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ABSTRACT

This report describes a simple procedure
for designing red lighting systems for use
during night shipboard underway replenishment.
Use of this method, which employs a federal
stock lighting fixture, produces a lighting
system layout plan that can be used to verify
and check the adequacy of the lighting system.
The method is sufficiently general that it can
be utilized to design various lighting systems
using other types of lighting fixtures.
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THE TEMPLATE METHOD OF ILLUMINATION DESIGN n

[P———

By
b i G. W. Turner and J. P. Sinay

? INTRODUCTION

BACKGROUND

! Investigations of night lighting systems for underway
replenishment (UNREP) operations have demonstrated a need for
z improved and efficient methods for designing shipboard illumination
systems. Current methods of calculating shipboard illumination
levels for UNREP operations vary from the "educated guess" to
detailed laborious mathematical computations. The method proposed .
here is intended to supplant those methods; it employs specially *k
prepared templates (scaled patterns of illumination levels), it *
is simple and efficient, and it is based on the mathematics of }
1 illumination engineering yet does not require the user to employ
‘ this mathematics.

Although this improved method, which will herecafter be '
designated as the template method, is applicable to the design of »?

any lighting system, it is detailed here only for red lighting
systems intended for use in UNREP operations. This method can
also be used to evaluate existing lighting systems that employ
the variables addresszd in this method, i.e., light fixtures,
T filters, and lamps. For example, a ship's inspector, using the -
templates and ship's plans, can determine the light levels and

light distribution patterns after he has confirmed the mounting
heights and aiming angles of the installed light fixtures.

. APPROACH |

This report describes a method of designing a lighting
system for any outdoor application where there is little or no
reflection of light from the surroundings and where the minimum

distance from the light source to the illuminated surface is at ;
1
|

lecast five times the maximum dimension of the light source. In
such a situation the light 1is ass:med to be emitted from a point
source, and the light source is referred to as a point source
luminaire. The standard point source formula for computing the
illumination, E, is:

IB cos3 )

H2

E =
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where

m
"

illumination in foot-candles

=
"

5 candlepower of source in direction of the light

jaof
]

mounting height of the luminaire above the
illuminated area

& = angle of the light ray measured from the vertical.

The method described herc makes it unnecessary for the
shipyard lighting engineer to solve the above point source
equation, thereby eliminating the possibility of mathematical
errors.

WHAT IS THE "TEMPLATE METHOD" ?

In its broadest sense, the t=mplate method is a simplified
technique of designing illumination systems. It is the applica-
tion of a mathematical concept to achieve a simple, time-saving
standardized technique for the lighting systems designer. It is
based on point source calculations and provides only the
essential information needed to describe an UNREP licghting system.
It tells the designer what light level he will achieve by using
lamp X in light fixture Y located at a perpendicular height 2
above the deck, when the fixture is aimed at angle # which is
relative to the perpenuaicular to the deck.

The method employs "templates" which are scaled representa-
tions of the beam pattern that is incident on a horizontal plane.
To meet the UNREP needs these patterns have been constrained by
specific minimum and maximum illumination values which will be
discussed later. For a given larp, luminaire, mounting height,
and aiming angle, a unique pattern is produaced on the deck;
ideally we would expect this and similar patterns to be elliptical
in shape when the aiming angle is greater than 0°.

It is suggested that each of the templates be marked with its
representative set of lighting variables (light fixture, lamp,
mounting height, and aiming angle) and that the templates be
grouped according to the type of lamp they represent. An example
of a typical template for a 300-watt parabolic reflectorized
tungsten (PAR)-type medium flood lamp, (MFL) when mounted at a
height of 36 feet above the deck and aimed at 35° from the
vertical appears as figure 1. Data used to construct this and
other templates appear in appendix A.

Peport 6-93 2
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Figure 1
Template for a 300-Watt Medium Flood PAR 56 Lamp
Mounted at a Height of 36 Feet and Aimed at 35° j
;
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The "ha:dle" of the template is the horizontal distance,
measureGa on the deck, from the center (+) of the illumination
pattern to the lamp fixture. It tells where the template should
be positioned on a ship's plan drawing, relative to the light
fixture. The illumination at the center spot is close to the
maximum level within the pattern. The actual maximum illumination
level occurs slightly closer to the mounting position along the
radial line from the center spot to the "mounting pole.”

The template method has two aspects. First, the generation
of template parameter values, and second, the use of these
illumination patterns (templates) to lay out an effective or
optimal disposition of fixtures and lamps. This optimization
involves several key variables;

® Intensity of light.

e Effective distribution of light.
e Dark adaption.

e Lighting fixtures (luminaires).

The last variable in the list implicitly provides cost-effective-
ness analysis, as it allows the designer to perform cost tradeoffs
of.lights (lamps and fixtures) versus power consumption.

ASSUMPTIONS AND LIMITATIONS

The calculations embodied within the template method are
based on point source illumination mathematics. That is, all of
the iight is considered to be emitted from a single point. In
order for this assumption to be valid, the distance from the
light source to the lighted surface must be at least five times
the maximum dimension of the light source, according to the
Illumination Engineering Society Handbook. Thus, for the 263
fixture, for example, the method would not hold true for mounting
heights of less than 2.5 feet.

