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\V INTRODUCTION

2 This document constitutes the final reporting effort on activities
which comprised the Concept Demonstration/Feasibility Evaluation phase of the
g Chaparral anti-glint canopy hardware development program under U.S. Army con-
tract number DAAHO1-76-C-0583. The report is structured as an update to the

3 Chaparral Anti-Glint Evaluation Report (Breadboard Configuration Selection)
! ‘ ' datgd 19 July 1976. Scope of the update reporting task reflected in this

‘ 3 document has been limited to the inclusion of a phase II test data tabulation,
" ' a revised statistical analysis of the phase II test data, a bibliography of
literature source material, a separate logistics evaluation study, and general

clarification and/or expansion in critical areas of data reporting.

N~
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? 1.0 CANOPY CONCEPT DETERMINATION

f} i 1.1 CONCEPT RESEARCH AND INVESTIGATION

;1 B An abbreviated literature search was performed to identify and accumulate
b information on conceptual techniques for reducing the amount of sunlight

. |

1 ' i reflected from an optical surface. The primary sources of information acquired
1 ‘ during this research and investigation process were reports of surveys and

; i T studics conducted by agencies contracted by the United States Government.

i Supplementary information was obtained from various abstracts as well as during

a technical exchange meeting with USAMICOM personnel at Redstone Arsenal. A

listing of pertinent sources is given in Appendix A.

Conceptual approaches discovered during the investigative process were

| grouped into specific sun glint reduction techniqqe or mechanization categories.
These categories were describable in terms of the primary reflectable light-ray
processing feature and were designated: 1) ray elimination, 2) ray transmission

or absorption, 3) ray interception, and 4) ray re-directionalization.

The objective of determining the most viable concepts for breadboard hard-
ware development necessitated consideration of the following topics for individ-
ual candidate concepts within each category:

A) Concept feasibility for systems application
B) Forecast of sun glint signature characteristics
C) Concept adaptability to existing canopy framework

D) Variability of concepts for permutation evaluation

E) Availability and affordability of hardware fabrication

materials and techniques.

1-1
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The following sections summarize the findings of the concept research
and investigation task.
1.1.1 RAY ELIMINATION

Concepts predicated on the complete or partial removal of the canopy
surface were excluded on the basis of a prohibitive degradation in operations
safety (gunner exposure). Accordingly, the development of mechanizations to
restore weapon system operational control were seen as cost-ineffective.

A reduction in the reflection area of the surface was eliminated due to
the fact that a corresponding decrease in the gunner search field of view
would result, unless incorporation of an optical system capable of restoring
the complete field of view was included. This concept also seemed cost-
ineffective.

1.1.2 RAY TRANSMISSION OR ABSORPTICN

Techniques of reducing the reflection characteristics of the canopy by
improving the medium transmittance of illuminating light-rays included the
changing of canopy material; application of single or multi-layer, low index,
quarter wavelength coatings; and application of gradient index coatings.
Significant cost and technological considerations precluded the continued
investigation of canopy replacement materials and gradient index coating
concepts as viable solutions. Single and multi-layer, anti-reflective (AR)
coatings did, however, offer a partial solution, particularly as they could be
considered for complimentary use with other concepts.

The similar conceptual approach of increasing the absorptive characteris-
tics of the reflecting surface with techniques of tinting was excluded con-
sidering the significance of the proportional relationship between glint

reduction (single wavelength absorption) and gunner visibility reduction.

1-2
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1.1.3 RAY INTERCEPTION

A wide variety of mechanical shading techniques were investigated

including the use of screens, fabric meshes, louvers or baffles, and visors.

S

The separate trade-off between reduction in glint signature and impact on
gunner visibility was examined in relationship to the physical strength
g E requirements for system compatibility. Screens, fabric meshes, and visor
concepts were eliminated during this investigation process, but the utiliza-
tion of fixed-position, mechanical baffling was seen as a practical ray
i interception technique.
1.1.4 RAY RE-DIRECTIONALIZATION
Changes in the structural design characteristics of the “anopy surface
presented a means of controlling the dispersion of reflected sunlight. Flat
facet or plate designs were considered desirable because of the highly direc-
tional nature of the reflected light signature. Although significant reduc-
tions in the detection envelope were promised by hemispherical and variations of

( i hemispherical designs, the unique continuous signature regardless of the relative

sun-observer position was seen to be a negative characteristic.

e

Surface etching and roughening techniques aimed at wide dispersal or
i scattering of reflected light were excluded on the basis of the associated
significant reduction in transmittance.

1 1.2 CONCEPT SELECTION FOR BREADBOARD TEST

e U -_ﬂf’{’ i e
- - Tt A e i o

2 ’ Final determination of the canopy concepts to be developed as breadboard

: A models was made on the basis of forecast signature characteristics, feasibility
of design, and availability of fabrication materials and procesées. Recognizing
the potential for performance improvements attainable by combining salient
features of more than one candidate, the following three design concepts were

selected for hardware development and test evaluation:

l, 1-3




1) A flat plate redesign of the standard cylindrical canopy, 2) a
cylindrical grid baffle add-on to the standard canopy, and 3) a single-layer
AR coating applied to both sides of the standard canopy.
During development of the flat plate canopy, a grid baffle add-on was
designed and fabricated. Prior to the commencement of field test evaluation, ]

a second flat plate canopy was constructed and the two canopies, one incorpor- S

ating the grid baffle, underwent simultaneous testing.
Design details of each breadboard model canopy are discussed in section

2.0 of this document.
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SECTION -2

2.0 BREADBOARD MODEL CANOPY DESIGN

2.1 DESIGN QUANTIFICATION

The first step in the breadboard hardware development process was the
establishment of individual design criteria for each canopy concept. These
criteria were formulated to enable engineering designers and analysts to quan-

tify manufacturing specifications necessary to begin the fabrication task.

General
1) Utilize existing cancpy assembly hardware.

2) Consider system interface and performance requirements in design.
Flat Plate

1) Minimize number of rectangular facets.

2) No greater than 5% reduction in gunner field-of-view (FOV),.
3) Orient front plate 5° off vertical (forward tilt).

4) Maintain interior clearance.

5) No greater than 2 mr of target line-of-sight (LOS) deviation.
6) No interference up to 30° in elevation.

7) No greater than 6 mr of seam obstruction.
Grid Baffle

1) Eliminate reflections at angles greater than 20° off the
sun/canopy normal LOS vector.

2) No greater than 57 reduction in gunner FOV.
3) No interference within 5o of reflex sight to elevation angle of 60o
4) No greater than 6 mr single element obstruction.

AR Coating
1) Utilize existing plexiglass canopy.

2) Best performance coating available. (Single-layer)
Expansion and refinement of these criteria continued during the hardware
manufacturing process. Applicable criteria for the grid baffle and flat plate
canopy concepts were utilized to quantify the design of the flat plate baffle

component.,

Specific design information on each of the breadboard model canopies is

given in Section 2.2.
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2.2 HARDWARE DESCRIPTION

2.2.1 FIAT PLATE CANOPY

The breadboard model flat plate canopy is a semicubic shaped canopy
constructed from transparent 1/2" thick plexiglass (MIL P8184) sheets and
bonded to a portion of the surface of the standard canopy (the overlapped
portion having been removed). All joints between the top, front, sides, and
rear plates are miter joints. The cylindrical portion is butt joined to the
rear and side plates and lap joined to the front plate. All joints were
bonded using Rohm and Haas PS30 bonding agent.

When the canopy is installed on the fire unit, the top plate is oriented
horizontally, the side and rear plates vertical, and the front plate is canted
forward to an angle of 85° from horizontal. Refer to Figure 2-1 for three-view
layout and weight data.

2.2.2 FLAT PLATE CANOPY W/GRID BAFFLE

This candidate incorporates a flat grid baffle with the flat plate canopy
described in the previous section. This baffle is fabricated from aluminum
1/16" sheet and tack welded together. Plastic materizls for grid baffle construc-
tion have been researched and a few substances found feasible from a strength
and environmental durability standpoint. Using a plastic material, the grid
baffle would be assembled by solvent or thermal bonding techniques.

The breadboard model grid baffle was supported above the top of the flat
plate canopy a distance of one inch (this distance was arbitrary) by way of
four supporting members., These members were welded to the frame of the grid
baffle. Bolts through the .8" x .8" pad of each support member joined the
baffle assembly to the top plate of the canopy. Silicone rubber washers insulated

the support pad from the plexiglass.




Spacing of the baffles ranged from 1.6 to 5.4 inches, with the elements

positioned theoretically parallel to the array of gunner lines-of-sight.
Refer to Figure 2-2 for three-view layout and weight data.
2.2.3 CYLINDRICAL GRID BAFFLE

The breadboard model of the cylindrical grid baffle was fabricated from
aluminum 1/16" and 1/8'" sheet and tack welded together. The louvers which
form the frame of the grid baffle are 1/8" thick while the remaining louver
elements are 1/16" thick. Four ball pins (two in front and two in the rear)
mate the grid baffle to mounting brackets which are bolted to the canopy frame.
The front ball pins are located so the grid baffle, upon removal of the rear
ball pins, can be rotated away from the canopy for cleaning of the glass surface.
By removing all four ball pins, the grid baffle is unfastened from the frame
and may be removed or emplaced.

The louvers of the cylindrical grid baffle were spaced apart distances
ranging from 1.4 to 4.4 inches and were arranged to be parallel to the gunner's | 3
incrementally varying line of sight for a nominal gunner in-mount head position. 54
Refer to Figure 2-3 for three-view layout and weight data.

2.2.4 ANTI-REFLECTIVE COATING CANOPY

The breadboard model of the A.R. (Anti-Reflective) coated canopy consisted
of a standard canopy which has had a 1/8 micrometer thick layer of magnesium
fluoride vacuum deposited on both sides.

The canopy glass was cut in half in order to facilitate a more even deposi-

tion of the coating. Refer to Figure 2-4 for three-view layout and weight data. ‘
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2.3 DESIGN INTERFACE IMPACT STUDIES

2.3.1 BERNE GAUGE

It was determined from drawing #11069973 (Guided missile system, intercept
aerial, carrier mounted: M-48) that none of the emplaced breadboard canopy
concepts would conflict with the Berne gauge dimensional requirements.
2.3.2 CARGO COVER

It was also determined from drawing #11069973 that the flat plate canopy
will clear the transportation cargo cover, but that the flat grid baffle and the
cylindrical grid baffle canopies will not,
2.3.3 PHASE II AIR TRANSPORT

Air transportability of the Chaparral missile system on the Cl30 aircraft
is unaffected by the addition of anti-glint hardware. The canopy assembly has
in the past always been removed and strapped to the Chaparral decking during
transport due to dimensional interface conflict.
2.3.4 CANOPY DEFOGGING PERFORMANCE

Since the flat plate canopy geometry is quite different from the standard
canopy, and since this difference could cause the defroster air flow to be
altered or less effective, there was reason to believe that the flat plate
canopy may be difficult to defog. A test was developed to measure the defog-
ging rate of the flat plate canopy relative to the standard canopy. A plywood
model of the turret frame Qas constructed and equipped with a Chaparral heater
unit and defroster ducts to simulate the Chaparral mount. The relative tests
were conducted inside of an environmental chamber for the purpose of producing
a repeatable amount of condensed moisture on the canopies. Tests were per-

formed with and without experimental add-on defroster nozzles which were

designed to more evenly dispense the defroster air flow.
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The tests showed that by using the modified nozzles, the defogging time
of the flat plate canopy was reduced by approximately 607 relative to the
standard canopy. The time required to complete defogging of the flat plate
canopy without the modified nozzles was approximately 167% greater than the
standard canopy time. Present system requirements do not specify a readiness
time criterion for defogging of the standard Chaparral canopy. The only
requirement stipulated is that the mount environmental conditioning system
must be capable of maintaining a clear canopy viewing area for the gunner once
initial defogging has been achieved. Therefore, it was concluded that the
relative change in defogging time for the flat plate canopy was not enough to
warrant addition of an add-on nozzle to the defroster vents.

2,3.5 CANOPY STRUCTURAL SUPPORT

Preliminary stress analysis has revealed that the canopy frame has the
strength required to carry the extra weight that the anti-glint hardware
imposes., Analysis of the support linkage and canopy latches confirmed that
the mechanisms are of adequate strength to accommodate the extra loads imposed
by anti-glint hardware, Stress analysis of the canopy hinge assembly indicates
however, a 1o§ margin of safety with the addition of flat plate and/or grid
baffle hardware.

2.3.6 MISSILE LAUNCH ENVIRONMENT

2.3.,6.1 Flat Plate Canopy

Stress analysis has indicated that the flat plate canopy has sufficient
strength to withstand the missile rocket motor plume pressure loading. The
thermal and chemical effects of the plume on the bonding agent used to join
the plates of the canopy has yet to be addressed. The effects on all
other components used in constructing the flat plate canopy are otherwise
negligible.

2=5
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2,3,6,2 Grid Baffles - Cylindrical and Flat

Stress analysis of the grid baffles, whether constructed from aluminum
or plastic indicates they possess the strength necessary to withstand the
missile rocket motor back blast pressure. Chemical and thermal effects offer
no threat to the baffle material components or assembly.

2.3.6.3 Arti-Reflective Coating

The thermal and erosive effects of the missile exhaust on the anti-.

reflective coated canopy were studied and determined to be of no significance.

i
- Y ]
T rep—




(ASVA¥ONL ‘€1 LZ)
*sgl 18 IHOIAM TVIOL

AdONVD I1VId LVId 1-7 3dNO14

~
J
o~
—1 «£62 1_ «~6'8¢C
1 § )
¥ " " : ; —— g o w0l
S ki = 3 g | -
- -— e = -
g ———————— RIS —
G e Lol i oar ey Py - v L




el i o it

B NE o B .9 %9 % € g8 Ff S9e
] _ (ASVAUONI 9T S%)
)
] 3 *Sd1 66 JIHOIAM TVIOL
> |
| ] ode a144ve QI
2 Lk, _ HLIM AJONVD dLVId IVId -7 qdno1d
L {11 se
N ( |_\.=
n% > il o« o 98 R
N
e — o] o
2 1 _
ofe
s _ |_/=
3 ] Z ogdo
?f 3 9 g 0 90 ¢ ¢ e ¢ c e ofe
=
o o o o o (sl o o Lo} 9 C

| R i

g 1 B . / \
Z//// \\\E )A/

Iuooo

«L'V2

n-:l-—

2-8




AALDRRNNNNIIAE

AN\ A

olS

NP s

(ASVAUONL 9T 9%)
‘Sl 00T JHOIAM TVIOL

IT4ave aI¥D 'IVOIMANITAD

+9S

€-7 JANO1A

Iml

SO A=

_1_’__.

~9'ET

2-9




°sgT %S IHOIAM TVIOL

ONIIVOD
HAIIOATITY-1INV HIIM
AdONVD (QUVANVLS

y-z FUNOLA

29 9 9

5 S Y TERRRE Tl T
I SR Y e Gt L et r
it s S s T G e PR,

e

.

2-10




s ol o o i AT 4 & R

e e —————p T

SECTION 3

3.0 CANOPY SIGNATURE EVALUATION
3.1 MATH MODELING

Mathematical models were generated to represent the complex glint
signature patterns produced by the various candidate canopy configurationms.

These models were programmed on a digital computer to facilitate the necessary

calculations.

The first step was to calculate the directional intensity, or candle-
power,‘of the canopy glint, the intensity pattern having a unique shape for each
canopy configuration, canopy orientation, and solar position. From these inten-
sity patterns, estimates of detection range were made. It should be empha-
sized that the detection ranges shown in subsequent figures are only estimates,
made for the purpose of comparing different canopy configurations.

The canopy glint signature to an observer at a given altitude is of primary
interest in this study, Therefore, the signature patterns were examined for
specific altitudes above the fire unit, By imagining that the canopy rotates
slowly, the boundary, or envelope, of expected detection ranges was com-
puted for the different configurations. The majority of the figures which follow
present the glint signature data as envelopes for a rotating canopy.

The following paragraphs develop the above line of reasoning and present

the results of the computations.
3.1.1 PROGRAM DERIVATIONS

3.1.1.1 Canopy Glint Intensity

Mathematical models of directional luminous intensity were developed

for the various canopy configurations. The resulting equations are presented below.

