ADATO B TECHNICAL

LIBRARY

AD A- /30 (/< |

MEMORANDUM REPORT ARBRL-MR-03286
(Supersedes IMR No. 764)

YAWSONDE TESTING OF CONCEPTS FOR THE

155MM INTERMED IFATE VOLATILITY
AGENT PROJECTILE

William P. D'Amico, Jr.
Rao J. Yalamanchili

June 1983

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND

BALLISTIC RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND

Approved for public release; distribution unlimited.



Destroy this report when it is no longer needed.
Do not return it to the originator.

Additional copies of this report may be obtained
from the National Technical Information Service,

U. S. Department of Commerce, Springfield, Virginia
22161.

The findings in this report are not to be construed as
an official Department of the Army position, unless
so designated by other authorized documents.

m N , G
The use of trac_le names or maufacturers' names in this report
doea not comatitute indorsemert of any commercial product.



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE L0 s
1. REPORYT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER
MEMORANDUM REPORT ARBRL-MR-03286
4. TITLE (and Subtttie) 5. TYPE OF REPORT & PERIOD COVERED
YAWSONDE TESTING OF CONCEPTS FOR THE 155MM Final

INTERMEDIATE VOLATILITY AGENT PROJECTILE

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACY OR GRANT NUMBER(e)

William P. D'Amico, Jr.
Rao J. Yalamanchili

U Ry Bal TS TI Resaaven Lataratory RS R E

ATTN: DRDAR-BLL

Aberdeen Proving Ground, Maryland 21005 RDT&E 1L162618AH80
CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Us R¥My° Avmament Research & Bevelopment Command June 1983

US Army Ballistic Research Laboratory (DRDAR-BLA-S)
Aberdeen Proving Ground, Maryland 21005 i ke

14, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 1S. SECURITY CLASS. (of thte report)

Unclassified

1Sa. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different {rom Report)

18. SUPPLEMENTARY NOTES

This report supersedes IMR 764, dated January 1983.

19. KEY WORDS (Continue on reverae slde if neceasary and identify by block number)

Binary Projectile
Flight Stability
Yawsonde

20, ABSTRACT (Tonotinue e reverss side if neceaocary end identtfy by block number) ( bj a )

Three projectile concepts for the 155mm intermediate volatility agent (IVA)
system were tested at Dugway Proving Ground, UT, on 2 December 1981. Two
launch conditions were fired: Charge M4A2 Zone 4/533 mils and PXR6297/1100 mils.
A1l rounds were yawsonde-instrumented. Yawsonde data did not show any abnormal
behavior and all rounds were stable.

FORM

taan 73 1473  EDITION OF 1 HOV 65 1S OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (Whent Data Entorod)




IT.

I}

IV.

TABLE OF CONTENTS

Page

L:ST OF FIGURES."""'o""""'to"'t"o"tt"'ttt."""""'tt"

INTRODUCTION.'t"o""""""""o't""ooo'o".""'."o'o"o'o"'

BACKGROUND...'.""t""'.'to"'o"."""t""t"o"'."""'."'o'

TEST PROGRAM.vceceees

Hardware.eeoees

B. Test Siteeeesse

C. Characteristics of Yawsonde Data for the Test ConditionS..eecece.
D. PXR6297/QE=1100 Mi]s Data'.."""'.."."".""'."""""'..
E. CHG4w/QE=533 Mi]s Yaw Induced' 'EERENREENENENENIE NN E IR B N EECE R B I BN I B ] L I )

CONCLUSIONS' o000 000

REFERENCES.cececese

DISTRIBUTION LIST...

5
7
7
10

10
12
12
13
13

15
41
43



10a.
10b.
11a.
11b.
12a.
12b.
13a.
13b.

LIST OF FIGURES

Cutaway View of a Prototype M687 Projectileeeeececeeeessonasones

Cutaway View of 155mm Concept A.e.vveennn..
Cutaway View of 155mm Concept C.vevevennn..
Cutaway View of 155mm Concept D....vveee...

Sigma N versus Time for Round ASe..eeeen..

