505E3 (Ball Fixed) | 3.0024 | 102.9385 [59.12 | 3.712 0. 4964
A-50 3.0067 | 102. 4244 [58.88 | 3.706 0. 3988
| A-51 3.0098 | 102,2863 [58.93 | 3.675 0.4973
I A-52 3.0081 | 102,4363 58,94 | 3.710 0.4885
A-53 2.9979 [102.3928 [59,25 | 3.640 0.4904
A-54 | M56A2, M505E3 3.0004 | 102.2744 58,98 | 3.674 0.4848
B-1 2,9959 | 102.4773 59,15 | 3,659 0. 4884
B-2 3.0006 _ 102.3648 [59.00 | 3.664 0. 4886
B-3 3.0016 | 102.2089 [59.10 | 3.673 0. 4878
B-4 3.0012 | 101.9575 |59, 10 | 3.663 0.4865
B-5 2,8978 | 102, 2315 |59, 34 | 3. 656 0.4909
B-6 3.0037 | 102. 3881 [58.91 | 3. 684 0. 4885
B-7 ' 3.0015 [ 102.3580 |59. 18 | 3.677 0.4875
B-8 NM56A2, M505E3 (Ball Fixed) | 2.9971 |101.3611 [59.38 | 3,651 | 0.4883
B-9 3.0042 [102.0511 [58.93 | 3.666 0.4869
B-10 2. 0087 | 102.5402 (59,10 | 3.601 0.4903
B-11 2.9996 | 102, 5827 (59.05 @ 3.670 0.4884
B-12 | 2.9972 |102.4038 [59.07 | 3.672 0. 5005
B-13 M56A2, M505E3 3.0024 | 102. 1821 [58.85 | 3.671 0. 4867
B-13 M56A2, M505E3 (Ball Fixed) | 2,9993 | 102.3513 [50,17 | 3,684 0. 4923
B-15 M5GA2, M505E3 2.9978 | 102.4621 |59, 20 | 3.668 0. 4880
B-16 M56A2, M505E3 (Ball Fixed) | 3.0053 | 102.3822 [38.94 | 3. 705 [ 0.4873
B-17 | M56A2, M505E3 3.0032 | 102.4956 |59.15 | 3.674 0.4890 |
B-18 3.0082 | 102.4064 [58.91 | 3.695 0. 4875 J
B-19 3,0054 | 102.0966 |59, 13 | 3.663 0.4917
B-20 3.0002 102.2864 [58.98 | 3.670 0. 4890
B-21 2.9920 | 102,3678 (59, 14 | 3.0664 0. 4904
B-22 3.0028 | 102.2375 |58.93 | 3.674 0. 4877
B-23 3.0015 | 102.5079 |59, 18 | 3. 676 0. 4908
B-24 3.0024 |102.1538 |59.19 | 3.664 0, 4935
B-25 3.0011 |102.5551 |[59.02 | 3. 706 0, 4928
B-26 2.9991 |102, 2230 [59.26 | 3,670 0.4930

*Percentage of model length irom the nose
NOTE: Measured model diameter (d) (for all rounds) = 0, 7836 in. +0.0013.
"A" series designates barrel rifling of one turn in 30 calibers.

"B'" series designates barrel rifling of one turn in 40 calibers.
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TABLE II
AERODYNAMIC PROPERTIES OF THE 20-MM SHELL