3-1
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Cylindrical Canopy: J = (2 Wr) (2 pc) (Es o O) (3-1)
™
" 1+p sin ag

c
4 W 2 Pe
Flat Canopy: J = e Es (3-2)
TOo 1+p
s
S ical C s J = r 2 2
pherical Canopy: pc J (3-3)
4 1+pc s
J = canopy glint directional intensity, candelas
W = canopy width, cm
L = 1length of flat canopy, cm
r = radius of cylindrical or spherical canopy, cm
os = angular diameter of the sun, radians
B = the directional reflectance of a single surface of the canopy
Es = solar illuminance (in a plane normal to the sun), lumens/cm2

® = angle between the incident solar ray and the local normal to the
canopy (see figure 3-1)

ag = angle between the incident solar ray and the cylinder axis
(see figure 3-1)

Each of the above intensity equations contains three factors. The first is due
to canopy geometry the second is directional reflectance for the two canopy surfaces
(inside and outside), and the third is solar directional illuminance. Computer pro-
grams were used to solve each of the intensity equations.

Equations (3-2) and (3-3) were developed from elementary geometrical optics
considerations. Equation (3-1) was derived by considering the limiting rays from
opposite portions of the sun's limb, These rays delimit a narrow strip of the
cylindrical surface which reflects light into any given direction in the far field.

It was shown that the width of that strip is inversely proportional to the sine of

3-2
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the angle between the cylinder axis and the incident ray, and that the reflected

intensity is proportional to the projected area of the strip - i.e., proportional
to cos 9/sin @g. It was also shown that the reflected rays form a conical shell

of angular thickness 0g and half-angle ¢g.

While Equation (3-3) is a formula for the intensity in terms of the two
parameters © and ¥g, a further analytical development.was required in order to
yield the value of intensity as a function of the azimuth and elevation of the
reflected ray. The following is an outline of the way in which the above

)

algorithm was derived., The direction cosine™ of the cone of reflected rays is
L, = cos @g, the axis of the cylinder being aligned along the positive X-axis.
A succession of values of the angle between the normal to the cylinder surface
and the vertical at the point of incidence was used as an input parameter to
obtain an equation for the angle of incidence € in terms of direction cosines,
thus: cos 6 = mm+n_n = cos 26+ 22, and mom + nn_ = cos ©. These
equations formed the basis for the generation, by computer, of tables of values
of reflected intensity corresponding to selected values of the input parameters.,
The intensity J, thus calculated, became the input to the range equation to
be discussed in section 3.1.1,2.

The directional values of canopy reflectance were computed by use of the
Fresnel reflectance equationé:2 For acrylic. it is found that the single
surface reflectance is approximately 3.9 percent for incident angles between

normal and about 50 degrees from normal. For higher angles of incidence, the

reflectance increases, reaching unity at grazing angles., For canopies with

G%n this paragraph, standard analytical notation is employed. The direction

angles @, B and Y are the angles between a line and the X-, Y- and Z- axes.
The direction cosines are £ = cos @, m = cos B, n = cos Y. The subscripts
s, n and r refer respectively to (1) the line from the origin to the sun,
(2) the outward normal to the cylinder and (3) the reflected ray.

C:L. J. Smith, '"Modern Optics'", McGraw-Hill, 1966, page 167.
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anti-reflection coatings, the reflectance equations were modified to match the
reflectance characteristics of the coated surface. Values of solar illuminance
were taken from the tables of Jones and Condiégz

Each of the different canopy geometries produces a unique glint pattern.
The flat canopy reflects as a plane mirror, so that there is only one line in
space along which the glint is detectable. The spherical canopy reflects in all
directions, with a much lower intensity than the flat canopy. The cylindrical
canopy reflectance pattern is a conical fan. These concepts are explored more
fully in Section 3.1.2.

3.1.1.2 Range Equations

The maximum range at which the canopy glint is detectable is a function of
the canopy directional luminous intensity, the background luminarnce, and the
optical transmittance of the atmosphere.

Middletos:)presents a curve which relates detectable illuminance to back-
ground luminance. For daylight values of luminance, the curve can be approximated
by an equation:

& '
Et KB R

where Et is the threshold of detectable luminance
K is a constant of proportionality

B'R is the apparent background luminance.

For a 90 percent probability of detection, the constant of proportionality, K,

7

is equal to 5 X 10" foot lamberts/foot candle (1.59 X 107 candela cm-z/lumen

cm-z).

®'Sunlighc and Skylight as Determinants of Photographic Exposure'', JOSA,
Volume 38, No, 2, Page 123,

<:L.E.K. Middleton, '"Vision Through the Atmosphere', University of Toronto
Press, 1952, Page 97.
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The concept of 90 percent detection probability means that the canopy would
be detected by an average observer 9 times out of 10 if the observer were looking
in the correct direction at the correct time, were alert, were looking for the

glint, etc.

The illuminance which reaches the observer is given by
J -0 R
e 3k
Et 3 e o ( )

where J is luminous intensity (calculated in the preceding subsection),
candelas
R is slant range to the target, cm
Oo is atmospheric extinction coefficient at ground level

R is an equivalent slant range used for atmospheric transmittance
calculations,
In the above equation, the illuminance reaching the observer has been set equal
to the threshold value of illuminance; thus the slant range R can be interpreted
as the maximum range for 90 percent detection probability.
The apparent background luminance can be related to the inherent background

luminance by the following equation (apparent is seen at a distance R, inherent

is seen up close):

B = B %" + B (1-e%") (3-5)

where Bé is apparent background luminarce--

Bé is inherent background luminance

Bh is the horizon sky luminance.




The first term in the above equation accounts for the atmospheric attenua-
tion of light coming to the observer from the background near the canopy. The

second term accounts for sunlight and skylight scattered into the observation

path, so that it appears to come from the canopy vicinity.

Finally, the equivalent slant range used for atmospheric attenuation calcu-

lations is given by

R = k-l csc Nr e ~* ho (i - e =% R adn Nr) (3-6)
vhere k = 7,260 x 10°% en! @

Nr = angular elevation of observer

ho = elevation of ground point above sea level.

All of the above equations were combined to yield one equation which was

programmed in the computer. This equation is:

-2 ' -1 -k h -kR sin N - 8
In (KIR = + Bh - BO) - cok csc Nr e o (1 -e r) - 1n Bh 0 (3-7)

In the solution of the above equation, it was assumed that the background
reflectance is 7 percent, so that the background luminance is given by

B - 0.07 E
o ™

where Bé is background inherent luminance, candelas cm-z

Ess is total illuminance due to sunlight plus skylight,

-2
lumens cm .
In order to assess the effect of sunlight and scattered into the path of sight, it

was assumed with Middleton, that the horizon sky luminance, Bh’ is given simply by
0.2 E
ss
s

B candelas/cm2

h

Equation (3-7) expresses implicitly the value of the maximum detection

range R as a function of the other parameters. Because of its form, the

|
y 2

\ C:gé cit, page 74
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equation is not readily solvable explicitly for R, It was therefore solved

by use of iterative computer routines.

Again, it should be emphasized that the primary purposes of this exercise
are to develop the shape of the glint signatures and to compare the relative
detection ranges resulting from different approaches.

3.1.2 REFLECTION FAN FOR STANDARD CANOPY

When rays from the sun strike the standard cylindrical canopy, these rays
are partly reflected. The reflected rays are dispersed into a fan because of
the cylindrical shape of the canopy. An observer will see the canopy glint if }
he is looking at the canopy, is within the fan of dispersed rays, and is close

enough to the canopy.

The locus of light rays reflecéed from a cylinder forms a conical shell 3 r

or fan with the axis of the cone coincident with the axis of the cylinder and
with the half-angle of the cone equal to the angle that the sun's rays make with
the cylinder axis, Figures 3-2, 3-3, and 3-4 illustrate the manner in which the
glint fan is formed in cases where the azimuth angles of the sun relative to

o’ and 0°, respectively. In each case the solar

the cylinder axis are 900, 45
elevation is taken as 20°. 1In Figure 3=2, with the incident solar beam lying

in a plane perpendicular to the cylinder axis, the fan (which delimits the

region in which glint can be seen)lies in the vertical piane. It has a thick-

ness of one-half degree corresponding to the angular subtense of the sun, The

plane depicted in Figure 3-2 may be considered to be a cone of 90° half-angle

whose axis coincides with the cylinder axis. As the angle between the sun and ~a

the cylinder axis decreases, the cone angle decreases as shown in Figure 3-3,

Here the sun is at 20° above the horizon, and lies at an azimuth of 45° with the

by

cylinder axis. The angle between the sun and the cylinder axis is 48.4° (cos

48,4° = cos 45° .« cos 200). The conical fan within which the glint can be seen }
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is symmetrical with the cylinder axis. Its surface lies at an angle of 48.4°
relative to the axis. In like manner, as the sun moves into the position repre-
sented in Figure 3-4, the half-angle of the cone decreases to 200. It should be
noted that in all cases, the cone of rays is symmetric about the cylinder axis.
It must also be emphasized that the conical fan consists of a shell, one-half
degree in thickness. For a given sun-cylinder orientation, this thin shell is
the only region where the glint can be seen.

In each of the three illustrations an aircraft is shown approaching and
penetrating the fan. The observer in the aircraft is able to see the glint
only during the time that he is within the half-degree fan region. This can be
a very brief penetration time according to the relative penetration angle between
the aircraft flight direction and the fan geometry. As an example, an aircraft
at 1500 meters altitude and at a velocity of 400 knots, the penetration time
would be approximately 0.06 second through the fan shown in Figure 3-2,

If we intersect the copical shell by a horizontal plane, the shell cross-
section will represent the region within which an observer, flying at constant
altitude, will be able to see the glint, The resulting curve is a hyperbola as
indicated in Figure 3-5, In this figure, the dimension "A" represents the observer
altitude. The curve which is illustrated represents the region of glint visibility
for a condition in which the sun's rays form an angle of approximately 48° with
the cylinde; axis (20° elevation and 45° azimuth) , For any sun-axis angle
0 the angle between the asymptotes of the corresponding hyperbola equals 286.

In the above discussion of the reflection fan no reference has been made to the
limiting range at which the glint is visible. In Figures 3-3 to 3-5, for example,

the cones are represented as being terminated by circular cross sections which are

3-12
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arbitrarily drawn to aid in visualizing the conical shapes. Equation (3-1) and

(3-7) were programmed to determine the limiting detection range as a function of
solar azimuth and elevation, canopy axis, and observer altitude. The detailed
results of these studies are presented in section 3.1.3. As a preface to that
discussion, Figure 3-6 shows, qualitatively, the way in which the limiting
detection range depends upon the observation angle. The striking fact brought
out in Figure 3-6 is that the limiting detection range increases rapidly as the
observer angle above the horizontal increases. This effect is inherent in
Equation (3-7) because of the exponential variation of absorption and scattering
with altitude. Thus a line-of-sight that makes an angle of ten degrees with the
horizontal passes through significantly less atmosphere than does a horizontal
line-of-sight. The elevated observer can therefore detect a glint of a given
intensity at a greater distance.

Another way of graphically representing the hyperbolic shape of the region
of glint observation is shown in Figure 3-7, This figure shows the ground
traces of the hyperbolic glint observation region of Figure 3-~5 for an observer
altitude of 1.5 kilometers represented on a map scale of 5 km/in. Also shown
on Figure 3«7 are the hyperbolas corresponding to sun axis azimuth angles of
0° and 90°, all for a solar elevation of 20°. It should be emphasized that with

an observer flying at the indicated height above the ground, and with the sun

at the indicated orientation relative to the cylinder axis, the only region within

which the observer can see a glint is that narrow section of the conical shell
which is intersected by the horizontal plane. In Figure 3«7 the hyperbolas are
terminated at a slant range corresponding to the maximum detection range as
calculated from the range equation given in Section 3.1,1.,2, More specifically,

each of the terminus points of the three hyperbolas represents, for the given
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sun-axis orientation, the ground trace of the point at which an observer at an
altitude of 1.5 km above ground level should be able to detect the glint with
90% probability.
3.1.3 DETECTION ENVELOPES FOR STANDARD CANOPY

Figure 3-7 shows a dotted curve which passes through the ends of the three
hyperbolas. This curve is the locus of points representing all limiting detec~-
table range values, if we were to rotate the cylinder about a vertical line plot-
ting the limiting ranges for each successive axis orientation. The dotted curve
of Figure 3-7 has been referred to as a 'detection footprint" for the cylindrical
canopy. Strictly speaxing, however, the detection footprint for a given canopy
axis-sun orientation and observer elevation should be considered to be the
horizontal cross section of the hyperbolic shell as represented by any one of
the three solid curves of Figure 3-7, The dotted curve then constitutes the

locus of terminus points of the footprints as the cylinder is rotated 180° about

the vertical line. The dotted curve will be called the ''detection range envelope'.

Detection range envelopes have been calculated and plotted for the standard
canopy for solar elevations of 5°, 20°, and 50° for each of two observer alti-
tudes, The curves characterizing an observer altitude of 1500=m are shown in
Figure 3-8, The corresponding curves for an observer altitude of 150 m are
shown in Figure 3-9, Conclusions regarding the standard canopy may be summarized
as follows. At an observer altitude of 1500 meters the range of detectability
(for all possible cylinder orientations) varies from 16 km to 28 km at a solar
elevation of 5°, Corresponding ranges for 20° and 50° are 15-22 km and 12-14 km,
respectively., The detection range values for an observer altitude of 150 m are

13-20 km, 12-17 km, and 10-12 km for the specified solar elevations.
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In order to develop an understanding of how the detection envelope is
generat=2d as the azimuth of the cylinder axis changes, we refer again to the
hyperbolic curve of Figure 3-7 corresponding to a sun/canopy-axis azimuth of 0°. |
With the cylinder in this orientation, the cone of reflected rays intersects the |
plane at 1.5 km altitude in the indicated hyperbola. At points oﬁ the curve
near the canopy the glint signal is higher than the 90 percent threshold. As : ;
we move back along the two wings of the curve we reach two points at a distance

! of 21,7 km at which the signal is just detectable at the 90 percent confidence
level. Thus, we identify two points on the detection range envelope at azimuth
values of 199.63° and 160.39° (points A and B). If, now, we rotate the cylinder
clockwise 15° in azimuth, the cone is expanded and rotated clockwise., The two
new points of maximum detection range fall at azimuth values of 189.48° and
140.54° (points A' and B', respectively). As we continue to rotate the cylinder
an additional 75°, point A' describes the curve from 189.48° to 180° while

point B' describes that portion of the curve from 140.54° to 0°. Of course

i the other two segments of the curve are symmetrical to the two just discussed.

L They are generated as the cylinder is rotated, clockwise, an additional 90°.

ZZ J Table 3-1 illustrates the computer printout form from which the detection

t{A , envelope of Figure 3«7 was plotted (note the azimuth data points described above

t;_ as A, A', B, and B'). .

A prominent characteristic of the family of detection envelopes shown in
Figures 3-8 and 3-9 is an increased detection range, at low sun elevations, when

) the axis of the cylinder is somewhat aligned with the incident light, The two

lobes, which are particularly pronounced in Figures 3-8 and 3-9 for a solar
elevation of 5°, graphically depict this increase in the directional intensity
of the reflected sunlight. The intensity increase is best explained with reference to

'
4

\ the factors of Equation 3-1., Recall that as 2, the angle between the incident ;f
§
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CYL. AXIS
DEG

.00
5.00
10.00
15.00
20.00
25,00
30,00
35.00
40,00
‘5.00
50.00
35,00
0,00
85,00
i 70,00
] 75,00
80.0¢
85,00
90,08
.00
5.00
10.00
15,00
20.00
25,00
30,00
35,00
40,00
45,00
50,00
55.00
60,00
65,00
70.00
75,00
80.00
85,00
90.00

TABLE 3-1

INTENSITY/RANGE COMPUTATION
FOR SOLAR ELEVATION OF 20 DEGREES

INTENSITY AZIMUTH
W/ST DEG
5,111t ©S 160,39
4,514 05 154,79
4,413 0% 148,10
3.764c 95 140,54
3,120 05 132,34
2,571t 0% 123,71
2.14% 0% 114,77
1.834¢ 05 105.61
1.617E 05 96.29
1.472c 05 36,87
1.378€ 05 77,35
1,319 0% g 57,79
1,284 053 98,17
1.264c 05 48,52
1.253c 05 38,84
1,249 ¢S 29,14
1.247%¢ 0% 19,44
1.,2468E 05 9.72
1,244 0% .00
5,112 0S 199,63
4,970 0% 195,21
4,993 05 191.92
4,133 05 189,48
3,684 05 187,70
3,296€ 05 186,33
2,968E (5 185,29
2,703 05 184,44
2,484E 05 183,76
2,309€ S 183,18
2,164€ 05 182,69
2,049 0% 182.25
1,95%€ 0% 181,86
1,880 0% 184,51
1,823 0% 181,47
1.7808E 0% 180,87
1,750€ 0% 180,57
1,732€ 0% 180,28
1,726€ 05 180,00
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- B!

