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DOD-HDBK-289(SH)
26 November 1986

FOREWORD

The purpose of this handbook is to disseminate up–to-date information
necessary for the optimum utilization of lighting fixtures and lighting instal-
lations on Naval ships. The criteria contained herein are based on both new
requirements and past practices in general use. It should be noted, however,
that the nature and peculiarities of certain types of ships or certain areas
of application may necessitate a deviation from these criteria, thereby requir-
ing a judicious application of same.

iii



Paragraph 1.
1.1
1.2

2.
2.1
2.1.1
2.1.2

2.2

3.
3.1
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.2
3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.5.1
3.2.5.2
3.2.6
3.2.7
3.2.8
3.3
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.4
3.4.1
3.4.1.1
3.4.1.2
3.4.1.3
3.4.1.4
3.4.1.5
3.4.1.6
3.4.1.7

DOD-HDBK-289(SH)
26 November 1986

CONTENTS

Page

SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Application . . . . . . . . . . . . . . . . . . . . . . . . . .. 

APPLICABLE DOCUMENTS . . . . . . . . . . . . . . . . . 
Government documents . . . . . . . . . . . . . . . . . . . . . 
Specifications and standards . . . . . . . . . . . . . . . 
Other Government documents, drawings, and
publications . . . . . . . . . . . . . . . . . . . . . . . . .

Other publications . . . . . . . . . . . . . . . . . . . . . 

GENERAL DESIGN CONSIDERATIONS  ...... . . . . . . . . . 
Principles of light . . . . . . . . . . . . . . . . . . . . . . . 
Light . . . . . . . . . . . . . . . . . . . . . . . . .
Propagation . ........................ . . . . . . .
Reflection . . . . . . . . . . . . . . . . . . . . . . . . . . 
Diffusion . . . . . . . . . . . . . . . . . . . . . . . .  . . . 
Transmission . . . . . . . . . . . . . . . . . . . . . . . . .
Refraction . . . . . . . . . . . . . . . . . . . . . . . . . . .
Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Polarization . . . . . . . . . . . . . . . . . . . . . . . . . 
Color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Light and vision . . . . . . . . . . . . . . . . . . . . . . .
General . . . . . . . . . . . . . . . . . . . . . . . . . .  ... .....
Light and how the eye sees . . . . . . . . . . . . . . . .. .
Two kinds of vision . . . . . . . . . . . . . . . . . . . . .
Accommodation . . . . . . . . . . . . . . . . . . . .
Adaptation . . . . . . . . . . . .
Dark adaptation . . . . . . . . . . . . . . . . . . . . . 
Light adaptation . . . . . . . . . . . . . . . . . . . . . . . . 
Eye sensitivity curve . . . . . . . . . . . . . . . . . . . 
Purkinje effect ...... . . . . . . . . . ..... ...
Visual field . . . . . . . . . . . . . . . . . . . . . .  . . . .
Principal factors affecting vision . . . . . . . . . . . . 
Physiological factors . . . . . .. . . . . . . . . . . .
Physical factors . . . . . . . . . . . . . . . . . . . . . . .
Illumination levels . . . . . . . . . . . . . . . . . . . . . . 
Glare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Background illumination . . . . . . . . . . . . . . . . . . 
Terminology and lighting equations . . . . . . . . . 
Lighting terms . . . . . . . . . . . . . . . . . . . . . . . 
Luminous flux . . . . . . . . . . . . . .  . . . . . . .
Candlepower (luminous intensity) ..... . . . . . . . . 
Lumen . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Illumination (illuminance) . . . . . . . . . . . . . . 
Footcandle . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Brightness (luminance) . . . . . . . . . . . . . . . . . .
Footlambert . . . . . . . . . . . . . . . . . . . . . . . . . 

1
1
1

1
1
1

4
5

6
6
6
6
7
8
8
9
9

10
11
11
11
12
14
14
14
15
15
15
16
17
18
18
19
22
23
23
23
23
23
23
24
25
25
25
26

iv



DOD-HDBK-289(SH)
26 November 1986

CONTENTS - Continued

Page

Paragraph 3.4.1.8
3.4.1.9
3.4.2
3.4.2.1
3.4.2.2
3.4.2.3
3.4.3
3.5
3.5.1
3.5.1.1
3.5.1.1.1
3.5.1.1.2
3.5.1.1.3
3.5.1.1.4
3.5.1.2
3.5.1.3
3.5.1.4
3.5.2
3.5.2.1
3.5.2.1.1
3.5.2.1.2
3.5.2.1.3
3.5.2.2
3.5.2.2.1
3.5.2.2.1.1
3.5.2.2.1.2
3.5.2.2.2
3.5.3
3.5.3.1
3.5.3.2
3.5.3.3
3.5.3.4
3.6
3.6.1
3.6.2
3.6.2.1
3.6.2.2
3.6.2.3
3.6.2.4
3.6.2.5
3.6.3
3.6.3.1
3.6.3.2
3.6.3.3
3.6.3.3.1
3.6.3.3.1.1
3.6.3.3.1.2
3.6.3.3.2

Reflection factor (reflectance) . . . . . . . . . . . . . . . . .
Transmission factor (transmittance) . . . . . . . . . . . . .
Lighting laws and equations . . . . . . . . . . . . . . . . . . . . .
Inverse square law . . . . . . . . . . . . . . . . . . . . . . . . . 
Cosine law . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cosine-cubed law . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conversion factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lighting calculations . . . . . . . . . . . . . . . . . . . . . . . . . . .
Distribution curves . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Candlepower distribution curve . . . . . . . . . . . . . . . . . .
Calculation of illumination . . . . . . . . . . . . . . . . . . . .
Lumen output calculation . . . . . . . . . . . . . . . . . . . .
Lighting fixture efficiency . . . . . . . . . . . . . . . . . . . . .
Candlepower of beam producing lights . . . . . . . . . . . .
Isocandela diagram . . . . . . . . . . . . . . . . . . . . . . 
Isofootcandle diagram . . . . . . . . . . . . . . . . . . . . . . . . . . .
Footcandle distribution . . . . . . . . . . . . . . . . . . . . . . . . .
Methods of illumination calculations . . . . . . . . . . . .
Point-by-point method . . . . . . . . . . . . . . . . . . . . . . . . . . .
Point source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Line sources of infinite length . . . . . . . . . . . . . . . . .
Surface source of infinite area . . . . . . . . . . . . . . . . .
Lumen method . . . . . . . . . . . . . . . . . . . . . . . . 
C u . . . . . . . . . . . . . . . . . . . . . . .
Cavity ratios . . . . . . . . . . . . . . . . . . . . . . . 
Effective cavity reflectance . . . . . . . . . . . . . . . .
Examples of using the lumen method . . . . . . . . . . 
Floodlighting calculations . . . . . . . . . . . . . . . . . . . . . .
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Candlepower and aiming of floodlights . . . . . . . . . . .
The point-by-point method for floodlights . . . . . . .
The beam-lumen method for floodlights . . . . . . . . . . .
Light sources . . . . . . . . . . . . . . . . . . . . . . . . 
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Incandescent lamps . . . . . . . . . . . . . . . . . . . . 
Construction . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Designation . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Effect of voltage on lamp performance . . . . . . . . . . .
Energy distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fluorescent lamps . . . . . . . . . . . . . . . . . . . . . 
Construction . . . . . . . . . . . . . . . . . . . . . . . . . . 
Designation . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lamp types and control equipment . . . . . . . . . . . . .
Preheat lamps . . . . . . . . . . . . . . . . . . . . . . . .
Starters . . . . . . . . . . . . . . . . . . . . . . . . . .
Ballasts . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rapid-start lamps . . . . . . . . . . . . . . . . . . . .

26
26
26
26
28
29
30
31
31
31
32
32
35
35
36
37
38
38
38
38
44
45
46
48
52
52
53
55
55
55
57
61
62
62
63
63
64
64
65
67
67
67
68
69
69
69
70
71

v



DOD-HDBK-289(SH)
26 November 1986

CONTENTS - Continued

Page

Paragraph 3.6.3.3.3
3.6.3.4
3.6.3.4.1
3.6.3.4.3
3.6.3.4.4
3.6.3.4.5
3.6.3.4.6
3.6.3.5
3.6.3.6
3.6.3.7
3.6.3.8
3.6.4
3.6.4.1
3.6.4.2
3.6.4.3
3.6.5
3.6.5.1
3.6.5.2
3.6.6
3.6.7
3.6.8

4.
4.1
4.2
4.2.1
4.2.2
4.2.4
4.2.5
4.2.6
4.3
4.3.1
4.3.2
4.3.2.1
4.3.2.1.1
4.3.2.1.2

4.3.2.1.3
4.3.2.2
4.3.2.3
4.3.2.4
4.3.2.5
4.3.2.6
4.3.3
4.3.3.1
4.3.3.2

Instant-start lamps . .   . . . . . . . . . . . . . . . .......71
Operating conditions . . . . . . . . . . . . . . . . . . . . . . . . . 71
Lamp mortality . . . . . . . . . . . . . . . . . . . . . . . . 71
Energy distribution . . . . . . . . . . . . . . . . . . . . . . . .  72
Effect of temperature . . . . . . . . . . . . . . . . . . . . . .  73
Effect of voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
Effect of frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
Dc operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
Radio interference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Dimming . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . 77
Stroboscopic effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
High-intensity discharge (HID) lamps . . . . . . . . . . . . 78
Mercury lamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Metal halide lamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
High pressure sodium lamps . . . . . . . . . . . . . . . . . . . . . . 78
Short-arc lamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Mercury and mercury-xenon lamps . . . . . . . . . . . . . . . . . 79
Xenon lamps . . . . . . . . . . . . ... . . . . . . . . . . . . . . 79
Glow lamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Low pressure sodium lamps . . . . . . . . . . . . . . . . . . . . . . . 80
Luminous tape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

DETAIL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . 80
Illumination levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
Light and interior finishes . . . . . . . . . . . . . . . . . . . . . 85
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Lighting efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Reflectance of interior surfaces . . . . . . . . . . . . . . . . 86
Effect of light on color . . . . . . . . . . . . . . . . . . . . . . . . 89
Spaciousness . . . . . . .  . . . . . . . . . . . . . . . . . . . . 90
Design of lighting installations . . . . . . . . . . . . . . . . 90
Essential elements in design . . . . . . . . . . . . . . . . . . . . 90
Requirements . . . . . . . . . ... . . . . . . . . . . . . . . . . 90
Distribution system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Ship service Lighting systems (surface ships) . . . 90
Emergency (or alternate) lighting systems
(surface ships) . . . . . . . . ..... . . . . . . . . . . . . . . 91

Lighting systems (submarines) . . . . . . . . . . . . . . . . . . . 92
Type of illumination required . . . . . . . . . . . . . . . . . . . 93
Illumination levels ....... ...... ... ..... . . . . . . . 93
Uniformity of illumination .. ... . . . . . . . . . . . . . . . . 94
Brightness ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Glare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Selection of equipment . . . . . . . . . . . . . . . . . . . . . . . . . . 98
Distribution and control . . . . . . . . . . . . . . . . . . . . . . . . 98
Lighting fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

vi



DOD-HDBK-289(SH)
26 November 1986

CONTENTS - Continued

Page

Paragraph 4.3.4
4.3.4.1
4.3.4.1.1
4.3.4.1.2
4.3.4.1.3
4.3.4.1.4
4.3.4.1.5
4.3.4.1.6
4.3.4.1.7
4.3.4.1.8
4.3.4.1.9
4.3.4.1.10
4.3.4.1.10.1
4.3.4.1.10.2
4.3.4.1.10.3
4.3.4.1.10.3.1
4.3.4.1.10.3.2
4.3.4.1.10.3.3
4.3.4.1.10.3.4
4.3.4.1.10.3.5
4.3.4.1.10.3.6
4.3.4.2
4.3.4.2.1
4.3.4.2.2
4.3.4.2.3
4.3.4.2.4
4.3.4.2.5
4.3.4.2.6
4.3.4.2.7
4.3.4.2.8
4.3.4.2.9
4.3.4.3
4.3.4.4
4.3.4.5
4.3.4.6
4.4
4.4.1
4.4.2
4.4.3
4.4.4
4.4.4.1
4.4.4.2
4.4.4.3
4.4.4.3.1
4.4.4.3.2
4.4.4.3.3
4.4.4.3.4

Design procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Distribution system . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Distribution and control . . . . . . . . . . . . . . . . . . . . . 99
Installation of equipment . . . . . . . . . . . . . . . . . . . . 99
Load balance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Ground detector lamps . . . . . . . . . . . . . . . . . . . . . . . . 99
Circuit wiring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Spare capacity . . . . . . . . . . . . . . . . . . . . . . . 100
System protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Equipment enclosures and protection . . . . . . . . . . 100
Cable marking . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Power analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Load approximation . . . . . . . . . . . . . . . . . . . . . . . 101
Load calculations . . . . . . . . . . . . . . . . . . . . . . . . . 101
Voltage drop calculations . . . . . . . . . . . . . . . . . . . . 104
General . . . . . . . . . . . . . . . . . . . . . . . ...... 104
Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Resultant load current . . . . . . . . . . . . . . . . . . . . 104
Allowable voltage drop . . . . . . . . . . . . . . . . . . . .. 104
Acceptable method . . . . . . . . . . . . . . . . . . . . . 105
Example of voltage drop calculations . . . . . . . . . 108
General illumination . . . . . . . . . . . . . . . . . . . . . . . . . 113
Steps in design . . . . . . . . . . . . . . . . . . . . . . . . 113
Fixture layout . . . . .  . . . . . . . . . . . . . . . . . . . . . 113
Example of design . . . . . . . . . . . . . . . . . . . . . . . . . 114
Typical installation methods . . . . . . . . . . . . . . . . . 115
Mounting heights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Fixture location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Fixture clearance . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Grounding of lighting fixtures . . . . . . . . . . . . . . . 115
Switching . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Detail illumination . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Special illumination . . . . . . . . . . . . . . . . . . . . . . . . . 117
Red illumination . . . . . . . . . . . . . . . . . . . . . . . . . 117
BBB illumination . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Red illumination . . . . . . . . . . . . . . . . . . . . . . . . .  . . 117
General . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Purpose . . . . . . . .. .. . . . . . . . . . . . . . . . . . 118
Lighting fixtures . . . . . . . . . . . . . . . . . . . . . . 118
Details of red light installations . . . . . . . . . . . 118
Location and quantity of red lights . . . . . . . . . . 118
Red lighting control . . . . . . . . . . . . . . . . . . . . 119
Surface ship requirements . . . . . . . . . . . . . . . . . . . . 119
Living spaces . . . . . . . . . . . . . . . . . . . . .. . . 119
Access routes . . . . . . . . . . . . . . . . . . . . . . . . 119
Special compartments and stations . . . . . . . . . . . . 120
Special applications involving darkened-ship
operations . . . . . . . . . . . . . . . .. . . . . . . . . 120

vii



DOD-HDBK-289(SH)
26 November 1986

CONTENTS - Continued

Page

Paragraph 4.4.4.4
4.5
4.5.1
4.5.1.1
4.5.1.2
4.5.1.3
4.5.2
4.5.2.1
4.5.2.2
4.5.2.3
4.5.2.4
4.5.3
4.5.3.1
4.5.3.2
4.5.3.3
4.5.3.4
4.5.3.5
4.5.3.6
4.5.3.7
4.5.3.8
4.5.3.9
4.5.3.10
4.5.3.11
4.6
4.6.1
4.6.2
4.6.3
4.6.4
4.6.5
4.6.6
4.6.7
4.6.8
4.6.8.1
4.6.8.2
4.6.8.3
4.6.9
4.6.10
4.7
4.7.1
4.7.1.1
4.7.1.1.1

