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ABSTRACT

This report presents data from a field investigation of aiming
error as a function of launcher weight and tracking rate for manportable
air defense system applications under calm and windy conditions. The
effects of calm and 15-knot wind conditions are examined in terms of
aiming error at the point of uncage for launcher weights of 30, 35, 40,
45 and 50 pounds and tracking rates of below 1, 1 to 4, 4 to 7, and above
7 degrees per second.
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Section I. INTRODUCTION

1. Background

An investigation of aiming error as a function of launcher weight
was conducted using high performance jet aircraft as targets on 22, 23,
24 and 29 November 1971. Four hundred trials were run with expended
REDEYE launchers modified to STINGER length and balance configurations.
Aiming error at uncage was measured for launcher weights upward from
that approximating launcher weight for STINGER-30, 35, 40, 45 and 50
pounds. Four tracking rates were used: under 1/sec, 1 - 40/sec,
4 - 7*/sec and above 7°/sec.

This field test was undertaken in conjunction with the Lighweight
Air Defense System/Advanced Manportable Technical and Operational
Capabilities (LADS IT/AMTOC II) tejts conducted from 15 November to
2 December 1971 at Yuma Proving Ground, Arizona. The investigation of
aiming error as a function of launcher weight was not completely integrated
into the overall LADS II/AMTOC II test plan or instrumentation, but
employed the LADS II/AMTOC II high performance aircraft as targets and
utilized available communication to meet specific subtest objectives.
Test conditions and results were reported by Chaikin et al. 1

During 30 November and 1 December, 150 trials were run using heli-

copter targets. Since these helicopters were scheduled to be flown in
conjunction with the LADS II/AMTOC II tests, and since instrumentation,
test gunners, test team and equipment were already in place, it was
decided to secure this additional data.

An examination of the meteorological data for the two days of
helicopter trials, alluded to above, disclosed that conditions were
calm (0 - 2 knots) the first day and windy (14 - 15 knots) the second
day during the hours when aiming error measurements were taken.
Consequently, it was decided to reduce this "helicopter test" data to
see if some infeiences could be drawn in terms of wind effects on the
60-inch launcher. This was felt to be particularly valuable since
several test subjects had recorded comments on the post-test questionnaire
to the effect that high winds impaired their ability to track and aim.

2. Approach

The test was a continuation of trials reported by reference 1
with the exception that only gunner aiming error at uncage was investiga-
ted. Post uncage task data-lead, superelevate and fire-as a function
of weight and rate were not evaluated due to the small sample size.

3. Constraints

a. General. With the exception of number of flights planned,
targets, flight profiles and target speed, the constraints on securing
aiming error data against the helicopters were the same as those for



investigating aiming error as a 'unction of launcher weight when using
the high performance jet aircr ft as targets as described in reference 1.

b. Number of Flights. Forty flights were planned.

c. Targets. Helicopters participating in the LADS II/AMTOC II
recognition test, and used for this aiming error subtest, included a
UI-IE, CH-46, C1I-53, AII-IG and UII-34.

d. Tracking Rates. Flight profiles for the helicopter targets
are shown in Figure 1. Because of the practical constraints, benefits
of maintaining consistency with the jet aircraft tests, and a desire to
use a balanced test matrix for the 10 test subjects, S launchers and
40 flights to be run, it was decided to use the same tracking rate
intervals used during the jet aircraft test: A - below 10 /sec, B - 1 to
40 /sec, C - 4 to 70 /sec and D - above 70/sec.

As stated in the LADS II/AMTOC II test plan (2), no attempt was made
to maintain a common speed among the various types of helicopters, but
each was to maintain constant speed throughout the test. Because of
inconsistent speed between targets resulting from a desire to employ
tactical penetration speeds for the individual helicopters, available
tracking rates could not be precisely determined prior to the test as
had been done for the high performance jet aircraft; however, the
relationship between available tracking rate and time (or range) from
crossover was worked out for a nominal helicopter speed of 100 knots.
By so doing, it was possible to allocate profiles to desired tracking
rate class intervals. As will be noted later, the actual tracking
rates used for the test engagements were based on track rate readouts
secured from a viscous-damped tracker at the test site. The relationship
between tracking rate and time from crossover is contained in Appendix A
and graphically shown in Figure 2.