There are several other assumptions and limitations imposed
upon the template method for UNREP lighting of supply ships. The
technique is designed for large, open spaces; thus, we can assume
there is negligible reflectivity.

We assume that no aiming angle will be greater than 45°,

since any greater angle will result in an unwanted glare
situation.

“eport 6-93 4
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We have restricted the center spot illumination to an
! acceptable range of 0.9 to 2.5 foot-candles. The mounting
height and aiming angle combinations selected must therefore
, result in an illumination pattern which conforms to these
W ? specifications. We further require that an illumination of 0.2
{ ft-c* of red light exists at the edge of the pattern. This is ;'
the minimum allowable illumination for noncritical areas and for
critical areas the illumination patterns should be slightly
overlapping to ensure a minimum of 0.4 ft-c of red light. 1In the
fringe areas where very little activity normally occurs or in t

areas where only the minimum illumination is required, the 0.2
ft-c of red light is quite adequate.

We assume that the tasks are performed 3 feet off the deck;
thus, the illumination pattern should be raised 3 feet. We have
not built this assumption into the data in the appendixes, .
however, and provision for it must be made by adding 3 feet to :
the mounting height and adding a distance of 3 tan 6 radially to *’
the center spot distance to obtain the new aiming point. The i
aiming point is computed for the purpose of positioning or
- "aiming" the fixture. If the light pattern is to be on the deck,
‘ the aiming point will coincide with the center spot. Similarly, C
if task performance is required at some other height, X feet above '
the deck, then the mounting height should be increased X feet and f
the aiming point increased X tan 6 radially. }/

The calculations required to produce the illumination
pattern data were performed on an IBM 360-40 computer at
NAVSHIPRANDCEN Annapolis. The computer program listing is given
H ' in appendix B, and a discussion of the program and how to use d
it is given in appendix C, a user's guide. The program uses
candlepower distributions as measured by NAVSHIPRANDCEN Annapolis |
and it can also use similar data as provided by the lamp manu-
facturer for each lamp under study. It is assumed that the
sample lamps measured are representative of their class. It \
should be noted, lLowever, thet an extreme-valued sample providing 1
inputs is a possible source of error.

Facilities were not available locally for the experimental
verification of the tables included in appendix A; however, all
of the calculations are theoretically sound.

*Abbreviations used in this text are from the GPO Style Manual,
1967, unless otherwise noted.
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WHAT DOES THE TEMPLATE METHOD MEAN TO THE SHIPYARD LIGHTING
ENGINEER ?

It means no calculations, no measurements, and nc gquessing.
He will have at his disposal sets of scaled templates with which
he can devise a lighting scheme consistant with his needs.

HOW TO USE THE TEMPLATES

To begin with, procure a scaled plan-view drawing of the
ship area to be illuminated.

Make certain that the scales of the ship's deck pian and the
template set are coasistent.

Divide the total area to be illuminated into relatively
equal area sections around tie kinggosts or other positions that
provide high possible mountiny heights. Using a colored pencil,
lay out the critical work areas (areas used by the transfer
station crew for their various tasks that must be adequately
illuminated) on the ship's deck plan - this will ensure that these
areas will receive priority lighting attention. Mark the possible
fixtur2 mounting locations. Now choose an illumination pattern
(template) which will cover the area farthest from the fixture
mounting position (generally using a narrow spot (NSP) lamp with
a high mounting height and a large aiming angle). Place the
illumination template relative to the fixture mounting position
and lightly trace tho ellipse pattern onto the deck pilan.
Transfer the lamp type (NSP, MFL, wide flood (WFL), etc) and
wattage, the fixture type, the mounting height and aiming angle,
and the distance to the center spot all onto the lighting plan
layout on the insidec of the pattern just traced. Since this
illumination is generally measured approximately 3 feet above
the deck (where most task visibility is required), each of the
given mounting heights should be increased by 3 feet. This in
effect raises the pattern 3 fect above the deck.

The new lamp aiming point (®AP) for this raised illumination
pattern will be at a distance of 3 tangent ¢ feet away from the
old center point on a radial line from the fixture mounting
position. Mark the new mounting height (MH) and aiming point

on the diagram.

In a simlar manner continue to cover the remaining areas,
making certain that the illumination patterns are tangent to one
another or overlapping slightly, as in figure 2. Thic will
ensure that the specified areas are adequately illuminated by
the initial lighting system design plan.

Fenort 6-93 6
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Figure 2
Lighting System Design Plan Showing Overlap
of Illumination Patterns

Once this initial plan has been laid out, it is necessary to
visit the ship and check to see that the proposed mounting
positions are clear of all rigging or other obstructions which
might block the distribution of the light.