Spin VerSUS Time for Round ASOOOOOQOOOOooooooooooooooooooo LRCIC Y

Sigma N VerSUS Time for Round A60ooooooooooooooo.ooooooooooooooo

Spin versus Time for Round ABeceeeceeeenens

Expanded Sigma N History (80-100 Sec) for Round AB.ueeeeessns -

Expanded Sigma N History (80-82 Sec) for Round A6.eeees..

Sigma N versus Time for Round C6ueeeeevesss

Spin versus Time fOr ROUNd CBeeeeveeeerecnosoocnooscnsens

Expanded Sigma N History (90-110 Sec) for Round CB.veeeeeeeenne.

Sigma N versus Time for Round D4..... o] 5 ST SR HIEYeTs. s .8

Spin versus Time for Round D4..... S % Y5

Sigma N versus Time for Round Aleeeeeeeeecesooseossccsnss

Spin versus Time for RouNd Al..ueeeeeeeecoccoeocosssnnonss

Sigma N versus Time for Round A2..........

Spin versus Time for Round A2..ceeeeeeceoss
SigmanerSuS Time for Round C].............................

Spin versus Time for Round Cleeeeesesesess 250 oo o ool R

Sigma N versus Time for Round Dlecececsese

Spin versus Time for Round Dl......... sxkdemo b oxe

Sigma N versus Time for Round D2...cceveeens

Spin versus Time for Round D2........ S B B

5

oo o000

Page
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40



[. INTRGDUCTION

Three 155mm intermediate volatility agent (IVA) canister configurations
were flight tested on 2 December 1981 at Dugway Proving Ground (DPG), Utah.
Two launch conditions were selected: Charge M4A2 Zone 4/quadrant elevation
533 mils and proof charge PXR6297/quadrant elevation 1100 mils. An M109Al
with a yaw inducer was used for the Zone 4 rounds, while an M198 with a
standard muzzle brake was used for the PXR6297 rounds. All of the rounds
tested were stable, and no single configuration displayed flight charac-
teristics that were superior to the other configurations. During this test,
small sample sizes were used and were intended to identify the presence of
gross flight instabilities. Further aeroballistic testing will be required
when a final selection of the agent system is made. Only low viscosity liquid
simulants (Ethanol/Freon 113) were utilized for the present test. The use of
higher viscosity simulants could dramatically change the flight performance of
any of the configurations that were tested.

[T. BACKGROUND

Preliminary field testing of 155mm IVA configurations was conducted at
DPG between 1972-1976.12253>455:657  These tests did not address the flight

1. George Travers and C. C. Sterns, "Feasibility Test of Projectile, 155mm,
Binary, IVA Test Plan, " Deseret Test Center, DTC-TP-73-307, Fort Douglas,
Utah, December 1972.

2. C. C. Sterns and CPT J. Martin, "Advanced Development Test (Cloud Char-
acteristics) for Projectile, 155mm, Binary, IVA Data Report," Dugway
Proving Ground, DPG-DR-74-305, Dugway, Utah, February 1974.

3. George Travers and C. C. Sterns, "Research Test (Cloud Characteristics) of
Projectile, 155mm, Binary, IVA Test Plan, " Dugway Proving Ground, DPG-TP-
74-315, Dugway, Utah, April 1974.

4. C. C. Sterns and CPT J. Martin, "Research Test of Projectile, 155mm,
Binary, IVA Data Report," Dugway Proving Ground, DPG-DR-74-314, Dugway,
Utah, May 1974.

5. C. C. Sterns and CPT J. Martin, "Research Test (Cloud Characteristics) of

Projectile, 1556mm, Binary, IVA Data Report, " Dugway Proving Ground, DPG-
DR-74-315, Dugway, Utah, July 1974.

6. Wilbert T. Taylor and William C. McIntyre, "Research Test of Projectile,
155mm, Binary, IVA (Chemical Dissemination of Simulant) Test Plan, " Dugway
Proving Ground, DPG-TP-D1124, Dugway, Utah, May 1975.

