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I. INTRODUCTION

The 155mm XM825 projectile carries a single canister that is loaded with
white phosphorous (WP) and felt wedges. Unstable flight behavior was observed
for high quadrant elevations and high muzzle velocities when the W was in a
liquid statel. A test program was conducted at Yuma Proving Ground (YPG) on 3
November 1981 to determine the maximum allowable quadrant elevation for the
M119 and PXR6297 charges. Two six round groups were fired, and all
projectiles were instrumented with fuze configured yawsondes2. A solid
projectile was fired within each group. Al1l other XM825 shell were condi-
tioned to 63 deg C so that the WP would be in a liquid state. Two launch
conditions were selected: M119/1240 mils and PXR6297/950 mils. PXR6297 is
the proof charge for the M203 charge, while no official proof charge exists
for the M119 charge. All rounds were stable. A very small amount of fast mode
precession was produced past apogee, but that motion decayed. MNo other
unusual or unwanted behavior was noted in the yawsonde data.

IT. BACKGROUND

The XM825 projectile had almost completed DTII, when poor flight behavior
was observed for high quadrant elevation and high muzzle velocity condi-
tions. Previous aeroballistic testing had not been conducted under these
extreme conditions3**. A large yawsonde program was conducted at YPG with
yawsonde-instrumented shell to verify that the flight instabilities were
associated only with rounds where the WP was in a liquid state and to provide
detailed information as to the yaw and spin behavior under a wide variety of
launch conditions. Poor flight behavior with large yaw and rapid despin
occurred for the following conditions: PXR6297/1180 mils, PXR6297/1100 mils,
M203/1180 mils, and M203/1050 mils. Stable performance was observed for
M119/1180 mils. Unstable behavior was not found on any of the solid XM825
shell. Unstable behavior was precipitated shortly after apogee and was always
associated with the fast precessional mode. Payload/projectile interactions
that produce poor projectile performance normally destablize the fast preces-
sional mode of the yawing motion. The exact nature of the mechanism for the
unstable flights is unknown, however.

1. W« P. D'Amico and V. Oskay, '"Aeroballistic Testing of the XM825 Progjec-
tile: Phase III. High Muzzle Velocity and High Quadrant EZevatton" BRI,
Memorandum Report ARBRL-MR-03196, September 1982.

2. W. H. Mermagen and W. H. Clay, "The Design of a Second Generation Yaw-
sonde, BRL Memorandum Report 2368, April 1974. AD No. 780064.

3. W. P. D'Amico and V. Oskay, "Aeroballistic Testing of the XM825 Projec-
tile: Phase II," BRL Memorandum Report ARBRL-MR-03073, January 1981. AD
No. A098036.

4. W. P. D'Amico, Jr., "Aeroballistic Testing of the XM825 Projectile: Phase
1" BRL Memorandum Report ARBRL-MR-02911, March 1979. AD No. B037680L.



In order to complete the safety requirements for DTII, the 1imits for
stable performance must be established. For the M203 charge, the proof charge
PXR6297 would be utilized. Previous yawsonde tests for M203/1050 mils showed
persistent, small amplitude fast precessional motion. However, at these
conditions only one out of six XM825 shell were unstable. Based upon these
data, stable performance should exist for PXR6297/950 mils. Although no
unusual behavior was observed for M119/1180 mils, further testing at the
maximum allowable quadrant elevation was required. Modified-point mass tra-
jectories were computed with an 80% standard atmosphere (no winds) for the
XM825. Effects of the WP/felt wedge payload when the WP is 1iquid can not be
modeled, so the payload was assumed to be solid. For these conditions, the
maximum allowable quadrant elevation at which proper flight performance was
predicted for the M119 charge was 1260 mils. An additional 20 mil decrement
in quadrant elevation was absorbed as a small safety margin, and a launch
condition of M119/1240 mils was selected.

ITI. TEST MATRIX AND INSTRUMENTATION

Two launch conditions were tested: PXR6297/950 mils and M119/1240
mils. A1l projectiles were instrumented with yawsondes, and a round-by-round
history is provided in Table I. Only eleven XM825 shell were available for
the test at YPG, hence, an M483A1 (YPG267, BRL1699) was used to establish
baseline data for the PXR6297/950 mils rounds. A solid XM825 (YPG259,
BRL1579) provided baseline data for the M119/1240 mils rounds.

Standard range instrumentation was provided by YPG to include a telemetry
receiving van and a time-position radar, the DIR. The DIR was located down
range. The DIR tracked the M119/1240 mils group, but was unable to track the
PXR6297/950 mils group. The MPS-25 radar which had been used on previous
XM825 tests was under extensive repairs.