If there are obstructions, this initial design is not
sufficient and another more suitable configuration must be found.
In all likelihood a satisfactory arrangement may be found simply
by replacing the blocked heam pattern by one which will result
in approximately the same coverage from another mounting height
or position. Note whatever changes are made on the lighting
design plan. Once the area is suitably covered, the lamps can
be physically positioned in place and properly aimed. A visual
illumination check for shadows in critical areas should then be
performed at night to confirm the adequacy of the lighting scheme.
If shadows exist in any of the critical areas, than another
repositioning of fixtures will be required, followed by appropiate
changes in the lighting system layout plan. After the lighting
system has been finally checked out for adequate lighting of
critical areas and the absence of shadows, the lighting layout
plan becomes the final document for verification that the red

lighting system has bcen adequately designed and installed.
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Further detailed lighting surveys could be performed to verify
this red lighting system but the necessity for calibrating a low
level light meter for this special red light and making the light
measurements at sea (in the absence of any white light) make

further testing of the lighting system extremely complex and
difficult.

To expedite matters in applying the template method, it
would be highly advantageous to have some standard-scale clear
plastic templates all ready at hand for each lamp available.
These templates would then be completely reusable and would
guarantee uniformity from one installation to another.

These sets would be off-the-shelf items, available to
every lighting engineer, much as a set of French curves are
available to every draftsman. Unfortunately, the scale used on
ship's plans varies greatly with the size and type of ship. And
lighting requirements vary as well. For some application other
than UNREP operations, 0.2 ft-c may nct dc as the minimum
illumination level; 0.5 ft-c may be required, or 1.0 or 5.0 ft-c.

It becomes obvious that the number of plastic templates
required to suit every scale, every lamp, every fixture, and
every light level would be prohibitively large.

If you are provided with a set of templates of the same
scale as your deck plans, it is a simple matter to use them.

But what if you are not provided with a set of templates?
The tables in appendix A contain all the data necessary to
create your own templates, appropriately scaled, as the need
arises. You may choose to prepare each template as you need it,
or to prepare an entire set which can be retained and reused.
Paper will suffice for templates which will be used on a short-
term basis onu.y.

HOW TO PREPARE A TEMPLATE

The illumination pattern templates are basically ellipses.
The tables in appendix A contain all the data necessary to make
up a template. For construction of the template, reference all
dimensions from the center spot (+) as the origin of a set of
orthogonal axes, as in fiqure 3. The axis determined by the
fixture pecsition and the center spot is the radial or vertical
axis. Perpgndicular to the radial axis is the transverse or

horizontal axis. Determine the desired scale and lightly mark the

the two axes, darkening their intersection with a "+" for the

“eport 6-9.
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center spot. Locate the fixture position along the vertical axis
according to the distance to the center spot. Now locate the
minimum illumination points, E, F, K, and L, along the transverse
and radial axes, respectively, as in fiqure 4. If you are working
with the four-axis method, locate the additional minimum
illumination points, M, N, R, and S, along the oblique axes as
shown in figure 5.

|
:‘/—RADIAL OR VERTICAL

|
| CENTER

_______ _Fn_:;;’“__._
:
| LTRANSVERSE OR HORIZONTAL
|
|
|

®
FIXTURE

Figure 3
Horizontal and Vertical
Axes for Construction of

Template

L

¢

|

!

|

|

S SR N S

LEFT(-) | RIGHT(+)

|
o
| BOTTOM(-)
|

¢

FIXTURE

Figure 4
Horizontal and Vertical Axes
with Minimum Illumination Points
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Figure 5
Horizontal, Vertical, and Oblique
Axes with Minimum Illumination
Points

|~ Sketch an ellipse through points E, F, K, L (M, N, R, and S).
Now cut out the ellipse, leaving a 1/2-inch strip on either side
‘ of the line to the fixture position. Print the word "FIX" on the
end of this "handle" created by the l~inch strip. To complete
the teinplate print the type of lamp (NSP, WFL, etc), the lamp
wattage, the fixture, the mounting height in feet, and the
vertical aiming angle on the ellipse in the upper left auzdrant
as shown in figure 6, and mark the scale used in preparing the
template in the lower right quadrant.

]

Figure 6
Completed Template Showing Lamp Type

and Wattage, Fixture, Mounting Height,
Aiming Angle, and Template Scale ”
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The template is now ready to use. If a permanent set of
clear plastic templates is made, they can be joined one atop the
other by a pivot through the fixture as in figure 7, permitting
the designer to select lamps by simply rotating the patterns
about the pivot and overlaying the ship's plan. In this way,
he can tell at a glance which lamp, height, and angle will best

suit the space to be lighted.

Figure 7

Pivotal "Layering" of Templates

The minimum illumination points can be most easily found in
the quickscan format under the desired minimum illumination value.