7. J« R. Deal and CPT S. A. Oaks, "Research Test of Projectile, 155rm,
Binary, IVA Data Report, " Dugway Proving Ground, DPG-DR-76-312, Dugway,
Utah, June 1976.



stability of the projectile system. Reference 2 documented unstable flights,
but details of the canister configurations were omitted. A partial descrip-
tion of the hardware is extracted from pages 1-5 of Reference 2. "The
projectiles were assembled with dual canisters and expelling charges. Eight
of the short canisters (the forward canisters) were thin wall in design with
plastic liners. Eight of the short canisters were thick wall design without
plastic 1iners. The 16 long canisters (the rear canisters) were of thick wall
design. The projectiles were equipped with mechanical time fuzes (mostly M577
fuzes)." Dramatic flight instabilites occurred for most of the "thick wall
short canister" projectiles when fired with charge M4A2 Zone 7 at 500 mils
quadrant elevation (QE). A second firing was made using M3Al Zone 4 at 1100
mils for the two same designs. Results indicated that the "thick walled"
shell were stable, while "radar data indicated a slight instability" for two
of the "thin walled" shells. The short canisters were filled with N-Propyl-
Bromide¥ while the long canisters were filled with N-Butyl-Acetate* Details
such as the internal dimensions of the canisters were not provided in the test
report and could not be traced.

During these early test programs,!”7 a dudding problem with the M577 fuze
was postulated. In response to this concern, a yawsonde/vibration package was
built and tested, but no anamolous flight behavior was observed® The
canister design was probably the "thin wall" type, but new simulants were used.
(See Reference 8 for details.)

Hardware designs for the IVA concept have usually involved canisters with
unequal internal diameters as opposed to the 155mm M687 GB system where the
canisters have equal internal diameters (Fig. 1). Since stability analyses
for liquid-filled shell are normally restricted to cylinders of a single
diameter, gyroscope models were tested to investigate the effects of unequal
internal diameters.® The canister geometry for the M687 was selected by using
the inviscid Stewartson theoryl0 and applying the viscous corrections of
Wedemeyer.ll These analyses indicate that the liquid moment can become large
(and destabilize the projectile) if the fast precessional frequency of the
yawing motion is dangerously close to certain of the natural frequencies
(eigenfrequencies) of oscillation of the liquid. If the liquid is spinning as
a rigid body, the natural frequencies depend principally upon the aspect ratio

Properties of the chemical species are noted for historical reasons only.

8. W. P. D'Amico, "An Investigation of the Flight Vibration Environment of
the 155mm M687-IVA Projectile, " BRL Memorandum Report No. 2755, June
1977 (AD B019792L).

9. W. P. D'dmico, Jr., and M. D. Fuller, "Experimental Study of a Liquid-Filled

Cylinder with Unequal Internal Diameters, " ARBRL-MR-03070, January
1981 (AD A096800).

10. K. Stewartson, "The Stability of a Spimning Top Containing Liquid, "
Journal of Fluid Mechanics, Vol. 5, 1959, pp. 557-592.

11. FE. H. Wedemeyer, "Viscous Corrections to Stewartson's Stability Cri-
terion, " BRL Report No. 1325, Junme 1966 (AD 489687),



of the cylinder (height/diameter), the fill ratio, and the Reynolds number.
For the case of a cylinder with unequal diameters, an average aspect ratio can

be derived using the total height and the volume. This average aspect ratio
was used with the Stewartson-Wedemeyer theory to design and evaluate the

gyroscope experiments.? The data suggested that the average aspect ratio

concegt could not adequately predict the motion of the gyroscope and should
only be used for rough engineering approximations.

Interest in the IVA unequal internal diameter concept continued, and a
series of yawsonde-instrumented tests were conducted by the BRL at the Tran-

sonic Range Facility, Aberdeen Proving Ground, MD12 A description of the

projectile hardware and a round-by-round summary are provided in Tables 1 and
2, respectively. No flight instabilities were observed.

TABLE 1. PHYSICAL CHARACTERISTICS OF 155MM
155MM IVA SHELL FOR APG TESTS?

Moments of Inertia Canister Dimensions
Mass I, Iy Top Canister Rear Canister

Type (kg) (kgem2) (kg+«m?2) L (em) D (em) L (cm) D (cm) c/a

M687 41.95 0.1617 1.767 19.30 10.74 28.57 10.74 4.457
Model A 45.12 0.1733 1.691 15.85 10.80 34.46 11.11 4.469
Model B  46.17 0.1728 1.841 16.84 10.80 32.95 11.43 4.438

3 Measurements taken with filled canisters.

12. W. P. D'Amico, Jr., and W. H. Clay, "Yawsonde Tests for Prototypes of
the 156mm Intermediate Volatility Agent Projectile,'" ARBRL-MR-03185,
July 1982 (AD A117575)..