4.7.1.1.2
4.7.1.2
4.7.1.3
4.7.2
4.7.2.1
4.7.2.2

Submarine requirements . . . . . . . . . . . . . . . . . . . 121
Blue illumination . . . . . . . . . . . . . . . . . . . . . . . . 122
Background . . . . . .. . .. . . . . . . . . .. . . . . . . 122
The problem . . . . . ... . . . . . . . . . . . . . . . . . . 122
Other considerations . . . . . . . . . . . . . . . . . . . . . 122
One solution . . . . . . . . . .. . . . . . . . . . . . . . . 122
BBB illumination . . . . . .  . . . . . . . . . . . . . . . . . 123
General . . . . . . . . . . . . . . . . . . . . . . . . . . .. 123
Light source . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Effect on CRT ..... . . . . . . . . . . . . . . . . . . . 124
Other related effects . . . . . . . . . . . . . . . . . . . . . . . . 125
Installation . . . . . . . . . . . . . . . . . . . . . . . . 125
General . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Lighting fixtures . . . . . . . . . ... . . . . . . . . . . 125
Lighting fixture location . . . . . . . . . . . . . . . . 125
Illumination levels .. .. .. .............. ....... 125
Maintenance white lighting . . . . . . . . . . . . . . . . . . . 126
Supplementary illumination . . . . ... . . . . . . . . . 126
Control switching . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
Amber filters for CRTs . . . . . ... . . . . . . . . . . . 127
Auxiliary equipment and displays . . . . . . . . . . . . . 127
Compartment finish . . . . . . . . . . . . . . . . . .  . . . . 127
Yellow-orange goggles . . . . . . . . . . . . . . . . . . . 127
Replenishment-at-sea (RAS) red lighting . . .. 127
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Visual landing aids (VLA). . . . . . . . . . . . . . . . . . . . . 127
Purpose . . . . .... . . . . . . . . . . . . . .  . . . . . . 128
Illumination levels . . . . . .. . . . . . . . . . . . . . 128
Lighting fixtures . . . . . . . . . . . . . . . . . . . . . . 128
Lighting fixture location . . . . . . ... . . . . . . . . 129
Control switching . . . . . . . . . . . . . . . . . . .. . 129
Floodlighting calculations by template . . . .. . . . 129
General . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 129
Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . 131
Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
General RAS lights . . . . . . . . . . . . . . . . . . . . . 135
Shipboard tests . . . . . . . . . . . ... . . . . . . . . . 139
Navigation and signal lights . . . . . .  . . . . . . 139
Governing regulations . . . . . . . . . . . . . . . . . . . . . . . . 139
Navigational lights . . . . . . . . . . . . . . . . . . . . . . . . . . 139
International regulations for preventing
collisions at sea, 1972 (72 COLREGS) . .... . . 139

Exemption and waiver for naval vessels . . . . . . . 139
Signal lights .......... . ....... . . . . . . 140
Steering lights . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
Visibility of external lights . . . . . . . . . . . . . . . . 140
Sea mile candela . . . . . . . . . . . . . . . . . . . . . . . . . 140
Atmospheric attenuation of light ........... .. 141

viii



DOD-HDBK-289(SH)
26 November 1986

CONTENTS – Continued

Page

Paragraph 4.7.2.3
4.7.2.4
4.7.2.5
4.7.3
4.7.3.1
4.7.3.2

4.7.3.2.3
4.7.3.3
4.7.3.4
4.7.3.5
4.7.3.6

4.7.3.7
4.7.3.8
4.7.3.9

4.7.3.10
4.7.3.11

4.7.3.12
4.7.3.13
4.7.3.13.1
4.7.3.13.2
4.7.3.13.3
4.7.3.13.3.1
4.7.3.13.3.2
4.7.3.13.4
4.7.3.13.4.1
4.7.3.13.4.2
4.7.3.13.4.3
4.7.3.13.5
4.7.3.13.6

5.
5.1
5.2
5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.2.5.1
5.2.5.2
5.2.5.3
5.2.5.4
5.2.5.5
5.2.5.6

Illumination at great distances . . . . . . . . . . . . . .
Effect of earth’s curvature on visibility . . . .
Screening . . . . . . . . . . . . . . .  . .  . . . . . . . . . .
Navigation and signal lights . . . . . . . . . . . . . . . . .
General . . . . . . . .  ....... . . . . . . . . . ..... . 
Supply, control and telltale panel for
running lights . . . . . . . . . . . . . . . . . . . . . .

Description of circuit operation . . . . . . . . . . . . .
Dimmer control panel  . . . . . . . . . . . . . . . . . . .
Running lights  . . . . . . . . . . . . . . . . . . . . . . . . .
Blinker lights . . . . . . . . . . . . . . . . . . . . . . . . .
Not-under-command (breakdown and man-
overboard) lights .. . . . . . . . . . . . . . . . . . . . . .

Ship’s task lights . . .  . . . . . . . . . . . . . . . . . . . .
Submarine identification light . . . . . . . . . . . . . . .
Aircraft warning and replenishment approach
light ...... . . . . . . . . . . . . . . . . . . .

Multipurpose signaling kit . . . . . . . . . . . . . . . . . . .
Portable floodlight for search and rescue
operations . . . . . . . . . . . . . . . . . . . . . . . . . . .

Night-flight operation lights . . . . . . . . . . . . . . . .
Searchlights . .... ...... . . . . . . . . . ...
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Searchlights with carbon-arc lamps . . . . . . . . . . .
Searchlights with mercury-xenon arc lamps . . . .
Characteristics and uses . . . . . . . . . . . . . . . . . . . . .
12-inch mercury-xenon arc searchlights . . . . . . .
Searchlights with incandescent lamps . . . . . . . . .
Characteristics and use . . . . . . . . . . . . . . . . . . . . . .
12-inch searchlights . . . . . . . . . . . . . . . . . . . . . . . . .
8-inch sealed-beam searchlight . . . . . . . . . . . . . . .
Searchlights for small boats . . . . . . . . . . . . . . . . .
Searchlights with xenon arc lamps . . . . . . . . . . . .

SHIPBOARD TESTS . . . . . . . . . . . . . . . . . ..
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Photometric survey . . . . . . . . . . . . . . . . . . . . . .
Purpose . .. . . . . . . . . . . . . . . . . . . . . . . . . . .
Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Power supply  . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lighting fixtures . . . . . . . . . . . . . . . . . . . . . . . . . .
Light meter . . . . . . . . . . . . . . . . . . . . . . . . . .
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Visual photometers . . . . . . . . . . . . . . . . . . . . . . . . . . .
Photoelectric photometers . . . . . . . . . . . . . . . . . . . .
Color correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cosine correction . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Temporary fatigue . . . . . . . . . . . . . . . . . . . . . . . . . . . .

142
142
143
144
144

163
164
166
166
166

166
167
167

167
167

168
168
168
168
168
168
168
169
171
171
171
171
171
172

172
172
172
172
172
173
173
173
173
173
174
174
175
176

ix



DOD-HDBK-289(SH)

26 November 1986

CONTENTS – Continued

Page

Paragraph 5.2.5.7
5.2.5.8
5.2.6
5.2.7
5.2.8
5.2.8.1
5.2.8.2
5.2.8.3
5.2.8.4
5.2.8.5
5.2.8.6
5.2.8.7
5.2.9
5.3
5.3.1
5.3.2
5.3.3
5.3.4
5.4
5.4.1
5.4.2
5.4.3
5.4.4
5.4.4.1
5.4.4.2
5.4.4.3
5.4.4.4
5.4.4.5
5.4.5
5.4.5.1
5.4.5.2
5.4.5.3
5.5
5.5.1
5.5.2
5.5.3
5.5.4
5.5.5
5.6

5.6.1
5.6.2
5.6.3
5.6.4
5.6.5

Effect of temperature . . . . . . . . . . . . . . . . . . . .
Meter accuracy . . . . . . .  . . . . . . . . . . . . . . . . .
Drawings for photometric survey . . . . . . . . . . . . . .
Portable instruments . . . . . . . . . . . . . . . . . . . . .
Measurements . . . . . . . . . . . . . . . . . . . . . . . .
General . . . . . . . . . . . . . . . . . . . . . . . . . . . .
General illumination . . . . . . . . . . . . . . . . . . .
Detail illumination. . . . . . . . . . . . . . . . . . . . . .
Red illumination  . . . . . . . . . . . . . . . . . . . . .
Blue illumination . . . . . . . . . . . . . . . . . . . . . . . .
Uniformity . . . . . . . . ....... . . . . . . . . . . . .
Brightness . .  . . . . . . . . ..... . . . . . . . . . . . .
Tabulation of data . . . . . . . . . . . . . . . . . . . . . .
Darkened ship survey (surface ships) . . .. . . . . . .
Inspection . . . . . . . . . . . . . . . . . . . . . . . . .
Operation . . . . . .. . . . . . . . . . . . . . . . . . . .
Light trap security . . . . . . . . . . . . . . . . . . .  
Tabulation of data . . . . . . . . . . . . . . . . . . .
Navigation and signal lights checkout . .  . . . . . .
Purpose . . . . . . . . . . . . . . . . . . . . . .. . . . . 
General description .  . . . . . . . . . . . . . . . . . .
Portable instruments . . . . . . . . . . . . . . . . . . . . .
Submarines . .  . . . . . . . . . . . . . . . . . . . . .. .
Visual inspection . . . . .. . . . . . . . . . . . . . . . . . .
Insulation resistance . . . . . . . . . . . . . . . . . . . . . . . .
Operation . . .. . . . . . . .. . .. .............. ...
Arcs of visibility . . . . . . . . . . . . . . . . . . . . . . . .
Locations of navigation lights . . . . . . . . . . . . . . .
Surface ships . .. . . . . . . . . . . . . . . . . . . . . .
Visual inspections . . . . . . . . . . . . . . . . . . . . . . . . . . .
Insulation resistance . . . . . . . . . . . . . . . . . . . . . . . .
Operation . . . . . . .. . . . . . . ... ... ... .... . .
Ship service lighting system checkout . .. . . . . . .
Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Portable instruments . . . . . . . . . . . . . . . . . . . . .
Visual inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Insulation resistance . . . . . . . . . . . . . . . . . . . . . . . .
Operation . . . . . . . . . . . . . . . .. .. .... . .  ...
Emergency lighting system checkout -
submarines . . . . . .. . . . . . . . . . .. . . . . . . .

Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . .
Portable instruments . . . .  . . . . . . . . . . . . . . .
Visual inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Insulation resistance . . .. . . . . . . . . . . . . . . . . . . .
Operation ... . . . . . . . . . . . . . . . . ......... .

176
176
176
178
180
180
180
188
188
188
188
188
188
191
191
191
191
195
197
197
197
197
197
197
199
199
199
202
202
202
205
207
209
209
209
209
211
211

213
213
213
213
213
213

x



DOD-HDBK-289(SH)
26 November 1986

CONTENTS - Continued

Paragraph 6.
6.1
6.2
6.3
6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.4
6.4.1
6.4.1.1
6.4.1.2
6.4.2
6.4.2.1
6.4.2.2
6.4.3
6.4.3.1
6.4.3.2
6.4.3.3
6.4.3.4
6.4.4
6.4.4.1
6.4.4.2
6.5
6.5.1
6.5.2
6.5.3
6.5.4
6.5.4.1
6.6

6.6.1
6.6.2
6.6.3
6.7
6.7.1
6.7.2
6.7.3
6.8
6.9
6.9.1
6.9.1.1
6.9.1.2
6.9.1.3
6.9.2
6.9.2.1

Page

MAINTENANCE AND PARTS IDENTIFICATION . . . . . . . . . . 215
General .  . . . . .. . . . . . . . . . . . . . . . . . 215
Precautions . . . . . . . . . . . . . . . . . . . . . . 215
Causes of light loss . . . . . . . . . . . . . . . . . . . . . 217
General . . . . . . . .  . . . . . . . . . . . . . . . . . . 217
Dirt on lamps and fixtures . . . . . . . . . . . . . . . . . . . 217
Dirt on room surfaces . . . . . . . . . . . . . . . . . . . . 219
Lamp lumen depreciation . . . . . . .. . . . . . . . . . . 219
Burnouts . . . . . . . . . . . . . . . . .. . . . . . . . . . 219
Operating lamp characteristics . . . . . . . . . . . . . . . 219
Lamp replacement .. . . . . . . .. . . . . . ...... .. 220
Replacement of incandescent lamps . . . . . . . . . . . . 220
Blackening . . . . .. . . . . .. . . . . . . . . . . . . . . 220
When to replace . . . .. . . . . . . . . . . . . . . . . . . 220
Replacement of fluorescent lamps . . . . . . . . . . . . . 220
Cause of trouble . . . . . . . . . . . . . . . . . . . . . . . . 220
When to replace . . .  . . ..  . . . . . . . . . . . . . . . 220
Planned relamping . . . . . . . . . . . . . . . . . . . . . . 221
Periodic planned relamping . . .. .. . . . . . . . . . . 221
Spot relamping . .. . . . . . . . . . . . . . . . . . . . 221
Group relamping ...... . . . . . . . . . . . . . . . . . . ... 221
Spot versus group relamping . . . . .. . . . . . . . . . 222
Disposal of old lamps . . . . . . . . . . . . . . . . . .. 222
Incandescent lamps . . . . . . . . . . . . . . . . . . . . 222
Fluorescent lamps . . . . . . . . . . . . . . . . . . . . . . 222
Fixture cleaning . . . . . . .. .  . . . ..... . ....... 223
Authorized personnel . . . . . . . . . . . . . . . . . . . 223
Factors which affect frequency . . . . . . . . . . . . . . . 223
Cleaning open type fixtures . . . . . . . . . . . . . . . . . . 223
Cleaning enclosed type fixtures . . . . . . . . . . . . . . 223
Cleaning reflectors in enclosed fixtures . . . . . 224
Maintenance of lighting fixtures for general
illumination . . . . . . .. . . . . . . . . . . . . . . . . . . . 224

Inspection of window assemblies . . . . . . . . . . . . . . 224
Inspection of internal components . . . . . . . . . . . . 227
Inspection of shock mounts . . . . . . . . . . . . . . . . . . . 230
Explosion proof extension lights . . . . . . . . . . . . . 231
Relamping . . . . .. . . . . . . . . . . . . . . . . . . . . 231
Inspection . . . . . . . . . . . . . . . . . . . . . . . . . 231
Acceptable lights . . . ... . . . . . . . . . . . . . . . . 231
Inspection of extension light for small boats. 233
Battery powered emergency lights . . . . . . . . . . . . . 234
Damage control flood lanterns . . . . . . . . . . . . . . . . 234
How to check charge . . .  . . . . . . . . . . . . . . . . . 234
When and how to charge . . . . . .. . . . . . . . . . . . . 234
Addition of water . . . . . . . . . . . . . . . . . . . . . . . . 234
Relay lanterns . . . . . . . . . . . . . . . . . . . . . . . . . 234
Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . 234

xi



DOD-HDBK-289(SH)
26 November 1986

CONTENTS - Continued

Page

Paragraph 6.9.2.2
6.9.3
6.10
6.10.1
6.10.2
6.10.2.1
6.10.2.2
6.11
6.11.1
6.11.2
6.11.2.1
6.11.2.2
6.11.3
6.11.4
6.11.5

Figure 1.

2.

3.
4.

5.

6.
7.
8.
9.

10.
11.

12.
13.
14.

15.

16.
17.

18.

19.

Relays . . . . . . . . . . . . . . . . . . . . . . . .
Flashlights for repair stations . . . . . . . . . . . . . .
Darkened-ship condition . . . . . . . . . . . . . . . . . . .
Light traps ..... ... . . . ..... .. .. ......
Door switches . . . . . . . . . . . . . . . . . . . . . .
Check . . . . . . . . . . . . . . . . . . . . . . . . .
Adjustment. . . . . . . . . . . . . . . . . . . . . . . . .
Navigation and signal lights . . . . . . . . . . . . . . . . .
Check of alignment and location . . . . . . . . . . . . . .
Lamp replacement . . . . . . . . . . . . . . . . . . . .
Bifilament lamps . . . .. . . . . . . . . . . . . . . .
Lamp cluster . . . . . . . . . . . . . . . . . . . . . . . . . .
Supply, control and telltale panel . . . . . . . . . . .
Multi-purpose signal light . . . . . . . . . . . . . . . .
Subject term (key word) listing . . . . . . . . . . .

FIGURES

The electromagnetic radiation spectrum and
the visible spectrum . . . . . . . . . . . . . . . . . . . . 
Reflection, diffusion, transmission, refrac-
tion, absorption, and polarization of light..

Similarities of the camera and the eye . . . . . . .
The parts of the eye and their relation to
vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eye sensitivity curves for photopic (cone)
and scotopic (rod) vision showing the
Purkinje effect on the wavelength of maximum
sensitivity .  . . . . . . . . . . . . . . . . . . . .

Vertical and horizontal visual field . . . . . . . . .
Normal, nearsighted, and farsighted eye . . . . . .
External factors affecting vision . . . . . . . . . . . .
Illumination on a normal plane . . . . . . . . . . . . . . .
Illumination on a tilted plane . . . . . . . . . . . . . . .
The cosine-cubed law explaining the trans-
formation of the formula . . . . . . . . . . . . . . 

Candlepower distribution for symbol 77.4 . .  . 
Sphere divided into 10-degree zones . . . . . . . . . .
Curves showing units emitting the same total
lumens .. .. .. .. . . . . . . . . . . . . . . . . . . . . .

Candlepower distribution of a typical flood-
light . . . . . . . . . . . . . . . .  . . . . . . . ..

Typical isocandela diagram of a spotlight . . . .
Isofootcandle diagram for symbol 77.4 for a
mounting height of 5 feet . . . . . . . . .. . . . . . .
Footcandle distribution curves for symbol
77.4 for different mounting heights .. . . . . ..

Concepts and formulas for the inverse-square
law . . . . . . . . . . . . . . . . . . .. . . . . . .