[ | e = T = " Ghell Diapersion === T 3 =—r = =1 P b
Shot | s Par 2 Simuluted | Distance [Tlorizonth] | vertical G; Sy, €m i1l y 4, L vy, a, Ry, Ka. . 3
vimber | ¥ [Fex10°8) Tl ¥ | fmax | Astude. e | Traveled, [Foaition, » Postitan,eof 2 = o Mpo | gogite M aegind el ) Baatl ks b f
1.t ta, in, f- =.u=
Be1 4,20 | 8,7% 0 [T .27 -3.64  mLdu ]
f B-2 17 | 8,7 13 3. 48 2,35 | 0,308 |
" B8 W13 | 672 [EH) 5. 81 2,70 | 0,304 |
3,43 | 6,43 03 1.87 -0, 38 0,317 | j
] 3.87 | 6,40 503 15,00 L84 | 0340 | =1 W ‘4
A48 | 383 | 6.3 Bas s.46 | 111 | 0,310
I =y L
A-15> 3. K A, 34 443 5 12 . 54 0, 454
| } _— -
A-17 | 3.82 | &30 523 -B. 45 10, 94 0. 38§ 1 !
a-18 [ ant | W29 L.TE) 942 3,30 B, 455 'L
st | 373 | 2 331 | e1am 3,60 | 0432 I .
L Bl T el = an e
B2l 2.7 | o.14 933 1. 61 -5.17 | o.32 | r ]
a-22 | 3.65 | 565 243 -3.52 1.9s | 0.3m0 | £
i.. —& — .
A6 ata | s 023 [ 162 11,14 0.365 0,360 [1.812 | -3, 84| -0, 201 2,017 | 23,81 | -0. 000451 [=0, 00180 .31 | 2.2 | 13 | 30
| 4 8 o ol s 4 L
L A-l 348 | a2 543 13.18 354 | 0.369  0.300 |1LHI> | -2.58 | -0.401 | 2.0m1 | 22,07 | 0,0003K3 |-0. 40174 148 | 2.4t 12 | 330
A-53; | 3.ur | 5.0B 7aTh | 5.8 | 4.0 L 043 5,10 #.16 | D.3sn [0 8R3  [1, 874 | -A,R4 | O.0602 | 2,132 | 2308 | -D.001B0 |-D.00L30 1.86 [ 2,09 | 13 | 280
a = o —t Kk e
A-diy | 2.5 | .88 732.5 | 3.3 U353 [ 0.36¢ 1818 | -6.17] -0.01m4 | L.008 | 13.83 | 0.00190 |-0.00138 1. 6o 1% 13 | zan
e 2 S M TCESE NS = |
A3 305 | 500 735.1 3% r (1] -0, 63 0.34 0,362 | |
- el UM 3 Al = gy
A-dw 3,05 . 98 TR0 39 Hey -2, 66 -8 u, 38s | i [
——— s . - r__'k - ! .
A-34 2w | 410 73 fu.e |4 | 3 -5.39 10,72 | 0,304 [ 0,260 |1,828 | -e.53 | 0.0101| L9061 |#4_33 | -0.00134 [-0. 0021e L% | 1Lm 13 | 260
B .. e - - - 2 2| -
A-23; | 281 | 48 5.2 12,0 | 3. 843 0.1 -2.87 0,428 [0,420 [1.93% | 1,46 | -0.445 | 2,246 | 23,80 | 0©.000534 |-0,00133 1.9 [ 323 |12 [ 240
MRS ] e _—
A.233 | 2.38 3.3 ) 0,432 |u,42a  (2.332 | -2, 00 2.4 21,24 0, 000751 | .0, 60238 1.30 2.17 13 | 260
L =i b —
A-2a3y o Loany U, 432 | 0. 130 2, BOR 2,00 2,048 | 38,76 | -0, DNIKTHA | -1, nimT T4 1,08 1,00 1a | 260
B-26 1.80—[ L0 136.9 | 1.3 | L6 743 -3 -6.41 0.613 | 0,508 W | -7,38 b 4T3 (1505 | 0,00091 [-0.00844 1.80 | 131 12 | 298
}__ e~ — — R A 1 e o 1oy
D-25; | 1,28 | 2,13 7.2 lis.0 5.1 f03 0,16 -8, DY 0,872 | 0. 568 A7 4.717 14.1% | 0,00344 | 0, 000885 | L, N 141 14 | 260
e ' - Ty SHETS =z
B-732 | L34 w3 7312 [18,7 058 |D.377 2,570 4.369 13,35 -0.000770 [-0,00280 | h.4> | 3,03 | 1) | 220
sl LY = . ! - S L L
| B a8 | 518 3175 [ 49 | 80 10,000 | 923 1.7 2.30 0. 289 +0.00m7| 1.940 | 18.45 | -D.000846 |-0.000893 | 1.48 | 1.73 19 | 2m0
-1 T AT SR ENR T 344 1,57 182 n. a1 T -7.18| ~0.0203| 1,930 | 16,50} -0.000845 |-0,d0184 L4 vem | 17 | a0a
R-10 | 4,20 | 1.82 s0a.m | 21 | #&a 3. uD 2,13 | 0,304 . \ | I
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TABLE Il (Continued)