TABLE 2. ROUND-BY-ROUND SUMMARY FOR APG TESTS

Muzzle Quadrant

Projectile? BRL  Firing Velocity FMAD Elevation Launch
Number Number  Date (m/s) (degrees) (degrees) Condition®
1958 1626 27 Aug 80 336 .2 9.5 30 Chg 4/YI
187A 1627 27 Aug 80 349.0 9.5 30 Chg 4/YI
1948 1720 27 Aug 80 338.3 9.5 30 Chg 4/Y1
186A 1721 27 Aug 80 337.4 8.5 30 Chg 4/YI
193A 1718 28 Aug 80 334.4 12.5 30 Chg 4/Y1
185A 1713 28 Aug 80 339.5 12 30 Chg 4/Y1
1928 1714 28 Aug 80 336.8 11.5 30 Chg 4/YI
184A 1715 28 Aug 80 340.5 8 30 Chg 4/YI
1898 1624 28 ALg 80 458.4 - 67 Chg 6
181A 1625 28 Aug 80 462.1 - 67 Chg 6
191A 1716 28 Aug 80 460.9 3 17 Chg 6
183A 1697 28 Aug 80 463.3 ——— 17 Chg 6

A-type shell contained canisters with a 0.793 cm (5/16 inch) wall thickness,
while B-type shell had 0.635 cm (1/4 inch) wall canisters,

FMA is defined as the first maximum angle of yaw and is determined as half

of the first peak-to-peak excursion in Sigma N. FMA is taken only as a
measure of the first maximum yaw level.

Yaw induction (YI) with a modified muzzle brake with full (12.7 cm) side
plates.

[TI. TEST PROGRAM

A. Hardware,

A cutaway view of an M687 projectile showing the metal payload canisters
and the plastic liners is shown in Figure 1. Figures 2-4 are sketches of the
three canister concepts that were tested at DPG, while Table 3 gives pertinent
physical characteristics and a comparison with the standard M687 hardware. A
simple design concept was applied to select the hardware dimensions: Adopt
the M687 aspect ratio as a standard. Hence, all configurations had c/a
approximately equal to 4.5. In cases where the front and rear canisters had
unequal internal diameters, the average aspect ratio concept from Reference 9
was used. Concept A is essentially an M687. (Canisters with equal internal
diameters were utilized, as well as the large spacer in the rear of the aft
canister.) An all-steel rear canister was utilized (wall thickness of 0.953 cm

10




*olLjeJd 309dse ay3} o3ndwod 03 pasn SL Sniped abedaAe SLyj

*y3bus| |[|eJ8A0 BY3 pue

3WN|OA 9yl WOJj painduod SL SnLped 9BRJUBAR UR €3SLXd SJ9}BWELP |BUJBIUL JB3ISLURD [enbdun d4dyM SISEI 04

*USZ04} 9q 03 paJsaplLsuod peo|Aed pLnbiL7

53597 9puUOSMRA §dy Byl UL Pasn y PO Se uoLjednbljuod swes ayj 30N

*£103e40qGRT] SWSAS [eoLway) “usukey °W [ WoJa} paulelqo ejeq

0S°¥

06°1

81°0

¢t*0

01" LV

56°8¢
81°L L6701
LL°1 0b°¢
¢et0 v/N
€9°0 £9°0

8€°0
L9701 E¥°11

1€°0S

G2°91 0t°te

0S¥
16°1
81°0

¢t°0
60° LY

56°8¢
Syl 69°01
891 9¢°¢
€9°0 Y/N
€9°0 €9°0
0L°0
€0°01 Eev°11
ST Y

CTANA S

0S¥

28°1

81°0

1£°0

60° Lt

90°6¢
ob°¥ €9°¢el
09°1 §il "¢
€9°0 v/N
0€°0 56°0

S0°0

69°01 08701

vy °8Y
8y vT  9eEE

90°¢
0e°0

69°01 69°01

6L°81 20°8¢

»(4939WeLq [eudaju]