234
235
235
235
235
235
235
235
235
236
236
236
236
236
236

6

8
12

13

16
17
19
21
28
29

29
32
33

35

36
36

37

37

40

xii



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Page

Figure 20.

21.

22.
23.

24.
25.
26.
27.
28.
29.
30.
31.

32.
33.

34.
35.
36.

37.
38.
39.

40.

41.

42.
43.

44.

45.

46.

47.

48.
49.
50.

51.

Illumination of a line source of infinite
length . .. . . . . . . . . . . . . . . . . . . . . . . . . .
Illumination of a continuous row of mirror
lights, symbol 351 . . . . . . . . . . . . . . . . . .

Illumination of an infinite diffusing area . . .
The three cavities used in the zonal-cavity
method . . . . . . . . . . . . . . . . . . . .
Floodlighting geometry . .. .  . . . . . . . . . .
Aiming of floodlight  . . . . .  . . . . . . . . . .
Illumination of an elliptical light pattern . .
Example of using the lumen method . . . . . . . . . . . .
Floodlight beam spread . . . . . . . . . . . . .
Light source efficiency in lumens per watt . . .
Components of an incandescent lamp . . . . . . . . .
Designation of lamps according to bulk and
shape . . . ..  . . . . . . . . . . . . . . . . . .

Lamp bases . . . . . . . . . . . . . . . . . . . . . . . . .
Characteristic curves for large gas-filled
filament lamps .. . .. . . .  . . . . . . . . . . . . . . . .

Components of a fluorescent lamp . . . . . . . . . . . . .
Bases for fluorescent lamps . . . . . . . . . . . . . . . . . .
Basic ac circuit of a preheat fluorescent
lamp . . . . . . . . . .. .. .... . . . . . . . . . . . .

Lamp mortality . .. . . . . . . . . . . . . . . . . . . .
Lumen maintenance . . . . . . . . . . . . . . . . . . .
Energy distribution in a typical cool white
fluorescent lamp . .  . . . . . . . . . . . . . . . . . .

Typical circuit for dc operation of
fluorescent lamps . . . . . . . . . . . . . . . . . . . . . .

Reduction of electromagnetic interference of
fluorescent lamps . . . . . . . . . . . . . . . . . . . . . . . . . . .

Grounding metal louvers of fluorescent lamps..
Typical radio interference filter used in

. .
critical applications . . . . . . . . . . . . . . . . . . . . . .

Recommended reflectance for interior
finishes . . .  . . . . . . . . . . . . . . . . . . . . . . . .

Polished cabinet surfaces exhibiting specular
reflection . . . . . . . . . . . . . . . . . . . . . . . . . . .

Light diffusing cabinet surfaces (light gray)
preventing glare .  . . . . . . . . . . . . . . . . . . .
Illumination uniformity as a function of
fixture mounting height and separation . . . . . .

Brightness contrast ratios . . .  . . . . . . . . . . . .
Glare conditions  . . . . . . . . . . . . . . . . . . . . . .
Watts per square foot versus footcandles of
illumination . . ..  . . . . . . . . . . . . . . . . .

Voltage and current relationships in a 3-
phase ac circuit .  . . . . . . . . . . . . . . . . . . . .

44

45
46

52
55
56
58
59
60
62
63

64
65

66
67
68

69
71
72

73

74

76
76

77

87

88

89

95
96
97

103

106

xiii



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Figure 52.

53.

54.

55.
56.

57.
58.

59.
60.

61.
62.

63.
64.
65.
66.

67.
68.
69.
70.
71.

72.

73.
74.
75.
76.
77.
78.
79.

80.

81.

82.

Demand factors feeders for shipboard lighting
system . . . . . . . . . . . . . . . . . . . . . ..

Example of illumination calculation using the
point-by-point method . . . . . . . . . . . . . . . 

Acceptable methods of grounding lighting
fixtures - metal ships . . . . . . . . . . . . . . . . . .

BBB lighting system filter coverage . . . . . . 
Compatibility of BBB lighting system with use
of scope . . . . . . . . . . . . . . . . . . . . . . . . ..

Template usage (typical) . . . . . . . . . . . . . .  .
Illumination of major equipments used during
typical fueling-at-sea operations in a Fleet
oiler . . . . . . . . . . . . . . . . . . . . . . . . . . .

General requirements for RAS special lighting.
General requirements for typical receiving
station lighting . . . . . . . . . . . . . . . . . . . .

Phone/distance Line light markings . . . . . . . .
Typical installation of one-cell flashlight
and chemical light on phone/distance line . . .

Station marking box . . . . . . . . . . . . . . . . . . . .
Effect of earth’s curvature on visibility . . . .
Screen size determination . . . . . .. . .. . . . .
Wiring diagram of a typical 12-inch mercury-
xenon searchlight . . . . . . . . . . . .. . . .

Color correction for light meter cells . . .
Typical format for photometric survey drawing.
Portable instrument tabulation (work form) . . .
Division of a compartment into bays . . . . . . . . . .
Average illumination of regular compartments
with symmetrically located lighting fixtures.
Average illumination of compartments with
unsymmetrically arranged lighting fixtures . .

Examples of computing average illumination . . .
Average illumination calculation (work form)..
Bus voltage monitoring (work form) ... . . .
Tabulation of photometric survey results . . . . .
Typical light trap . . . . . . . . . . . . . . . . . . . . . .
Tabulation of darkened-ship survey results . . .
Checkout results tabulation of submarine
navigation, signal, and gangway lights
(work form) . . . . . . . . . . . . . . . . . . . . . .

Layouts for checking arcs of visibility of
submarine navigation lights . . .  . . . . . . . .

Visual inspection of navigation and signal
lights - surface ships . . . . . . . . . . . . . . . . .

Visual inspection of searchlights - surface
ships . . . . . . . . . .. . . . . . . . . . . . . . . . .

112

114

116
123

124
130

132
136

137
138

138
138
143
144

170
175
177
179
181

183

184
186
187
189
190
193
196

198

201

203

204

xiv

Page



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Figure 83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.
98.

99.

100.

101.

102.
103.

104.

105.

106.

Insulation resistance measurements and
evaluation (work form) .  . . . . . . . . . . . .

Operation of navigation and signal lights -
surface ships . . .. . . . . . . . . . . . . . . . . . . . . .

Visual inspection of ship service lighting
system ..... . . . . . . . . . . . . . . . . . . . . . . . .

Operation of ship service lighting system . . . . . . . .
Visual inspection and operation of the emer-
gency lighting system - submarine . . . . . . . . . .
Dirt accumulation on lighting fixtures causes
light loss. . . . . . . . . . . . . . . . . . . . . . . .

Dense blackening at either end indicates that
the fluorescent lamp is near failure . . . . . . .

Examples of broken window assemblies which
must be replaced immediately  . . . . . . . . . . . . . .
Examples of badly distorted shock mounts which
must be replaced immediately .  . . . . . . . . . . . .
Typical arrangement of surgical lights and
lanterns over table in surgical dressing
room . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Typical installation of surgical lights and
lanterns . . .. . . . . . . . . . . . . . . . . . . . . . . . . .

Typical installation of berth light, symbol
232 in pan type berths . .  . . . . . . . . . . . . . . . . . . . .

Typical installation of berth light, symbol
231, in spring type berths .  . . . . . . . . . . . . . . .

Tyical illumination of single flat mirrors . . . . . . .
Typical installation of desk light, symbol 150.2..
Typical installation of desk light, symbol 141.2
with filter assembly, symbol 121.1 red, or
symbol 121.2 blue . . . . . . . . . . . . . . . . . . . . . . . 

Typical installation of desk light, symbol 141.2,
for log desk illumination .. . . . . . . . . . . . . . . . .

Typical installation of light symbol 142.2, for
illumination of continuous work area with book
or instrument shelf over it . . . . . . . . . . . . . . . . . . . . .

Typical installation of light, symbol 142.2 for
illumination of secretary bureau . . . . . . . . . . . . . . . .

Typical installation of table lamps . . . . . . . . . . . . . .
Typical flush mounting of fluorescent lighting
fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Typical surface mounting of fluorescent lighting
fixtures .  . . . . . . . . . . . . . . . . . . . . . . . . . .

Typical installation of incandescent lighting
fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . .

Typical installation of incandescent lighting
fixtures . .. . . . . . . . . . . . . . . . . . . . . . .

206

208

210
212

214

218

220

224

230

384

385

386

387
388
389

390

391

392

393
394

395

396

397

398

xv

Page



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Page

Figure 107.

108.

109.

110.

111.

112.

113.
114.

115.
116.
117.
118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Typical installation of incandescent lighting
fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Typical installation of incandescent lighting
fixtures .. .. .. ... .... ....... . . . . . . . . . . . . . . . . .

Typical installation of machine tool light,
symbol 266.2  . . . . . . . . . . . . . . . . . . . . . . . ..... 

Typical installation of sightglass lights,
symbols 136.1 and 156 . . . . . . . . . . . . . . . . . . .

Typical installation of water gauge lights,
symbol 134.1 . . . . . . . . . . . . . . . . . . . . . . . . .  .

Typical installation of portable lanterns,
symbol 100.2 . . . . . . . ... ...,.. . . . . . . . . . .

Illumination of a wardroom - surface ships . . . . . . .
Illumination of a wardroom lounge - surface
ships . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .

Illumination of a wardroom lounge - submarines . . .
Illumination of crew’s mess room - submarines . . . .
Illumination of an electronic space . . . . . . . . . . . . . .
Spotty illumination results when improper light-
ing fixtures are used in type of overhead
sheathing . . . . .. . . . . . . . . . . . . . . . . . . . . .

A lot is to be desired of the cable installation
of this berth light . . . . . . . . . . . . . . . . . . . . . .

Loss of illumination and difficulty in re-lamping
are typical bad installation features of this
light fixture . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Flourescent lighting would have provided a much
better and less costly illumination in this area.

Use of method B-2-B of appendix B would have
eliminated this expensive hanger for this berth
light . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .

As a requirement, lanterns must be installed with
the relay topside or in highest position pos-
sible; this installation violates this require-
ment . . . . . . . . . . . . . . . . . . . . . . . . . .
Appearance of this mirror illumination would have
been improved ten-fold if concealed cable instal-
lation was employed or switch/receptacle was
located on opposite side . . . . . . . . . . . . . . . .

There is some doubt as to whether this light’s
purpose is to illuminate the billboard or the
overhead . . . . . . . . . . . . . . . . . . . . . . . . . . .
150W MFL for H equals 8 feet 6 inches and   
equals O to 20 degrees . . . .  . . . . . . . . . . . .
150W MFL for H equals 8 feet 6 inches and      
equals 25 to 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . .
150W MFL for H equals 9 feet 6 inches and        
equals 0 to 20 degrees . . . . . . . . . . . . . . . . .

399

400

401

401

402

402
403

404
405
406
407

408

408

409

409

410

410

411/412

411/412

414

415

416

xvi



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Figure 129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

Page
150W MFL for H equals 9 feet 6 inches and 
equals 25 to 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 417
150W MFL for H equals 10 feet 6 inches and       
equals O to 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . 418
150W MFL for H equals 10 feet 6 inches and 
equals 25 to 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 419
150W MFL for H equals 10 feet 6 inches and           
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420
150W MFL for H equals 11 feet 6 inches and              
equals O to 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
150W MFL for H equals 11 feet 6 inches and              
equals 25 to 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 422
150W MFL for H equals 11 feet 6 inches and               
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
150W MFL for H equals 12 feet 6 inches and            
equals O to 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . 424
150W MFL for H equals 12 feet 6 inches and  
equals 25 to 40 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 425
150W MFL for H equals 12 feet 6 inches and 
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426
150W MFL for H equals 13 feet 6 inches and  
equals O to 15 degrees  . . . . . . .  ...... ...... 427
150W MFL for H equals 13 feet 6 inches and  
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428
150W MFL for H equals 13 feet 6 inches and   
equals 25 to 40 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 429
150W MFL for H equals 13 feet 6 inches and    
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
150W MFL for H equals 14 feet 6 inches and    
equals 0 to 15 degrees .......... . . . . . . . . . 431
150W MFL for H equals 14 feet 6 inches and   
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432
150W MFL for H equals 14 feet 6 inches and     
equals 25 to 40 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 433
150W MFL for H equals 14 feet 6 inches and     
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434
150W MFL for H equals 15 feet 6 inches and     
equals O to 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
150W MFL for H equals 15 feet 6 inches and     
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436
150W MFL for H equals 15 feet 6 inches and     
equals 25 to 35 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 437
150W MFL for H equals 15 feet 6 inches and     
equals 40 to 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 438
150W MFL for H equals 16 feet 6 inches and    
equals O to 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . 439
150W MFL for H equals 16 feet 6 inches and    
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440

xvii



DOD-HDBK-289(SH)
26 November 1986

FIGURES – Continued

Figure 153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

150W MFL for H equals 16
equals 25 to 35 degrees
150W MFL for H equals 16
equals 40 to 45 degrees
150W MFL for H equals 17

feet 6 inches and    
 .. . . . . . . . . . . . . . . . . . . 441
feet 6 inches and     
. . .  . . . . . . . . . . . . . . . 442
feet 6 inches and     

equals O to 10 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . .
150W MFL for H equals 17 feet 6 inches and    
equals 15 to 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . .
150W MFL for H equals 17 feet 6 inches and    
equals 25 to 35 degrees . . . . . . . . . . . . . . . . . . . . . . . . . .
150W MFL for H equals 17 feet 6 inches and    
equals 40 to 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 30 feet 6 inches and     
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W MFL for H equals 34 feet 6 inches and    
equals 40 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W MFL for H equals 38 feet 6 inches and    
equals 35 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 42 feet 6 inches and    
equals 25 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 42 feet 6 inches and     
equals 30 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 46 feet 6 inches and    
equals 10 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W MFL for H equals 46 feet 6 inches and    
equals 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 46 feet 6 inches and    
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 46 feet 6 inches and    
equals 25 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W MFL for H equals 46 feet 6 inches and    
equals 30 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W MFL for H equals 50 feet 6 inches and    
equals O degrees . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 50 feet 6 inches and    
equals 5 degrees . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 50 feet 6 inches and    
equals 10 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 50 feet 6 inches and    
equals 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W MFL for H equals 50 feet 6 inches and    
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W MFL for H equals 50 feet 6 inches and   
equals 25 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W WFL for H equals 18 feet 6 inches and   
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W WFL for H equals 22 feet 6 inches and   
equals 35 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

xviii

Page



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Page

Figure 177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

300W WFL for H equals 22 feet 6 inches and     
equals 40 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465
300W WFL for H equals 22 feet 6 inches and     
equals 45 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466

300W WFL for H equals 26 feet 6 inches and     
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467

300W WFL for H equals 26 feet 6 inches and     
equals 25 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468

300W WFL for H equals 26 feet 6 inches and     
equals 30 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

300W WFL for H equals 26 feet 6 inches and     
equals 35 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470

300W WFL for H equals 26 feet 6 inches and     
equals 40 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 1

300W WFL for H equals 26 feet 6 inches and     
equals 45 degrees . . . . . . . . . . . . . . . . . . . .    . . . 472

300W WFL for H equals 30 feet 6 inches and     
equals O to 5 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473

300W WFL for H equals 30 feet 6 inches and     
equals 10 to 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . 474
300W WFL for H equals 30 feet 6 inches and     
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 475

300W WFL for H equals 30 feet 6 inches and    
equals 25 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476

300W WFL for H equals 30 feet 6 inches and    
equals 30 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477

300W WFL for H equals 30 feet 6 inches and     
equals 35 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 478

300W WFL for H equals 34 feet 6 inches and     
equals O degrees . . . . . . . . . . . . . . . . . . . . . .. 479
300W WFL for H equals 34 feet 6 inches and      
equals 5 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480

300W WFL for H equals 34 feet 6 inches and     
equals 10 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481

300W WFL for H equals 34 feet 6 inches and       
equals 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 482

300W WFL for H equals 34 feet 6 inches and      
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483

300W WFL for H equals 34 feet 6 inches and        
equals 25 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 484
30UW WFL for H equals 34 feet 6 inches and     
equals 30 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485
300W WFL for H equals 38 feet 6 inches and     
equals 5 degrees. . . . . . .. . . . . . . . . . . . . . . . . . . . .  . 486

300W WFL for H equals 38 feet 6 inches and         
equals 5 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487

300W WFL for H equals 38 feet 6 inches and       
equals 10 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488

xix



DOD-HDBK-289(SH)
26 November 1986

FIGURES - Continued

Page

Figure 201.

202.

203.

204.

205.

Table I.
II.
III.

IV.
V.
VI.

VII.
VIII.

IX.

X.
XI.
XII.

XIII.

XIV.

XV.
XVI.
XVII.
XVIII.

XIX.
XX.

XXI.