S = e == I — Snell Disperston T T f T = T T j
Rl (RN L Pa N Shmulaled | Diwlunes klul izotal | Vertieal cy, Cny, | O, s Cat *, .. e | ok K2, g L.
- mm Hg mAx | Alistede, 1t | Traveled, Poaition, = Pooillonss| v bt || s (] a5 sl &3 N | P
! n i tn In.
— —— e — - —_— . — = -
¥-8 28 | 4.8 5004 j e 10, 600 7T 211 | Mot o301 | 1 T |
A=18 | E.m 21 4w, 0 V.0 | rod |03 N 1
“A31 | R#T | 138 060 0.8 e oo E 1 g il !
Az | L% | Moo | s207 | | 8.7 —-ras  Jodas | = |
| S i + r_ —— e | =
A-1 n2z | 402 ML 6 | |
Beb i4e am 1402 : 1 | I =
———— —_— - 4 - S—
B-11 | 4,38 | 3,39 35,5 [ | ‘ i
L — = el — 3 .l i
112 =8 437 | L0 ura 2.2 | ab .85 | 0.302 | 0,200 |1 8,93 | 0,132 | 1160 | 4784 | -0.000708| -0 00143 | 1,33 | 1.en | 28 | ouo
I = AL B —_— — ! — .
| B2 4.08 1,15 L E 1L @, 60 | o110 | ! ! |
L T = - : = B
2 3 o 1 . - —
I A-lmy | .02 214 | 3481 I_n_n 7.4 i _ll.‘u_ | 0.3 1LE | 1,67 u.nlul . 07480 | 31,42 . Q00743 i 0. a0d14 3,03 .4 | 13 0
D acieg 2w | 38 | e 260 | 0,248 G| Chsa| o6 moooms [ WM 000124 | nwowes | 1,80 | 4.3 | 1y | 00
s - . - - —
a-be |3 p: | o 1418 12.5 861 -4, 67 | d.87 10,429 | ] I I
[ e’ B s —] S o gl — o - ! e d
A4l | a.68 | 19w B4, {60 | 2.8 563 2,38 | -0.3s 0,335 | 0. 11,665 | -6 00 o oweo | Ad3T | 23,98 [.0 000783 | -0, to0dse 1200 | 3 18 er | oaee |
—_— —_— —_— ——— —_ - —4 a— 4 —
A-42 | 118 | 2% 142, 5 L8 a4 2582 =0, 11 [ | I |
I —a= ETRERT e 2.8 sy 1. 2a 3,08 i ! — ; i
A2 3.2 T .4 239 | L0 75 4. 20 1,02 . | = e ]
l TN EXDI TR = | ! 5 AN LBy |0 ad | 35,91 1-o.0000mi4 0.0000%2 1.1 aee | 13 |0
| A-26 | B.24 | 3,42 | $35.4 (135 | .0 s .00 1169 348 | =T.H2 | 0,194 [ 0.7868 | 21.0F :-0.000856 | -u o0n@IN (2,57 | 2.¥0 | 14 | tan |
i B=12 I 4. 4R 2,27 | e, 4 | 1T 2.4 LR wil 2. 04 0,391 | 0,200 |). 732 =4, 79 | -1, 484 ! 0. 1oRE | 17,43 0. 000234 | -0, BBOw1s (0, 86 1,12 n [ 100
. o ! et B e et P b S LR e T . .
[ BT | was | o228 26.2 149 | 0.1 943 3.1 4. 40 0,315 | 030z |1, 680 5,267 0158 [wis3 | 13123 |o.uvemfa | o.omier (2.0 | 2e | 13 | 3m0
| : Bk an B £ AL Nt 2
l BTy 443 | 333 226 2 20,1 - 0,121 | 0.0 |1 Me %56 -0, in2 | 0.0992 | 13,42 | n.aonsen | o, 000075 |1.68 | 408 | a3 | zev
Y SRl | — - - M —— - —i —,— —_— &
[ A-20 | 392 LB |0 | 8.0 L1 T Slu 4w | 0,930 1 | | il
- ) 15 i I L I |
A-26 |39l | L8 | 230 [ 2% 003 0,328 1 !
. et = T e o — -y a s =
] A-40 (T 1 219. ¢ | 4.8 auy in.ns i
il Lot e e | Bt et /N VS —— |
’ A"jl | .88 | 1.4 232. 7 g .6 2.4 S0y =3, 00 o, 166 | 0. 301 <439 b auey 0, 5181 203,54 =&, QOU2N0 00800425 |1,29 1.04 13 280
: ! - = e L ! B it
A-432 3, 80 1.0 22T 1. Jdu 0,318 -4 3% | 0,6Th o, ;5% 23, i -0, (29 -0. 000130 |1, 22 q, 89 12 0
" = | e— 1= — e — - 118 + - L= 2 s
! A3 | 3,18 LW | 1z7 ] in i} i = 0324 | 0 322 2,16 -0.348 06341 | 24.02 -0.0002W4 | -0.00114 0. 98 |u.Bs | 13 1Ho
A-s |3 [ ez [0 1 o z9s | 300 [o.us | TN ‘7.2 | 0.094s (o 5mvs | 23,80 -m0aM22 | -0.usersl [o.87 | 0.6 | 31 | weo
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TABLE Il (Continued)