25"t /3ybLeH |euusju]) oLjey 3oadsy
¢(zw-6%) eBLIUBU] JO JuBUOK

28°1 9SJaAsuRd] A|quassy 9|L309foud |e30]
¢ (zw-6%) etjuau] jo

91°0 Juswop letxy A|quessy a|L3d8foud |BIO]
(oseq ay3 woaj w)

$£°0 A1LAeug JO J93Ud) Alqussy o|L3dafoud

80° ¢t (by) ssew Alquassy a|L3o8f0ud |0

(ptnbiL] pue ua3siLued 0/M)

L0°1€ (B%) sjJed |e3sw 8|L309f0dd jO SSey
29°'t  6£°9 (63%) suaysiue) paf|L4 JOo SSEY
18°1 (b%) peo|Aeq pLnbL] jo ssey
£9°0  €9°0 (wd) sud3sLue) OL3ISe|d JO SSBUNOLYL |[BM
0€°0 (wo) sud3siue) 993§ JO SSAUNOLYL [[BM

(wd) Sua@3sLue) JBIY pue pJRMIO4
0 uoomlag AILNULIUODSLQ 4O SSauDLYy]

(wo) uadjoweL(Q J493SLUR) [PUJUBIU]
(wd) yabuds |euddul |[|BUBAQ
(sua@oedS pue SU333Nd O/M)

(wo) syjbus ua3SLue) |eUJBIU]

1e°8Y

U044 aeay
g 3deouo)

UOA ] Jeay
9 3daosuo)

U0J 4 NEERY
zV 3daduo)

U044 Jeay

L8N

1371123004d 99 /890 WWSST 3IHL HLIM S311123008d VAI WWSST 3dAL0LOY¥d 9dd 40 NOSIYVAWOD

e 38wl

11



or 3/8 inch). Concepts C and N are throwbacks to the "thick wall-thin wall"
forward cylinders of Reference 2. The rear canisters of these two designs are
all steel, have the same wall thickness (0.635 cm or 1/4 inch), but have dif-

ferent lengths. The forward canisters of the C and D concepts have plastic
liners. One liner is twice the thickness of the other, thus producing a

larger step between the forward and rear canisters. Since Reference 2 did

not provide a complete description of all canister dimensions, it is not clear
how the C and D configurations are related to the hardware of Reference 2.

The Models A and B of Reference 12 (Tables 1 and 2) are not similar to the C
and D concepts.

B, Test Site.

The German Village test range at DPG was utilized for this test. The
M109A1 and M198 weapons were located side by side on the test pad to minimize
the time required to relocate velocimeters and to reposition telemetry receiv-
ing antennas. DPG operated a modified Hawk radar. Only the Chg 4/W flights
were successfully tracked over the entire flight path by the Hawk. The PXR
6297 flights have ranges beyond the maximum range capability of the Hawk.
Radar data were not processed for this report. DPG personnel also set up and
operated a ground receiving station for the yawsonde data. This station was
located approximately 200m to the rear and 60m to the south of the weapons.

A time-zero pulse from the gun was recorded, as well as a range IRIG-B time
signal.

C. Characteristics of Yawsonde Data for the Test Conditions.

The data obtained by a yawsonde device are in the form of the complemen-
tary solar aspect angle (Sigma N) and the spin. Sigma N is the complement of

the solar aspect angle, which is the angle between a vector drawn to the sun

and the spin axis of the projectile. Local excursions in Sigma N are a meas-
ure of the yaw about the trajectory. Spin data are in the form of the time

derivative of the Eulerian roll angle (&) of the shell. $ is a good approxi-
mation to the spin when the angular motion is small. However, oscillations

are present in $ histories, and the mean of these oscillations is considered

to be the spin. Hence, the ¢ data are simply labeled as spin. At various
times during the downrange flight, the yaw data transmission may be poor due
to nulls in the radiation pattern of the yawsonde antenna. The noise results
in a temporary loss in data. A1l of the yawsonde units were configured in the
shape of a standard fuzel3

13. William H. Mermagen and Wallace H. Clay, "The Design of a Second Genera-
tion Yawsonde," BRL Memorandum Report No. 2368, April 1974 (AD 780064).