XXII.
XXIII.
XXIV.
xxv.
XXVI.

300W WFL for H equals 38 feet 6 inches and          
equals 15 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W WFL for H equals 38 feet 6 inches and     
equals 20 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W WFL for H equals 42 feet 6 inches and    
equals O degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
300W WFL for H equals 42 feet 6 inches and     
equals 5 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

300W WFL for H equals 42 feet 6 inches and     
equals 10 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

TABLES

Illumination conversion factors . . . . . . . . . . . . . . . . . . .
Brightness conversion factors . . . . . . . . . . . . . . . . . . . . .
Computation of lumens from candlepower values for
symbol 77.4 . . . . . . . . . . .. . . . . . . . . . . . . .

Trigonometric functions and formulas . . . . . . . . . . . . . .
Squares and cubes of numbers . . . . . . . . . . . . . . . . . . . . . .
Point-by-point footcandle calculation table for a
100-candlepower light source . . . . . . . . . . . . . . .

Cavity ratios . . . . . . . . . . . . .. . . . . . . . . . . . . .
Percent effective ceiling or floor cavity reflec-
tance for various reflectance combinations . . . . . .

Multiplying factors for other than 20 percent
efc . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .

Precalculated footcandle table . . . . . . . . . . . . . . . . . . . .
Starters .. ... ........ . . . . . . . . . . . . . . . . . .
Compartment illumination requirements - average
initial (minimum) . . .. . . . . . . . . . . . . . . . . . . . . . .

Representative levels of illumination of natural
sources . . . . . . . . .  . . . . . . . . . . . . . . . . . . .

Representative reflection factors for matte
surfaces . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

Fluorescent lamp power requirements . . . . . . . . . . . . . . .
BBB footcandle levels . . . . . . . . . . . . . . . . . . . . . .
RAS illumination levels . . .. .. . . . . . . . . . . . . . . .
Approximate thresholds in sea mile candelas for
white and colored lights . . . .. . . . . . . . . . . . . . .

Transmissivities for various weather conditions . . .
Power supply and control of navigation and signal
lights . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .

Navigational lights - international rules of the
road . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Signal lights - visual communication ........
Signal lights - station or operation . . . . . . . . . . . . . .
Sequence of operations of running lights . . . . . . . . . .
Circuit analysis of running lights . . . . . . . . . . . . . . . .
Lamp schedule for searchlights for small boats . . . .

489

490

491

492

493

30
30

34
41
42

43
49

50

51
54
70

81

85

88
102
126
128

141
141

145

146
156
158
163
165
172

xx



DOD-HDBK-289(SH)
26 November 1986

TABLES - Continued

Page

Table XXVII.
XXVIII.

XXIX.

xxx.

XXXI.

Appendix A.
10.
10.1
10.2
20.
30.
40.
40.1
50.

B.
10.
10.1
10.2
20.
30.
40.
40.1
40.2
50.
5001
50.2
50.3

C.
10.
10.1
10.2
20.
30.
40.
40.1
50.

Surface visibility range . . . . . . . . . .  . . . . . . . . . . . 195
Window assemblies for fluorescent lighting
fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225

Window assemblies, globes, and roundels for
incandescent lighting fixtures . . . . . . . . . . . . . . . . . . . 227

Standard parts used for fixtures using the 8-watt
fluorescent lamp .  . . . . . . . . . . . . . . . . . . . . . . . . 228
Standard parts used for fixtures using 15- and
20-watt fluorescent lamps .. ... .. ....... ........ 229

APPENDICES

PHOTOMETRIC DATA FOR STANDARD LIGHTING FIXTURES . . . . 237
GENERAL . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Scope . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237

REFERENCED DOCUMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
GENERAL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . 237
Photometric data . . . . . .. . . . . . . . . . . . . . . . 237

DETAIL DESIGN CONSIDERATIONS . . . .. . . . . . . . . . . . 237

TYPICAL INSTALLATION METHODS FOR LIGHTING FIXTURES.. 255
GENERAL  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Scope .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

REFERENCED DOCUMENTS .. . . .. . . . . . . . . . . . . . . . . . . 255
DEFINITIONS . . . . . . . . . . . . . .. . . . . . . . . . . . . . 256
GENERAL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . 256
Symbol numbers .. . . . . . . . . . . . . . . . . . . . . . . . . . 256
Drawing sheet status . . .. .. . . . . . . . . .. . . . . . . . . 256

DETAIL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . 256
Installation . . .. . . . . . . . . . . . . . . . . . . . . . . . . 256
Material .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 256
Construction . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 256

ABSTRACT INSTALLATION METHODS . . . . . . . . . . . . . . . . . . . . . . 383
GENERAL . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 383
Scope . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383
Application . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 383

REFERENCED DOCUMENTS . . . . . . . . . . . . . . . . . .. . .  . . 383
DEFINITIONS . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 383
GENERAL DESIGN CONSIDERATIONS . .. . . . . . . . . . . . . . 383
Lighting installations . .  . . . . . . . . . . . . . . . . . . . . . 383

DETAIL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . . . . 383

xxi



Appendix D.
10.
10.1
10.2
20.
30.
40.
40.1
50.

DOD-HDBK-289(SH)
26 November 1986

APPENDICES - Continued

Page

LIGHT OUTPUT DATA . . . . . . . . . . . . . . . . . . . . . . 415
GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Scope .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Application . .  . . . . . . . . . . . . . . . . . . . . . . . . . 415
REFERENCED DOCUMENTS  ..... . . . . . . . .... . . . . 415
DEFINITIONS . . . . . . .. .. . . . . . . . . .. 415
GENERAL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . . . . . . .     415
Illumination patterns . . . . . . . . . . . . . . . . . . 415

DETAIL DESIGN CONSIDERATIONS . . . . . . . . . . . . . . 415

xxii



DOD-HDBK-289(SH)
26 November 1986

1. SCOPE

1.1 General. This handbook establishes standard design requirements and
procedures, and identifies the configurations and applications of lighting
systems on naval ships.

1.2 Application. These criteria apply to new construction only when
invoked by the Ship Specifications or similar contractual document. They may
be considered in the conversion or alteration of existing ships as specified by
the activity preparing the instructions for the work. Certain portions of the
General Specifications for Ships have been reproduced in this handbook for
coherence and clarity of the material presented herein; however, in the event
of any conflict between this handbook and the General Specification for Ships,
the latter shall govern.

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications and standards. Unless otherwise specified, the
following specifications and standards of the issue listed in that issue of the
Department of Defense Index of Specifications and Standards (DoDISS) specified
in the solicitation form a part of this specification to the extent specified
herein.

SPECIFICATIONS
FEDERAL

W-L-116
W-L-116/3

W-L-116/13

W-L-116/16

W-L-116/18

W-S-755

MILITARY
MIL-L-573
MIL-L-970

MIL-L-970/6

Lamps, Fluorescent (General Specification).
Lamp Fluorescent Trade No. F8T5/CW, Preheat,
8 Watt, T-5 Bulb Cool White, Miniature Bipin
Base (Detail Specification).

Lamp Fluorescent Trade No. F15T12/CW, Preheat,
15 Watt, T-12 Bulb Cool White, Medium Bipin Base
(Detail Specification).

Lamp Fluorescent Trade No. F20T12/CW, Preheat,
20 Watt, T-12 Bulb Cool White, Medium Bipin Base
(Detail Specification).

- Lamp Fluorescent Trade No. F20T12/D, Preheat,
20 Watt, T-12 Bulb Daylight, Medium Bipin Base
(Detail Specification).

- Starter, Fluorescent Lamp.

- Lights, Marker Distress and Night Replenishment.
- Lampholders and Starter Sockets, General Speci-

fication for (Naval Shipboard Use).
- Lampholder, Base Mounted, Medium Screw, 250-Volt,

660-Watt, Two or Three Contact.
MIL-L-970/10 - Lampholder, Miniature Bi-Pin for Fluorescent

Lamps, 250-Volt, 75-Watt.
MIL-L-970/11 - Lampholder, Medium Bi-Pin for Fluorescent Lamps,

250-Volt, 660-Watt.
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MILITARY (Continued)
MIL-L-970/13 – Lampholder, Socket, Fluorescent Lamp Starter,

250-Volt, 75-Watt.
MIL-L-970/15 – Lampholder, Miniature Bi-Pin, Heat Resistant,

For Fluorescent Lamps, 250-Volt, 75-Watt.
MIL-L-970/18 – Lampholder, Medium Bi-Pin, Heat Resistant, For

Fluorescent Lamps, 250-Volt, 660-Watt.
MIL-L-970/19 – Lampholder, Socket, Fluorescent Lamp Starter,

Heat Resistant, 250-Volt, 75–Watt.
MIL-F-3747 - Flashlights: Plastic Case, Tubular (Regular,

Explosion-Proof, Explosion-Proof Heat Resistant,
Traffic Directing, and Inspection-Light).

DOD-P-15146 – Paint, Exterior, Dull Black (Formula No. 104).
(Metric)

MIL-S-15743 - Switches, Rotary, Enclosed.
MIL-F-16377 - Fixtures, Lighting; and Associated Parts; Ship-

board Use, General Specification for.
MIL-F-16377/5 - Fixtures, Lighting; Fluorescent, General Light-

ing, 15 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 338.1, 338.2, 339.1 and 339.2.

MIL-F-16377/6 - Fixtures, Lighting; Fluorescent, General Light-
ing, Directional, 16 Watts, 120 Volts, 60
Hertz, Watertight, Symbols 149.4 and 149.5.

MIL-F-16377/7 - Fixtures, Lighting; Fluorescent, General Light-
ing, 16 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 70.3, 70.4, 78.2, 336 and 336.1.

MIL-F-16377/8 - Fixtures, Lighting; Fluorescent, General Light-
ing, 20 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 331.1, 331.2, 347.2, and 347.3.

MIL-F-16377/9 - Fixtures, Lighting; Fluorescent, General Light-
ing, 24 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 73.3, 73.4, 346.2 and 346.3.

MIL–F-16377/10 – Fixtures, Lighting; Fluorescent, General Light-
ing, Directional, 32 Watts, 120 Volts, 60 Hertz,
Watertight, Symbols 145.4 and 145.5.

MIL-F-16377/11 - Fixtures, Lighting; Fluorescent, General Light-
ing, 40 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 77.4, 77.5, 344.2 and 344.3.

MIL-F-16377/12 - Fixtures, Lighting; Fluorescent, General Light-
ing, 60 Watts, 120 Volts, 60 Hertz, watertight,
Symbols 333.1, 333.2, 341.1, 341.2, 342.2 and
342.3.

MIL-F-16377/13 – Fixtures, Lighting; Fluorescent, General Light-
ing, 180 Watts, 120 Volts, 60 Hertz, Dripproof,
Symbols 74, 74.1, 75 and 75.1.

MIL-F-16377/14 - Fixtures, Lighting; Fluorescent, General Light-
ing, 8 Watts, 120 Volts, 60 Hertz, watertight,
Symbols 79.1, 79.2, 80.1 and 80.2.

MIL-F-16377/20 - Fixtures, Lighting; Incandescent, General Light-
ing, 50 Watts, 120 Volts, Dripproof 15 Degrees,
Symbols 64.1 and 65.
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MILITARY (Continued)
MIL-F-16377/21 - Fixtures, Lighting; Incandescent, General Light-

ing, 100 Watts, 120 Volts, Dripproof 15 Degrees,
Symbols 89 and 90.2.

MIL-F-16377/23 - Fixtures, Lighting; Incandescent, General Light-

MIL-F-1

MIL-F-1

ing, 200 Watts, 115 Volts, Watertight, Symbols
57, 57.1, 69, 69.1 and 103.

6377/25 - Fixtures, Lighting; Incandescent, General Light-
ing, 110 Watts, 120 Volts, Explosionproof,
Symbols 48.2 and 68.2.

6377/26 - Fixtures, Lighting; Incandescent, General Light-
ing, 110 Watts, 120 Volts, Watertight Symbols
112, 113 and 113.1.

MIL-F-16377/27 - Fixtures, Lighting; Incandescent, General Light-
ing, 50 Watts, 100 Volts, Watertight, Symbols
92.2 and 93.2.

MIL-F–16377/40 – Fixtures, Lighting; Locks Fluorescent Lamp.
MIL-F-16377/41 - Fixtures, Lighting; Shockmounts, For Lighting

Fixtures.
MIL-F-16377/42 - Fixtures, Lighting; Filters, Plastic, Tubular

Shaped for Fluorescent Lamps.
MIL-F-16377/44 - Fixtures, Lighting; Ballast, For One 20-Watt

T-12 Fluorescent Lamp.
MIL-F-16377/45 - Fixtures, Lighting, Ballast, For One 8-Watt

T-5 Fluorescent Lamp.
MIL-F-16377/57 - Fixtures, Lighting; Fluorescent, General Light-

ing, 60, 80 and 120 Watts, 120 Volts, 60
Hertz, Dripproof, Symbols 348, 349 and 350.

MIL-F-16377/58 - Fixtures, Lighting; Fluorescent, Detail Light-
ing For Mirrors, 30 Watts, 120 Volts, 60
Hertz, Dripproof, Symbols 351, 351.1, 352 and
352.1.

MIL-F-16377/59 - Fixtures, Lighting; Fluorescent, Detail Light-
ing for Step Illumination, 8 Watts, 120 Volts,
60 Hertz, Watertight, Symbols 353, 353.1 and
353.2.

MIL-F-16377/62 - Fixtures, Lighting; Incandescent Floodlights,
500 Watts, 120 Volts, Watertight, Symbols
300 and 300.1.

MIL-F-16377/65 - Fixtures, Lighting; Fluorescent, General Light-
ing, 30 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 81, 81.1, 345.2 and 345.3.

MIL-F–16377/66 - Fixtures, Lighting; Fluorescent, General Light-
ing, 45 Watts, 120 Volts, 60 Hertz, Watertight,
Symbols 82, 82.1, 343.1 and 343.2.

MIL-F-16377/67 - Fixtures, Lighting; Window Assemblies, Clear
White Shielded, To Be Used for Replacement
Parts Only.

MIL-D-16791 - Detergents, General Purpose (Liquid Nonionic).
MIL-S-16938 – Searchlights, Incandescent Signaling, 8-Inch.
MIL-S-19551 - Searchlights, Incandescent Lamp and Mercury-

Xenon Vapor Lamp, Signaling, 12-Inch.
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MILITARY (Continued)
MIL-P-24441 - Paint, Epoxy-Polyamide (General Specification

for).
MIL-P-24441/4 - Paint, Epoxy-Polyamide, Exterior Topcoat, Black,

Formula 153-R0 = 1.8, Type I.

STANDARDS

FEDERAL
FED-STD-595 - Colors.

MILITARY
MIL-STD-1310 - Shipboard Bonding, Grounding, and Other Tech-

niques for Electromagnetic Compatibility and
Safety.

MS15586 - Lamps, Incandescent, A-19, Medium Screw.
MS16569 - Switch, Toggle, Double Pole, Single Throw (For

Use in Lighting Fixtures).
MS17315 - Light, Polarity - 150 Watt, Symbol 215.
MS18297 - Cable, Navy, Insulation Resistance.
MS24489 – Filter, Marker Light, Airport Approach, Glass.

2.1.2 Other Government documents, drawings, and publications. The fol-
lowing other Government documents,

— —
drawings, and publications form a part of

this handbook to the extent specified herein. Unless otherwise specified, the
issues shall be those in effect on the date of the solicitation.

DRAWINGS

NAVAL SEA SYSTEMS COMMAND (NAVSEA)
803-5001027 - Electric Plant Installation Standard Methods.
803-5184170 - Lighting on Naval Ships, Typical Installation

Methods.
805-1630833 - Traps, Light – Arrangement and Details.
805-1630834 - Traps, Light, Details.
815-1197050 - Panel, Support, Control, Telltale Panel Symbol 969.

PUBLICATIONS

MILITARY
Naval Warfare Publications - 14 (series) Replenishment at Sea.

NAVSEA
DDS 304-1 - Electric Cable Voltage Drop Calcu-

lations.
DDS 304-2 - Electrical Cables, Ratings and

Characteristics.
0283-236-0000 - Electrical Shock and its Prevention.
0901-422-0000 - Naval Ships - Searchlights, Chapter

9660.
S9AA0-AA-SPN-0l0/GEN-SPEC. - General Specification for Ships of

the U.S. Navy.
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NAVSEA (Continued)
SO300-AT-GTP-010/EsL - Standard Electrical Symbol List for

Equipment Covered by Specifications.
S9086-KC-STM-000/CH 300 R1 - Electric Plant, General.

U.S. COAST GUARD
Command and Instruction M16672.2A - 23 Dec 1983.
Public Law 95-75, the International Navigational Rules Act of
1977, 33 USC Sections 1601-1608.

(Application for copies should be addressed to the Superintendent of Docu-
ments, U.S. Government Printing Office, Washington, DC 20402.)