Figure 8 shows a portion of the quickscan
PAR 56 wide flood lamp in the 263 fixture
The "snowflake" diagram at the top center
conventions and axis labels set in accord
behind the lamp and along the center line
three columns contain. the mounting height

format for the 300-watt
with Kopp 6350 filter.

shows the sign

with the view from

of the beam. The first
H, the distance D from

the "mounting pole" to the center spot, and the aiming angle 8,

respectively.
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Under each axis heading are a group of signs - - + + , and -
E numbers 0.2 0.5 0.5 0.2 and the heading "DIR DIST to ILLUM
‘ { LEVEL of." ©Under each of those headings can be found the
! distance from the center spot along the axis to the point where
; the illumination is approximately equal to the figure in the
: heading. For instance, when the lamp is mounted at 24 feet above ;
the deck and aimed so as to make a 30° angle with the vertical,
the illumination along the radial axis (bottom to top) is
H closest to 0.2 ft-c at 8.5 feet from the center spot towards the
mounting position, and at 8.1 feet from the center spot away from
the mounting position. Similarly if we wish to know where the /
illumination is nearest 0.5 ft-c, we see it is at +6.3 feet. The ’
illumination along the other three axes can be read in a like
manner. The quickscan format contains all the data needed to r
make a template.and allows the designer to rapidly survey the
available choices for a given source or between sources. If he
would like to know how the light level "behaves," so to speak,
inside the ellipse, the "abridged profile" lists directed *
di: tance and red illumination along each axis from the center '
spot to the first reading past the minimum acceptable illumination i
% value. This may be of interest for purposes of overlapping
‘ template patterns and determining the light level within the
overlap. [igure 9 shows a sample "abridged profile." Figure 10 '
shows a sample "complete illumination profile", which contains the
input candlepower distribution, the white light level, the red ’

light level, and the directed distances along each axis. The
designer may consult the complete profile if he wishes to
observe the light characteristics beyond the template boundaries.
Complete illumination profiles can be made available from
NAVSHIPRANDCEN Annapolis.

The quickscan format and the abridged profile are included
for light sources in appendix A. The complete profile has been
omitted since we are not concerned with those areas which do
P not satisfy the selection criteria. Figure 11 shows the

; additional summary format that is given for sources for which
there are only two-axis inputs available, horizontal and vertical.
It includes a "radial diameter" and a "transverse diameter," y
which are the rounded sums of the semiaxis lengths. It also
explicitly calls out the illumination at the four edges. ‘

THEORETICAL BASIS FOR THE CALCULATIONS

Figure 12 is a diagram showing a representative mounting
position of the luminaire with its associated deck illumination
pattern. Figgre 13 is another diagram representing the same
situation as figure 12, but giving some of the essential
geometrical facts required for the derivation of data used in
| . in constructing templates. A
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Fiqure 10 - Sample of Complete Illumination Profile
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300 WATT NARROW SPOT SYMBOL #263
HEIGHT = 44 FEET DISTANCE FROM pASE UF PULE YO CENTER SPOT = 44,00
THETA = 45 DEGREES PER CENT RED = 0,150
CANDLE FOOT FOOT DISTANCE
PHI PUWER CANDLES CANULES FROM
-3 WHITE RED CENTER
X 10
VERTICAL
42,5 0.07 0.00 0.00 963.71
40,0 0.12 0.00 0.00 458,61 ¢
37.5 Q.44 0,00 0.00 290421 )
35,0 0.43 0,00 0.00 205453 o
32.5 Cets C.G0 0.00 154,47
30.0 [V 0.00 0.00 120.21 .
27.5% 0.46 0.01 0.00 95.55 i
25.0 0.46 0.0l 0.00 76.89 ]
22.5 0.47 001 0.00 62.23
20.0 0.47 G.02 0.00 50. 36
17.5 0e%1 0403 U.00 40652
19.0 0.59 0. 04 0.01 32.21 ¢
12.5 0.69 0.06 0.01 25.07 »
10.0 l1.1¢ 0.1 0.02 18,84
Te5 3.78 Cott Ce7 13,34 \
5.0 13.44 184 Ce2d .44
2.5 37.50 Yot (VD] 4.02
Ceh T4. 88 13.67 ¢.05 0.0
-?245 62.75 12.99 1.9% -3.68
-5.0 32.00 T.43 1.11 -Tell
-T.5 12.19 3,14 Ooal -10.24 :
-10.0 2e64 0.75 O.11 -13.19
~12e% O.h8a .26 Q.04 -15.97
=15%.0 CGeb0 0.17 0.03 -18.,¢0
-17.5 Oel4 Cellh 0.01 2110
-20.0 Q.06 Je12 Ue00 23,648 V/
=275 Qo4 Jel2 0400 =28, 77
-24%.0 0.0¢ 0.01 U0 -27.49
-27.5 0.01 0.01 U0 -30.13
-30,0 0.01 n.01 Cedl -32.71
-32.5 0.01 Q.00 (a0 LT i
-35.0 0.0 0.0 Vel -l
-37.5 9.0 0.C 0.0 -38.d1
~40.0 0.0 0.0 0.0 -40,15
-42.5 0e0 0.0 Q.0 —62,08
HUORT ZUNT AL
42.5 0. 06 0,00 ¢ 00 57.02
40.0 0. N4 Co0 GO0 w2441
37.5 [ 2 X 2400 .00 ©T.7%
1.0 n, 0% n.01 0,00 CEPLYS

»