- A

- At

RANGE
KM
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2.025E
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light ray and the normal to the reflecting surface, is increased beyond 50°, the
single surface reflectance, P rapidly increases toward a maximum value of unity;
maximizing the second factor of equation 3-1 and thus increasing directional
intensity J. Consider also along with the above reflectance condition, the
effect of an increasing © on the third factor of the equation. For any given
¥g ~ 0°, as 6 increases, cos & decreases causing a reduction in intensity J. This
reduction effect is however, small in comparison with the intensity increase due
to the reflectance condition., The result is that for a comstand @, the direc-

! tional intensity of reflected sunlight and thus the detection range of the sun

; glint, increases with ©,

Consider next, the initial case where S5 is constant and @  is small but non-

zero. Under this condition, the cos 5/sin @y factor of equation 3-1 takes on a

maximum value, If the canopy is now rotated in either direction to the orienta-

tion where @5 equals 90° (canopy axis perpendicular to the incident ray), *sin Og

—nt

increases to a value of one and the cos ©/sin &g factor of intensity forces J to

a minimum value., The relationship between @ and detection range (a function of

J) can easily be followed by referring to the envelope of Figure 3-7 and mentally

rotating the canopy to the azimuth positions indicated and studying the pro-

gression of the hyperbolic curves,

3.1.4 TACTICAL SIGNIFICANCE OF GLINT

A complete assessment of the tactical significance of glint is beyond the

scope of contracted effort to date. During a review meeting held in May 1976

betﬁeen Aeronutronic and MICOM personnel, it was mutually recognized that the =
) reconnaissance resources of the Tactical Air Command would have to be consulted

to obtain meaningful conclusions regarding the tactical significance of glint,

Aeronutronic is familiar with the deployment doctrine for the M48 Chaparral Fire

Unit within the FEBA as well as protection of convoy routes and static installations
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such as air fields; however, reconnaissance information does not presently

exist at Aeronutronic pertaining to: 1) the sophistication and mission of air-
borne ground surveillance systems, and 2) what tactical interpretation is placed
upon glint signature observations made either by visual sightings or electronic
surveillance systems from aircraft.

In the absence of needed reconnaissance information, Aeronutronic's critique
of the tactical significance of glint primarily centers around the key considera-
tion of equipment recognition as discussed in the following two paragraphs.

Sunlight has been shown in the above illustrations to be reflected from the
Chaparral canopy in specific patterns; the observer passing through these patterns
at nearly all altitudes will see a reflection as a flash of light (typically less
than 1/2 second) from the fire unit, with high contrast to the background luminance.
Sun glints or flashes are also observed from other sources such as truck windshields -
even painted surfaces may have a high reflectance at grazing angles. Windows and
vehicle windshields are certain to be present in # battle area in great number and
variety, Therefore, while solar glint may contribute to long range detection, it

does not presently serve for recognition or identification of a Chaparral fire un t.

The films of the Fort Bliss test site taken from the helicopter amply illustrate

these points.

Visual recognition of a fire unit related to the usual parameters of angular
size of the fire unit, contour shape, and contrast with the background -- again,
glint is not a part of this visual recognition signature. Recognition of a Chaparral
fire unit by the unaided eye probably requires closure to ranges of 1 to 3 kilometers,
generally within the effective missile launch envelope. Further, recognition would
be required before an enemy airborne observer could establish a glint detection as an
air defense unit threatening his operation, establish its location, and initiate

actions for evasion or air/artillery attack of the air defenses. As sun glint
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from a Chaparral canopy does not contribute to system identification, it does not
appear to constitute a threat to the effectiveness or survivability of a fire unit,
3.1.5 DETECTION ENVELOPES FOR ALTERNATE CONFIGURATIONS

The detection envelopes presented in paragraph 3.1.4 were for the standard
existing Chaparral fire unit canopy configuration. Several alternative configura-
tions have been studied in this program. Each of these alternatives reduces the
detection envelope in some manner, as is shown in the following discussions,

A cylindrical grid baffle was designed to fit over the standard Chaparral

canopy (description contained in paragraph 2.2.3). The effect of this baffle is shown
in Figures 3-10 and 3-11; it eliminates all glint outside the limiting angle of : i

20 degrees each side of the vertical solar plane. Within this 40° region, detec-

i

tion is possible over certain small area segments where the sunlight is able to } 1

shine between the slots and be reflected without being blocked. The resulting

detection areas are represented in Figures 3-10 and 3-11, In Figure 3-10 the ;

areas within which glint can be seen are shown for a solar elevation of 20° and

observer altitude of 1.5 km., Three separate sections are shown corresponding to

glint which is reflected between each of three adjacent horizontal slots of the %

baffle assembly. In the case of the 50° solar elevation, as shown in Figure 3-11,

there is only one region of glint detection since, at ranges greater than 3 km,

the glint intensity arising within the tracking slot is below the limit of

detectability. 4
It should be emphasized that the areas shown in Figures 3-10 and 3-11, as in ] i

the case of the curves for the standard canopy, are envelopes encompassing the

el s

total area within which glint can be seen under any cylinder orientation. Thus,
for a particular orientation f or which the half-degree hyperbolic footprint of the
standard canopy passes through the indicated area, the glint signature would be

characterized by the common area occupied by both the hyperbolic footprint for
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the given axis orientation and the wedge-shaped area characteristic of the
baffled canopy.

Figures 3-12 and 3-13 compare the detection envelopes for a standard
canopy, a standard canopy which has been coated with an anti-reflective film
and a flat-plate canopy. The intensity of the glint is reduced by the anti-
reflective coating; this in turn reduces maximum detection range. However,

maximum detection range is not reduced in proportion to intensity. This is

because of contrast loss in the atmosphere, which becomes the dominant factor
at longer ranges. Thus, even though the intensity is reduced by a factor of
2,5 due to anti-reflective coating, the maximum detection range is reduced by a
factor of only 1.4. At grazing angles, the reduction is less because the i
effectiveness of the coating is less. Anti-reflective coatings offer no sub-
stantial reduction in detection envelope.

The glint signature of the flat plate canopy is a single one-half degree
cone, similar to a flashlight reflection from a plane mirror. 1Its intensity
is greater than that of any other configuration because it does not disperse
the incident solar rays as do the curved canopies. However, the footprint

in our 1.5 km elevation plane is only a small ellipse with a minor diameter

of 1/2 degree, as shown in Figures 3-12 and 3-13, Thus, the probability of an

observer being in a position to detect the glint is small. The footprint does

not move as the canopy rotates, unless the canopy is not level. For a tilted

canopy, the detection envelope traces out a small cone. Anti-reflection coat-

ing would reduce the maximum detection range negligibly, and would not affect
the signature at 1.5 km elevation.

Finally, the detection envelopes for a spherical-shaped canopy are shown
in Figure 3-14, The substantial reduction in glint intensity, compared to the

standard canopy, results in a significant reduction in maximum detection range.
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For the 24 inch radius sphere, the maximum detection range is approximately

5 km. Again, anti-reflective coating can be seen to offer very little improvement.
The reduction in intensity occurs because the spherical canopy disperses

the incident solar radiation in all directions, rather than into a fan like the

cylindrical canopy, or a beam like the flat canopy. As a consequence, the

spherical canopy is visible from all sides at all times. Canopy orientation

obviously has no effect because of the symmetry of the sphere. The standard

canopy envelope shown in Figure 3-14 (and Figures 3-8 and 3-13 also), it must

be remembered, is the locus of maximum detection ranges for all possible canopy

orientations, The signature patterns for specific orientations were given in

Figure 3-7. For proper spatial comparison, the hyperbolas of Figure 3-7 should

be compared to the ellipses of Figure %-14.




3.2 MODEL CORRELATION TESTS

3.2.1 PHASE I - ILLUMINANCE/LUMINANCE MEASUREMENTS

The first phase of Concept Demonstration/Feasibility Evaluation consisted
of a series of absolute measurement tests. The objective of these tests was to
obtain quantitative canopy luminance data for the purpose cf validation of the
modeling programs used to calculate the directional luminous intensity charac-
teristics of the various breadboard canopies.

Table 3-2 documents the test canopy, geometry, and data measurement inter-
val for each Phase I investigation. Figure 3-15 illustrates a typical test case
geometry.

The rotatable test canopy platform (Chaparral fire unit) was located at a
surveyed position relative to the tower observation point. Canopy peak lumi-
nance measurements were made from this observation point at regular intervals
using the Gamma Scientific Model 2000 telephotometer. Concurrently, solar
illuminance measurements were made using the Tektronix J16 photometer fitted
with a J6511 illuminance probe. The azimuth orientation of the canopy was
recorded each time a peak luminance measurement was made. Actual data compiled
during the 11 May AR-coated canopy test are presented in Table 3-3 for information
purposes.

Solar azimuth and elevation angles were later computed using tabulated
ephemeris data to complete definition of the sun/canopy/observer geometric
relationship at the time of each test measurement.

Analysis of Phase I test data confirms, with excellent correlation, the

validity of the computer predicted sun glint fan geometry. Computer calculations

for directional luminous intensity however were consistently lower than the values
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oy

observed during the Phase I test. The discrepancy was too large (a factor of

3.7) to be attributed to measurement inaccuracies. After a considerable
experimental effort to resolve the difficulty, and following discussions with
representatives of Gamma Scientific Inc., manufacturer of the telephotometer
which was used, it was determined that the intensity measurement of quasi-point
sources in the presence of ambient daylight requires a more elaborate experi-
mental design. The difficulty was further enchanced by the fact, unknown at
the time that the experiment was designed, that a commercial telephotometer
such as the Gamma Scientific instrument, designed to measure luminance or
brightness, cannot be calibrated to measure intensity of sources which only
partially fill the entrance pupil. It appears however that there is no reason
to doubt the validity of the mathematical model or its applicability to the
problem of comparing canopy designs.

It should be noted that an error of the magnitude found in the field tests
would have a small effect on detection range.

Further, the existence of this discrepancy does not invalidate the conclu-
sions drawn from the math models. As stated, the shapes of the detection envelopes
are valid, as are the relative comparisons between the various configurations.
3.2.2 PHASE II - COMPARATIVE SIGNATURE OBSERVATIONS

During the second phase of Concept Demonstration/Feasibility Evaluation, a
series of canopy sun glint photographic observation sorties were conducted
from a UH-1 helicopter. The two objectives of this series of flights were:

1) to obtain a subjective comparative measure of the sun glint signatures of the
various breadboard canopies under a common sun and skylight condition, and 2) to
verify the sun glint detection range limits predicted by the modeling program

for each canopy.
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Figuré 3-16 provides an airborne view of the Phase II test site layout at

Fort Bliss, Texas. A schedule summarizing the UH-1 sortie activity is given

below.
= Valid Radar
Sortie # Sortie Date Sortie Time Pass # Remarks

i 1 6/2 0700-0800 12 -
2 6/4 0900-1000 56-63 Camera Problem
3 6/7 0800-0900 - Abort-Weather
4 6/7 1300-1400 96-104 o
5 6/8 0800-0900 119-128 -
6 6/9 0700-0800 167-173 -
7 6/11 0700-0800 - Fire Units Manned

During each UH-1 sortie (with the exception of #7) the five fire urits
were unmanned and aligned to a specific azimuth heading. This procedure pro-
vided the common sun/canopy/observer orientation required for an unbiased
signature comparison.

The helicopter was vectored to fly a 6 km slant range concenttric course
about the test site. The initial selection of course altitude (500, 1000, 4
1500, or 2000 m AGL) was made to most nearly match the solar elevation within
the sortie interval. Upon entrance into the glint fan of any canopy, UH-1
position was identified by radar and 16 mm motion picture film documentation was

 ? made. Still photographs of selected sun glint conditions were also made.

A review of film and still photographic data from these missions confirmed
the general characteristics predicted by each canopy model. Confirma-
tion of the geometric air space of the signature utilizing computed values of

solar altitude and relative observer position has been accomplished.
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PHASE II TEST SITE ARRANGEMENT

FLAT PLATE WITH GRID BAFFLE
CYLINDRICAL GRID BAFFLE
FIGURE 3-16.
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Several attempts were made to address the second objective of the flight

series; that is, to verify predicted maximum sun glint detection ranges. A
variety of operations problems precluded this objective from being satis=
factorily met; however, reasonably good correlation between one valid obser-

vation and the corresponding prediction (standard canopy) was achieved.




SECTION 4

4.0 GUNNER/CANOPY PERFORMANCE EVALUATION
4,1 PHASE II - AIRCRAFT TRACKING TEST

During the second phase of Concept Demonstration/Feasibility Evaluation,
an extensive aircraft tracking test was conducted. The primary objective of
this test was to determine the target acquisition reiated, gunner visibility
characteristics of the various breadboard canopies. This was accomplished through
the analytical comparison of specific event time delay data relating to target
engagement for each of the various canopies under test, Originally, target range
data was intended to be used for the analytical manipulations, however due to the
programmed consistancy in target aircraft velocity, event time data was seen to
be an adequate measure of test performance and therefore was used as the primary
element in all subsequent Phase II data analysis.

A significant number of aircraft passes was required during this operation
due to statistical considerations. Target support during the entire test inter-
val wasAprovided by a T-33 jet aircraft. Table 4-1 summarizes the T-33 target
sortie activity.

Specific operating procedures were mandatory during all test passes. All
gunners were provided ALERT and target vectoring information simultaneously.
Vectoring updates were provided in the same manner., Each gunner attempted to
engage the inbound target as soon as possitle. Target visual acquisition was
indicated by the gunner comment ''CONTACT", and gunner/fire unit tracking by the
comment ''TRACKING". Gunners were directed to track the target throughout the
run with minimum aiming error until disengagement was ordered. All fire unit
intercom audio was concurrently monitored and recorded.

Range control vectoring information to the T-33 aircraft pilot was
required throughout each test run to insure validity of the blind target 4

ALERT and update vectoring callouts to the gunners.,

4-1




dLVId IV'Id 6

AIILVOD =¥V ¥

(YVANVIS €

dTAAVe AT8D ¢
ITAAVE /M ATIVId IVId

ALIALLOV AII¥OS LAYV £L=1 - AUVHWNS

=% IVl

w, LINN A¥Id

Vj € 1 S z €e-1 00€T 0021 11/9 092-%5¢
z Vi € 1 S T 00€T- 00z1 11/9 £€52=0%2
1 S rA ] € £€=1 000T 0060 11/9 6£2-022
1 S 4 Y € £E=-1 0091 00T 01/9 612-€0C
€ 1 S 4 Y €€-1 00€T 00ZT 01/9 20Z-581
€ 1 S 4 Y gE-1 0001 0060 01/9 Y81 -%L1
Y € 1 S Z S 7 00.T 0091 8/9 991-6%1 6
Y € 1 S 4 gE=~1 00%1 00¢ T 8/9 8Y1-621 8
A i € 1 S €€-1 0091 00T L/9 8TT1-S0T L
4 Y € 1 S £€-1 0ETT 0€0T L/9 $6-78 9
S "2 Y € 1 €€-1 00ST 00€T %/ 9 18=-%9 S
S rA Y € 1 €€-1 00ST 00€T £/9 GG =8¢ Y
1 S z Y € €e-1 0€TT 0€0T £/9 Le-€2 €
1 S ¢ Y € €€-1L sset SSTT Z/9 AN Z
S z Vi € A | 00S T 00¢ T 1/9 11-1 1

S# Y7 e# cit T# aNA IHVILS

n'd ma--ma ‘Bial o/V AWLL ALva SNNY # ALINOS

TANNOSYHAd




During each scheduled sortie, the T-33 flew a programmed mixture of the
following trajectories at a constant velocity of 300 knots:

TARGET PRESENTATIONS

Alert Range Offset
Trajectory i# (KM _to XVR) o Altitude (M)
1 5 0 150
2 5 2 150
3 10 0 150
4 10 2 1590
5 10 0 2000
6 10 2 2000

The order of trajectory variations was initially periodically altered in an
attempt to more fully exercise the search techniques of each gunner/canopy
combination. It became apparent however that the distribution of gunners was
negatively affecting the results in spite of this normalization technique.
Beginning with sortie number six, all gunners were advised of target presenta-
tion conditions (offset range, altitude) prior to initiation of the test pass.
This approach helped re-establish a narrower distribution among the gunners.