NAVAL AIR SYSTEMS COMMAND (NAVAIR)
NAVAIR Visual Landing Aids, General Service Bulletin.

(Application for copies should be addressed to the Naval Air Engineering
Center, Lakehurst, NJ 08733.)

(Copies of specifications, standards, drawings, and publications required
by contractors in connection with specific acquisition functions should be
obtained from the contracting activity or as directed by the contracting
officer.)

2.2 Other publications. The following documents form a part of this
standard to the extent specified herein. The issues of the documents which are
indicated as DoD adopted shall be the issue listed in the issue of the DoDISS
specified in the solicitation. The issues of documents which have not been
adopted shall be those in effect on the date of the cited DoDISS.

ILLUMINATING ENGINEERING SOCIETY
Lighting Handbook, 5th Edition.

(Application for copies should be addressed to Publications Office,
Illuminating Engineering Society, 345 E. 47th St., New York, NY 10017.)

National Electrical Code, 1981 Edition.

(Application for copies should be addressed to National Fire protection
Association, 470 Atlantic Ave., Boston, MA 02210.)

(Nongovernment standards and other publications are normally available
from the organizations which prepare or which distribute the documents. These
documents also may be available in or through libraries or other informational
services.)
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3. GENERAL DESIGN CONSIDERATIONS

3.1 Principles of light.

3.1.1 Light. Light is radiant energy of those wavelengths that are capable
of affecting the eye to produce vision. Visible energy is an exceedingly small
portion of the electromagnetic spectrum, a tremendous range of radiant energy
which travels through space in the form of electromagnetic waves. All of these
radiations are similar in nature and in the speed at which they travel (186,300
miles per second). They differ only in wavelength and frequency, and in the
ways in which they manifest themselves. The present known spectrum ranges from
cosmic rays with a wavelength of 1 x 10-15 centimeters, and a frequency of
3 x 1025 hertz (Hz) to 60-Hz alternating current (ac) waves 3100 miles long.

3.1.1.1 The human eye is tuned to respond only to the energy within the
limits of the visible spectrum which constitutes a narrow portion of the complete
spectrum and includes red , orange, yellow, green, blue and violet rays (see
figure 1). The range of wavelengths in the visible spectrum varies from 380
nanometers (rim) for violet rays to 760 nm for red rays. The spectrum extends
beyond these limits into regions that are invisible to the eye. Radiation of
greater wavelength beyond the red end is infrared and that of lesser wavelength
beyond the violet end is ultraviolet.

SH 964-1

FIGURE 1.

3.1.2

The electromagnetic radiation spectrum and the visible spectrum.

Propagation. The natural sources of light are the sun, stars, moon
and planets. The artificial sources include the electric-arc lamp, incandescent
lamp, and fluorescent lamp. These sources of radiation (except the fluorescent
lamp) are bodies at high temperatures , which produce vibration of the particles
of matter. The radiated light travels in straight lines and behaves like wave
mot ion in which the waves are transverse to the direction of propagation.
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3.1.2.1 Light waves are of different wavelengths; different colors of
light correspond to different frequencies of vibration; and electromagnetic
waves of all wavelengths travel with the same velocity in free space, but with
different velocities in different media. Hence, light waves obey the funda-
mental equation of wave motion,

f v = 3x 101 0

= Equation 1

Where:
v = the velocity of light (3 x 1010 centimeters per second)
f = the frequency of vibration (number of waves passing a given

point per second)
  = the wavelength in centimeters

3.1.2.2 Light waves travel in straight lines in a homogeneous medium.
When these rays, or lines, of propagation encounter a medium of greater or lesser
density, some of the energy is absorbed and the remainder is either reflected by
the boundary between two media or is refracted in passing obliquely from one
medium into another, or through a medium of varying density.

3.1.3 Reflection. Reflection occurs when light rays strike an object and
are deflected back from the surface in a different direction (see figure 2).
When light falls on a smooth, polished surface, it is reflected in a definite
direction and is called regular reflection. The light from the source to the
polished surface is the incident ray. The point at which the incident ray
strikes the polished surface is the point of incidence (P). The ray that leaves
the point of incidence is the reflected ray. The line perpendicular to the
polished surface at the point of incidence is the normal to the surface (N).
The angle between the incident ray and the normal to the surface, is the angle
of incidence (i). The angle between the reflected ray and the normal to the
surface is the angle of reflection (r).

7



FIGURE 2. Reflection, diffusion, transmission, refraction, absorption
and polarization of light.

3.1.3.1 The incident ray, reflected ray, and normal to the point of inci-
dence lie in the same plane, and the angle of reflection is equal t o the angle
of incidence. This condition is true for both plane and curved mirror surfaces.
The incident and reflected rays travel with the same velocity because they
t rave 1 in the same medium.

3.1.3.2 The way in which an object reflects light is the most important
characteristic as far as sight is concerned. The eye sees things only because
of reflected light or recognizable variations of color, brightness and shadow.

3.1.3.3 When the eye sees a colored object, the characteristic of color
results from selective reflection by the surface; in other words, some spectral
energy waves are reflected while others are absorbed.

3.1.4 Diffusion. The term diffusion means the scattering of light in
all directions (see figure 2). When light falls on a rough, unpolished surface,
it is reflected in all directions and is called diffuse (irregular) reflection.
The only essential difference between regular and diffuse reflection is that
diffuse reflection takes place from an infinite number of infinitesimal plane
surfaces oriented in all directions.

3.1.5 Transmission. The measure of the ability of a medium to transmit
light is called its transmission factor or transmittance. Transmission of
light through a material is affected by the reflection at each surface of the
material and the absorption and reflection within the material (see figure 2).

8
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3.1.5.1 Transparent materials such as clear glass or plastic permit the
transmission of 80 to 90 percent of the incident light when it strikes normal
to the surface; about 8 to 10 percent will be reflected at the surfaces, and
the remainder absorbed and converted into heat. The amount of light reflected
depends upon the angle of incidence, and may become a very high percentage for
grazing angles.

3.1.5.2 Diffuse transmitting materials, such as those used for windows
in lighting fixtures are often fairly dense with transmittances in the range
of 55 to 70 percent. Overall efficiency of the fixture is often much higher
than this because light not transmitted directly from the source is reflected
and re-reflected, with partial transmission occurring each time. The determining
factor in the efficiency of a diffusing enclosure, therefore, is not the trans-
mittance of the material, but its absorptivity.

3.1.5.3 Transparent, clear, and colored materials are used for cover
plates and similar devices to protect equipment or alter the color of light
with little alteration of light distribution. These characteristics are
particularly good where protection is required (from weather, and so forth)
without destroying the beam control from reflecting contours.

3.1.6 Refraction. When a pencil or straw is placed in a glass of water
and viewed at an angle, it appears to bend at the surface of the water. This
phenomenon, called refraction, always occurs where light is transmitted from
one medium to another in which the speed of light is different.

3.1.6.1 If the light enters the second medium at an angle other than
perpendicular, the rays will be bent either toward or away from a normal to
the surface depending on the relative speeds of light through the media. In
passing from a medium in which its velocity is greater to one in which it is
smaller, light is bent toward the normal; in passing from a medium in which
its velocity is smaller to one in which it is greater, light is bent away from
the normal. The ratio of the speeds of light in the two media is equal to the
ratio of the indices of refraction of the media.

3.1.6.2 The ratio of the indices of refraction (nl and n2) of any pair
of media is related to the sines of the angles of incidence and refraction
according to Snell's Law, in other words

n l 

= sin B Equation 2
n 2 sin A

where A and B are the angles formed by the light ray and a normal to the surface
of the transmitting medium (see figure 2).

3.1.7 Absorption. Absorption is the loss of energy that occurs when
light rays strike an object and are dissipated in the form of heat. The amount
of absorption depends on the nature of the object, the molecular construction,
the wavelength or color of the incident light and the angle at which the light
strikes an object. All objects do not absorb light of different wavelengths in
the same proportion. This phenomenon accounts for the characteristic color of
objects illuminated by either sunlight or artificial white light.
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Ordinarily, the absorption of light by reflectors, shades, louvers, and baffles
is considered a disadvantage because it reduces the lighting efficiency. In
designing parts for lighting fixtures, it is usually desirable to choose a
material or finish which will reflect and diffuse the light efficiently rather
than one which will absorb nearly all the light or a considerable portion of it.
However, using dark colors on such media is often the best method of controlling
stray light or light which may be projected or reflected in undesirable direc-
tions.

3.1.7.1 The most important use of absorption in light control is in pro-
ducing colored light from white light sources. A selective-color filter is
placed between the white light source and the surface which is to receive
colored light. This filter absorbs parts of the spectrum, and allows other
parts to be transmitted.

3.1.7.2 When colored light is produced by using colored filters, the
absorbed energy is converted into heat. Therefore, the temperature of a selec-
tive transmitting medium is higher than a clear transmitting medium would be if
it were used in place of the selective filter.

3.1.8 Polarization. Ordinarily, light rays are considered to vibrate in
all directions perpendicular to the direction of travel of the light. Light
rays can be modified by polarization so that the vibrations are predominantly
in one plane. This polarization of the direction of vibration can be caused
by a variety of transmitting and reflecting media. Special polarizing plastic
materials, transparent materials which have been internally stressed, and multi-
layers of glass or plastic are examples of man-made polarizing materials.

3.1.8.1 Polarized light is not reflected from specular surfaces the same
as unpolarized light and can be used in the proper circumstances to reduce
glare. It requires a polarized light source and a polarizing viewer. If the
plane of polarization of the viewer is at right angles to the polarization of
the light source, direct glare from the source, and reflected glare from a
specular surface, can be markedly reduced. Irregular or diffuse surfaces have
a depolarizing effect and do not lend themselves to this technique.

3.1.8.2 Another application of polarization is the variable control of
the effective transmission of light by suitable combinations of polarizing
media. When clear plastic models of mechanical parts are stressed to produce
internal strains and are placed between a cross-polarizer viewer, the areas of
equal strain in the material appear as visible color streaks or patterns. This
characteristic has been effectively used in a device called a polariscope in
which plastic mockups of actual metal parts are subjected to the type of stress
encountered in their use. The points of greatest internal strain can be
determined, and the design of the part can be modified where needed. Windows
for lighting fixtures are also checked with a polariscope for stresses.
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3.1.9 Color. AS Previously stated, light of different colors, travels
through space with the same velocity. Hence, in accordance with the fundamental
equation of wave motion (see equation 1), the frequencies are different for
different colors and are inversely proportional to their wavelengths as,

Where:
f = frequency
v = velocity
  = wavelength.

3.1.9.1 The impression of color depends on the frequency of light that
is reflected or transmitted to the eye. The primary colors of light in the
visible spectrum are red, green, and blue. Light of any one of these colors
cannot be produced by combining light of any other color. However, light of
any color other than these three can be produced by combining, in the proper
proportion, light of any two or all three of the primary colors.

3.1.9.2 Objects absorb a certain amount of the light that falls on them,
but all objects do not absorb the same proportion of light of different wave-
lengths. If all objects absorbed light in the same proportion, they would
appear to have the same color. An object must be observed under white light
for it to appear in its true colors. White light contains (in the proper pro-
portion) all three primary colors.

3.1.9.3 If an object absorbs all or nearly all of the light that falls
on it, the object appears black in color. If it absorbs all the green and blue
portions of white light that fall on it, the object appears red in color because
only the red light is reflected to the eye. In other words, only the reflected
light is seen. Those components of the visible spectrum absorbed by the object
are not seen.

3.1.9.4 An object appears in Its true colors only when the light falling
on it contains light of the wavelengths that the object reflects or transmits.
Thus, the light falling on a red object must contain red light for it to appear
red in color. A red object observed under a light that contains only green
and blue rays will appear black in color because the object absorbs the green
and blue rays and reflects or transmits only red rays (which are not present).

3.2 Light and vision.

3.2.1 General. Basic to any planning of a lighting system is an under-
standing of the structure and function of the eye and the seeing process. A
well designed lighting system plays a vital role in the ability to see. There-
fore, the lighting system engineer must have an understanding of the mechanics
of the eye and the way it operates in order to provide an adequate lighting
system so that visual tasks can be performed with maximum speed, accuracy and
comfort, and minimum effort and fatigue. The following does not intend to
treat the eye from a medical point of view but rather from a point of view of
its relation to lighting.
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3.2.2 Light and how the eye sees. Although the eye is frequently compared
to a camera (see figure 3), close examination shows it to be far more complex
than the most sophisticated cameras. In simplest terms, the eye catches light
rays reflected from objects, focuses these rays by means of a lens, senses the
image by means of specialized nerve endings in the inner lining of the eyeball
and transfers the image to the brain by means of the optical nerve.

FIGURE 30 Similarities of the camera and the eye.

3.2.2.1 In detail, when electromagnetic radiations with wavelengths
between 380 nm and 760 nm pass through the transparent protective outer layers
of the eye, the cornea, they are bent or refracted; from the cornea they pass
through the aqueous humor and through the pupil (see figure 4). The amount of
light coming through is controlled automatically by the contraction or expansion
of the pupil. Light passes through the pupil and through the lens, which focuses
the rays through the vitreous humor and onto the retina. Here the cones and rods
come into action. From this point on, the process is electrochemical. Pulsa-
tions are set up and are carried from the cones and rods to the optic nerve,
which transmits them to the brain where they are interpreted as light or where
they cause the sensation of vision. The brain and the eye cooperate in trans-
forming radiant energy into the sensation of sight. Figure 4 shows the parts
of the eye and a brief description of their relation to vision.
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Eyelid--A flap of skin that Protects the eye, and under about 0.3 mm in diameter which is composed of cones
renditions of extremely high brightness helps to regulate alone. It is at the fovea that the eye involuntarily focuses
he amount of light reaching it. the image of an object that must be examined in minute

Cornea--A transparent portion of the outer membrane detail.
surroundlng the eye. It serves as part of the refractive Rods--The receptors in the retina which are sensi-
system. tive to low levels of illumination. They have no color

Iris--The colored (blue, brown) portion of the eye, response. Rods are found only outside the foveal region,
which function as a dtaphragm, controlling the amount increasing in number with distance from the fovea. The
of light entering the eye. outer portions of the retina, composed chiefly of rods, do

Pupil--The opening in the center of the iris through not afford distance vision, but are highly sensitive to
which light enters the eye. The size of the pupil opening is movement end flicker.
controlled by the action of involuntary muscles. Visual Purple (rhodopsin)--A purple liquid found in

Lens--A transparent capsule behind the iris whose the rods. It is light-sensitive, and bleaches rapidly when
shape can be changed in order to focus objects at various exposed to light. Its regeneration is an important factor
distances, in dark adaption.

Ciliary Muscle--A ring-shaped muscle which adjusts Blind Spot--The point on the retina where the optic
he tension on the lens, thereby changing its curvature to nerve, which carries light impulses to the brain, enters
focus near or distant objects. the eye. At this point there are no rods and cones, and

Retina--The light-sensitive surface at the back of the therefore a light stimulus gives rise to no sensation:
eyeball. It contains a delicate film of nerve fibers branch- Aqueous humor--The aqueous humor is a water sol-
ing out from the optic nerve, and ending in minute cone- lution between the cornea and the iris.
red-rod-shaped structures. Vitreous humor--The vitreous humor is found behind

Cones--The receptors in the retina which make possi- the lens and fills the remaining space in the eyeball, It
ble the discrimination of fine detail and the perception of iS a jellylike mass. Its purpose is to work in conjunction
color. They are insensitive at low levels of illumination. with the lens to refract or bend light rays into the fovea
The cones are found principally near the center of the ret- (or near fovea region for night vision).
ina, with the greatast concentration in the fovea, an area

SH 964-4

FIGURE 4. The parts of the eye and their relation to vision.
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3.2.3 Two kinds of vision. The rods and cones are responsible for two
kinds of vision. The cones, concentrated in the fovea, function in bright light
and are required for color vision. The rods, in the periphery of the visual
field, function in dim light and respond only for black and white vision. Rods
and cones have chemicals in them which are activated by light. When light falls
on one of these nerve endings, the chemical in it is “bleached”, thus changing
chemical composition and causing the nerve to send a signal from that point in
the visual field to the brain.

3.2.3.1 Rods and cones contain different kinds of photosensitive chemicals
that respond to different frequencies in the light spectrum. For instance, the
cones see all frequencies in the visible spectrum, while the rods respond to all
frequencies except those of red light. The rods report all these other frequen-
cies of light as black, white, or shades of gray.

3.2.3.2 The rods are about a thousand times more sensitive to light than
the cones. Cones will not respond to light much dimmer than moonlight, but the
rods are sensitive to light only about a hundredth as bright as starlight.
After a long exposure to very bright light, the chemical in the rods, known as
visual purple, is bleached out, causing temporary night blindness. In the dark
or in red light the visual purple rejuvenates itself with the help of vitamin A.
It takes about 1/2 hour for complete restoration. Because of this chemical
process, the dilation of the iris and change in the nerves, the dark-adapted
eye is 100,000 times as sensitive as the light-adapted eye.