The data obtained by the yawsonde package is in the form of the comple-
mentary solar aspect angle (Sigma N) and the spin. Sigma N is the complement
of the solar aspect angle, the angle between a vector drawn to the sun and the
spin axis of the projectile. Local excursions in Sigma N represent the yawing
motion of the projectile about the trajectory. Spin data are in the form of
the time-derivative of the Eulerian roll angle (Phi) of the projectile. As
long as the spin rate of the shell is substantially faster than the yawing
frequencies and the angular motion is small, then Phi Dot is a good measure of
spin. Oscillations will be present on the Phi Dot histories, but these oscil-
lations are an artifact of the yawsonde measurement system and are produced by
the yaw. The raw yawsonde transmissions were often contaminated by noise.
This noise was processed out of the data and results in an intermittent loss
of data. The source of this noise is probably the radiation pattern of the
transmitting antenna of the yawsonde and cannot be avoided unless a new
antenna is utilized. The high spin rates and long times of flight yielded
large data arrays. High speed/low resolution plotters were utilized to obtain
plots of the data for the entire trajectory. Typically spin plots will
contain small ripples, but these are due to the resolution of the graphics
system and are not caused by noise within the data. An error in the firing
count down for YPG262 caused the gun time zero pulse to be lost. Hence, the
zero time for this round may be slightly in error.

8



Y/N
v/N
Y/N
v/N
v/N
Y/N
9°0L
9°0L
Y/N
9°01
9°0lL
9°0lL
T (wy)
*mmmoa<

¥

*) bap Tz 03 pouOLILpUOd d43aM PL[OS/GZBWX

Y/N
V/N
Y/N
v/N
V/N
v/N
¢el
¢el
V/N
¢ el
¢'cl
TAA
N

**omcmm

0S6
0S6
0S6
056
0S6
0S6
ovel
ovel
ovel
ovelt
ovel
ovel

(s L)
30

£°6v8
L°8Y8
8°0S8
€°0S8
¥°0S8
G 1v8
6°€L9
L°SL9
UANAAS)
17649
VARTA
¢ vL9

pLNbLT/GZ8WX
pLNbL7/G28WX
PLNbLT/GZ8WX
pLNbLT/GZ8WYX
PLNbL7/GZ8WX
TVESHN

PLNbLT/GZ8WX
PLNbLT/G2Z8WX
pLnbL7/528WX
PLNbLT/GZ8WX
PLNbLT/GZ8WX

PLL0S/GZ8WX

‘deped YIQ 40 paeoq 30id wouy pajeWLIST xx
*) 69p €9 03 pPAUOLILPUOD BJBM PLNLLT/GZBWX «x

(s/w)
K1LD0|9\ d|zZzZny

*oaxh 9fL1309loud

1861 42QWBAON € 40 Auewwing punoy-Ag-punoy °| 3iqel

9891
6yl
8vLL
9vLl
0S/1
6691
vLLL
ATAN
[A7Al
LSL1
JAZA
6461

Jaquny

48

¢le
LLe
0L¢
69¢
89¢
£9¢
¥9¢
£9¢
¢9¢
19¢
09¢
65¢

Jaaquny

9dA



IV. TEST RESULTS

A. Preliminary Discussion

Spin-stabilized projectiles when launched at high quadrant elevations can
experience large angular motions near apogee. Murph¥ has considered the
angular motion of a projectile under such conditions®. For high quadrant
elevation launches, the nose of the projectile will not follow the trajectory
curvature past apogee. During the down leg, the projectile will recover from
this condition and may experience large amplitude motions. Normally these
angular motions are at the slow precessional frequency. This type of behavior
will be expected and is not abnormal. Angular motions at the fast
precessional frequency are dangerous and are probably caused by the liquid WP
payload. The fast precessional frequency may be as high as 20Hz, while the
slow precessional is typically less than 1Hz.

B. M119/1240 mils

Figures la and 1b show the yaw and spin behavior of the solid XM825
projectile, YP259. No unusual behavior was observed. Large amplitude motion
at the slow precessional frequency occurred subsequent to 60s. This motion
was produced by the summital maneuver. A small amplitude, fast precessional
component was also observed during this time frame. The yawing motion prior
to 15s (a loss in data occurred immediately after this time) also produced a
fast precessional mode response. This type of dual-mode or epicyclic motion
is common for the M483A1 family at transonic and subsonic Mach numbers.
Trajectory analyses indicated subsonic Mach numbers from 15-75s. Figure 1lc is
an expanded plot of the data between 60-80s, and it indicates that the ampli-
tude of the fast precessional mode ki is less than 0.25 deg.