All gunner personnel were rotated between fire units such that each gunner
tracked at least two T-33 sorties from each unit. This approach was intended to
normalize performance differences between the various gunners.

4,1.1 VISUAL ACQUISITION PREFORMANCE

The ability of the various gunner/canopy combinations under test to visually
detect the target aircraft was evaluated in terms of the time delay between
issuance of the ALERT order and receipt of the gunner CONTACT indication.
Following screening of the total data sample (see Appendix B, part (1)), ALERT-

CONTACT data (Appendix C) were segregated by trajectory and broken down to matrix
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format for application of the analysis procedures outlined in part (2) of

Appendix B, Preliminary manipulations resulted in the generation of the matrices
shown in Tables 4-2 through 4-7. Results of the two-way analysis conducted on
each matrix appear immediately below the table matrix, where degrees of freedom
(D.F.), sum-of-squares (S.S.), and mean square (M,S.) notations are used.

The first test of the two-way analysis of variance was that to determine {
if gunner/canopy interaction existed. This was accomplished by testing the
hypothesis of zero interaction at the 10 percent significance level. The
results of this test for each of the six trajectory matrices is shown in
Table 4-8. It is seen that for trajectories 1, 2, 3, and 5, the hypothesis
of zero interaction cannot be rejected at the 10 percent significance level.
Further, in these cases, the hypothesis that the mean visual acquisition per-
formance of all canopies are equal (canopy has no effect on visual acquisition
performance) also cannot be rejected at the 10 percent significance level.
This implies that differences in canopy means as large as those noted, would
occur 10 percent of the time even if there were truly no performance differ-
ences between the canopies.

In the case of trajectories 4 and 6, tests of the null hypothesis
showed gunner/canopy interaction to be significant at the 10 percent level,
forcing the one-way analysis given in Tables 4-9 and 4-10, respectively.
Results of individual (by gunner) null hypothesis tests that canopy mean )
differences were zero are indicated in Tables 4-11A and B. The analysis
causes rejection of the null hypothesis at all levels of the gunner factor
(Table 4-11A) for trajectory 4, but at only one level for trajectory 6
(Table 4-11B).

The hypothetical significant differences between canopies for the
appropriate gunner levels was further explored via pair-wise mean comparisons

b4-4




ALERT - CONTACT DATA - TRAJECTORY 1 TABLE 4-2

CANOPY (j)
1 2 3 4 5
X1 28.4 X5 = 8.4 X3 = 36.1 %14 55 X5 46.4 Xy, = 174.3
1 X1 9.467 X1, = 8.4 X3 = 9.025 %14 18.333 X5 11.6 X, = 11.62
; a,, 3 n, = 1 nyq = 4 oy, 3 n 4 n, - 15
‘ - - x
. Xy 35 X5, 29.4 X,3 27.2 X5, 25.1 X5 5.4 %y, 122.1
2 Xy 8.75 Xy, = 9.8 Xy3 = 6.8 X34 8.367 X5 5.4 X,, = 8.14
nyy 4 ny, = 3 N3 = 4 n,, 3 O,y 1 n,, = 35
{ - - = A -
\ g X3 7.4 X3, 16.6 X33 6.1 X3, 39.1 X35 20.6 X5, 89.8
N - - -— - p— p—
N 3 X31 3.7 X3, = 5.533 X33 = 6.1 X34 9.775 X35 6.867 X,, = 6.9077
E
R LE% 2 Ny, = 3 Ny = 1 LEVA 4 Ny 3 ny, = 13
(1)
X4 27 X4 = 44,2 X3 = 20.9 %44 12.9 X5 18 X,, = 123
4 X4 9.0 X0 = 11.05 X3 = 6.967 X4 12.9 X5 4.5 X, = 8.2
n1 3 n,, = 4 Ny = 3 LY 1 o5 4 n,, = 15
= - x =
X5y 8.6 X5, 32.6 X535 24.9 s, 21.7 X5 29.9 x5' Uk i
5 X5y 8.6 X5y = 8.15 X5y = 8.3 s, 5.425 X5 9.967 X5, = 7.8467
{ ngy 3 ng, = 4 Mgy = 3 LA 4 g 3 ng, = 15
§ X1 106.4 By - 131.2 ™ 115.2 L 153.8 X5 120.3 x,, = 626.9
X, = 8.1846  x , = 8.7467 x = 7.68 x,, = 10.2533 x . = 8.02 x,, = 8.5877
i n, =13 n,= 15 nq= 15 LI 15 n g 15 n,, =73
|
TWO-WAY ANALYSIS
D.F. S.S. M.S. M.S. S.S. DeFs
CANOPIES 4 61.2787 15.3197 47.0247 188.0989 4 GUNNERS
ignoring ignoring
GUNNERS CANOPIES
INTERACTION 16 327.3218 20.4576 327.3218 16 INTERACTION
' GUNNERS 4 224.6390 56.1598 24,4547 97.8188 4 CANOPIES
BETWEEN 24 613.2395 613.2395 24
cells
WITHIN 48 656.2392 13.6716
cells
TOTAL 72 1269,4787




ALERT ~ CONTACT DATA - TRAJECTORY 2 TABLL 4-3

CANOPY (J)
1 2 3 4 5
B o
[, = 26.7 x,, = 6.4 x5 = 28.2 | xp, = 10.1 x,g = 16 i x,. = 85.4
1 X, = 8.233 Xy, = 6.4 X4 = 7.055 X4 = 5.05 X5 = 5,333 X, = 6.5692
I a2, w3 ny, =1 nyy =4 ny, =2 g = 3 n,, =13
i .
Xy, = 29.4 Xyp = 9.7 Xy3 = 15.9 Xo4 = 16.7 Xy = 3.9 X, = 75.6 =
!
- ¥ - — — — —_ 1
2 Xy = 7.35 Xy, = 4.85 Xy3 = 5.3 X5 = 5.567 Xy5 = 3.9 x,, = 5.8154 :
ny, = 4 n,, = 2 nyy = 3 Ny, = 3 Nyg = 1 n,, = 13 t
i ;
\
| g X3 = 2.8 Xy, = 15.8 Xqq = 3.0 Xy4 = 14.8 Xy5 = 2.6 X3, = 39
N = - - — — e
N 3 X3y = 2.8 Xyp = 5.267 X33 = 3.0 Xy, = Jad X35 = 2.6 Xy, = 3.9
E
R Ny 3l na, = 3 Ny = £ LEV 4 Nyg = 1 n,, = 10
(1)
X" 10.8 X0 = 20.3 X, = 17 X, = 3.3 X5 = 22.4 T 73.8
4 X1 = 5.4 X4 = 6.767 X3 = 5.667 X = 33 X,q = 5.6 c Tk 5.6769 '
L 2 n, = 3 n,q = 3 N = 1 n,c = 4 Ty, = 13
=
Xgy = el Xy = 36.8 Xgq = 9.0 Xg, = 15.1 Xgg = 19.5 Xg, = 83.6
3 Xgq = 3.2 Xgoy = 9.2 Xgq = 4:5 Xy = 5.033 Xg5 = 6.5 X5, = 6.4308
ng, = 2 ! Ny = 4 Ngqy = 2 ng, = 3 ngg = 3 ng, = i3
X, = 70.9 X, = 89 x,= 731  x, =60 X,g = 644 x = 357.4
X,y = 6.4454 X , = 6.8462 X , = 5.6231 x , = 4.6154 X o = 5.3667 X, = 5.7645
i n = 11 n,= 13 LI 13 L 13 n = 12 n,, =62 :
TWO-WAY ANALYSIS
D.E. 8.5, M.S. M.S. 5.8, D.F. i
{ CANOPIES 4 39.6464 9.9116 12.2729 45,0917 4 GUNNERS 0
} ignoring ignoring i
GUNNERS CANOPIES :
INTERACTION 16 68.0470 4,2529 68.0470 16 INTERACTION
GUNNERS 4 49,1023 12.2756 9.9142 39.6570 & CANOPIES
BETWEEN 24 156.7957 156.7957 24
cells
WITHIN 3 207.0685 5.5964 l
cells i i
TOTAL 61 363.8642 | ! | |
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ALERT - CONTACT DATA - TRAJECTORY 3 TADLL 4-4

CANOPY (J)
1 2 3 4 5
X1, 82.8 X9 ™ 225.1 X4 = 210.9 X4 = 208.7 X5 196.7 T ™ 924.2
- X, 20.7 X0 = 32.157 X153 = 30.129 Xy, = 34.783 X5 32.783 N 30.8067
ny 4 n, = 7 na =7 n, =6 ng =6 n,, =30
Xy 136.2 Xyp = 258.7 Xpq = 155.8 X4 = 126.8 Xy 245.8 X, = 923.3
2 X5y 27.24 Xy = 43.117 Xyq = 24.967 X4 = 31.7 Xyg 35.114 X, = 32.975
nyy o ny, = 6 nyy = 6 ny, = 4 By % n,, = 28
g X3, 163.9 Xy, = 111.4 X34 = 249.1 Xy, = 166.4 X3¢ 124.7 Xy, = 815.5
N - - - - - - <
N 3 X3 27.317 Xy = 27.85 X34 35.586 Xy, = 23.771 X35 20.783 X3, = 27.1833
E
R a3 6 Ny = 4 Ny = z Ny, = 7 LR 6 ny, = 30
(1)
X1 266.8 X0 = 232.8 X,y = 154.8 X " 252.7 X, 240.3 X, = 1147.4
X % = x = % = % 2 x = 467
Al X, 44,467 X0 38.8 X3 38.7 X4 36.1 X5 34.329 x,. 38.2467
ny =6 n,, =6 B4 =4 0, =7 ne =7 fy . = 30
Xgy 250.6 X5y = 232,2 Xg3 = 235.1 X5, = 143.3 55 134.1 Tey ™ 995.3
5 X5y 35.8 X5y = 33.171 Xgy = 39.183 Xgy = 23.883 Xgg 33.525 X5, = 33.1767
ngy 7 ng, = 7 fgqy = 6 Ng, = 6 g 4 ng, = 30
x,, = 900.3 x,, = 1060.2  x = 1005.7 x , = 897.9 X,g = 941.6  x = 4805.7
X, = 32,153 X, , = 35.3 x5 = 33.5233 X, = 29.93 X,g = 31.3867 X, =~ 32.4709
n, =28 8, = 30 4= 30 n, = 30 ng = 30 n,, = 148
TWO-WAY ANALYSIS
D.F, S.S. M.S. M.S. S.S. D.F.
CANOPIES 4 512.1964 128.0491 486,2449 1944.9797 4 GUNNERS
ignoring ignoring
GUNNERS CANOPIES
INTERACTION 16 3112.1413 194,5088 3112.1413 16 INTERACTION
GUNNERS 4 1959.4125 489.8531 131.6573 526.6292 4 CANOPIES
BETWEEN 24 5583.7502 5583.7502 24
cells
WITHIN 123 18254.7933 148.4130
cells
TOTAL 147 23838,5435
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ALERT - CONTACT DATA - TRAJECTORY 4 TABLE 4-°

CANOPY (J)
1 2 3 4 5
X1y = 96.4 X1y = 153.2 X3 = 244.1 X14 149.2 X5 156.2 X ™ 799.1
- - - - =3 = X = ') = -
3 X, 19.28 P 30. 64 X3 34.871 X1, 21,3146 %5 26.033 X, 26.6367
n;, = 5 n, = 5 ny4 = 7 DA 7 N 6 n, = 30
Xy = 220 %y, = 178.7 Xyy = 105.4 Xy, 158.4 Xy 177:3 X, - 839.8
211 == - o = = = e = = =
2| %y 31.429 X9 25.529 X,q 17.567 X5, 31.68 X5 35.46 X,, 27.9933
n, = 7 ny, = 7 nyq =6 N, 5 Nyg 5 n,, = 30
g Xy = 73.6 Xyy = 123 X33 = 122.5 Xq, 182.5 X35 126.2 Ky 627.8
N - \ - - 3 - - A
B 3 X3 = 12.267 %3, 24.6 X3y = 24.5 X3, 26.071 X35 18.029 X,, 20.9267
R Ny, = 6 Ay, = 5 Nyy = 5 Nq, 7 g v n, = 30
(1)
Xy = 175.5 X0 = 178.6 X3 = 153.2 X4 169.6 X5 258.3 X, = 935.2
x - = = - = = 7 x 5 =
4 X1 25.071 X0 29.767 X3 30.64 X4 33.92 X5 36.9 X,. 31.1733
n,, = 7 n, = 6 n,q = 5 n,, 5 s 7 n, = 30
Xgy = 138.6 Xg, = 261.8 X5y = 145.8 Xs,, 91.6 Xgo 208.7 X, o 846.5
5 X5, = 27.72 X5, = 37.4 Xsy = 20,829 Xg, 15.267 X5 41.74 Xg, = 28.2167
fgy = 5 n., = 7 ngqy = 7 LI 6 ngg 5 ng, = 30
X, = 704.1 X, = 895.3 X 4= 7t X, 7533 X5 926.7 x,, = 4048.4
% = - = s - e ', & & =
X, 23,47 X, 5 29,8433 X, 4 2561 X, 25,0433 X, g 30.89 x | 26.9893
n, = 30 n.2-30 n, 4= 30 n,, =30 n, g 30 n = 150
TWO-WAY ANALYSIS
D.F. S+ Ss M.S. M.S. 838 D.F.
CANOPIES 4 4 GUNNERS
ignoring ignoring
GUNNERS > CANOPIES
INTERACTION 16 5190.5960 324,4122 324.4122 5190.5960 16 INTERACTION
GUNNERS 4 4 CANOPIES
BETWEEN 24 8118.1071 8118.1071 24
cells -
WITHIN 125 10552.1949 84.4176 ‘
cells | ‘
1 |
TOTAL 149 18670. 3020 ! |
= aen

e o




ALERT - CONTACT DATA - TRAJECTORY 5 TABLE 4-0

CANOPY (J)
1 2 3 4 5
xll = 332.4 X1, = 3151.9 x13 = 230.7 x14 = 220.2 X5 382.7 Xy, ™ 1317.9
)& xll = 47.486 x12 = 50.633 Xyq = 46.14 X4 = 55.05 X5 54.671 X, = 50.6885
n, = 7 ny, = 3 | 04 =5 a, = 4 nyg 7 n, = 26
X5 = 218.5 X5y = 226.5 Xyy ® 335.8 X5, = 381 %55 148.5 o, 1310.3
21 % = x = x - X - pe x -
2 x21 43.7 x22 56.625 x23 47.971 x24 54.429 x25 49.5 xz. 50.3962
n,, = 4 By ™ 7 n,, =7 n,s = 3 n,, = 26
= = = . - 2 . 3 .- | - 7
g X3 2757 X3, 347.9 Xqq 155.7 X3, 19.9 Xq5 188.7 i X3, 1187.9
N = - - — - . | = .
N 3 X3 = 39.386 Xy, = 49,7 Xqq = 51...9 Xy, = 43,98 %35 47.175 Xy, = 45 6885
E
R ny = 7 fy, = 7 nyy = 3 Ny, = 5 s 4 | N, ™ 26
(1)
- 2 = = = | w 192
X, 205.7 ‘ X4 350.8 X9 362.5 X4 165.3 X,s 179.8 | X,. 1264.1
‘ |
8 = 5 2 x = % = x = oo | % = 50.56
4 x, 51.425 x40 50.114 X3 51.786 X4 55.1 X5 44,95 X,. 50.564
ny T 4 n,, = 7 %3 = 7 n,, = 3 L 4 n,, = 25
X51 = 194.9 X5, = 221.2 Xgq = 214.7 Xg, = 424.3 Xgg 421.1 X5, = 1476.2
5 x51 = 64,967 x52 = 44,24 x53 = 53.675 x54 = 60.614 x55 60.157 xs_ = 56,7769
ng, = 3 Og, = 5 ngy = 4 ng, = 7 N 7 ng, = 26
X, = 1227.2 X, = 1298.3 Xy 1299.4 X, " 1410.7 X5 1320.8 x,, = 6556.4
X, o= 47.2 X o= 49,9346 x , = 49.9770 X , = 54.2577 x . = 52.832 x _ = 50.8248
.1 2 -3 4 .5 .
= = = = 2 = ]
nog 26 a, 26 n, 5 26 n,, 26 o5 25 . 8 129
TWO-WAY ANALYSIS
D.F. SeSe M.8. M.S. S48, D.F.
CANOPIES 4 788.1692 197.0423 403.5444 1614.1777 4 GUNNERS
ignoring ignoring
GUNNERS 1 CANOPIES
INTERACTION 16 2323.3162 145.2073 2323.3162 | 16 INTERACTION
GUNNERS 4 1342,7631 335.6908 129.1886 | 516.7546 | 4 CANOPIES
BETWEEN 24 4454, 2485 4454 ,2485 24
cells |
WITHIN 104 16647.6058 | 160.0731 [ |
cells [ | |
| | | Tl
B TOTAL 128 21101.8543 1 , J l
i
4-9
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ALERT - CONTACT DATA - TRAJECTORY 6 TABLE 4-7