12



Two launch conditions were tested and the details of the yawsonde data
will be different at each condition. Projectile in-flight motion is usually
characterized by an oscillatory behavior with two distinct frequencies: fast
precession (8-20Hz) and slow precession (1Hz). For a Chg 4 launch, a standard
muzzle dreak was modified to induce yaw at launch. The motion generated by
such a Taunch typically consists of half fast and half slow precession. A
measure of the launch disturbance can be obtained by the maximum excursion in
oy first observed after launch. Half of this first maximum amplitude (FMA) is

often taken to be equivalent to the first maximum yaw that the projectile

- experiences. For a stable flight this initial yaw disturbance will decay, and
a small amplitude, slow precessional motion should result. For rounds
launched with the proof charge PXR6297 a standard muzzle brake is required.
Due to the supersonic launch condition and the standard muzzle brake, the yaw
history will be radically different from the low velocity launches. The first
portion of the trajectory will have very small angular motion, but small slow
precessional motion will occur when transonic/subsonic velocities exist. This
will ta<e place on the upleg at approximately 15-30 seconds. Apogee will
occur at approximately 45-50 seconds. Subsequent to the summital maneuver,
slow precessional motion will increase as the nose of the projectile seeks to
follow the trajectory. The projectile will then gain speed and become super-
sonic prior to impact. This will result in a reduction of the amplitude of
the slow precessional motion. A small amplitude fast precessional motion may
occur along the trajectory, and such motion should probably be attributed to
the liquid payload. The main purpose of these preliminary yawsonde tests is
to determine if fast precessional motion is present and if that motion damps
or is amplified by the liquid payload.

A round-by-round summary of the program is given in Table 4. Several of
the yawsondes did not perform properly. Data were lost on several flights as
indicated in Table 4. Also, many of the data transmissions were quite noisy,
resulting in a poor resolution of the yawing motion.

D. PXR6297/QE=1100 Mils Data.

Figures 5a and 5b give the yaw and spin data for Round A4. Figures 6a
and 6b provide similar data for Round A5. Expanded plots of the yaw for Round
A5 are given in Figures 6¢c and 6d. The fast precessional mode is approxi-
mately 24Hz with an amplitude of less than 0.5 degrees. Data for Round C6
were quite noisy, but are provided in Figures 7a and 7b. The yaw data during
the 80-100 second-time frame may not be correct due to the noise, and an
expanded plot (Fig. 7c) does not resolve the issue. Data for Round D4 are
given in Figures 8a and 8b.

E. CHG4W/QE=533 Mils Yaw Induced.

Figures 9a and 9 give data for Round Al. Large initial yaws (FMA = 8
degrees) were induced (exceeding the launch window since oy 60%), but no

instab?1lity occurred. Data for Round A2 are shown in Figures 10a and 10b (FMA
= 6 degrees). The initial data for Round Cl were quite noisy and good data
were not obtained until approximately 8 seconds into the flight (Figs. 1la and

18



11b). Rounds D1 and D2 were stable (Figs. 12a, 12b, 13a, 13b), but data were
not obtained during the early portions of the trajectory.

TABLE 4. ROUNJ-BY-ROUND SUMMARY - 155MM IVA YAWSONDE TEST

2 December 1981
Dugway Proving Ground, Utah

Muzzle Launch
Velocity Time
CSL BRL Comments (m/s) (MST)

A4 1773 no data 854.6 1021
A5 1803 spin & yaw 857.2 1044
A6 1789 spin & yaw 858.8 1102
C4 1792 no data 854.6 1115
c5 1793 no data 855.8 1124
€6 1794 spin & yaw 853.1 1132
D4 1795 spin & yaw = eeaa- 1142
N5 ---- not tested = ----- -——--
D6 -—-- not tested === ----- -——--

Al 1590 spin & yaw 322.1 1338
A2 1650 spin & yaw 329.3 1345
A3 1756 no data 330.8 1351
&l 1758 spin & yaw 329.4 1356
C2 1762 poor transmission 329.2 1401
C3 1767 poor transmission 329.7 1406
D1 1768 spin & yaw 3818 1411
D2 1769 spin & yaw 329.7 1427
D3 1804 no data 330.9 1433

14



IV. CONCLUSIONS

No unstable flights were observed for any of the canister configurations
that were tested. The yawsonde data were not excellent in quality, but no
irregular flight behavior was observed. Further testing will be required if
the IVA liquid components have substantially different kinematic and mass
properties than the simulants used during this test.

15
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