Since data collection method.; : lI id for uncage-after-command, it
was felt that a minimum of apn..... 4 seconds would be required
from target entry into the '.iterval to the time it left
that interval. An additio- . prohibition of engagements
at launcher elevations abc.. iistraints were similar to
those experienced during pi: ts using the high perfor-
mance jet aircraft, noted B) , . . i).ich established the tracking
rate class intervals for the h:,i t
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iSiton UI, TEST MATCHIRt. AND INS1TRUMMNTATION

1,08t dovi cos anid oqu tienII1t i tO111 worio IdontivI~a I to tholi kk~d
during tho Investitgat toi of' aiiiiing orrot' ogitist jot airovoratt go A
function of launchor wolght, dosc'thod il dotail in rof'rtoi 1,

Fivoe xpondod 1 aunchors wol'e niod tivod to (A) ttwouipoi-At a TV
camora miount. and (h)) coniU'tocion of t ht iiniago and e'It' lg swi tV11h. t 10
tonle gonorator for annotation of ••nca•e and fito ovonts oni tho atitlio
channel of the vidoo tape, hach launchor, ti) iuchos lov4, wit wvight od
and balimced to yield ono fixod welght launchor at W., A.%, 40, 45 mud
50 pounds. Eiach TV ca1ora, horoslghted to the launchor, waN counoctotd
to a recorder positinned approximately I foot abovw the giround on the
launcher crate. lBach camera was controlled froni its rocordov; oach
recorder was turned on and off using a switchbox on th oend of a
6-foot cable.

An available, manually operated, viscoua-dimped tracker with
track rate readout was used for indicating when the desired track ratos
were achieved to serve as a basis for giving uncage conmmands.

The test launchers were placed in cradles when not in use. Ilieso
cradles consisted of two upright slats, with semicircular cutouts on
top, inserted in the shipping crates.

A field phone was available at the test site to alert the test
conductor to presence and range of inbound targets. Other test devices
and instrumentation such as TV playback unit, monitor, tape and film
supply, forms, power supplies, bullhorn, and cabling are listed in
reference 1.
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A f ht Aotpionv (Ti•lho I1) wat prosparod lonlt with M i'oommon11
d4d *1 iight 60hodulo whi d woo givolt to tho LAIN II/AXIXX I1 toot director,

11%0 Aokoo prO01t) o'it d In~ Tale It And th intortsiat I oil Ill tho
LAOSk I It/AltN) II fII ght Aohwluilo uwt' cobhikiid Into f light sequence
othoto (Appldix 11) , ohowhiig fl Iight num•erh, r'atv, rato roadout value ,

atrand1' ./cl otk di "N;tio1n frIo'mo whioh tho airc'raft would appoar , ha1alo1t'rlt-
V ivo ot' the fl ight profi le, lakincor' assignmentst Aud space for ttime
'ovurdulug and oth'r a•nUotat.io1i, Thobi shiuots wore u~od for plaini1gi•

ptII'jsua and tro anl onii -to aid by the toot conductor and tuonitor
po rsunno I1, Toot oubje~c to woro not given acoois to thoso Micatsa which

werv used inl the %iimo way as for the jot aircraft tests,

,4, .Gunnr ,aoi nmonI o r_..

Gunrir a• m111otit forint, showing fliight number, gunn.'r nIlulber,
c lock, and a spaoo fo*' recording timo-oftr'tia and othor annotations,
were given to each gunnor-observor teui to assist themr in determining
which launcher to use, which toam 1wmher would serve as a gunner, and
the general direction from which the target would approach. The use of
the glnner assignment form (Appendix C) was identical to its use during
the jet aircraft tests.
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1 A 4 5
2C 4 5

4 1) 4 5
S8 9 1()
A 6 7 8 9 10

7 B 6 7 8 9 10
8 1) 6 7 a 9 10

9 C 5 1 2 3 4
10 1) 5 1 2 3 4
11 A 5 1 3 4

113 5 1 2 3 41

A 10 8 9
14I C 10 6 7 8
15 1) 10 6 7 8 9
16 B '10 6 7 8 9

17 A 2 3 4 5 1
18 A 2 4 5 1
19 B 2 3 4 5 1
20 B 3 4 5 1
21 D 7 10 6
22 C 7 8 9 10 6
23 C 7 8 9 10 6
24 D 7 8 9 10 6

25 C 4 5 1 2 3
26 D 4 5 1 2 3
27 C 4 5 1 2 3
28 A 4 5 1 2 3
29 B 9 10 6 7 8
30 A 9 10 6 7 8
31 B 9 10 6 7 8
32 D 9 10 6 7 8

33 A 3 4 5 1 2
34 C 3 4 5 1 2
35 B 3 4 5 1 2
36 A 3 4 S & 2
37 D 8 9 10 6 7
38 8 8 9 10 6 7
39 C 8 9 10 6 7
40 D 8 9 10 6 7
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Section IV. TEST SUBJECTS, TEST SITE AND PROCEDURES

Test subjects, test site and procedures were identical to those for
the investigation of aiming error as a function of launcher weight using
high performance jet aircraft as targets (reference 1).