CANOPY (J)
1 2 3 4 5
X, = 120.3 X1, = 256.8 X3 = 230.7 Xy, = 198.9 %y = 100.7 %, = 907.4
4 ! X)p = 60.15 X0 = 64.2 Xyq = 57.675 Xy, = 49.725 Xy = 50.35 %, = 56.7125
i g = 2 nyy = 4 a4 = 4 ny, = 4 ng = 2 n, = 16 i
%y = 213.6 Xpy = 200 Xpq ™ 98.1 Xy, = 94.1 x25 = 219.3 Xy, = 825.1 i
]
iy S J
2 Xy = 53.4 Xpy = 50 Xy = 49,05 Xy, = 47.05 Xy5 = 54.825 x,, = 51.5688
)
= = - = 2 = = i
: nyy 4 %,y 4 nyq 2 n,, =2 fyg 4 n,, 16
S x31 = 90.1 x32 = 84.8 x33 = 238.4 x3& = 213.1 x35 = 170.2 x3_ = 796.6
N : = = 4 > = = = = = = = 3 % =
N 32 %qp 45.05 X3y Aded. X34 59.6 Xy, 53.2725 %ag 42.55 %3, 49,7875
E [
= 2 = = = = =
R i ng, =2 LY 2 nyq 4 By 4 g 4 ng. 16
(1) ‘ 3 : | ;
X4 = 174.2 X0 = 100.7 Xyq = 85.2 Xy = 239.8 X5 = 220.5 Xy, = 820.4
o - - = - — R H
4 X, = 43.55 X = 50.35 E X3 = 42,6 X0 = 59.95 %e 55.125 X, = 51.275 :
‘F {
lnbl =4 By = z- L 2 %, 4 %5 4 n,. 16 ;
r 1 |
= = 2 | = = = 2 = 2
xSl 255.2 x52 232.8 xb3 202.7 xSé 96.2 1 x55 115. xs_ 902.1
" . L o ¥ s > !
5{ %gy = 63.8 X5, = 58.2 X5z = 50.675 X, = 48.1 Xeg = 516 ®g, = 56.3812
| = = " = = = 2 = "
LnSl 4 g, 4 : fgq 4 ng, 2 Ngo 2 ag, 16
x,, = 853.4  x,=875.1  x,=851 x =821 x, =859 x = 42516
X, =53.3375 X, = 54,6938 x , = 53.4438 X & =52.6312 x .=~ 51.6188 x = 53.145
n, =16 n, =16 n 3 16 n, =16 T.g 16 u, = 80 )'
TWO-WAY ANALYSIS }
D.F. S.S. M.S. M.S. S8 D.F
CANOPIES 4 4 GUNNERS " :
A ignoring ignoring .o
GUNNERS CANOPIES
INTERACTION 16 2675.8915 167.2432 167.2432 2675.8915 16 INTERACTION .
GUNNERS 4 4 CANOPIES ¥
BETWEEN 24 3346.6730 3346.6730 2 1
cells | |
WITHIN 35 5458.6630 99,2484 [ |
cells | |
TOTAL | 79 8805, 3360

e e — g pe—— e Tl = L T w]




ALERT - CONTACT DATA — SIGNIFICANCE TESTS - TABLE 4-8
p
INTERACTION MAIN EFFECTS
2 TRAJ. GUNNER EFFECTS CANOPY EFFECTS
g | NO.
E | 3 Fl1o Fact F 1o -
: : (D.F.) (SIGNIF.) (D.F.) GUN SIGNIF. Foan SIGNIF.
5 1.62 1.4964 2.04 3.6543 YES 1.5912 NO
(16,48) (NO) (4,64)
l |
: 9 1.67 0.7599 2.06 2.3648 YES 1.9099 NO
; (16,37) (NO) (4,53) |
i !
i
‘ l 3 1.54 1.3106 1.98 3.1867 YES 0.8565 NO !
! (16,123) (NO) (4,139) !
| : *
| 1.54 3.8429
/, - -
1 Lk (16.125) (YES) SEE TABLES 4-9, 4-11A
3 T : i
‘ . 1.54 0.9071 1.99 2.1234 ®s | 0.7 NO
: } (16,104) (NO) (4,120) |
. |
1.62 1.6851
4 . -11B
i 6 (16.55) (YES) SEE TABLES 4-10, 4-1
b
E V.

4-11
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GUNNER

ALERT-CONTACT DATA — TRAJECTORY 4 - TABLE 4-9

ONE-WAY ANALYSIS

(CASE OF SIGNIFICANT INTERACTION)

SOURCE

D.F. S.S. M.S.

BETWEEN CANOPIES 4 1025.8678 256.4670

1 WITHIN CANOPIES 25 2699.0216 107.9609
TOTAL 29 3724.8894

BETWEEN CANOPIES 4 1124.1009 281.0252

2 WITHIN CANOPIES 25 2425.1577 97.0063
TOTAL 29 3549.2586

BETWEEN CANOPIES 4 825.2739 206.3185

3 WITHIN CANOPIES 25 1243.9848 49.7594
TOTAL 29 2069.2587

BETWEEN CANOPIES 4 541.2420 135.3105

4 WITHIN CANOPIES 25 1257.6767 50.3071
TOTAL 29 1798.9187

t

BETWEEN CANOPIES | 4 2894.1779 723.5445

5 WITHIN CANOPIES # 25 2926.7833 117.0713
TOTAL 29 5820.9612




ALERT - CONTACT DATA — TRAJECTORY 6 - TABLE 4-10

ONE-WAY ANALYSIS

(CASE OF SIGNIFICANT INTERACTION)

GUNNER SOURCE D.F. S.S. M.S.
BETWEEN CANOPIES 4 527.8525 131.9631
1 WITHIN CANOPIES 1L 1224.6649 111.3332
TOTAL i 1752.5174
BETWEEN CANOPIES 4 119.1969 29,7992
2 WITHIN CANOPIES 1 1301.4373 118.3125
TOTAL 15 1420.6342
BETWEEN CANOPIES 4 97 .355 199.3388
3 WITHIN CANOPIES 11 731.4226 66.4930
TOTAL 15 1528.7776
BETWEEN CANOPIES 4 751.2375 187.8094
4 WITHIN CANOPIES 11 1251.8321 113.8029
TOTAL 15 2003.0696 ;
|
BETWEEN CANOPIES 4 503.7569 125.9392
5 WITHIN CANOPIES 11 949.3077 86.3007
TOTAL { 15 1453.0646

O ym L TN
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ALERT - CONTACT DATA — SIGNIFICANCE TESTS

CASES OF SIGNIFICANT INTERACTION

TRAJECTORY 4 — TABLE 4-11A

’ GUNNER | ".10 F SIGNIF
(D.F.) i :
1 2.18 2.3756 YES
(4,25)
? 2 2.18 2.8970 YES
(4,25)
4
3 2.18 4.1463 YES
(4,25)
4 2.18 2.6897 YES
(4,25) 2
5 2.18 | 6.1804 YES
25 | |
| i

TRAJECTORY 6 — TABLE 4-11B

: d0

é GUNNER LE ) F, SIGNIF.

| .

4 1 2.54 1.1853 NO

B | (4,11)

EE 2 2.54 0.2519 NO ‘

i 3 2.54 2.9979 YES

B (4,11)

7

; 4 2.54 1.6503 NO |
. (4,11) i
: 5 2.54 1.4593 | NO

(4,11)




utilizing the t-test method. Results of these tests are contained in the
following subsection, Table 4-28, Care must be exercised in the interpreta-
tion of these significance test findings because of their hypothetical basis,
Nonetheless, they do provide additional insight into the probable areas of the
mean discrepancies,

Based on results of the tests contained in Tables 4-8, 4-11A, and 4-11B,
we conclude that no significant difference (10 percent significance level) exists
between any of the canopies for all short range ALERT and zero offset long range
ALERT target conditions tested. Differences apparent for the two kilometer off-
set long range ALERT test conditions are felt to be marginally significant at
gunner levels 1 and 4 of trajectory 4 and at gunner level 3 of trajectory 6 as
the null hypothesis cannot be rejected at the 5 percent level in these cases.
From an overall visual acquisition standpoint, we must conclude, as analysis of
test data supports, that over the range of gunners employed, no conclusive
difference exists between any of the test canopies.
4.,1.2 TRACKING/REACQUISITION PERFORMANCE

A measure of the various gunner/canopy combinations' ability to complete
the target engagement test was evaluated in two parts, the first component
being the time delay between gunner CONTACT and TRACKING indications and the
second, the delay involved in reacquiring the target aircraft after zero offset
crossover. Raw test data were screened and compiled (see Appendix C) for con-
solidation into the matrix-analysis format. The results of analyses are given
in Tables 4~12 through 4~17 and 4-18 for CONTACT-TRACKING and REACQUISITION data,
respectively, It should be noted that while CONTACT-TRACKING data was treated
by individual trajectory, the REACQUISITION data sample was a consolidation of
trajectory 1 and 3 data. This grouping was desirable because of the existence

of a zero-cell condition (no data points for one (i,j)) in the trajectory 3

4-15




CONTACT - TRACKING DATA --

TRAJECTORY 1 = TABLE 4-12

CANOPY (§)
1 2 3 4 5
X, = 12.3 X0 " 13.1 X3 = 7.1 X4 = 9.8 X 10.4 X, = 5247
= = 7 X = X, = = - X s =
1 X1 3.075 x12 3:.2175 X3 1.775 X1 3.267 x15 2.6 xl. 2.77137
n, = 4 n, = 4 nq = 4 n, = 3 nig 4 0, = 19
Xy, = 6.3 Xpp = 3.9 Xyq = 3.9 Xy, = 9.5 Xy 5.8 Xy, = 29.4
2 X5y = 1.5%5 Xy = 1.3 Xy = 0.975 Xo4 = 2.3725 x25 1.45 %, = 1.5474
nyy 4 n,, = 3 nyy = 4 ny, = 4 Ryg 4 n, = 19
g X3 = 1.5 X3y = 9.8 X33 = 3.4 Xy, = 10.7 X35 e Xy, = 277
N — — —-— - —_ -
N 3 Xqp Q.75 x32 = 2,45 Xqq = 0.85 Xq, = 2.6175 X3 0.767 Xy, = 1.6294
E
R ngy = 2 ngy = 4 ngy = 4 ng, = 4 Ny 3 ng, = 17
(1)
X0 = 4.9 X0 = 9.9 X3 = 6.0 X " Sisid X5 5.4 == 31.9
4 X, = 1.633 x[.2 = 2,475 X4 "= 15 X0 = 1.425 xl‘5 135 X, = 1.6789
n, = 3 n,, = 4 nq = 4 LYV 4 N5 4 n,, = 19
Xgq = 5.8 x52 = 12.6 x53 = 7.1 Xg, = 6.6 x55 16.0 X, = 48.1
5 X5 = 2.9 x52 = 3,15 Xgy = 2.367 Xg, = 1465 XSS 4,0 %, = 2.8294
ng, = 2 n52 = 4 Ngy = 3 ng, = 4 g 4 ng, = 17
x,; = 30.8 X, = 49.3 X3 = 27,5 x, = 42.3 x,s=39.9 x =18.8
X, = 2.0533 X, % 2.5947 X, = L4474 X, = 2.2263 x .= 2.1 x,, = 2.0857
n,, =15 n,,=19 n,y =19 n,, =19 ng =19 n,, =91
TWO-WAY ANALYSIS
D.F. S.8. M.S. M.S. S.S. D.F.
CANOPIES 4 4 GUNNERS
ignoring ignoring
GUNNERS CANOPIES
INTERACTION 16 27,3684 1.7105 1.7105 27.3684 16 INTERACTION
GUNNERS 4 4 CANOPIES
BETWEEN 24 69.8149 69.8149 24
cells
WITHIN 66 60.2560 .9130
cells
TOTAL 90 130.0709 |
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CONTACT - TRACKING DATA -- TRAJECTORY 2 - TABLE 4-13

CANOPY (i)
1 2 3 4 5
X1 7.6 X0 = 10.9 X9 " 7.8 X4 = 5.4 X5 6.6 .- 38.3
1 X1 2.533 X1, = 2.725 X3 = 1.95 X4 = 2.7 X1 2.2 By ™ 2.3938
n, 3 0, = 4 nyg = 4 n, = 2 ng 3 n, = 16
X5y 5.4 X5y = ) i Xpq = 3.5 X5, = 8.9 X, 6.0 X, ® 25.5
2 Xy 1.35 Xy = 0.85 x23 = 1,167 Xo4 = 2.967 Xyg 1.5 Xy, = 1.5938
nyy 4 ny, = 2 nyq = 3 Ny, = 3 B,y 4 a,, = 16
g x31 0.9 x32 = 6.3 X33 = 3,1 x34 = 5.3 X35 3.3 Xy, = 16.9
N - - - - — —
N 3 x3l 0.9 X, = 2.% x33 = 0,775 X3y = 1.325 x35 0.65 Xy, = 1.2071
E
R nqy 1 ng, = 3 LEe =4 Ny, = 4 Ny 2 a,, = 14
(1)
X, = 3.9 X0 = 4.7 X3 = 7.8 Gy ™ 8.0 X5 = 7.0 X, = 3L.4
4 X1 1.95 X4 = 1.567 %43 = 2.6 X = 2.0 X5 1.75 X ™ 1.9625
" 2 R, = & N = 3 n, = 4 s 4 Ty = 16
X5y 12.4 x52 = 8.6 Xsq = 4,2 x56 - 50 X5 11.8 X5, = 42.3
3 x51 6.2 Xy = 215 X3 = 2.1 x54 = 1.767 Xgs 3.933 xS. = 3,0214
L% 2 ng, = 4 ngy = 2 Ny, = 3 g 3 ng, = 14
X, = 30.2 x,, = 32.2 X,y = 26.4 %, = 329 X, = 32.7 x,, = 154.4
x,) = 2.5167 X ,=2.0125 x = 1.65 X,, = 2.0563 X = 2.0438 X, = 2.0316
n, =12 n ., =16 n 4= 16 n, =16 o5 16 H . =G
TWO-WAY ANALYSIS
D.F. S.S. M.S. M.S. S§.S. D.F,
CANOPIES 4 4 GUNNERS
ignering ignoring
|___GUNNERS — CANOPIES
INTERACTION 16 42,6807 2.6675 s.0875 42,6807 16 INTERACTION
GUNNERS 4 | 4 CANOPIES
BETWEEN 24 75,5835 735835 [ 24
cells i
WITHIN - 4 26.8210 +9259 |
cells |
TOTAL 75 102, 4045 ,