3.2.4 Accommodation. Accommodation is simply the process of adjustment
of the crystalline lens by the ciliary muscles so that images viewed at different
distances are focused directly on the retina. When an object is brought closer
and closer to the eye, a Point iS reached at which even the strongest contraction
of the ciliary muscle will not result in a clear image of the object. The rays
from it are so divergent that the refractive surfaces cannot bring them to a
focus on the retina. Therefore, each luminous point that makes a diffusion
point at which an object can be distinctly seen, with full accommodation, is
called the near point. The distance between the near point and the eye increases
with age, slowly in early life, most rapidly in the early 40s, and very slowly
after 50. Recession of the near point is usually ascribed to a progressive loss
of the plasticity of the lens, so that the lens is less and less capable of being
molded into a more convex form. This change of accommodative power with age is
called presbyopia, or old-sightedness.

3.2.4.1 In the normal eye, parallel rays are brought to focus on the retina
from infinity. If large enough, objects at distances greater than 20 feet are
seen distinctly without accommodation, in other words with the eye at rest.
Practically, then, a distance of 20 feet is considered the far point of the
normal eye.

3.2.5 Adaptation. Adaptation is simply the process of eye adjustment to
respond to a tremendous range of illumination levels to which it is sensitive.
It involves a change in the size of the pupil opening and a change in the photo-
chemical substances of the retina. The size of the pupil opening is primarily
a function of the amount of light received at the eye. In very dim light the
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pupil opens wide, but at higher illumination the opening becomes smaller. This
is particularly apparent when going from a well-lighted area to a much darker
one, or when a glaring light source comes within the range of vision. The
retinal change involves a balancing of the rate of regeneration of the photo-
chemical substances in the retina against the requirements of the eye for a
given situation.

3.2.5.1 Dark adaptation. A person going from a brightly lighted area to
a darkened area suffers an immediate impairment of vision. At first, the person
can see little; gradually his eyes become dark-adapted and he can see more. The
process of dark adaptation is substantially complete in 25 to 30 minutes,
although it has been shown to continue for about 1-1/2 hours. Since the rods
by which night vision is performed are relatively insensitive to red light,
dark adaptation can be more easily acquired under low level red illumination
while performing useful seeing tasks. This saves time. Furthermore, personnel
can move back and forth between darkened areas with low level red illumination
without serious temporary impairment of vision in either location. It should be
noted that a person operating in low level red illumination is red-adapted, not
dark-adapted. Red adaptation reduces the transition time to dark adaptation.
One way to speed up the process of dark adaptation when bright lights are present
is to wear red goggles for about 30 minutes prior to going into the dark. The
red lens filters out all colors except red , and since the rods do not respond to
red, they are as unaffected as if they were in the dark. Meanwhile, the cones
are being used for vision. When the dark is entered and the goggles removed,
cones will be ineffective but vision will be maintained with rods. Dark adapta-
tion is a separate process in each eye. Since bright light quickly destroys
night vision, the closing of one eye during exposure to a bright light at night
will allow retention of half vision. In addition, if lights are necessary at
night, use dim lights (red if possible) and use them sparingly.

3.2.5.2 Light adaptation. Light adaptation, the reverse of the process
just discussed, is much more rapid than dark adaptation. In general, the eye
can change from a state of complete dark adaptation to light adaptation in
about 2 minutes. Nevertheless, vision may be so severely handicapped during
this period of transition, particularly if the illumination is of high inten-
sity, that the eyes are of little use.

3.2.6 Eye sensitivity curve. The eye is not equally sensitive to energy
of all wavelengths, in other words, to all colors. The standard spectral
luminous efficiency curve graphically indicates the relative ability of the eye
to evaluate radiant energy at the various wavelengths in the visible spectrum.
This curve is also called the eye sensitivity curve (see figure 5), which shows
the Purkinje effect on the wave length of maximum sensitivity.
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FIGURE 5. Eye sensitivity curves for photopic (cone) and scotopic (rod)
vision showing the Purkinje effect on the wavelength of
maximum sensitivity.

—

3.2.6.1 Tests on a large number of observers have established an eye sensi-
tivity curve which gives the response of the average eye to equal amounts of
energy at the various wavelengths of light. The maximum sensitivity is in the
yellow-green, at a wavelength of about 555 nm, and the sensitivity at the blue
and red ends of the spectrum is very low by comparison. This means that approxi-  
mately nine units of red energy at a wavelength of 650 nm are needed to produce
the same visual effect, or brightness, as one unit of yellow-green. The eye
sensitivity curve must always be taken into account in evaluating visible
energy in terms of sensation.

3.2.7 Purkinje effect. The standard (photopic) eye sensitivity curve is
based on “cone vision”- that is, ordinary daylight levels of illumination in
which the cones are the visual mechanism involved. At very low levels of
illumination, where the brightnesses are of the order of 0.001 footlambert or
less, the cones no longer function and the rods take over the entire seeing
process. In rod, or scotopic vision a new sensitivity curve becomes effective.
The curve is the same shape as the photopic curve, but displaced 48 nm toward
the blue end of the spectrum. This shift, which is known as the Purkinje effect,
places the maximum sensitivity of the eye at 507 rather than at 555 nm (see
figure 5).

3.2.7.1 The result is that in dim light, although vision is entirely
colorless, the eye becomes very sensitive to energy at the blue end of the
spectrum, and almost blind to red. Thus, if a beam of red light and a beam of
blue light, of equal intensity at photopic levels, are reduced in the same
ratio to the region of scotopic vision, the blue light will appear very much
brighter than the red. The Implications of the Purkinje effect are important
in lighting installations involving very low illumination levels, and failure
to recognize them may lead to serious errors in the measurement of low bright-
ness and candle-power values.
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When a person with a normal seeing apparatus looks3.2.8 Visual field.
with both eyes at the same time, the visual fields of the two eyesat an object

intermesh as shown on figure 6.

FIGURE 6. Vertical and horizontal visual field.
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the two eyes are not coextensive because a
portion of the field of each eye is blocked off by the nose, eyebrow, and cheek.
Thus, the visual field for both eyes includes more space than the field of
either eye. The binocular field is that seen by both eyes simultaneously and
is approximately 70 degrees.

3.2.8.2 The maximum visual field extends approximately 190 degrees in the
horizontal plane and 160 degrees in the vertical plane, 90 degrees above the
normal line of sight and 70 degrees below. The fovea, where most seeing and
all discriminations of the fine details are done, subtends an angle of less than
1 degree at the center. The limits of what may be called the central field, that
is, the visual task and its background, vary with the task. The surroundings are
usually considered as extending from the outer limits of the central field to
a circle approximately 30 degrees from the optical axis. At 30 degrees, visual
acuity is only about 1 percent of its value at the fovea. Vision is very
indistinct in the outer portions of the field beyond this angle, although
changes in brightness or movement can be readily detected.

3.3 Principal factors affecting vision.

3.3.1 Physiological factors. Seeing is a complex process involving many
variable factors. The physical construction and the age of the eyes, the extent
to which optical errors are corrected, the degree of nervous tension, the potency
and nature of distractions competing for the attention of the observer, and many
other physiological and psychological factors combine to determine how well an
individual will see under given circumstances. The four most common causes of
defective vision are as follows (see figure 7):

(a) Astigmatism (the inability to bring horizontal lines and
vertical lines into focus at the same time). The focal
length of the astigmatic eye is different in two planes
at right angles to one another. This condition results
from irregularities in the curvature of the cornea and
the lens.

(b) Myopia (nearsightedness). The focal length of the myopic
eye is too short, and parallel light rays focus in front
of the retina, rather than sharply on it. The nearsighted
person sees near objects clearly, but distant ones appear
blurred.

(c) Hypermetropia (farsightedness). Here the focal length of
the eye is too great, and the focal point for parallel
rays is behind the retina. The farsighted person cannot
see close objects clearly.

(d) Presbyopia (loss of accommodating power of the lens). In
middle and old age the lens becomes progressively less
elastic, and the process of accommodation for near vision
is more and more difficult. The result is a condition
similar to farsightedness.

All four of these visual defects can usually be corrected by properly fitted
eye glasses.
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FIGURE 7. Normal, nearsighted, and farsighted eye.

3.3.2 Physical factors. More easily appraised than the intangible internal
factors are the external factors affecting the visibility of any object. These
are size, brightness, contrast, and time (see figure 8).

(a) Size. Visual size is usually expressed in degrees and refers
to the angle at the eye subtended by an object. Thus, the
visual size of an object depends upon its actual size and its
distance from the observer. The smallest object that can be
seen by the normal eye, under the most favorable conditions,
will subtend an arc of slightly less than 1 minute. In general,
the larger the visual size of an object, the greater its visi-
bility. Visual acuity, expressed as the reciprocal of the
visual angle in minutes, is a measure of the smallest detail
that can be seen. Since visual acuity increases markedly
with increase in illumination, light is sometimes said to act
as a "magnifier”, making visible small details that could not
be seen with less light.
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(b) Brightness. Seeing occurs when light emitted or reflected from
objects in the field of view enters the eye and is focused on
the retina. As the amount of light entering the eye is
increased, the visual sensation becomes strong (the scene or
object looks brighter). The brighter an object, the greater
is its visibility. A white surface will have a much higher
brightness than a black surface receiving the same illumination.
However, by adding enough light to a dark surface it is possible
to make it as bright as a white one. The darker an object or
a visual task, the greater the illumination necessary for
equal brightness and, under like circumstances, for equal
visibility.

(c) Contrast. If there were no graduations in brightness or color,
the eye would be unable to distinguish objects from their back-
ground. Contrast is necessary not only to enable the eye to
detect the presence, size and shape of objects, but also to
reveal every detail that can be seen. In general, it can be
said that visibility Improves as contrast is increased. Thus,
for example, other things being equal, black print on white
paper is easier to read than black print on gray paper because
the former combination represents the greatest attainable
brightness contrast in ordinary printing between object of
interest and background. The difference in the visual effort
required to read the two halves of figure 8(c) is a simple
demonstration of the effectiveness of contrast. High levels
of illumination partly compensate for low brightness contrasts,
and are of great assistance where poor contrast conditions
cannot be avoided.

(d) Time. The eye cannot register an accurate image if the time
available for seeing is too short. Here again, the camera
may be used for illustration: A picture can be taken in very
dim light if the exposure is long enough, but for a fast
exposure a great deal of light is necessary. The eye can see
very small details under low levels of illumination, if suf-
ficient time is allowed and eyestrain is ignored. But more
light is required for quick seeing.
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FIGURE 8. External factors affecting vision.
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3.3.2.1 Figure 8(d) illustrates the way in which the speed of performance
of a specific visual task increases with increased illumination. Since human
muscular activity has a definite limit, it is logical to find the curve leveling
off as that limit is approached. However, the attainment of maximum speed does
not preclude the possibility that the benefits of greater illumination may
continue to be realized, beyond that point, in the form of less nervous energy
required to perform the task. The time factor is particularly important where
the visual object is in motion. High lighting levels actually make moving
objects appear to move more slowly, and greatly increase their visibility.

3.3.2.2 Size, brightness, contrast, and time are mutually interrelated
and interdependent. Within limits, a deficiency in one can be made up by an
adjustment in one or more of the others. In most cases, size is a fixed factor
of the visual task, with brightness, contrast, and time subject to some degree
of modification. Of these, brightness and contrast are usually most directly
under the control of the illuminating engineer. Properly employed, they can
be a tremendous aid in overcoming unfavorable conditions of small size and
limited time for seeing.

3.3.3 Illumination levels. The human eye is sensitive to light over a
tremendous range of intensities. While there is honest difference of opinion
as to what levels of illumination may be considered best for various seeing
tasks, it is generally agreed that the best values are often higher than prac-
tical limitations imposed by space, bulk and weight of fixtures, the available
power supply, heat generated, cost and various other considerations arising
from the particular applications involved. On shipboard these limitations are
particularly stringent; hence, lighting on naval ships should not be appraised
only by criteria that apply to installations ashore.

3.3.3.1 The brightness of any object of given reflectivity depends upon
the amount of illumination falling on it. Generally, for any specific seeing
task the size of the critical detail that must be seen, the degree of contrast
and (where there is motion) the time available for seeing are factors determined
by the nature of the task. Differences in visibility as affected by the factors
of size, contrast, and time may be compensated for by varying the illumination
as necessary. This is the chief reason why all areas below decks on shipboard
are not illuminated to the same value. The lighting is provided as required by
the difficulty of the seeing task that must be performed in each area.

3.3.3.2 Once a lighting installation is made, it may appear that the
illumination becomes a fixed rather than a controllable factor. This is largely
true when there is no choice in locating or positioning the work but not when
the location and position of the seeing task may be selected at will. It iS
natural to move closer to the light source when seeing is difficult, and when
this is done, improvement in visibility usually results. When the seeing task
is prolonged for any appreciable length of time, however, improvement in visi-
bility is not the only consideration to be borne in mind. It is also necessary
to take into account the quality of the lighting as affected by glare and back-
ground illumination.
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3.3.4 Glare. Glare is light that hinders rather than aids vision. It
may come from an exposed light source in the field of view (direct glare) or
from some shiny surface that reflects a bright source of light toward the eye
(reflected glare, veiling reflections).
At best It is unpleasant

In either case, glare is objectionable.
, and at worst it can cause eyestrain, headache, and

fatigue.

3.3.4.1 Many Navy lighting fixtures provide some protection against direct
glare from the normal viewing angles, but in some locations it is impossible to
mount the fixtures so no glare is in the field of view. Other fixtures have
no shielding at all. On a naval ship, it is more important for the lighting
fixtures to be simple and rugged and provide the essential illumination than to
produce only comfortable illumination. The best protection against the harmful
effects of glare on a naval ship is the realization by all hands that prolonged
exposure to glare should be avoided. Usually, it is possible to position the
seeing task and to locate oneself in respect to it so that direct glare or
uncomfortably bright reflected glare is not seen.

3.3.5 Background illumination. The quality of the lighting is affected
by the ratio of the illumination on the task to the illumination on the sur-
roundings. The eyes do not remain constantly fixed on any task until it is
completed. Instead, they frequently glance up from the work for a moment or
two, often involuntarily. If the brightness of the surroundings is greatly
different from the brightness of the task area, the pupils of the eyes, which
automatically accommodate to the amount of light entering the eye, must make
an adjustment every time the eyes glance away from, and back to, the task.
The muscles of accommodation are not likely to be overworked if the ratio of
brightnesses of the task area to the surroundings does not exceed those speci-
fied in 4.3.2.5. If the ratio is substantially greater than this, eye fatigue
will result if the work is continued for an extended period. This explains why
high levels of supplementary lighting at work points do not produce comfortable
lighting when the background is not adequately illuminated.

3.4 Terminology and lighting equations.

3.4.1 Lighting terms. Lighting terminology is not difficult to understand;
however most people have difficulty remembering the difference between a foot-
candle and a footlambert or between illuminance and luminance because of the
many different terms used to describe the same item. Despite the fine effort of
several standards committees, there exists disagreement as to some exact defini-
tions of lighting terms. For the purpose of this publication, the following
concepts will be used:

3.4.1.1 Luminous flux. Luminous flux is the time rate of the flow of
light and indicates the intensity of a source. The unit of flux is the lumen.
Light is actually a form of radiant energy in motion. In ordinary practice,
however, the time element can be neglected and luminous flux is only considered
as a definite quantity.

3.4.1.2 Candlepower (luminous intensity). Candlepower is the luminous
flux per unit solid angle in a given direction. The following are used in con-
nection with candlepower:
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(a) The unit of luminous intensity is the candela. The value of
the candela is determined by the light emitted by a laboratory
device called a "blackbody” operating at a specified tempera-
ture and pressure. (In 1964, the U.S. Congress officially
changed the unit of luminous intensity from the candle to the
candela. The difference between the candela and the old candle
is so small that only measurements of high precision are
affected.) An ordinary wax candle has a luminous intensity in
a horizontal direction of approximately 1 candela.

(b) The candlepower of a uniform light source is the same in all
directions about the light source, but the candlepower of most
light sources varies somewhat in different directions.

(c) Candlepower measured around a light source in a horizontal plane
is known as horizontal candlepower. The average candlepower in
this plane is called mean horizontal candlepower.

(d) The average candlepower in all directions about the light source
is the mean spherical candlepower. Unless otherwise stated,
the candlepower rating of a lamp is regularly given in mean
spherical candlepower.

(e) Beam candlepower refers to the candlepower in the beam of a direc-
tional light source such as a searchlight. The candlepower is
almost never constant over the cross section of the beam. Beam
candlepower ratings give the maximum candlepower in the beam.