Ten qualified REDEYE gunners served as test subjects. They were
not given the weights of the launchers, but were advised that the weights
varied from a value below that of the trainer to above that of the trainer.
All discussions and instructions relating to launcher weight were expressed
as very light (VL), light (L), medium (M), heavy (H) and very heavy (VII).
Team assignments were unchanged from the previous test.

A graphic portrayal of site procedures and a table of recorded
tracking and annotation, extracted from reference 1, are shown in
Figure 3 and Table III respectively.

9
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Table III. Recorded Tracking and Annotation

Fixed Weight Variable Weight
Launchers Launcher

Target Target
Tracking Tracking

Data (TV) Annotation Event Annotation Data (Film)

"Inbound and
Power On!"
announced

"Record!"
announced

___ __ i "
Audio "Mark !"

announced

Audio "Uncage!" I
announced

Tone on Uncage Lights on
(audio)

Tone on Lead/SE Lights on
(audio)

Tone off Fire Lights off
(Audio)

Re sume
Track
"Cease Track!"
announced

Video and Post-Trial Filmed
Audio Annotation

Recorders and
Camera off

*Time of trial completion and remarks noted on gunner assignment form
(by gunner/observer) and on flight sequence sheet (by test
conductor/monitor)

11



Section V. DATA COLLECTION

1. General

The field test was conducted at the KOFA Range on 30 November
and 1 December 1971.

2. Flight Sequence

As a result of aircraft availability, fuel management and
related factors, it was necessary for the LADS II/AMTOC II test personnel
to modify the planned test sequence. Actual flight order, correlated to
the flight sequence sheet (Appendix B), is presented in Table IV. As
with the jet aircraft test, targets appeared in a relatively random order,
requiring frequent launcher changes for each team and frequent gunner-
observer rotation. It is also noted that the helicopter test was terminated
after 30 flights.

3. Boresight

Boresight alignment between cameras and sights was maintained
or recorded for correction during data reduction.

4. Meteorological Data

Visibility during the data collection period ranged from 10+
to 15+ miles. During the first day's data collection period, wind
conditions did not exceed 3 knots. The second day's wind conditions were
14 to 15 knots. An hourly summary of the meteorological conditions
experienced during the testing period, collected by the US Army
Meteorological Team, Yuma Proving Ground, appears as Appendix D.

12
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Table IV. Actual Flight Sequence Versus Planned Flight Sequence

Calm (0 - 3 knots) Wind (14 - lSknots)
30 November 71 1 December 71

Tape Flight Tape Flight
Order No. Order No.

1 1 12 3
2 13 13 19
3 4 14 36
4 24 15 22
5 11 16 12
6 21 17 17
7 2 18 30
8 35 19 9
9 20 20 33
10 8 21 23
11 25 22 5

23 7
24 10
25 27
26 40
27 6
28 14
29 39
30 31

13
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Section VI. RESULTS

1. General

Since the basic objective of the intended subtest involved aiming
error as a function of launcher weight and tracking rate against high
performance jet aircraft, all video tapes of the helicopter trials were
temporarily stored. When evaluation of the primary (high performance jet
aircraft) test data was complete, it was decided to reduce the helicopter
test data, in view of the rather consistent calm conditions the first day
and the consistent windy conditions the second day, to see if some
inferences could be drawn in terms of wind effects on the 60-inch launcher.

2. Data Reduction

Aiming errors at uncage were measured in mils for X and Y
coordinates, boresight corrections were applied in accordance with taped
boresight presentations, and results converted into radial aiming error.
From a possible 150 data points, 134 were recorded. Missing data
resulted from conditi.ons arising during trials which could not be rerun.

3. Results

Radial aiming errors at uncage (raw data) are tabulated in
Table V which follows. Average radial aiming errors at uncage as a
function of launcher weight for calm and windy conditions are graphkcally
summarized in Figure 4. Average radial aiming errors at uncage as a
function of tracking rate for calm and windy conditions are graphically
summarized in Figure 5.

t.I

-- - . T7
. . ..?4 .