; | D P —r. ] 7R S TEA i Sl

Nampaz| M |Rexw-0 Imrz-l.lg | émnx ;“:?:Z:dn #:::?:: piiifféﬁ“i'@gﬂ_ﬁifo b el g . Mo J:TEFA de:fi: il & u':é' .::f, ® ol

,

3 A-Z?l 2, 58 1.20 1:22.5 2. M, B 30,000 043 4.02 o, 492 n.“l 1,843 4,10 ‘ =0, 0841 D.Mﬁ-z 21k 4].“"0152_ 0,00102 |2.44 3,37 | 13 2064
AZTy | 2.4 | 127 l7ee.5 |30.4 E . [ 0.435 [0.423 | 1.817 | 5.56 | 0.140 | 0.5018  24.1% |-0.000287 | 0.0013% 2035 | 4.00 | 11| a0
17y | 248 | 1 222.5 | 420 0.4711 | 0.432 | 201 | B4z | -.805 | 0.84R8 | 24.51 | u.oonesn | o.ovo0os |1.47 | B.6¢ | 12| 240 |
D-15 | 452 | 145 143.1 1.7 40,000 | aas .89 R u, 281 i == I

A2 | aws | 125 140, 6 2.3 aed 0.88 | -0.38 o.:ij = I
A4 | 3.03 | 126 42,2 | 13.1 | 5.2 769 16.33 b,4h | 0.3%0 ' 0.810 | 1.5 [2.06 | 0,981 | w3344 | 29.87 | o.0o0i00 o oansle 2.8 | 2.97 | 23| 620
a-l0 | 8.35 | L.04 136.1 Ly | 023 2.88 s.e0 | 0,34
A-26; | 2.85 | o.m28 | 136.3 |20.8 | B.6 ) 7,22 6.72 | 0.411 | 0.380 | 1.B30 | 6.8 | -0.311 | 0.3961 | 33,A4 | 0,000120 |9 000786 |2.63 | 330 | 13 | 360
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