A
i ¢

X

*
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TOP RIGHT Tn

BOTTOM LEFT
42.5
40.0
37.5
35.0
32.5
30.0
27.5
25.0
2245
20.0
17.5

-20.0

=27.5
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0.06
0.06
0.07
0.11
0.21
0.46
0.68
l.72
6.63
19.88
32.50
46.75
74,28
66425
49.25
40.50
16.88
4.50
1.31
0.63
0.49
0.35
0.10
0.08
0.06
0.06
0.05
0.05
0.04
0.04
0.04

0.35
V.63
1.38
.84
17.50
36.38
71.88
62.63
38.88
l8.34
5,66
1.50
0. 78
0,59
0.51
(VY )
Daa?
0.41
0.38

0.01
0.01
0.01
0.01
0.03
0.07
0.11
0.28
.13
3.47
5.78
8.44
13.54
12.10
8.97
7.31
3.00
0.78
0.22
0.10
0.08
0.05
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.01
0.03
0.06
0.15
074
2e4b
Seb2
12.12
Ll.44
7.63
3.85
1.25
C. 35
Uel9
0415
0.13
Vel
(L 4
O.11
0,11

Figure 10 (cCont)

0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.04
0.17
0.52
0.87
1.27
2.03
1.81
1.35
1.10
0.45
0.12
0.03
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
V.00
0.01
0.02
0.11
0.37
(V-1
l.82
1.72
.14
0.58
0.19
0.05
0.03
0.02
0.02
0.02
0.02
0.02
C.02

39.64
35.93
32.39
29.02
25,77
22.65
19.62
16.67
13.80
10.97

8.19

S.44

2.72

=2.72

-5.44

-8.19
-10.97
-13.80
-16.67
-19.62
=22.65
=25.,17
-29.02
-32.39
-35.93
-39.64
-43,57
~47.75
-52.21
-57.02

139.80
116,95
98,99
44,45
12.41
62.23
93,44
45,85
39,12
33.11
21.170
J2.78
18.27
14.11
10.2«
6e62
3.22
0.0
-3.06
~5,.,94
- PR A
-11.50
-14.12
-l16.617
-19.17
~21ls01
-24,02
-26.,40
-28.70
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!
30,9 6.30 0.08 0.01 -31.11
-32.5 0.09 0.03 0.00 -33,47
-35,90 0.07 0.02 0.00 -35,83
-37.5 0.07 0.02 0.00 -38,21
-40.0 0.06 0.02 0.00 -40.61
-42.5 0.06 (.02 G.00 -43,06
SOTTOM RI1GHT 5
1C TUP LEFT .
42.5 0.04 n.02 0.00 43,06
40,0 0.06 C.t2 V.00 4«0.61 .
37.5 0.07 0.02 .00 38.21 i
35,0 0.08R 0.02 0.00 35,43 i
L 32,5 0.13 0.04 0.01 33,47
30,0 0. 3% 0.10 0.01 31.11
* 27.5 0s4¢ 0.12 .02 28. 16 )
25.0 Quts 0.12 Ue02 26,40
22.5 0.46 Lol3 0.02 24,02 ’
260 Ga51 0.14 0.02 21,61 0
17.5 0.59 O.16 0.02 19.17
15,0 GeBOQ V.20 0,03 l16.67
©245 l.66 G40 .06 14012
140 4,42 1.03 9.18% 11.%0
Ten 11.63 2454 0.3y Mo th
.0 29.25 Lel2 0.9¢ S.98
2.5 6 RA 13.12 1.9 3.06
0.0 b9 0 1%.52 2.33 0.0
l =245 46413 7T.74 1.17 3,02
5,0 22.50 3,48 0.52 —botr?
=145 7.54 1.05 0.16 -10.24
-10,0 2.50 0.32 005 —laeotl
12,5 N, 7K 0.09 G.01 18,27
-1%,0 Oudl 0,04 0.0t -22.14
-17.% el 0.01 0.00 21,00
-20.0 0.06 0.00 0.00 -33.11 i
b 2245 0.04 .00 0.00 39,12
-8, 1 [0 V.00 0.00 —44, H4Y
“2l.n JeD4 C.00 C.00 -53.48
-0, U N,03 [V IR ¢l 00 -62.2)
-1, 0.03 0.00 V.00 =124}
-dh .0 Uans Q.00 CeQN ~H% .49
-4l.n Je23 0,00 veul -9H, 99
—4ult veil? VIRV Lo U0 TIXYL)
=472 Jen1l [\ )] [N e (XX
i
Figure 10 (Cont)
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C-CeENieR SPOT

H-MOUNTING HEIGHT

X-DISTANCE FROM"MOUNTING POLE"TO CENTER SPOT
<CAB-MOUNTING ANGLE

X

N, \\
" BOTIOM LEFT
aa ! < \\

LEFT
\E HORIZONTAL AXIS

NOTE: MINIMUM ACCEPTABLE ILLUMINATION LEVEL EXISTS AT
POINTS K,M,E,N,L,S,F,ANDR

Figure 12
Representative Mounting Position c¢f the Luminaire with its
Associated Deck Illumination Pattern
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Figure 13
Two-RAxis Geometry of the Template Method

Referring to figure 13, angles 6 ({BAC), ¢ ,(/KAC) and
¢ ,({CAL) are measured in the vertical plane (plane containing
the points ARKCL). Angles ¢ £ ({FAC) and ¢ , ({CAE) are measured
in the inclined plane (plane containing thé points AFCE). The
horizontal plane is that plane contairing the points BKCLFE. The
fixture is assumed to be positioned at point A, a distance of H
feet above the horizor- .1 plane. The main axis of the light
beam of the lamp, line AGC, is directed downward, making an angle
of 6 degrees with line AB in the vertical plane. Angle 9 is
called the aiming angle.