(f) The luminous intensity of a source expressed in candelas is its
candlepower. Candlepower is used not only to indicate the
luminous intensity of a source in one particular direction, but
measurements taken at various angles around a source can be
plotted and used to develop a candlepower distribution curve.
Such a curve shows luminous intensity in any direction and from
it illumination calculations can be made (see 3.5.1.1).

3.4.1.3 Lumen. The lumen is the unit of luminous flux. A lumen is the
light flux falling on a surface 1 square foot in area, every part of which is
1 foot from a point source having a luminous intensity of 1 candela in all
directions. Such a surface is a 1 square foot section of a sphere of 1 foot
radius, with a 1 candela uniform point source at its center. The same concept
may be expressed by saying that a lumen is the light flux emitted in one unit
solid angle by a 1 candela uniform point source. The lumen is used to express
a quantity of light flux; total output of a source, output within a specified
angular zone, amount of light reflected, absorbed or transmitted by an object,
amount of light incident on a surface, and so forth. The beam-lumen method of
predicting illumination levels (see 3.5.3.4) is based on the lumen outputs of
sources and the distribution of flux within the area.

3.4.1.3.1 The lumen output of any light source is four times its mean
spherical candlepower, in other words;

Mean spherical = Lumen output Equation 3
candlepower 12.57
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(Since a sphere of l-foot radius has a surface area of 4  (12.57) square feet,
a uniform point of 1 candela must produce 12.57 lumens. The same relationship
exists between the mean spherical candlepower of any source and its total lumen
output.)

3.4.1.4 Illumination (illuminance). Illumination can be defined as the
density of luminous flux incident (falling) upon a surface. A typical unit is
the footcandle which is equal to the illumination falling on a surface 1 foot
from a l-candlepower source. One footcandle is equal to 1 lumen per square
foot. A meter-candle equals the illumination falling on a surface 1 meter from
a l-candlepower source, or 1 lumen per square meter.

3.4.1.5 Footcandle. The footcandle is the most commonly used unit of
illumination. It is the illumination produced on a surface all points of which
are at a distance of 1 foot from a uniform point source of 1 candela. It iS
also the illumination on a surface on each square foot of which there is a
uniformly distributed amount of light equal to 1 lumen. From the definition
of a lumen it is obvious that 1 lumen uniformly distributed over 1 square foot
of surface produces an illumination of 1 footcandle.

Footcandles incident = Lumens Equation 4
on a surface Area (sq. ft.)

Footcandle readings are used to indicate the illumination at a specific point,
or the average illumination on a surface. The inverse square law is the basis
of calculation in the point-by-point method of lighting design (see 3.4.2.3
and 3.5.2.1).

3.4.1.6 Brightness (luminance). Brightness is the photometric brightness
of an illuminated surface. (The technical term is “photometric brightness” or
“luminance”. In informal usage, “brightness” is often adequate.) A surface
emitting or reflecting light in a given direction at the rate of 1 candela per
square inch of projected area has a brightness in the direction of 1 candela
per square inch. A surface which has a brightness in a given direction equal
to the uniform brightness of a perfectly diffusing surface emitting or reflecting
1 lumen per square foot has a brightness in that direction of 1 footlambert. The
footlambert is also the average brightness of any surface emitting or reflecting
1 lumen per square foot (see 3.4.3 for basic equations). A lambert is the
brightness of a surface emitting or reflecting 1 lumen per square centimeter.
Brightness is expressed in two ways, in candelas per unit area, or in lumens
per unit area. Relatively high brightness, such as those of light sources, are
usually expressed in terms of candelas per square inch. Since the brightness
(in footlamberts) of a matte surface can be calculated by multiplying the
illumination in footcandles by the reflectance (see fundamental equations),
the footlambert is a very convenient unit in which to express the brightness
of illuminated surfaces.
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3.4.1.7 Footlambert. The footlambert is perhaps the most convenient of
the several units used to express brightness. It is equal to the uniform
brightness of a perfectly diffusing surface emitting or reflecting 1 lumen per
square foot, or to the average brightness of any surface emitting or reflecting
1 lumen per square foot. The average brightness in footlamberts of any
reflecting surface, therefore, is the product of the illumination in footcandles
by the reflection factor of the surface.

3.4.1.8 Reflection factor (reflectance). The reflection factor of any
surface is the ratio of the light reflected by the surface to the light falling
upon it. If all of the illumination falling on a perfectly diffusing surface
were re-radiated by the surface, then the brightness would numerically equal the
illumination. But, since this does not happen, the reflection factor of the
surface must be accounted for.

Reflection factor (K) = Reflected light Equation 5
Incident light

Thus brightness equals illumination multiplied by the reflection factor. A
typical unit of brightness is candelas per square foot. Expressed mathemati-
cally,

Equation 6

where B is the surface brightness in candelas per square foot, E is footcandles
incident, and K is the reflection factor. To avoid having to divide by      all
the time, the footlambert was invented. It is defined as l/    candelas per
square foot. Thus the above relationship becomes

BL = KE Equation 7

and BL is now expressed in footlamberts.

3.4.1.9 Transmission factor (transmittance). The transmission factor of
a medium is the ratio of the light transmitted by the
upon it. In a formula, this can be expressed as:

Transmission factor (T) = Transmitted light
Incident light

medium to the light falling

Equation 8

3.4.2 Lighting laws and equations.

law states that the3.4.2.1 Inverse square law. The inverse square
illumination (E) at a point on a surface varies directly with the candlepower
(I) of the source, and inversely as the square of the distance between the
source and the point. If the surface at the point is normal to the direction
of the incident light, the law may be expressed as follows:

I
E =  — Equation 9

D 2
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Where:
E = illuminance in footcandles or metercandles
I = intensity of source in candlepower
D = distance of the surface from the source in

either feet or meters.

This equation holds true within 1/2 percent when D is at least 5 times the
maximum dimension of the source as viewed from the point on the surface. For
short distances, the illumination varies approximately inversely as the dis-
tance. For example, if the source of figure 9 were a 24-inch fluorescent tube,
the illumination at 2 feet would be approximately one-half that at 1 foot; at
3 feet, it would be approximately one-third. Similarly, illumination can be
calculated by:

E = F Equation 10
A

Where:
F = incident flux in lumens
A = area of illuminated surface

This formula applies only when the area is illuminated evenly. Figure 9 shows
diagrammatically a point source of light which produces 1 candlepower in all
directions that intersect the surface shown. The illumination on any surface
perpendicular to the rays from the light source is inversely proportional to
the square of the distance from the source, 1 footcandle at 1 foot, 1/4 foot-
candle at 2 feet, 1/9 footcandle at 3 feet and so forth. This relationship
follows from the fact that the total amount of light in the cone of light is
the same at all distances from the source , while the surface over which it is
spread increases with the square of the distance. Consequently, the illumina-
tion, which is the amount of light per unit of surface, is inversely proportional
to the square of the distance. At any distance from the source, the illumination
is directly proportional to the candlepower. Note that while the candlepower is
the same in all directions about a theoretical uniform light source, the candle-
power distribution of lamps and fixtures is non-uniform.
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SH 964-9
FIGURE 9. Illumination on a normal plane.

When calculating the illumination produced in any given direction, it is neces-
sary to use the candlepower in that direction. The inverse square law is used
to calculate the amount of illumination from an individual light source on
planes perpendicular to the beam. Strictly speaking, it applies only to illumi-
nation on a small surface from a point source. In practice, however, a point
source is considered to be one whose dimensions are negligible compared with its
distance from the surface.

3.4.2.2 Cosine law. The cosine law states that the illumination of any
surface varies as the cosine of the angle of incidence. Thus, the illumination
on a tilted plane is equal to the illumination on a normal (perpendicular)
plane times the cosine of the angle of incidence. The angle of incidence     is
the angle between the normal to the surface and the direction of the incident
light. The inverse-square law, and the cosine law, can be combined as follows:

Equation 11

When a surface is not perpendicular to a beam of light, the illumination on it
is less because the light is spread over an area of greater size. Figure 10
shows diagrammatically the distribution of light flux striking a surface at
angles other than normal. The ratio of the base of a right-angle triangle to
its hypotenuse is the cosine of the angle ABC. For 60 degrees, the ratio is
one-half of 0.5. The average light on a surface tilted at this angle is one-
half of that on the surface normal to the beam of light (the tilted surface is
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twice as large). As shown on figure 10, the width of the tilted surface is the
same as the width of the perpendicular surface, but its length and area are
increased depending upon the angle of tilt. If      equals 60 degrees (cosine 60
degrees equals 1/2) then the tilted area is twice as large from that of the
perpendicular area and the average illumination on it is therefore half as much.

FIGURE 10. Illumination on a tilted plane.

3.4.2.3 Cosine-cubed law. A useful extension of the cosine
“cosine-cubed” equation (see figure 11). By substituting H/cos    
cosine law equation may be written.

SH 964-11

Equation lla

law is the
for D, the

FIGURE 11. The cosine-cubed law explaining the
transformation of the formula. 
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Tables I and II provide conversion factors for
terms.

TABLE I. Illumination conversion factors.

(Illumination incident upon a surface)

Footcandles Meter-candles Lumens/ft 2 Lumens/meter 2 (lux)

Footcandles 1 10.764 1 10.764

Meter-candles 0.0929 1 0.0929 1

Lumens/ft 2 1 10.764 1 10.764

Lumens/meter 2 0.0929 1 0.0929 1

1 lumen = 1/673 lightwatt 1 watt-second = 107 ergs
1 lumen-hour = 60 lumen- 1 phot = 1 lumen/cm2

minutes 1 lux = 1 lumen/m2 =
1 footcandle = 1 lumen/ft2 1 metercandle

TABLE II. Brightness conversion factors.

Candelas/ Candelas/ Lamberts
foot2 meter2 Footlamberts Apostllbs (lumens/cm 2)

Candelas/foot 2 1 10.764 10.764

Candelas/meter 2 0.0929 1 0.0929   x10-4

Footlamberts 1 10.764 1 10.764 10.764x10-4

Apostilbs 0.0929 1 0.0929 1 10-4

Lamberts 929 104

929 104

1
(lumens/cm2)

1 nit = 1 candela/m2

1 stilb = 1 candela/cm2

1 apostilb (international) = 0.1 millilambert = 1 blondel
1 apostilb (German Hefner) = 0.09 millilambert
1 lambert = 1000 millilamberts = 929 footlamberts
1 candela/sq. in. = 452 footlamberts
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3.5 Lighting calculations.

3.5.1 Distribution curves. Each type of lighting fixture that consists
of more than a pendant socket alters the distribution and intensity of the
light produced by the lamp used in it. A clear glass globe absorbs a small
percentage of the light without appreciably changing its distribution. A
diffusing lens or a glass globe absorbs more light and tends to smooth out
variations in the spherical distribution of the light produced by the lamp.
Colored glass also absorbs a percentage of the light emitted by the lamp. A
reflector intercepts light that is traveling in a direction in which it is not
needed and redirects it to where it will be useful, thus building up the candle-
power in certain directions and increasing the illumination over a limited area.
In making lighting calculations, therefore, it is necessary to know the light
distribution of the particular lamp and lighting fixture combination that is to
be used. This distribution of light can be represented either graphically or
numerically (see appendix A) by several methods, the most common of which are
explained as follows:

3.5.1.1 Candlepower distribution curve. A candlepower distribution curve
is developed by taking candlepower measurements at various angles around a light-
ing fixture and plotting them, in graph form, on the polar coordinates. The
distance of any point on the curve from the center indicates the candlepower of
the lighting fixture in that direction. The illumination received from a single
lighting fixture on any given surface can be calculated from candlepower dis-
tribution data of the lighting fixture. A candlepower distribution curve of a
typical Navy-type lighting fixture (symbol 77.4) is shown on figure 12. The
candlepower in any direction is given by the length of the line drawn in that
direction from the light source to the curve. For example, figure 12 shows
that this fixture delivers approximately 350 candlepower directly beneath the
light (O degrees) and about 329 candlepower at an angle of 20 degrees from the
vertical.
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SH 964-12
FIGURE 12. Candlepower distribution for symbol 77.4.

3.5.1.1.1 Calculation of illumination. Using the inverse square law and
given a mounting height of 4 feet from the lighting fixture to the working
plane, the illumination at the working plane can be calculated as follows:

(a) Directly beneath the light using equation 9:

E = I = 350 350= — = 22 footcandles
D 2 4 2 16

(b) At an angle of 20 degrees using equation 11:

E = I cos = (329) (COS 20°) = (329) (.939) = 19.3 footcandleg
D 2 4 2 16

3.5.1.1.2 Lumen output calculation. Where the candlepower distribution
is symmetrical about an axis, the light output of the source in terms of lumen
can be obtained from an average candlepower distribution curve. Determination

of the total lumen output of a lighting fixture is essential in calculating
such factors as efficiency of the lighting fixture,  percent of light in various
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zones, and coefficients of utilization. To make
power data, it is convenient to work by zones on

lumen calculations from candle-
the inside of a spherical

surface. The lighting source is considered to be at the center of an imaginary

sphere whose inner surface will be illuminated by the light flux given off by
the source.

3.5.1.1.2.1 The area of a sphere of l-foot radius is 4 square feet. There-
fore, the numerical value of the zonal constant is equal to the area of the zone
on such a unit sphere. This permits calculating the constants without consider-
ing any particular radius for the imaginary sphere enclosing the light source.

3.5.1.1.2.2 The area of a zone can be determined from the formula: Area
of zone - 2 R2 (COS A - cos B), where R disappears for a sphere of unit radius.
A and B are the angular limits of the zone as shown on figure 13. This area,
or subdivision of the entire sphere, is the zonal constant for the zone between
angles A and B.

SH 964-13

FIGURE 13. Sphere divided into 10-degree zones.
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3.5.1.1.2.3 The total lumen output of the source is determined by adding
the zonal lumens from O to 180 degrees. The candlepower curve is divided into
equal zones , usually of 10 degrees each, and the average candlepower for each
zone (ordinarily the value at the center of the zone) is multiplied by a factor
which converts it directly to the number of lumens in the zone. Table III lists
zonal constants for lo-degree zones and also shows how total lumens are calcu-
lated for symbol 77.4. The candlepower for symbol 77.4 is shown on figure 12.

TABLE III. Computation of lumens from candlepower values for symbol 77.4.

Angle Candlepower Zone Zonal constant Zonal lumens

o 350
5 348 0-10 .10 34.8

15 338 10-20 .28 94.6
25 320 20-30 .46 147.2
35 292 30-40 .63 183.9
45 254 40-50 .77 195.7
55 213 50-60 .90 191.7
65 162 60-70 .99 160.4
75 137 70-80 1.06 145.2
85 73 80-90 1.09 76.6
90 58
95 46 90-100 1.09 50.1
105 35 100-110 1.06 37.1
115 27 110-120 .99 26.7
125 21 120-130 .90 18.9
135 12 130-140 .77 9.2
145 4 140-150 .63 2.5
155 3 150-160 .46 1.9
165 2 160-170 .28 .6
175 1 170-180 .10 .1

Total lumens output 1380

Total lumens input 2060
(2 lamps 1030 lumens each)

Efficiency = Lumens output x 100 67 percent
Lumens input

Because equal angular zones on the surface of an imaginary sphere surrounding
the source are much greater in area near the equator than near poles, a given
candlepower produces many more lumens at an angle near the center of the curve
than at an angle near the top or the bottom. Because of these angular relation-
ships, the area (see figure 14) within a distribution curve is by no means a
measure of the total light output of the source. Two units which produce
exactly the same number of lumens may distribute the light quite differently,
and have a candlepower curve of entirely different shapes and areas.
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FIGURE 14. Curves showing units emitting the same total lumens.

3.5.1.1.2.4 Most of the Navy standard lighting fixtures have symmetrical
candlepower distribution. This distribution is represented by a single curve
in the military specifications for lighting fixtures. The output of a non-
symmetric (asymmetric) lighting fixture is determined by computing the weighted
average of candlepower readings taken in a number of planes. For these lighting
fixtures, candlepower readings are taken in three planes: O degrees, 45 degrees,
and 90 degrees. The average candlepower is computed by adding the candlepower
values in planes O degrees and 90 degrees plus twice the value in plane 45
degrees and dividing this sum by 4.

3.5.1.1.3 Lighting fixture efficiency. Lighting fixture efficiency is
the ratio, expressed in percent, of the total lumens emitted by the lighting
fixture to the total lumens generated by the bare lamps.