YPG260 was a liquid XM825 and the yawsonde data are shown in Figures 2a
and 2b. The character of the yawing motion was similar to the solid round,
except a slightly larger amplitude for ki occurred (k; = 0.5 deg as seen in

Figure 2c). However, the ki mode did damp as shown in Figure 2d. Figures 3a

and 3b show the yawsonde data for YPG261. These data are similar to the
previous round. Slightly larger kqy amplitudes were experienced during the 60s

time frame (see Figure 3c), but again the ki mode damped. Figure 3d shows an

expansion of the yaw data to expose the details of the motion. The frequency
of kq is 17Hz between 60-61s. The yawsonde data for YPG262 are shown in

Figures 4a and 4b. Again the data are similar to the previously fired 1iquid
XM825 projectiles. A maximum value of k1 = 1 deg occurred at approximately

72.5s (see Figure 4c). An expanded plot showing the details of the k1 motion

is provided Figure 4d. Figures 5a and 5b show the yawsonde data for YPG263.
The data are again of similar character as the previous shell. A maximum
value for kq of 1 deg occurred during the 60-88s time frame, but the motion

5. Charles H. Murphy, "Gravity-Induced Angular Motion of a Spinning Missile:'
Journal of Spacecraft and Rockets, Vol. 8, August 1971, pp. 824-828.
(Also BRL Report 1546 dated July 1971. AD No. 730641.)
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was damped (see Figures 5c and 5d). Data from the last round of this group,
YPG264, are shown in Figures 6a and 6b. The data are consistent with the
other rounds within this group. Expanded plots within Figures 6c and 6d show
a maximum kq of less than 1 deg and indicate that the motion was damped.

C. PXR6297/950 mils

The first round in this group of shell was an M483A1 (YPG267, BRL1699).
Figures 7a and 7b show the yawsonde data. No unusual behavior was noted and
the lower quadrant elevation did not produce a large amplitude, slow preces-
sional response as in the previous group of shell. A launch yaw of approxi-
mately 3 deg (Figure 7c) was observed, but the yaw quickly damped. Beyond
60s, the epicyclic motion characteristic of the M483A1 family of shell occur-
red. The ky amplitude during this portion of the trajectory was less than

0.25 deg (Figure 7d).

The first XM825 test round in this group was YPG268 (BRL1750). The
yawsonde data are shown in Figures 8a and 8b. A small level of fast mode
precession was present along most of the trajectory. The ki amplitude was

approximately 0.5 deg (Figures 8c and 8d). The ky motion did damp during the

final phases of the flight, however. YPG269 (BRL1746) was the next test
round. Yawsonde data are shown in Figures 9a and 9b. As before a small
amount of fast mode precession was present, but this amplitude was decreased
prior to 60s into the flight. During the 60-80s time frame, the fast
precessional mode was less than 0.25 deg (Figures 9c and 9d). The next test
round (YPG270, BRL1748) had a very noisy data transmission (Figures 10a and
10b). YPG271 (BRL1749) was similar in nature to the previous test rounds
(Figures 1la and 11b). A maximum amplitude for kq occurred approximately 60s

down range (kq= 1 deg as shown in Figures 1llc and 11d). The last test round

in this series was YPG272 (BRL1682), and the data are shown in Figures 12a and
12b. The ky amplitude at launch was approximately 1 deg and was less than 0.5

deg at 80s (Figures 12c and 12d).

V. CONCLUSIONS

Two launch conditions were tested for the XM825 when the WP was in a
liquid state: PXR6297/950 mils and M119/1240 mils. Baseline data were also
obtained at these conditions for solid shell. Liquid XM825 shell at both
launch conditions produced very small amplitude fast precessional motion, but
these motions always damped and no adverse effects occurred. The conditions
that were tested represent the maximum allowable quadrant elevations for the
XM825 projectile when the WP is in a liquid state. For the M119 charge, the
maximum quadrant elevation for the M483A1 is 1320 mils for standard atmospher-
ic conditions. Recall that the 1240 mils condition was for an 80% standard
atmosphere. An 80 mil reduction (less than 5 deg) in the operational capa-
bility of the projectile/weapon system should not be serious. For the M203
charge, however, a reduction in quadrant elevation to 950 mils is required.
For this charge, the M483Al1 has a maximum quadrant elevation of 1260 mils.

11
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