CONTACT - TRACKING DATA --

TRAJECTORY 3 - TABLE 4-14

CANOPY (j)
2 2 3 4 5
%1 29.8 Xy, = 29.0 X3 = 24,7 X14 16.3 X5 23.9 X, = 123.7
1 X1 4,967 X0 = 3.625 X)q ™ 2,744 X4 2.717 X5 3.414 Hy ™ 3.436
ny 6 ny, = 8 nq = 9 oy, 6 Ay 7 n,, = 36
%51 37,1 X5, = 8.5 Xy3 ™ 22.2 X5, 20.5 Xy 20.8 x,, = 89.1
2 Xy 2.138 Xyp = 1,214 X5y ™ 3.27% Xy, 3.417 X)s 2.6 X,, = 2.475
nZl 8 n,, = 7 nyy = 7 Ny 6 Ny 8 n,, = 36
g %31 8.8 Xy = 27.8 Xyy = 16.4 Xq, 20.6 X3g 10.1 Xy, = 83.7
N -— — —_ p— — p—
N 3 X3 1.257 Xyy = 4.633 X3q = 2.05 X3, 2.06 %35 1.683 2, * 2.262
E
- = = =
R n.7 7 LY 6 Ry 8 na, 10 Nag 6 ng, 37
(1)
= = 8, - =
X,y 12.7 X, £6.7 X3 31.x X4 20.7 X5 17.8 X, 79.0
4 %1 1.814 X, = 2,386 X4y = 2.22 X4 2.588 X5 1.78 Xy, ® 2.135
n, 7 N, = z N,y = 5 n, 8 fs 10 N ™ 37
%51 54,1 X5, = 5543 X5y = 41.4 Xs, 567 Xgg 28.0 Xg, = 235.5
5 X5y 6.763 Xgy = 5.53 %gy = 6.9 Xs,, 8.1 g5 4,667 Ry, " 6.365
ngy 8 g, = 10 ngy = 6 g, 7 Ry 6 ng, = 37
X, 122.5 X, = 137.3 O 115.8 X, 134.8 X g 100.6 x = 611.0
X1 3.403 *.q " 3.613 X4 3.309 X4 3.643 X5 2.719 x, = 3.3388
n 36 n,= 38 ng= 35 n,, 37 11.s 37 R 183
TWO-WAY ANALYSIS
D.F. S.S. M.S. M.S S.S. D.F.
CANQPIES 4 4 GUNNERS
ignoring ignoring
GUNNERS CANOPIES
INTERACTION 16 125,0859 7.8179 7.8179 125.0859 16 INTERACTION
GUNNERS 4 4 CANOPIES
BETWEEN 24 601.1500 601.1500 24
cells L 1
WITHIN 158 | 455.3728 2.8821 E
cells ! .
TOTAL 182 L 1056. 5228




CONTACT - TRACKING DATA -~

TRAJECTORY 4 - TABLE 4-15

CANOPY (j)
1 2 3 4 5
1
x;, = 26.1 Xy, = 27.5 x,5 = 23.7 Xy, = 263 X, = 19.1 x,, = 122.7
1] %), = 4.35 x,, = 3.929 x5 = 2.37 Xy, = 3.288 %o ™ 2.729 } x,, = 3.2289
- 6 n, = 7 nyq = 10 a0 8 ng = 7 s 38
: x21 = 22,4 Xyp = 11.2 x23 = 13.8 x26 = 12,0 x25 = 16,1 xz. = 55 l
2| x,, = 2.24 Xy, = 16 X,y = 1.971 Xy, = 2.4 Xyg = 2.013 | X, = 2.0405
(
) ny, =10 ny, =7 nyy =7 Ny, =3 Ry = 8 n,, =37
‘ g Xgp = 4ud Xy, = 29.3 Xyy = Lbud Xy, = 25.4 Xy = 8.9 Xy, = 82.4
1
i N - - - - - -
x 3| %3 = 0.629 Xy, = 4.883 Xyy = 2.057 Xy, = 20822 Xy = 1.271 | xy, = 2.2889
E
y R Ny = 7 nyy = 6 Ny = 7 LEV 9 fyg = % ! ng, =36
1)
x,, = 17.4 x,, = 15.0 x,, = 13.1 X, = 12.1 X,5 = 18.8 x,, = 76.4
41 %, = 2.175 ! X,, = 2.143 X,y = 2.183 X, = 1,513 X,5 = 1.88 x,. = 1.9590
n,, = 8 n,, = 7 n,3 = 6 n, = 8 R = 10 n,, = 39
X5y = 38.5 .| x5, = 45.8 Xg3 = 35.5 xg, = 63.4 Xgg = 3.7 xg, = 214.9
5| x5y = 6.417 X5, = 4.58 X5y = 5.071 | X, = 9.057 Xg5 = 5283 Xg, = 5.9694 ]
L ng, = 6 Ngy = 10 Ngy = 7 ng, = 7 Ngs = 6 J ng, = 36
' x,, = 108.8 x,, = 128.8 x, 5 = 100.5 x,, = 139.2 X, = 94.6 x,, = 571.9
X, =2,9405 x. = 3.4811 x . =2,7162 x , = 3.7622 x _ = 2.4895 x, . = 3.0747
1 .2 ‘3 4 .5 wie
. n,, =37 n,, = 37 n,4 37 n,, =37 n, = 38 n , =186
i ( TWO-WAY ANALYSIS
i
D.F. 5.9, M.S. M.S. S.S. D.F.
't CANOPIES 4 4 GUNNERS |
( i ignoring ignoring |
GUNNERS CANOPIES |
INTERACTION 16 159,7172 9.9823 9.9823 159.7172 16 INTERACTION |
GUNNERS 4 4 CANOPIES |
BETWEEN 24 603.6498 603.6498 24
cells |
WITHIN 161 451,2218 2.8026 1
cells |
TOTAL 185 1054.8716 | |




CONTACT - TRACKING DATA --

TRAJECTORY 5 - TABLE 4-l6

CANOPY (3)
1 2 3 4 5
X117 31.9 Xy, = 32,5 X3 = 16.4 X, = 10 X5 23:3 X, = 315.1
1 X1 4,557 X1, = 4,063 X3 = 2,343 Xy, = 2.75 X5 29125 " ¥ 3.3853
nyq 7 n, = 8 ng = 7 ny, = é N 8 ., - 34
Xy 12.2 %yy = 8.1 Xy3 = 9.4 Xy, = 22,1 Xy 12,7 x,, = 64.5
% .. = - T X 2 .
2 Xy 2.44 X,y 2.025 Xyq 1.343 Xy, 3.157 X, 2.54 X,, 2.3036
0y, 5 ny, = 4 nyy = 7 fy, = 7 By 5 n,, = 28
9. = = = =
g X3q 12.9 X35 24,0 X34 235 %3, 21.5 %35 4.3 X5, 86.0
N p— p— - p— -— -
X 3 X3y 1.613 Xy, = 3.429 Xyy = 2,938 Xy, = 2,389 X35 1,025 Xy, = 2.3889
E {
|
R nyy 8 fy, = 7 Byy = 8 ny, = 9 Ny 4 Biys ™ 36
(i)
X4 9.6 X, = 15.9 X3 = 202 X4 = 1549 X5 14.2 Xy 75.8
x o % .. S 5 % 2 e
4 X1 2.4 X0 1.988 X3 2.886 X4 1.9875 %5 .029 X, 2.2294
B, 4 n, = 8 n,q = 7 n = 8 5 7 n,., = 34
X5y 40.2 Xg, = 19.7 Xgy = 35.2 Xg, = 35.5 Xgs 46.0 Ty ™ 176.6
_ e s G £ b o
5 X5y 8.04 Xg, = 3.94 X5y = 8.8 Xg, = 4.438 Xgg §:571 { xg, = 6.0897
= = = = 2
ng, 5 ne, 5 gy 4 g, 8 Beg 7 AJ ng, 29
X1 106.8 X, = 100.2 X 3= 104.7 Rog ™ 106.0 X5 100.3 x,, = 518
X1 3.6828 o e 3.,1313 X4 = 31727 X, " 2.9444 X,g 3.2355 x = 3.2174
n 29 n,= 32 ng = 33 n, = 36 n,s 31 n ,k =161
TWO-WAY ANALYSIS
D.F. S.S. M.S. M.S. S.5 D.F.
CANOPIES 4 4 GUNNERS
ignoring ignoring
GUNNERS CANOPIES
INTERACTION 16 145.9203 9.1200 9.1200 145.9203 16 INTERACTION
GUNNERS 4 4 CANOPIES
BETWEEN 24 479.5737 479.5737 24
cells
WITHIN 136 605.0378 4,4488
cells
TOTAL 160 1084.6115
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CONTACT - TRACKING DATA --

TRAJECTORY 6 - TABLE 4-17

CANOPY (j)
1 2 3 4 5
X1 30.8 X15 = 30.0 Xi3 = 17.2 X14 = 11.0 X5 9.2 %, = 98.2
1 X1 4.4 X0 ™ 4,286 X3 = 2,457 X4 = 2.75 %yg 3.067 %, = 3.5071
nyy Z n,, = 7 nyg = 7 n, 4 N 3 1, = 28
%51 15.5 Xpo = 4,7 X3 ™ 349 Xy, = 21.3 X5 31.1 Xy, = 76.5
2 X5y 2,214 Xyp = 1.175 Xyq = 1.3 Xy, = 3.043 X5 4.443 R 2.7321
n,, 7 ny, = 4 nyqy = 3 Ny, 7 By 7 n,, = 28
g X3 &5 X3y = 20.5 Xyq = 10.8 Xy, = 8.3 X35 5.6 Xg, = 49.7
N — — — -— f— -
N 3 X3 1.125 Xy = 2.929 X33 1.35 Xy, = 1.186 X35 1.40 X5, 1.6567
E
R nyy 4 ng, = 7 Ny = 8 ng, = 7 Nyg = & n,y, = 30
1)
X1 7.9 X, = 6.4 X4q = 1542 X4 = 14.3 X5 10.9 K 54.7
4 X1 1.975 X0 ™ 1.6 X3 = 2533 Rey *® 2,043 X, 1.817 By, = 2.0259
n 4 L 4 n,y = 6 = 7 L 6 n, = 27
X5y 44.5 x52 = 22.0 x53 = 17.3 Xey, = 13.0 x55 21.0 Xg, = 117.8
9 X5q $.563 Xgy = 3.667 X5y = S /167 X5, = 4.333 55 5425 X5, = 4.9083
ngy 8 ng, = 6 fgq = 3 ag, = 3 s 4 B, 24
X, 103.2 X, = 83.6 X3 " 64.4 X, = 67.9 X.g 778 x,, = 396.9
Py 4 = = % = X = 2.4 X 1 = 2 I
X, = 3.44 X,, % 2,9857 X = 2.3852 X, = 2.425 X, ™ 3.2017 X = 2.8971
a,y 30 a, = 28 a4 = 27 n, = 28 n g 24 t,, = 439
TWO-WAY WYSIS
D.F. S.S. M.S. M.S. SSs D.F.
CANOPIES 4 4 GUNNERS
ignoring ignoring
GUNNERS CANOPIES
INTERACTION 16 84.0427 5.2527 52527 84.0427 16 INTERACTION
GUNNERS 4 ‘ 4 CANOPIES
‘ |
BETWEEN 24 | 268.1262 i 268.1262 24
cells |
WITHIN 112 | 330.8715 2.9542 | |
cells l | | ? |
i ' ' 1
TOTAL 136 | 598.9977 1 | '
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REACQUISITION DATA -- TRAJECTORIES 1 AND 3 ~ TABLE 4-18

CANOPY (§)
p 1 2 3 4 5
X1 39.3 X, = 73.9 X3 = 62.9 X1, 36.5 X5 49.3 %, = 261.9 3
34 X, 4,367 X1, = 6.158 X1y = 4,493 X4 4.056 X5 4,482 By * 4,7618 4
i
= 12 = =
oy 9 0, 12 ng 14 LA 9 N 11 n, 55 }
X5 54.1 Xpy = 36.5 Xyy = 47.6 Xy, 41.5 %X,5 50 X, = 229.7 ?
2 X5 4.508 Xyy = 4,056 Xpq = 4.76 %5 4,611 o 4,546 Xy, = 4.5039
2, 12 ny, = 9 nyy = 10 Ry, 9 s 11 "y, = 51 ';
= = = 2 |
g %31 52.2 X39 36.9 %33 58.6 X34 51.6 X35 33.9 X5, 233.2 ‘
N 3 X351 5.8 %30 4,613 X33 4,883 Xq, 3.686 Xs5 3.767 Xg, 4.4846 j
E |
R ny, 9 ng, = 8 Naq = 12 LEVA 14 By 9 n,, = 52
(1)
X1 14 X, = 39.2 X3 = 3249 %44 7.3 X5 48.8 X, = 142.2
4 X1 2+333 X0 = 3.92 X3 = 3.656 %44 3.65 X5 3.486 X, = 3.4683 1
F
R, 6 N, = 20 nq = 9 %, 2 N5 14 n,, = 41
xsi 43.3 X5, = 65.9 Xgq = 46.2 Xs,, 44,7 X5g 45.0 X, = 245.1 ‘
5 Xy 4.33 X5, = 4,7071 Xgq = 4.62 Xs,, 4,064 5o 5+625 X5, = 4.6245 :
= = = \‘)
nSl 10 n52 14 gy 10 g, 11 e 8 g, 53 4
J?
X, 202.9 X, = ISl X4 248.2 X, 181.6 X5 227 x = 1112,1 ;
X, 4.4109 X u 4,7623 X 4= 4,5127 X, 4.0356 %5 4,283 x,, = 4.4131 "
ny 46 n, =353 n,= 55 Mg =4 g 53 n =252 ﬂ
) -
TWO-WAY ANALYSIS
E' D.F, .S, M.S. M.S. S8, D.F. =
E CANOPIES 4 4 GUNNERS
i‘ ignoring ignoring
i GUNNERS CANOPIES 3
i INTERACTION 16 67.3326 4,2083 4,2083 67.3326 16 INTERACTION ?
| GUNNERS 4 4 CANOPIES 3
BETWEEN 24 333.,97517 133.9757 24 ]
cells
WITHIN 227 291.8629 1.2857
cells
TOTAL 251 425,8386




sample, which would have necessitated use of significantly more complex

analytical procedures, Justification for the grouping was obtained in that
both classes of data (trajectories) were in essence identical, that is to say,
once gunner tracking had been established, trajectory 1 characteristics became
the same as those of trajectory 3 from the standpoint of crossover reacquisition
of the common velocity, low altitude, zero offset target., Trajectory 5
REACQUISITION data was eliminated entirely from the analysis due to the pre-
ponderance of zero-cell conditions and lack of justification for grouping.

For each treatment of CONTRACT-TRACKING and REACQUISITION data, the
hypothesis of zero interaction was rejected at the 10 percent significance
level (see Tables 4-19 and 4-20). One-way analyses conducted at every level
of the gunner factor for each t;éatment are shown in Tables 4-21 through &4-26
for CONTACT-TRACKING delay data and in Table 4-27 for REACQUISITION data.