The light pattern produced by the lamp is considered to be
an ellipse in the horizontal plane having points FE and KL as
points on its major and minor diameters and point C as its center.
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The illumination along line KL has been calculated for values
of H in increments of 4 feet, 6 in increments of 5°, and #; in
increments of 2.5° using the candlepower distribution curves of
the lamps in the vertical beam pattern and the formula:

- COS3 (6 + ¢7)
E = CP,¢1 I % RED = .

—

Similarly the illumination along line FE has been calculated
from the candlepower distribution curves of the lamp in the
horizontal beam pattern with similar increments in the various
values and the formula:

E = [FP!¢3;] [% REé] Gz3 ’
] 5

where
E = illumination on the deck in foot-candles
-
CP‘ -J= candlepower of the lamp at an angle ¢
¢ 1
L 1 or 2

from the beam axis in the vertical beam pattern

CP = candlepower of the lamp at an angle ¢
[: !¢3 or ;] i ° K 3ord

from the beam axis in the horizontal beam pattern

K RED |

red filter transmits

percentage of the total light that the

9 = (lamp aiming angle) the vertical angle
between the beam axis of the lamp (line AC and the vertical line
from the horizontal plane to the fscus of the lamp
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Sdmirradin

H = (mounting height) distance from the horizontal
plane to the focus of the lamp in feet

GG¢. = distance from the focus of the lamp to the
i
horizontal plane along the ray which makes an angle ¢; with the
beam axis AC.

The illumination within the ellipse is nonuniform, having
its maximum value somewhere near C, on the line between K and C
and decreasing in magnitude as the position is moved radially
away from point C. Points KFLE are points at which the minimum
allowable illumination (0.2 ft-c) exists. Lina KL is designated
as the radial or vertical diameter of the ellipse, and line FE
is designated as the transverse or horizontal diameter of the
ellipse.

To derive a more accurate plot of the deck illumination
pattern, it is desirable to consider two additional axes which
are 45° off the vertical axis of the lamp. In figure 12, these
axes yield points M, N, R, and S.

If candlepower distributions are not available for these
additonal axes, the tabular data output from the computer program
will be limited to horizontal and vertical axes only which were
previously addressed; the discussion which follows (plus figures
14, 15, and 16) will not apply.

Figure 14 gives the geometry for the oblique axet considered
in the four-axis method. Angles ¢5 ({CAM) and bg ({CAS) are
measured in the oblique plane containing the points SACM, which
we shall refer to as the 135° oblique plane. Angles ¢, (¢ CAN)
and ¢g ({CAR) are in the plane containing the points RANC, which
we shall refer to as the 45° oblique plane. The illumination
along the iine RN has been calculated using the candlepower
distribution curves of the lamps in the 135° beam pattern and
the formula:

—-—

E = CPI % RED
—
|¢)7 or 8 GG

7 or 8
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where GG¢ = distance from A to the horizontal plane
7 or 8 |

along the ray at angle ¢

7 or 8°

HORIZONTAL
AXIS

/B \\\\\

VERTICAL AXIS™
45° R~
OBLIQUE AXIS
/
/135° OBLIQUE AXIS

Figure 14
Oblique Axes Geometry
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Figure 15 shows the geometry involved. Angle ¢, is set in

increments of 2.5° in accordance with the known candﬁepower
distribution inputs.

A

Figure 15 :
Bottom Right on 135° Obligue Axis

The distance D is known, as is H. To find GG g e must
construct two vectors as shown in figure 16. The erst vector
A = -xi + 0j + Hk lies in the vertical plane and goes from the

center spot C to the lamp position. The second vector B = -bi +

bj + OK lies in the horizontal plane along the 135° oblique axis
from the center to the end point of the ray at angle ¢g in
figure 15.




| QPO P

Figure 16
Vector Construct to Determine Distances and
Illumination Along Oblique Axes

It follows that

AB = |&||B|cos o ‘
bx = V;z + H2 /52 + b2 cos ¢

bx =D bvrz—cos o ‘

cos o0 = /QB(D“_ (

- -1 X
g cos (./__2__”6_—) R

In figure 15, § must then equal (180 - (|¢ I + o]y,
Once all the angles are known, we can solve for GG, using the
law of sines. ¢8 ¥
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sin ¢ sin § sin¢8
D sin ¢

GG¢8 sin §

The distance from the center spot along the oblique axis can
also now be solved for:

' D sind
_ 8
g JE— ~ sin §

A similar analysis follows for each of the three quadrants
along the oblique axes. 1In this manner, the illumination is
calculated along the four axes, and an illumination profile may

be obtained showing the light levels throughout the interior of
the template area.