Table V. Radial Aiming Error at Point of Uncage

Launcher Tracking Radial Aiming
Wind Weight Rate* Gunner Order Error (mils)

Calm VL (30 Lbs) A 10 1 5
S 3 3
1 4 4

B 3 5 4
2 6 8

C 1 1 12
4 7 8

D 1 2 11
7 2 10

I 6 4 6
L (35 Lbs) A 6 1 2

1 3 2
2 4 1

B 4 5 14
3 6 9

C 2 1 9
5 7 5

D 2 2 15
8 2 7
7 4 6

M (40 Lbs) A 7 1 6
2 3 6
3 4 9

B 5 5 3
4 6 2

C 3 1 11
1 7 0

D 3 2 4
9 3 4
8 4 13

H (45 Lbs) A 8 1 4
3 3 4
4 4 2

B 1 5 3
5 6 4

C 4 1 4
D 4 2 9

10 2 10
10 3 0

VH (S0 Lbs) A 9 1 3
4 3 3
S 4 2

B 2 5 3
C 5 1 1

3 7 4

*A: < 1 deg/sec, B: 1 to 4 dCg/see, C: 4 to7 dDg/sec, D: > 7 deg/sec

15
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Table V. Continued
Launcher Tracking Radial AimingWind Weight Rate* Gunner Order Error (mils)Cam ,VH (50 Dbs) S 2 3

6 2 ii
6 3 1

Strong VL(30 Lbs) A 9 2
A 942 103 3 21
2 5 7
3 7 8
6 7 6
2 2 13
5 4 24
6 4 s
6 S 8
9 10 7C 1 10
7 1 10

10 8 9
4 9 4
8 9 4

D 8 6 10
58 4L (3S Lbs) A 10 2 8

4 3 3
3 5 3
4 7 4
7 7 4

1 4 12
7 4 1
7 5 7

10 10 6C 2 1 5
S 8 1 4
8 3 4
1 6 4
6 8 39 9 S

D 1 8 8M (40 Lbs) A 6 2 8
S 3 6
4 S 8
5 7 7
8 7 3
4 2 92 4 3
8 4 3• - ,., 1 5 . .*A: < I deg/sec, B: 1 to 4 deg/sec, C: 4 to 7 deg/sec, D: > 7 deg/sec

16



Table V. Concluded

Launcher Tracking Radial Aiming
Wind Weight Rate* Gunner Order Error (mils)

Strong M(40 Lbs) C 3 1 15
9 8
9 3 7
2 6 6
7 8 5
1 9 6

10 9 4
D 10 6 2

2 8 8
H (45 Lbs) A 7 2 9

1 7 6
9 7 4

B 9 4 7
9 5 2
7 10 2

C 4 1 3
10 3 9

3 6 4
8 8 7
2 9 3
6 9 4

D 6 6 5
3 8 0

VH (50 Lbs) A 8 2 20
2 3 6
1 5 6
2 7 4

10 7 5
"B 1 2 4

4 4 1
10 4 2
10 5 1
"8 10 3

C 5 1 3
6 1 2
6 3 3
4 6 14
9 8 3
3 9 7
7 9 S

D 7 6 4

- - _ 4 8 3
*A: < 1 deg/sec, B: 1 to 4 deg/sec, C: 4 to 7 deg/aec, D: > 7 deg/sec

17
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III the 51 ISO tHill rkin, I horo woro 11.4 vI'A Id 0I1! vA0 9t lonsA 0 1
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therefore decided to include Ili the anlla>,-is it Vactor for tihe 'ogi'oisiloll
of trials for eath gmunor within oach day. For instan.o, thi filr'it .%Ighting
by Gunner 5. say, fox, the first day was given the. vilu I, 1,lls second
sighting for that day was assigned the value 2 and so on, IIl s C'i ,t
sighting for the soconid day was assillned the value 1, etcotora. l'hi
assignment process wis used for each gunner.

The factors considered in the analysis wore taunchor weight
tracking rate, •%ind, gunner, and xrogrosslon. A listing of the data is
givoen in Table V, An analysts of varianco was performod us ing the
above five factors and various interactions. The only factors which
appeared to be significant (with test level - 0.10) woro launcher weight,
tracking rate, wind, progression (to the first degree) , the wind by rate
and the wind by weight interactions. The data were fitted to a Iiiniar
statistical model involving the significant factors and interactions.
The radial aiming error predicted by the model decreased by 0.45 mils
for each successive trial by a gunner during a day. This result cannot
be extrapolated beyond the range of the experiment. In order to have
consistent comparisons, the model was used to predict the values for the
first trial of the day. The predicted radial aiming errors are listed
in Table VI and shown graphically in Figures 6 and 7.
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Figure 6. Predicted Radial Aiming Error (in mile) at Unoage
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Swlioii VIII, DISCUSSION