The results of F-tests (10 percent significance level) of the hypothesis that
the differences between canopy means are zero are also given in these tables
and can be seen to vary quite freely. Pair-wise comparison test results for
cases of significant differences between canopy means at the individual

gunner level are given in Table 4-28, broken down under TRACKING (CONTACT-
TRACKING) and REACQUISITION headings. Again, interpretation of these signifi-
cance test results must be guarded,

Based on the variability in occurrence of significant canopy differences
shown in Tables 4=-21 through 4-27, we submit that no conclusive evidence of
CONTACT-TRACKING or REACQUISITION delay differences between the test canopies
can be shown to exist,

4,2 GUNNER QUESTIONNAIRE SUMMARY

At the conclusion of each T-33 tracking sortie, all gunners completed a

Mount Operator's Debriefing Questionnaire wherein they documented their comments

4-23

S, TIPS AT Bt TN 0 ERES R PR YR




CONTACT - TRACKING DATA — SIGNIFICANCE

TESTS - TABLE 4-19

INTERACTION MAIN EFFECTS
TRAl, GUNNER EFFECTS CANOPY EFFECTS
NO. 7 i
F.10 FAC’I.‘ F,lo F 3
(D.F.) | (SIGNIF.) (D.F.) GUN SIGNIF. CAN SIGNIF.
1.59 1.8735
: (16.66) (YES) SEE TABLE 4-21
{
I 1.63 5.0722 : |
; 3 €E6,5T) (YES) SEE TABLE 4-22
I
i 1.53 2.7126 I5eh s :
|3 | as,158) | (wES) BLE 4-23 |
| %
| |
f 1.53 3.5618 |
} % (16,161) (YES) SEE TABLE 4-24
| R e i
| |
| 1.54 2.0500
: EE g
i 5 ' (16,136) (YES) S TABLE 4-25
1.56 1.7780 »
E A
; 8 | (16,112) (YES) SEE TABLE 4-26
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REACQUISITION DATA — SIGNIFICANCE TEST - TABLE 4-20

INTERACTION MAIN EFFECTS '
|
TRAJ. GUNNER EFFECTS CANOPY EFFECTS |
NO. 3 - s |
.10 Fact .10 ] 3 ‘ |
(D.F.) (SIGNIF.) (D.F.) GUN SIGNIF. CAN SIGNIF. ]

le 1.95 3.2732

3 (16,227) (YES) SEE TABLE 4-27
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CONTACT - TRACKING DATA — TRAJECTORY 1 - TABLE 4-21

ONE-WAY ANALYSIS
(CASE OF SIGNIFICANT INTERACTION)

F
.10
GUNNER SOURCE D.F. $.8. M.S (D.F.) SIGNIF.
Fi
BETWEEN CANOPIES 4 6.2087 1.5522 | 2.39
1 WITHIN CANOPIES 14 7.6680 | 0.5477 (4,14) YES
TOTAL 18 13.8767 2.8340
l BETWEEN CANOPIES 4 4.2749 1.0687 2.39
[ 2 WITHIN CANOPIES 14 7.5924 0.5423 (4,14) NO
; TOTAL 18 11.8673 ,i 1.9706
i
[ I3
? BETWEEN CANOPIES 4 13.2744 | 3.3186 | 2.48
; 3 WITHIN CANOPIES 12 23.3808 1.9484 (4,12) NO f
| TOTAL 16 | 36.6552 1.7032 | |
e 5
} BETWEEN CANOPIES 4 ] 3.3600 | 0.8400 | 2.39 !
4 | WITHIN CANOPIES 14 | 9.0514 | 0.6465 (4,14) NO {
TOTAL 18 | 12.4114 | 1.2992
o = |
BETWEEN CANOPIES 4 12.1077 | 3.0269 | 2.48 |
5 j WITHIN CANOPIES k2 12.5724 1.0477 (&4;12) | YES
| TOTAL 16 24.6801 2.8891 |
| {




CONTACT - TRACKING DATA — TRAJECTORY 2 - TABLE 4-22

ONE-WAY ANALYSIS

3 (CASE OF SIGNIFICANT INTERACTION)
F1o
GUNNER SOURCE D.F. §:8. M.S. (D.F.) | SIGNIF.
E | e
: 8
1 BETWEEN CANOPIES 4 1.5849 | 0.3962 .| 2.54
1 | WITHIN CANOPIES 11 1.0845 | 0.0986 | (4,11) YES
TOTAL 15 2.6694 4.0186
BETWEEN CANOPIES 4 | 7.5829 | 1.8957 | 2.54
2 WITHIN CANOPIES 11 | 3.7666 | 0.3424 | (4,11) YES
TOTAL 15 | 11.3495 5.5362
BETWEEN CANOPIES 4 | 3.9093 | 0.9773 | 2.69
3 WITHIN CANOPIES | 9 | 12,2001 0.2444 (4,9) YES
| TOTAL | 13 | 6.10% 3.9979
i‘
BETWEEN CANOPIES | 4 ! 1.8750 | 0.4688 | 2.54
4 WITHIN CANOPIES E 1i6) ! 5.0824 0.4620 {4,11) NO
E ‘ | TOTAL 15 | 6.9574 1.0146 |
| | |
BETWEEN CANOPIES 4 . 32.1559 8.0390 2.69 !
5 | WITHIN CANOPIES 9 | 14.6874 | L6319 | (4;8) YES
K TOTAL 13 . 46.8433 | 4.9260 |
.
4-27
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CONTACT - TRACKING DATA — TRAJECTORY 3 - TABLE 4-23

ONE-WAY ANALYSIS

(CASE OF SIGNIFICANT INTERACTION)

F
.10
GUNNER SOURCE D.F. SR M.S. (D.F.) | SIGNIF.
Fy
BETWEEN CANOPIES 4 21,7645 5.4411 | 2.14
1 WITHIN CANOPIES 31 12.9365 0.4174 | (4,31) YES
TOTAL 35 34,7030 13.0367
BETWEEN CANOPIES 4 20.8795 5.2199 | 2.14
2 WITHIN CANOPIES 31 77.6680 2.5054 | (4,31) NO
TOTAL 35 98.5475 2.0834
BETWEEN CANOPIES 4 43,5790 | 10.8948 | 2.13 YES
3 WITHIN CANOPIES 32 42,5680 1.3302 | (4,32)
| TOTAL 36 | 86.1470 8.1900
|
| BETWEEN CANOPIES 4 4,1003 | 1.,025% | 2.13
4 | WITHIN CANOPIES 32 12.6440 | 0.3951 | (4,32) YES |
b= i {
| TOTAL 36 16,7443 2.5%4
| |
| BETWEEN CANOPIES 4 48.3276 12,0819 | 2.13
5 WITHIN CANOPIES | 32  [316.4767 9.8899 | (4,32) NO I
TOTAL | 36 |364.8043 1.2216
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CONTACT - TRACKING DATA — TRAJECTORY 4 - TABLE 4-24

ONE-WAY ANALYSIS

(CASE OF SIGNIFICANT INTERACTION)

F
.10
GUNNER SOURCE p.r. | 8.5 M.S (D.F.) | SIGNIF.
F,
> 8
BETWEEN CANOPIES 4 | 20.1265 | 5.0316| 2.13
1 WITHIN CANOPIES 33 | 28.2517 | 0.8561| (4,33) | YES
TOTAL 37 | 48.3782 5.8773
BETWEEN CANOPIES 4 2.4423 | 0.6106 | 2.13
2 WITHIN CANOPIES 32 | 38.1669 | 1.1927 | (4,32) | NO
TOTAL 36 | 40.6092 0.5119
T |
BETWEEN CANOPIES 4 69.8500 17.4625 2.14
3 WITHIN CANOPIES 31 43.6256 1.4073 (4531) YES |
TOTAL 35 |113.4756 12,4087 |
. |
BETWEEN CANOPIES 4 2.5650 | 0.6412 | 2.12 !
4 WITHIN CANOPIES 34 6.2294 | 0.1832 | (4,34) | YES |
|
TOTAL 38 8.7944 3.4997 |
BETWEEN CANOPIES 4 | 95.7160 | 23.9290 | 2.14 !
5 WITHIN CANOPIES 31 334.9804 | 10.8058 | (4,31) |  YES
| TOTAL 35  1430.6964 2.2144 |
i
\
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CONTACT ~ TRACKING DATA — TRAJECTORY 5 - TABLE 4-25

ONE-WAY ANALYSIS

(CASE OF SIGNIFICANT INTERACTION)

F
.10
GUNNER SOURCE D.F. s.s. M.S (D.F.) | SIGNIF.
s
BETWEEN CANOPIES 4 24.2918 6.0730 | 2.15
1 WITHIN CANOPIES 29 54.9308 1.8942 | (4,29) YES
TOTAL 33 79.2226 3.2062
i
BETWEEN CANOPIES 4 | 12.2402 3.0600 | 2.21
2 | WITHIN CANOPIES 23 23.8294 1.0361 | (4,23) YES
| TOTAL 27 36.0696 | 2.9535
| |
| |
| BETWEEN CANOPIES 4 22.2418 5.5604 | 2.14
3 | WITHIN CANOPIES 31 |220.3538 7.1082 | (4,31) NO
| TOTAL 35 ‘242.5956 © 0.7822
i H
| BETWEEN CANOPIES 4 4.3497 1.0874 | 2,15
|4 | WITHIN CANOPIES 29 23.5209 0.8111 | (4,29) NO
= | TOTAL 33 27.8706 1.3407
-
| BETWEEN CANOPIES 4 94.9538 | 23.7384 = 2.19
5 | WITHIN CANOPIES 24 |282.4131 | 11.7672  (4,24) NO
bt anie 8 T WO o el
| TOTAL 28  |377.3669 2.0173 |
| {




CONTACT - TRACKING DATA — TRAJECTORY 6 - TABLE 4-26

ONE-WAY ANALYSIS

(CASE OF SIGNIFICANT INTERACTION)
!
F 10
GUNNER SOURCE D.F. S.8. M.S. (D.F.) | SIGNIF.
Fi !
BETWEEN CANOPIES 4 20.4205 | 5.1050 | 2.21
1 WITHIN CANOPIES 23 68.8781 | 2.9947 | (4,23) NO
TOTAL 27 89.2986 1.7047
BETWEEN CANOPIES 4 38.8968 | 9.7242 | 2.21 ,
2 WITHIN CANOPIES 23 |117.0843 | 7.6993 | (&,23) NO |
1 |
TOTAL 27 [215.9811 | 1.2630 |
| | |
BETWEEN CANOPIES 4 15.0290 | 3.7573 | 2.18 | |
3 WITHIN CANOPIES 25 7.7247 | 0.3090 | (4,25) | YES |
TOTAL | 29 22.7537 | 12.1600 f
i i ,
i ! 1
BETWEEN CANOPIES 4 2.5427 | 0.6357 | 2.22 | 1
4 WITHIN CANOPIES | 22 4.1691 | 0.1895 | (4,22) | YES |
TOTAL Lo G 6.7118 3.3545 | ;
! | i
‘ | |
BETWEEN CANOPIES | 4 | 16.3460 | 4.0865 | 2.27 | |
5 WITHIN CANOPIES = 19 72.9923 | 3.8417 | (4,19) | No |
TOTAL 23 | 89.3383 | 1.0637 |
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REACQUISITION DATA — TRAJECTORIES 1 AND 3 - TABLE 4-27

T —

ONE-WAY ANALYSIS
(CASE OF SIGNIFICANT INTERACTION)

_
. .10
: GUNNER SOURCE D.F. 5.5. M.S. (D.F.) | SIGNIF.
W) E
BETWEEN CANOPIES 4 31.1514 | 7.7878 2.06
1 WITHIN CANOPIES 50 90.9184 | 1.8184 (4,50) YES y
4.2828 ;
1
i TOTAL 54 122.0698
BETWEEN CANOPIES 4 2.5843 | 0.6461 2.07
2 WITHIN CANOPIES 46 49,2149 1.0699 | (4,46) NO
0.6039
TOTAL 50 51.7992
i )
| BETWEEN CANOPIES 4 f1.272% | 7.79% | 2.07
k 3 WITHIN CANOPIES 47 72.3954 1.5403 | (4,47) YES
; | 5.0595 :
‘ TOTAL 51 103.5677 * i
%; | |
| BETWEEN CANOPIES 4 10.1613 ' 2.5403 2.11
f 4 WITHIN CANOPIES 36 14.4475 | 0.4013 | (&,36) YES 1
‘ | 6.3302
| TOTAL 40 24.6088 | '
r s 1 !
F'; BETWEEN CANOPIES | 4 12.4268 = 3.1067 | 2.07 |
| 5 WITHIN CANOPIES 48 65.1513 . 1.3573 (4,48) | YES |
- 1 - 2.2889 | -
v | .
. TOTAL 54 77.5781 ' (
: |
{
b
.
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3 SIGNIFICANCE TEST RESULTS - PAIRWISE - TABLE 4-28
At TRAJ GUNNER SIGNIFICANT AT 5% LEVEL
{ NO. (row i) 3] (2,3) (4,3) (5,3)
i
! v 1 YES NO YES NO
; 0 2 YES NO NO YES
N 4 3 YES NO NO NO
T 4 NO NO NO NO ,
A 5 NO YES NO YES :
( c
{ T 6 3 NO NO NO YES
1 1 YES YES YES NO
¢ 5 NO NO NO YES
¢ I NO YES NO NO
3 2 NO NO NO NO
3 NO YES YES NO
5 NO NO NO NO
i
R 1 YES YES NO YES
A 3 3 NO YES NO NO
C 4 NO NO NO NO
X
I 1 YES YES YES NO
N 4 3 YES YES NO NO
: G 4 NO NO YES NO .
4 (. 5 NO NO NO NO !
3 5 1 YES YES NO NO i
2 YES NO YES YES |
§ 3 NO YES NO NO
E 4 NO YES NO YES
i g 1 NO YES NO NO g
P 4 1&3 3 NO NO YES YES ;
B | & 4 YES NO NO NO ;
7 i S NO NO NO NO |
; , Q
[
E 18
4 .
1




regarding utilization of the subject canopy during the just completed aircraft

tracking sortie, Additionally, at the conclusion of the final test sortie, the

gunners were also asked to complete a Mount Operator's Final Debriefing Ques-
tionnaire wherein they were asked to consider all canopies (four breadboard
units plus the standard), rank them in order of preference, and explain the
reasons for their ranking. These Final Debriefing Forms and individual
Personnel Profiles, are contained in Appendix D,

The following is a summation of gunmer comments relating to the utiliza-
tion of each breadboard canopy.

(a) Flat Plate. The primary criticism of the flat plate canopy
was the internal reflection/glare. This unit perhaps received more
negative evaluation due to the fact that the fire unit air conditioning
system was defective. Although the gunners were exposed to direct sunlight,
the primary discomfort was heat. These negative criticisms far out-weighed
the gunner-expressed positive feature associated with the design, that of
spaciousness which the gunners felt was a positive feature.

(b) Flat Plate With Grid Baffle. The only criticism of this canopy

was a minor internal reflection/glare condition. Addition of the grid baffle
element provided the gunner with a partially shaded environment which they
considered to be most beneficial. The sense of more freedom of movement
attributed to the increase in internal volume of this canopy was repeatedly
mentioned.

(c) Cylindrical Grid Baffle. This canopy received the widest range of

positive and negative criticism. Blockage of the gunner field-of-view was
the primary negative response. This was brought about in part by an apparent
mechanical misalignment condition which existed in the upper portions (high
10S deviation) of the baffle area. The degree of misalignment experienced

4=-34
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was definitely a function of gunner opinion. Eye fatigue was experienced by
some grid baffle fire unit gunners during the tracking sortie, The positive
statements were all related to gunner comfort. The most commonly mentioned
positive feature was again, the near total absence of glare.

(d) AR Coated. Positive comments relayed by the gunner participants
were merely, as expected, reductions in the primary problem associated with
the standard canopy; that of internal-reflection/glare. The gunners indicated
that the reduction in this problem offered by the AR coated canopy was apparent
but not substantial,

The individual gunner ranking of the five test canopies is stated within
Appendix D, The combined weighted ranking of canopies by the gunner group is
presented here in conclusion:

(1) Flat plate w/grid baffle.

(2) AR coated,

(3) Cylindrical grid baffle.

(4) Standard.

(5) Flat plate.

‘ TS I 0 2 i TR TR DA P LI TR et AR T e '.f .



SECTION 5

5.0 SUMMARY
5.1 MATH MODEL PREDICTIONS
Final confirmation of the computer-predicted detection envelopes for the

1 breadboard canopies was not accomplished. Verification of the sun glint signa-
ture data presented in this document was, however, partially completed, and
was proven to be in excellent agreement with actual test observations. Assur-
ances can indeed be given that the impact of the unresolved error factor in
the modeling program, with regards to detectability of the glint signature for ;
each of the breadboard canopies, would be small.

Math model predictions may be correlated in a relative sense to provide the
following sun glint reduction ranking of the breadboard canopies }n order of
iﬁcreasing signature:

(d) Flat plate with grid baffle |

(b) Flat plate

L (¢) Cylindrical grid baffle «

(d) AR coated

(e) Standard
Predictions regarding the glint signature characteristics of the spherical- |
shaped canopy clearly indicated that in terms of its directional nature and

\ spatial coverage, the spherical canopy actually presented an increase in glint
signaturebover the standard configuration canopy; For this reason, the spherical-
shaped canopy was ranked below the standard canopy and was eliminated as a bread-

board development concept.
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5.2 GUNNER/CANOPY PERFORMANCE EVALUATION

Consideration of performance data for all the categories of target
acquisition data: ALERT-CONTACT, CONTACT-TRACKING, and REACQUISITION, leads
to the judgment that all canopy designs are of equivalent performance. Based
on the statistical analysis of the test data which indicates apparent marginal
and variable statistical significance of canopy mean differences, it must be

concluded that Phase II test data certainly does not support any preference

between canopy designs.
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SECTION 6

6.0 RECOMMENDATION

Based on the findings of the Concept Demonstration/Feasibility Evalua-
tion Program with associated and supportive studies, Aeronutronic recommends
the selection of the Flat Plate breadboard canopy concept for engineering
model hardware development. Aeronutronic further recommends that early
within the engineering model development phase, a limited hardware design
study be completed for the purpose of refining canopy characteristics aimed
at the reduction in or the elimination of the associated flat plate canopy
internal reflection/glare. Preliminary studies in this area of internal
reflection/glare reduction have already been conducted and have resulted in
the design of the further optimized flat plate canopy concept shown in
Figure 6-1,.