LAMPS, FIXTURES AND FILTERS FOR UNREP
The Navy stock fixture symbol 263, FSN 6210-878-1131-D336,

as shown in figure 17 was chosen for underway replenishment night

lighting of supply ships because it had the following outstanding
; features:

e Relatively small size.

® Waterproof.

® Steel construction (relatively noncorrosive).
@ Ease of relamping.

e Large glare shield.

e Standard filter holder.

e Rigid mounting.

e Rigid, all position aiming.
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Figure 17
Navy Stock Fixture Symbol 263

The red filter to be used in conjunction with this luminaire
is designated as No. 6350 as manufactured by the Kopp Glass
Company. It was chosen because it has a sharp cutoff point
around 600 nanometers (nm) and will transmit no light of wave-
length shorter than this. This quality of red light provides
excellent dark adaptation. A spectral transmittance curve of the
filter is given in figure 18.

The lamps under consideration for UNREP lighting are PAR
lamps. For the large spaces and great mounting heights available
on supply ships, high intensity 300-watt PAR 56 lamps are
available in WFL, MFL, and NSP beam configurations. This range
of lamp choice allows a complete lighting system tc be designed
from a single type of luminaire with various types of lamps.
Template method calculations for each of these types are included
in appendix A.
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On supply ships, available mounting heights range as high

as 50 feet. On destroyers and other ships which must be re-
plenished at sea, however, such heights are not available.
Consequently, for the needs of these ships, 300-watt lamps must
‘? be bypassed; consideration should be given to smaller lamps such
as 75, 100, and 150 watt.
L 01717
80 -
KOPP 6350
12 SEPTEMBER 1969
70 + -
60 - ~
Nn
Z sl =
| Q50
a3
=
Z
Z 40} ~
'CE
30— =
20 .
10 - —
0 I NS O N U N N N Y N (NN O e oy |
600 700 770
NANOMETERS
Figure 18
Spectral Transmittance
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CONCLUSIONS AND RECOMMENDATIONS

This report has described a method of designing red
illumination systems for night UNREP operations. This method is

also applicable to the design of any illumination system which
will use overhead mounted point source types of luminaires.

The method and data addressed in this report were detailed
for use with a single militarized lighting fixture (Symbcl 263)
which was determined under this task to be adequate for use on
Fleet sapply ships. It is suggested that information regarding
this method be introduced to naval ship designers and inspectors
for use in the design of lighting systems and also in the ship-
board verification of those designs.

It has also been suggested that the template method be used
as an analytical tool when investigating lighting system designs
which may indicate the use of special lamps and the development
of new lighting fixtures. When phantom designs for the new
fixtures are prepared and the corresponding illumination levels
are adequately described then the following comparison tradeoffs
can be made between these phantom fixture/lamp combinations and
the reported symbol 263 fixture/lamps: number of fixtures/lamps
required, uniformity of illumination in the work area, available
mounting heights for fixtures, and pcwer requirements. FExamination
of these tradecffs can determine in advance whether the development
of a new fixture is really warranted. If the new fixtures are
needed, then detailed patterns or templates can be prepared as
outlined herein for the Symbol 263 fixture.

In completing this task it became apparent that the Symbol
263 light fixtures were not adequate for use in the design of
lighting systems for combatant-type ships. A preprototype
fixtu.;e, based upon a miniaturized Symbol 263 fixture, was
constructed to illustrate the illumination patterns which can be
expected when employing Symbol 263 features in combination
with 75-, 100-, and 150-watt PAR type tungsten lamps. Template
method data for these preprototype fixture/lamp combinations are
available at the NAVSHIPRANDCEN Annapolis along with candlepower
distribution data for all available types (flood and spot) of
the following PAR lamps (bare lamp not mounted) in any fixture;
75, 100, 150, 300, and 500 watt. This data would be useful in
examining the tradeoffs of the preprotype fixture or any fixture
employing available PAR-type tungsten lamps and can be made
available if desired.
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/1 : Appendix A
UNREP Lighting Data :

i (A Set of Data Tables for UNREP Lighting,

§ i.e., 300-Watt PAR 56 Wide Flcod, Medium Flood,

: and Narrow Spot, in the Symbol 263 Fixture)
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Appendix B
Computer Program :
(A Listing of the Template Method Computer Program) y}
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Appendix C
User's Guide

(A User's Guide for the Template Method Computer Program)
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The template method computer program processes candlepower
' distributions for two or four axes and computes an illumination
profile, a lighting pattern which is characteristic of a given
lamp, mount (fixture), mounting height and angle. The axes'
l candlepower distributions must be structured according to the
following format:
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by NAVSHIPRANDCEN Annapolis.