Thio dhts aatlyslis shows that (a) aiming (Iror at uncago for the
V1, (30 pound), 60-,inch launcher at low tracking rates is significanatly
dogradod by 15-knot winds and (L) us the truackinig rate increases, the
degradation decroeaaes,

IPogradation of aimilng error by the wi nd It not an unoxpoctod ftdling
iinco post-test questionnairos administered to the tost subjects revealed
four advorso coIuIints o5 usoe of the 10 pound 11aun10.r in the wind.
'urthermore, if a 15-knot wind wore to impair aiming error tt uncage

with the 60-inch launcher, one would expect such impairment to he most
prominent with the lightost launcher, As far as wind condition Improve.
meint with increase in tracking rate is concerned, it is possible that
tracking at a moderate rate is less subject to perturbations by thi wind
than tracking at or near a zero rate.

The effects of practice seem to reduce aiming error. Average
aiming errors for the first and subsequent pairs of flights for till test
subjects are shown below in Table VI! for all trials and the 30-pound
l aunche r.

Table VI1'. Practicia Eff.ota

Trial All Launchers 30-Pound Launcher

Ta Wind Ca lm Win

1 - 2 7.2 8.8 9.5 10.7

3 - 4 4.8 6.8 4.3 16.7

5 - 6 5.6 8.3

7 - 8 4.8 5.7
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Sectimo IX. CONCLUSIONS
Tho f'ollowing woro concludod for tho test conditions investigated.

a, Aiming orror at, uncage, when using the 30-p1ound, 60-inch
lamnchor, was significantly dograded by 14-15 knot winds. This
imipalirmont diminished as heavier launchers were used.

), Undor wind conditions radial aiming orror was highest at the
low•st tracking rato. As tracking rate increased, the radial aiming
oir-"or under wind conditions became closer to the radial aiming error
under calm conditions.

c. Aiming orror undor wind conditions can apparently be minimized
through practi co.
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Section X. RECOMMENDATIONS

If weapon balance is not altered and the shoulder is cushioned, it
is recommended that any prospective weight addition to the currently
envisioned STTNGER engagement-ready configurntion be evaluated on some
basis other than aiming error at uncage. Such bases are enumerated in
the recommendations of reference 1. Since aiming error at uncage under
wind conditions was shown to be suboptimal for the 30-pound, 60-inch
launcher, it is recommended that any prospective use of launcher-mounted
ancillary equipment having high aspect areas (e.g., an IFF antenna) be
evaluated on the basis of adverse wind effects at such time as
configuration and weight are reasonably defined.
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APPENDIX A
DERIVATION OF ANGULAR TRACKING RATES AVAILABLE FROM

LADS II/AMTOC II HELICOPTER TARGETS

The following parameters with associated drawings were used in thederivations of equations for angular tracking rates for three flight
profiles:

G - Gunner's Position

V - Velocity of Aircraft

V - Tangential Component of Velocity (Perpendicular toGunner' s Line-of-Sight)

R - Slant Range

L - Slant Range at Crossover

X - Downrange Distance from Crossover

Y - Aircraft Altitude

Z - Offset Distance (Gunner to Crossover)

VT

0
Vr

•"X2 4.(y2 +Z2) z '

Figure A-1. LeveZ FZight With/Without Offset
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APPENDIX B
FLIGHT SEQUENCE SHEETS
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APPENDIX C

EXAMPLE OF GUNNER ASSIGNMENT FORM
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APPENDIX D

METEOROLOGICAL DATA

USA METEW ICAL TEAM YUMA

Radiosonde/Surface Data Winds Aloft Data

V/- (r--M-ba ehc

•- _ __,_ _ ..._ f2.. _"_ _ _ _ _•-

37k ____ ___ __._ _,__ _ .... 3/0 .___

_ _ _ _ _ _ ... .... ... _ __, ,_ __.... .

.7: €. 3C,

,L.-k -0 7- 1 Cl

S.... | 69,,5-

,=-7 S,.

SELHU-K(-Y Form 2, 1 Jun 66. Replaces STEYP-MET Forms 2, 7, 8, 16, 21 which
may be used until supply is exhausted.
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USA ,TROIKOtOGICAL, TEIAM YU•A

Date Ag Zo - ag

Radi.osonde/SuifAce Data Wind* Aloft Data

,,) :'t':), ./,5-- /.s

S,,-~ . ... ......-_. .$-- .5

e• rn- •_ . //0

s:- -e

,/oo ____" ., 3 oz

£2_ er•) . .... __ ____-c2 O ,"

SELHU-Tr-Y Form 2, 1 Jun 66. Replaces STEYP-MET Forms 2, 7, 8, 16, 21 which
may be used until supply is exhausted.
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