The flat plate canopy recommendation is based on the fact that this
concept presents one of the minimum spatial detection envelopes in conjunc-
tion with the least logistical impact (see Appendix E evaluation)., Considera-
tion of modification kit cost did not enter into the recommendation decision
process. It is therefore urged that a compar;tive cost analysis be made

addressing the standard and flat plate canopies.
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APPENDIX A

BIBLIOGRAPHY OF LITERATURE SEARCH SOURCES

The following pertinent documents were utilized during studies conducted to
determine the most viable sun glint reduction concepts applicable to canopy
hardware development:

A (1) Technical Report LWL-DR-06P72, Daumit, R.H. Kresel, J.B., Cobra Window
Design Analysis and Noeglare Canopy Design, Westinghouse Defense and
Electronic Systems Center, Systems Development Divison, Baltimore,
Maryland, March 1974.

(2) Technical Report LWL-CR-06P73A, DeBenedictis, J.A., Woestman, J.W.,
Reduction of Reflections from Helicopter Windshields, Rotor Blades and
Rotor Hub, Franklin Institute Research Laboratories, Philadelphia,

Pennsylvania, April 1973.

(3) Test Report - MASSTER Test No. 1029, Material Test Directorate,

Helicopter Disguise Evaluation, Ft. Hood, Texas, October 1972.

: (4) Research Report CAMTEC-TR-1, Court, J.C. Trambull, H.E., The Development
and Fabrication of Glare and Headlight Covers, Battelle Columbus
Laboratories, Columbus, Ohio, November 1973.

(5) 1Interim Technical Report, ASE MOE, TR, SR and Associated Analyses (U),
Work Unit #2 - Low Glare Canopy, Calspan, December 1974.

{ A significant number of additional documents in the form of journals and

abstracts were consulted during the investigative process, but yielded no new

w conceptual findings.
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APPENDIX B

PROCEDURE FOR ASSESSMENT OF
EFFECTS OF CANOPIES ON TARGET ACQUISITION

Given total test data sample, determine valid data sample by applying
the following criteria to individual runs of all sorties except those already
eliminated on the basis of being a gunner learning process:
(a) Eliminate runs for which erroneous radar data exists (vectoring unconfirmed).
(b) Eliminate runs in which the target vectoring informacion was given
early or late as defined below:

Short Range ALERT Cond (Nom. 5 km) -= 4 km < Rs < 6 Km
Rs = Target ground range at short ALERT

Long Range ALERT Cond (Nom 10 k) == 9 km < RL < 11 km
RL = Target ground range at long ALERT.

(c) Eliminate runs in which vectoring information was erroneous as defined
below (maximum & heading allowable 10°):

Short ALERT
OFFSET (0) - r, > 1.0 km
OFFSET (2 km) - T < 1.5 km

P Target ground range (at crossover, short range
ALERT cond.

Long ALERT
OFFSET (0) - . Z 1.0 km
OFFSET (2 km) - 1.5 km Sr; ~ 2.5 km.

r, = Target ground range at crossover, Long Range ALERT cond,

(d) Eliminate runs in which any number of ''NO CONTACTS" occurred (data bias).

B~1
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(2) Perform the following analysis of variance for each class of data:
(1) ALERT-CONTACT, (2) CONTACT-TRACKING, and (3) REACQUISITION at the

'f individual trajectory matrix level.

IYPE: Two-way crossed classification with unequal numbers of
observations in the cells (Type I Model). -

DEFINITION OF TERMS:

“ij = number of observations in the ijth cell

xijﬂ nth observation in the ijth cell
xij = total of observations in the ijth cell
xij = ijth cell mean

Xi. = total of eobservations in the ith row

x.j - total of observations in the jth column ]
Mg = number of observations in the ith row '
n’j = number of observations in the jth column
E;. = ith row mean
f.j = jth column mean i
}_ X.. = total all observations
1? Nee = total number of observations
2, Ry, - grand mean
'- COMPUTATION:

(a) Compute terms of section II

: (b) Calculate total sum-of-squares (TSS):

2
TSS = £ (X - X..)
g

(c) Calculate total between-cells sum-of-squares (BSS):

},:_j(xijxij) - X..X.. = BsS

B-2




(d) Calculate interaction sum-of-squares (ISS) as:

kil - . T = P - bX. = 185

o e

i bl

v

. - e sl +
N

ijnij g § 1 j

where a; and bj are obtained from solution of the simultaneous
equations:
2 ; Marginal
AN a, a, a; a ag b1 b2 b3 b4 b5 Total
| L SRR S T T T T TR Y
!{ = Tge s T g Mag el Hey  ¥5 R
i Shmlge do oo Tl i iy T AR
! T M = N et il N - B
g o oomom g Ny Tas Bay Ve Bl P
oy M. et fag "Ny Tep ol SRR R Ry
haty lpfa e = Mgreine m o8 L Sy

Mi3Ta3 M3 Mas Ms3 = = Mg = = = Xg
L IVRL TR T, PN, T SRR . SERL LT e S ©
BanMan Mg s e % m e e  au

(e) Test significance of interaction by computing the quotient F of

the interaction mean square (MS) by the within-cells or residual

f MS (RMS).
{

F = w-
i act RMS

where the interaction MS (IMS) = ISS/16 (d.f.)

:ft and

RMS = (TSS - BSS)/[(M.. - 1) - 24] (d.f.)
‘ and comparing to F-distribution with degrees of freedom (d.f.)

being (16, (N.. = 1) - 24) for a significance level of o = ,10

f
i} B-3
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(g)

If Fact test shows interaction present, refer to step h below, If

test shows interaction to be not significant, compute main effects

between classes of both factors (CANOPIES & GUNNERS) by calculating
the SS's,

T (X x.j ) - X..X.. = CSS (CANOPIES)
3

and

(XX - X..X.. = GSS  (GUNNERS)
g

then
SSG = BSS - CSS - IS5
(SS between GUNNERS)
and
SSC = BSS - GSS - ISS
(SS between CANOPIES)
Test significance of main effects by computing the F quotients

(variance ratios):

F -%

can ZMS
and

F -g.lls.

gun 2ZMS
where

CMS = Ssc/4 (d.f.),

GMS = SsG/4 (d.f.),
and where ZMS =

(RSS + 18S)/(M.. = 9) (d.f.)
by comparing to F-distribution with d.f.'s being (4, M., - 9) for
the significance level of o = ,10.
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(h)

f ooos.

If F
ac

& test shows interaction to be significant, or if CANOPY effects

are significant, perform one-way analysis on CANOPIES for each GUNNER

(row i) as follows:

(1) Calculate TSSi,

TSS; = I (X .

- X2
137 ijm i

(2) 1f ﬂ13 = nij forJ=1, 2, 4, 5,

(3)

(4)

Calculate BSSi (between CANOPIES SS)

= = 2
BSSi =1 ? (Xij - Xi.)
where nlj =1

If Mya# Ty, for 3 =1, 2, 4, 5

Calculate BSSi

2
BSS, = ? My 5

(xij - X.)
Calculate RMSi (within CANOPIES SS)

RMS = (TSS - BSS )/[5(M-1)] (d.f.)
LT = My

or

RMSi = (TSSi - BSSi)/(ﬂi.- Sy (d.f.)
for M, # nij

Test significance of differences between CANOPY means by

computing the F quotient:

BMS
F, = i

i RMS1 (from (c) above)

B-5
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(5)

where

BSS1 (from (b) above)

BHE, = = ar)

and, comparing to F-distribution with d.f.'s being (4, 5 (M-1)) if
Nys ™ nij or (&4, (“1' - 5)) if n13 # nij for a significance level
of v = .10
For significant differences, perform analysis to determine the
difference between CANOPY pair (j, 3):

(1,3,

(2,3),

4,3),

and (5,3)

by using "t" test and computing

| X . X
s ) 13 |
s 1 f __l
£ Tes
where
- 2 - 2
G = Py~ g & Y - Ay

Hes "3 a2 (42
for the appropriate pair (j, 3) under test,

and comparing to t-distribution (equal tails) with d.f. (“15 + ﬂ13

for a significance level of o = ,10/2 = ,05
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FINAL DEBRIEFING QUESTIONNAIRES
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PERSONNEL PROFILE

Test ID:

Rank /MOS:

Length of Service:

Length of Chaparral Experience:
Type of Chaparral Experience:
Age:

Height:

Weight:

Do you wear glasses?

Have you performed aircraft detection
duties before?

1f yes, please explain what you did
and for how long.

D-2

Gunner #1

PFC/16-P-10
10 mos.

7 months
Crewmember
18

5'6"%

130

No

Yes

Field exercises as gunner tracking
A-7 Corsair for a few days.
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PERSONNEL PROFILE

Test ID:

Rank /MOS:
Length of Service:
Length of Chaparral Experience:

Type of Chaparral Experience:

Age:

Height:

Weight:

Do you wear glasses?

Have you performed aircraft detection
duties before?

Gunner #2

PFC/16-P~-10
1 yr. 3 months
I yr.

Crewman - driver

21
518
131

No

No
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PERSONNEL PROFILE

Test ID: Gunner #3
L)
\ ‘
Rank /MOS: PFC/16-P-10
{ Length of Service: 11 months
k1.
‘ Length of Chaparral Experience: 10 months
Type of Chaparral Experience: Prime mover driver
Age: 19
Height: 5165
| | Weight: 148 g
Do vou wear glasses? No

Have you performed aircraft detection

duties before? Yes

| If yes, please explain what you did
1 and for how long.

On a field trip I was acting senior
gunner for 3 days.

i
.
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PERSONNEL PROFILE

Test ID:

Rank /MOS:

Length of Service:

Length of Chaparral Experience:

Type of Chaparral Experience:

Age:
Height:
Weight:

Do you wear glasses?

Have you performed aircraft detection

duties before?

If yes, please explain what you did

and for how long.

D-10

Gunner #4

PFC/16-~P-10
2% years
2% years

No. 1, 2, 3 & 4 crewman

21

‘5!4"

180

Yes

I was Gunner during ASP, fired once

and tracked an A-7 for 15-20 min.
I tracked during FIX for a day.
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PERSONNEL PROFILE

Test ID:

Rank /MOS:
Length of Service:
Length of Chaparral Experience:

Type of Chaparral Experience:

Age:
Height:
Weight:

Do you wear glasses?

Have you performed aircraft detection

duties before?

D-13

Gunner #5

PFC/16-P-10
6 months
2 months

Observer

6'3"
189

Yes

No
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APPENDIX E

LOGISTICS EVALUATION REPORT

The addition of an anti-glint device to the Chaparral system presents a
potential Logisitcs impact, depending on the concept chosen. A detailed
analysis of the various concepts and their expected impact will contribute

to the final selection process.

Logistics elements that must be reviewed include:
1. Maintenance Requirements
2. Maintainability Analysis
3. Supply - Support Impact
4. Retrofit Considerations
5. Travel and Transportation Impact Analysis

6. Packaging Requirements

A matrix is included in this appendix that provides a quick comparison of

the more significant logistics aspects of each anti-glint concept.

A more detailed discussion of each logistics element, as it applys to anti=-
glint, is also included.
MAINTENANCE REQUIREMENTS
(1) Cylindrical Grid Baffle:
Field repair will be limited to straightening of the baffle

sections and repainting as required.

G. S. repair includes welding cracks and replacing segments.

(2) Anti-Reflective Coating:

Special care may be required to clean coated surface.

E-1
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(4)

Flat Plate:

Field maintenance will be similar to the existing canopy.

Flat Plate with Grid Baffle:

Field repair will be limited to straightening of baffle

sections and repainting as required.

G. S. repair includes welding - replacing segments.

il |
MAINTAINABILITY ANALYSIS

(Ranked according to maintainability preference)

(D

(2)

(3)

Cylindrical Grid Baffle - Ranked #4

Minor repair of baffles is simple and straightforward. Ordinary
tools and skills available at field level are all that will be
needed to straighten bent baffles and repaint as necessary.

Frequency of repair expected to be high because of vulnerability to

travel damage and difficulty in handling and stowing.

Anti~-reflective Coating - Ranked #2

Presents the same maintenance impact as the existing canopy except

that coating is vacuum deposited under rigid conditions and may

be difficult to clean without damage or wear.

)
Flat Plate - Ranked #l1

Repair is essentially the same as the existing canopy. Some |
increase in vulnerability is assigned because of added damage

potential of the vertical plate and protruding corners. Travel

past overhanging trees and maintenance or servicing actions pre-

sent threatening situations. Installation of the vehicle cover

and bows is an example.

E-2




(4) Flat Plate with Baffle Grid - Ranked #3

Conditions of both (1) and (3) gbove, are present. Vulnerability
to damage by overhanging trees is even greater; however, handling,

stowing, and repairing conditions are better.

SUPPLY - SUPPORT IMPACT

A. Documentation:

New documentation for provisioning purposes and maintenance support

include:

DCN's for each new part and also for the canopy if a new part number

is assigned because of anti-reflective coating or flat plate modification.

The cylindrical grid baffle will require DCN's for the attaching hardware,
for the baffle itself, and for any new hardware devised for stowing.
The same is true for the flat plate grid baffle.

B. Spares:

Initial spares estimates, based on expected vulnerability or usage, indicate
that six (6) spare grid baffles will be needed for every 100 fire units in

operation, for either the cylindrical or flat plate canopy versions.

Anti-reflective coating canopy spares will be the same as for existing canopies.
(If existing canopies and spares are coated, then no new spares will be needed.)

The flat plate version will require at least four (4) spares per 100 fire units,

Attaching and stowing hardware will also have to be supplied in matching

quantities.

E-3




RETROFIT CONSIDERATIONS

All of the anti-glint versions can be installed in the field by user personnel
with available tools. Fire unit down time and man hours required to install

the anti-glint hardware will vary according to the version selected.

\

The cylindrical grid baffle will require locating and installing mounting brackets
and hardware for stowing. An estimated four (4) hours will be required using

one man for three (3) hours, and another man for one (1) hour (4 man hours).

Installation of the anti-reflective coated glass will require two (2) men for
four (4) hours. The task involves removing the canopy glass from the frame and
re-installing the modified glass. Repacking the old glass for salvage or

rework is not included.

Estimates for the flat plate version are the same as for the AR coated canopy.
Installation of the flat plate with grid baffle requires an additional
one (1) man hour to locate and install stowing brackets for the baffle grid,

(Five (5) hours elapsed time, nine (9) man hours total.)

One other retrofit consideration must be included in this narrative. The
additional canopy weight involved in three of the four concepts may require
reinforcing hardware to be added to the canopy retrofit kits. Task times would
have to be extended accordingly. Any such hardware.design must also take into

account the canopy reinforcing modification currently being implemented.
TRANSPORTATION AND TRAVEL (MODE) IMPACT ANALYSIS

Transportation: (Baffle Types)

Transport by air (C-130 aircraft) will require removal and stowing of the

baffle section as well as the canopy, as is now the case.

E-4
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Truck and rail transport, Class A packaging, will require modification of the
plywood housing to maintain clearance above the higher flat plate version. The
baffle section would be stowed or packaged separately. The cylindrical grid
baffle would only require stow capability or separate packaging., The

plywood housing would not need altering.

Class B truck and rail transport will require additional packaging for the
grid baffles, Canopy protection will remain the same except for the anti-

reflective coated canopy. Special protection will have to be devised.

Travel Mode Considerations: (Baffle Types)

Installing the vehicle cover and bows requires removal of the baffle section.
Stowing the baffle after removal will require additional hardware not yet

developed.

PACKAGING REQUIREMENTS

New packaging requirements, in addition to those related to transportation,
consist primarily of new containers for the grid baffles (with new
Packaging Data Sheets) and revising the canopy container and PDS to

accommodate the flat plate version,

E-5
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