The program requires known cosine and tangent values from

It is currently set up to read in these values in
increments of 2.5°, thus accounting for the index of 27 in the
This 2.5° increment is consistent with the
increment in the candlepower distribution inputs; for the purposes
of table lookup of cosines and tangents, it must be read in next
Thus, the first data cards to be read

0° to 90°.

first read statement.

as the quantity, DEGINC.

contain:

Columns 1-10

12.5
15.0
17.5
20.0
22.5
25.0
27.5
30.0
32.5
35.0
37.5
40.0
42.5
45.0
47.5
50.0
52.5
55.0
57.5
60.0
62.5
65.0
67.5
70.0
72.5
75.0
77.5
80.0
82.5
85.0
87.5
90.0
DEGINC
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Columns 11-20

cos ¢

Columns

1.0000000
0.9990482
0.9961948
06.9914449
0.9848078
0.9762962
0.9659260
0.9537172
0.9396929
0.9238798
0.9063081
0.8870112
0.8660258
0.8433918
0.8191525
0.7933539
0.7660451
0.7372780
0.7071074
0.6755909
0.6427884
0.6087623
0.5735774
0.5373008
0.5000018
0.4617503
0.4226198
0.3826848
0.3420222
0.3007076
0.2588207
0.2164420
0.1736503
0.1305282
0.0871584
0.0436218
0.0

2.5

The axis labels are in accord with the view from behind the
lamp and along the center line of the beam.
generally available, and have consequently been expressly measured

Such readings are not

tan ¢

21-30

0.0

0.0436609
0.0874885
0.1316522
0.1763267
0.2216945
0.2679489
0.3152984
0.3633699
0.4142129
0.4663069
0.5205662
0.5773493
0.6370692
0.7002062
0.7673256
0.8390981
0.9163293
0.9999981
1.0913057
1.1917505
1.3032217
1.4281445
1.5696802
1.7320423
1.9205728
2.1444979
2.4142036
2.7474566
3.1715708
3.7320242
4.5106554
5.6712065
7.5956392

7.5956392
11.4296980

22.9024658

99999999.9 (=)
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Each source to be evaluated will be read in one axis at a
time, vertical, horizontal, top-right-to-bottom-left, and bottom-

right-to-top-left. For a source with only two axes' input
available the last two will, of course, to be omitted. Two cards
must precede these inputs, however. The first must contain the

following:

Column ¢4

5-10

11-16

17-20

24

28

32

a single digit, the number of axes to be
processed, 2 or 4. (AXESNO)

the minimum illumination ucceptable in foot-
candles (ft-c), in this case 0.2 ft-c. (RDLVL1)

a second illumination level cf interest, if any.
(e.g.' 0.5 ft"C). (RDLVLZ)

the desired increment for mounting heights, we
have generally used 4 feet. This quantity must
be right justified, i.e., in column 20. (INCHT)

the unit number indicating which computer I1/0
device to which you will output the complete
illumination distribution, if 50 desired;
usually a tape.

the unit number indicating which you will output
the "abridged illumination distribution profile".

the unit number indicating which computer I/0
device to which you will output the "quickscan
summary format", if so desired; usually a tape,
to be listed after the corresponding "abridged"
profile.

The format of the next card depends on whether the source
to follow has two- or four-axes inputs.
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Column 1-4

5-8

9-12

13-16

17-24

25

26

27

28-47

48-67

iih Report 6-93

For the two-axis the card should contain:

VNUM, the number of candlepower input readings
on the vertical axis, right justified.

HNUM, the number of candlepower input readings
on the horizontal axis, right justified.

HMIN, the minimum mounting height to be consid-
ered, right justified.

HMAX, the maximum mounting height to be consid-
ered, right justified.

PCTRED, percent transmission of red filter used.
For the Kopp 6350 filter, PCTRED = 0.15 (15%).

OPT1l, option (valued T or F), to permit printing
of a complete list of distances and illuminations
for each axis, for each data set not bypassed;
i.e., each data set meeting the selection
criteria.

OPT2, option (valued T or F), to permit printing
of a complete list of distances and illuminations
along the vertical and/or horizontal axes of a
data set that has been bypassed for not meeting
the selection criteria.

OPT3, option (valued T or F),:to permit printing
of critical values in a format suitable for rapid
scanning, the "quickscan format".

Note: 1If OPT3 = F, RDLVL2 should be equal to
0.0.

title identifying the lamp.

title identifying the fixture or mount.
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For the four-axis technique, the card should contain:

Column 1-4
5-=8

9-12

13-16

17-20
21-24
25-32
33
34
35
36-55

56=75
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VNUM, same as two-axis.

HNUM, same as two=-axis.

NOBLQl, the number of candlepower input readings
on the oblique (45°) axis, top-right-to-bottom °
left.

NOBLQ2, the number of candlepower input readings
on the oblique (45°) axis, bottom-right-to-top-
left.

HMIN, same as two-axis.

HMAX, same as two-axis.

PCTRED, same as two-axis.

OPT1l, same as two-axis.

OPT2, same as two-axis.

OPT3, same as two-axis.

lamp identification.

fixture identification.
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