Lumens of lighting

Efficiency = fixture (output) Equation 12
Lumens of bare lamps
input

From table III the total lumens for symbol 77.4 are 1380. Since symbol 77.4
consists of two 20-watt cool white fluorescent lamps each producing 1030 lumens,
the efficiency at symbol 77.4 then equals:

Efficiency = 1380 100 = 67 percent
(2) (1030)

3.5.1.1.4 Candlepower of beam producing lights. Candlepower distribution
data on beam-producing lights such as spotlights and floodlights are commonly
plotted on rectilinear rather than polar coordinates, angular distance from the
center of the beam indicated along the base line and candlepower by the ordinates
(see figure 15). When the distribution is symmetrical about the central axis,
one curve represents the beam. An asymmetric beam requires a minimum of one
vertical and one horizontal traverse for a complete description.
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SH 964-15

FIGURE 15. Candlepower distribution of typical floodlight.

3.5.1.2 Isocandela diagram. An irregular beam pattern is often best
represented by means of an isocandela diagram (see figure 16). As shown, a
large number of candlepower readings are plotted against degrees from the beam
axis, both horizontal and vertical , and lines are drawn connecting equal candle-
power values. Usually, isocandela diagrams are used in floodlight illumination.

SH 964-16
FIGURE 16. Typical isocandela diagram of a spotlight.
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3.5.1.3 Isofootcandle diagram. An isofootcandle diagram is a group of
curves drawn through points receiving the same amount of illumination on the
working surface. Each different mounting height, or distance between lighting
fixture and the working plane, produces a different isofootcandle diagram.
Figure 17 shows an isofootcandle diagram for symbol 77.4 for a mounting height
of 5 feet from the working plane. The same information is also presented in
a footcandle curve on figure 18.

SH 964-17
FIGURE 17. Isofootcandle diagram for symbol 77.4 for a

mounting height of 5 feet.

SH 964-18

I

FIGURE 18. Footcandle distribution curves for symbol 77.4
for different mounting heights.
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3.5.1.3.1 In order to make the information readily applicable for more
than one mounting height, distances on the work plane can also be expressed in
multiples of the mounting height. Footcandles for other mounting heights are
obtained by multiplying the values given on the curves by the ratio of the
square of the present mounting height to the square of the new mounting height.
The isofootcandle diagram shown on figure 17 is for a single lighting unit;
similar curves for installations can be readily computed by summing the foot-
candles received at any given point from each lighting fixture contributing
illumination to that location.

3.5.1.4 Footcandle distribution. The distribution of illumination may
also be represented by footcandle curves plotted for various source-to-working-
plane distances. The footcandle distribution curves are used primarily for
equipments that produce symmetrical outputs. The isofootcandle curves are
generally used where the candlepower distribution is irregular or asymmetric.
Typical footcandle distribution curves for symbol 77.4 are shown on figure 18.

3.5.2 Methods of illumination calculations. Illumination levels may be
calculated in two ways: the point-by-point method and the lumen method. Using
the point-by-point method, the illumination at any point on a surface can be -

calculated. The actual illumination at any point on a surface will be the sum
of the footcandles contributed by all fixtures, regardless of size and type,
plus light reflected from surrounding surfaces. Since inter-reflections are
not taken into account, point-by-point calculations may be lower (usually 15
to 20 percent) than actually realized. The lumen method makes use of a rela-
tively simple formula to provide average footcandle values. This method, how-
ever, applies only to those installations where only one type of lighting
fixture is used. When using the lumen method, the illumination computed is an -

average value that is representative only if the lighting fixtures are spaced
to obtain reasonably uniform illumination. The coefficients of utilization are
based on empty interiors, and all calculations assume that installation con-
ditions (voltage, temperature , and so forth) are such that lighting fixtures
will provide their rated output. Although the lumen method is less complex,
the point-by-point method must be used whenever more than one type of lighting
fixture is to be installed in the same compartment.

3.5.2.1 Point-by-point method. The point-by-point method is based on
the actual amount of light which will be produced at specific points in a given
area. This requires a knowledge of the way in which light is distributed from
sources of various shapes and sizes. The inverse square law is based on a point
light source radiating uniformly in all directions. Thus, where the light source
is an extended one, either a line of light or a large surface area, the point-by-
point method cannot ordinarily be used to calculate the illumination for normal
working distances.

3.5.2.1.1 Point source. Illumination is inversely proportional to the
square of the distance (inverse square law, see 3.4.2.1). Because of the
relatively compact sizes of most Navy standard fluorescent lighting fixtures,
the fluorescent lamp, like an incandescent lamp, alone or in an enclosing
globe, can usually be treated as a point source. By applying the variations
in the formula involving the inverse-square law in conjunction with the candle
power distribution curve for the lighting fixture used, the illumination at any
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point on a surface can be calculated (see 3.5.1.1.1). When several fixtures
contribute illumination to a given point , calculations must be carried out for
each fixture. The actual illumination at any point on a surface will be the
sum of the footcandles contributed by all of the fixtures plus whatever light
is reflected to the point in question by surrounding surfaces. The concepts and
formulas shown on figure 19 are used to determine the illumination at definite
points in installations where there is little reflection of light from the
surroundings, and where the distance from the source is at least five times
the maximum dimension of the source. The specific formula to be applied is
dependent upon the point location. To facilitate calculations, tables IV, V,
and VI have been set up to calculate footcandle intensities. Table VI has
been prepared to facilitate the computation of illumination on a horizontal
surface. In this table, the footcandles on a horizontal plane have been calcu-
lated from the formula E = (I/D2) cos  (see equation 11) and tabulated for a
lighting fixture of 100 candlepower at varied vertical and horizontal distances
from the fixture. To compute the footcandles for any given distance using the
table, the angle for that distance must be located. Then, the angle at each
distance is also given. The candlepower at that angle is divided by 100 and
the quotient applied as a multiplying factor to the footcandles (per 100 candle-
power) given in the table; the product of this multiplication is the footcandle
value at the selected point. For example, table VI shows that 6 feet below
and at a horizontal distance of 9 feet from the fixture, the illumination on a
horizontal plane is 0.474 footcandles for 100 candlepower, and the angle given
is 56 degrees. Figure 12 shows the candlepower for symbol 77.4 in this direction
iS 213. Consequently, the illumination is 0.474 x 213/100 or approximately 1.0
footcandle.
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SH 964-19

FIGURE 19. Concepts and formulas for the inverse-square law.
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TABLE IV. Trigonometric functions and formulas.

0 0.0 1.000 1.000 1.000 0.0 46 0.719 0.695 0.483 0.335 1.035
1 .0175 1.000 1.000 1.000 .0174 47 .731 .682 .465 .317 1.072
2 .0349 0.999 0.999 0.998 .0349 48 .743 .669 .448 .300 1.110
3 .0523 .999 .997 .996 .0524 49 .755 .656 .430 .282 1.150
4 .0698 .998 .995 .993 .0699 50 .766 .643 .413 .266 1.191
5 .0872 .996 .992 .989 .0874 51 .777 ,629 .396 .249 1,234
6 .105 .995 .989 .984 .1051 52 .788 .616 .379 .233 1.279
7 .122 .993 .985 .978 .1227 53 .799 .602 .362 .218 1.327
8 .139 .990 .981 .971 .1405 54 ,809 .588 .345 .203 1.376
9 .156 .988 .976 .964 .1583 55 .819 .574 .329 .189 1.428

10 .174 .985 .970 .955 .1763 56 .829 .559 .313 .175 1.482
11 .191 .982 .964 .946 .1943 57 .839 .545 .297 .162 1.539
12 .208 .978 .957 .936 .2125 58 .848 .530 .281 .149 1.600
13 .225 .974 .949 .925 .2308 59 .857 .515 .265 .137 1.664
14 .242 .970 .941 .913 .2493 60 .866 .500 .250 .125 1,732
15 .259 .966 .933 .901 .2679 61 .875 .485 .235 .114 1.804
16 .276 .961 .924 .888 .2867 62 .883 .470 .220 .103 1.880
17 .292 .956 .915 .875 .3057 63 .891 .454 .206 .0936 1.962
18 .309 .951 .905 .860 .3249 64 .899 .438 .192 .0842 2.050
19 .326 .946 .894 .845 .3443 65 .906 .423 .179 .0755 2.144
20 .342 .940 .883 .830 .3639 66 .914 .407 .165 .0673 2.246
21 .358 .934 .872 .814 .3838 67 .921 .391 .153 .0597 2.355
22 .375 .927 .860 .797 .4040 68 .927 .375 .140 ,0526 2.475
23 .391 .921 .847 .780 .4244 69 .934 .358 .128 .0460 2.605
24 .407 .914 .835 .762 .4452 70 .940 .342 .117 .0400 2.747
25 .423 .906 .821 .744 .4663 71 .946 .326 .106 .0347 2.904
26 .438 .899 .808 .726 .4877 72 .951 .309 .0955 .0295 3.077
27 .454 .891 .794 .707 .5095 73 .956 .292 .0855 .0250 3.270
28 .470 .883 .780 .688 .5317 74 .961 .276 .0762 .0211 3.487
29 .485 .875 .765 .669 .5543 75 .966 .259 .0670 ,0173 3.732
30 .500 .866 .750 .650 .5773 76 .970 .242 .0585 ,0142 4,010
31 .515 .857 .735 .630 .6008 77 .974 .225 .0506 ,0114 4.331
32 .530 .848 .719 .610 .6248 78 .978 .208 .0432 ,0090 4.704
33 .545 .839 .703 .590 .6494 79 .982 .191 .0364 .0070 5.144
34 .559 .829 .687 .570 .6745 80 .985 .174 .0302 .0052 5.671
35 .574 .819 .671 .550 .7002 81 .988 .156 .0245 .0038 6.313
36 .588 .809 .655 .530 .7265 82 .990 .139 .0194 .0027 7,115
37 .602 .799 .638 .509 .7535 83 .993 .122 .0149 ,0018 8.144
38 .616 .788 .621 .489 .7812 84 .995 .105 .0109 .0011 9.514
39 .629 .777 .604 .469 .8097 85 .996 .0872 .0076 .0007 11.430
40 .643 .766 .567 .450 .8391 86 .9976 .0698 .0048 .0003 14.300
41 .656 .755 .570 .430 .8892 87 .9986 .0523 .0027 .0001 19.080
42 .669 .743 .552 .410 .9004 88 .9993 .0349 .0012 .0000 28.630
43 .682 .731 .535 .391 .9325 89 .9998 .0175 .0003 .0000 57.280
44 .695 .719 .517 .372 .9658 90 1.0000 0.0000 .0000 .0000 infinite
45 .707 .707 .500 .354 1.0000
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TABLE  V. Squares and cubes of numbers.
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TABLE VI. Point-by-p oint footcandle calculation table for a
100-candlepower light source.
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3.5.2 .1.2 Line sources of infinite length.
source of infinite length varies inversely as the
inversely as the square of the distance as is the

Illumination from a line
distance to the source, not
case with point sources.

The following simplified expression may be used for determining the illumina-
tion at point P lying on line XY or its extension (see figure 20).

Equation 13

where:
E p = illumination at P in footcandles
B = brightness of source in footlamberts
w = width of source in feet
D = distance from source to point P in feet

This expression is exact only for an infinitely long source, but is accurate
to within 10 percent if both dl and d2 are greater than 1.5D, and accurate to
within 5 percent if both dl and d2 are greater than 2D. For more exact for-
mulas for the illumination from line sources, refer to Illuminating Engineering
Society Lighting Handbook.

SH 964-20

FIGURE 20. Illumination of a line source of infinite length.

A continuous row of fluorescent fixtures, or even one fluorescent lamp at a
short distance, approaches the conditions set forth for a line source of infinite
length. At sufficiently short distances from any linear source, the footcandle
values will be found to vary more nearly inversely with the first power than
with the square of the distance. For example: Determine the illumination 2 feet
away from the mirror light symbol 351. From the dimensions and light output
of symbol 351 (see figure 21), the following are given:
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B = 600 footlamberts
W = 8 inches (0.666 feet)

Thus, employing equation 13:

= B x W = (600) (0.666) = 100” footcandles
E P  2 D (2) (2)

FIGURE 21. Illumination of a continuous row of mirror lights, symbol 351.

3.5.2.1.3 Surface source of infinite area. Illumination does not change
appreciably with distance. A large luminous panel or a ceiling lighted by
totally indirect means may be considered an infinite area. As shown on
figure 22, the illumination within a certain range will not change greatly
with distance. For more exact formulas, refer to Illuminating Engineering
Society Lighting Handbook.
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FIGURE 22. Illumination of an infinite diffusing area.

3.5.2.2 Lumen method. The zonal cavity inter-reflectance method used is
based on the relationship between the candlepower distribution characteristics
of lighting fixtures, their mounting heights and the room proportions. The
basic concept of the lumen method is expressed by the definition of the foot-
candle as 1 lumen per square foot; that is,

Footcandles = Lumens on a surface Equation 14
Area of surface in square feet

Since all of the lamp lumens will not reach the work plane due to losses in
the lighting fixture and at the room surfaces, the lamp lumens must be multiplied
by a coefficient of utilization (CU) which represents the proportion that reaches
the work plane. Thus,

Footcandles (average initial) =

Lamp lumens x CU Equation 15
Area in square feet

If the design objective is the minimum maintained illumination, factors must be
applied to account for the estimated depreciation in lamp lumens and the esti-
mated losses from dirt collection on the lighting fixture surfaces (including
lamps).
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becomes:

Equation 16

Maintained footcandles =

Lamp lumens x CU x LLD x LDD
Area in square feet

Where:
LLD = lamp lumen depreciation factor
LDD = lighting fixture dirt depreciation factor

For shipboard installation, however, initial footcandles are required and equa-
tion 16 is not used since LLD and LDD are equal to unity, thus reducing this
equation to equation 15. The lamp lumens in equation 15 are most conveniently
taken as the total rated lamp lumens in the lighting fixture, and the area then
becomes the area per lighting fixture. Thus, - -

Initial = Lamp lumens per fixture x CU
footcandles Area per fixture

or, if the desired footcandles are known, the area per
spacing between fixtures) to produce this illumination

Area per = Lamp lumens per fixture x CU
fixture Initial footcandles

Equation 17

fixture (and hence the
may be obtained by:

Equation 17a

A lighting system can be designed with spacings between units to approximate
this area, but if the total number of fixtures is also desired, then:

Total number = Total room area Equation 18
of fixtures Area per fixture

By combining equations 17a and 18:

IFC  = (LPF) (RLPL) (TNF) (CU) Equation 19

or

TNF = (IFC) (L) (W) Equation 20
(LPF) (RLPL) (CU)

Where:
IFC   =  initial footcandles
LPF = lamps per fixture
RLPL = rated lumens per lamp

= total number of fixtures
L = room length
w = room width
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All of the above parameters, except CU, can be obtained from the Military
Specifications for lighting fixtures and the design requirements of the parti-
cular room or space. The CU can be determined as outlined in 3.5.2.2.1.

3.5.2.2.1 CU. Absorption of light in a fixture is accounted for in the
computation of CU for that particular fixture. Appendix A provides a tabulation
of CU calculated by the zonal-cavity method for the more widely used Navy general
lighting fixtures. These coefficients are for an effective floor cavity reflec-
tance (efc) of 20 percent, but any CU obtained from the table may be corrected
for a different value of efc by applying the appropriate multiplier from table IX.
To obtain a CU:

(a) Determine cavity ratios for the room, ceiling and floor from
table VII or the formulas in 3.5.2.2.1.1.

(b) Determine the effective ceiling and floor cavity reflectance
from table VIII.

(c) Obtain CU for 20 percent efc from appendix A for the lighting
fixture to be used. Interpolate, when necessary, to obtain
CU for exact room cavity ratio for nearest effective ceiling
cavity reflectance above and below reflectance obtained in
step (b); interpolate between these CUS to obtain CU for step
(b) ceiling cavity reflectance.

(d) If efc differs significantly from 20 percent, obtain multiplier
from table IX and apply this to the CU obtained in step (c).
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TABLE VII. Cavity ratios.

(For cavity dimensions other than those shown below, the cavity ratio can be cal-
culated by the formulas of 3.5.2.2.1.1.)

.
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TABLE VIII. Percent effective ceiling or floor cavity reflectance for
various reflectance combinations.
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TABLE IX. Multiplying factors for other than 20 percent efc.
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3.5.2.2.1.1 Cavity ratios. The room or compartment is classified according
to the proportions and the fixture mounting height above the floor or deck. In
the zonal-cavity method, the effects of room proportions, fixture suspension
length and work plane height upon the CU are respectively accounted for by the
room cavity ratio, ceiling cavity ratio, and floor cavity ratio. These ratios
are determined by dividing the room into three cavities as shown on figure 23,
and substituting dimensions (in feet) in the following formulas:

Room cavity RCR = 5HRC L + W)   Equation 21
ratio, LW

Ceiling cavity CCR = 5HCC (L + W) = RCR HCC Equation 22
ratio, LW HRC

Floor cavity FCR = 5HFC (L + W) = RCR HFC Equation 23
ratio, LW HRC

Where:
HRC = height of room between fixture plane and work plane
HCC = distance from fixture plane to ceiling
HFC = height of work plane above floor
L = room length
w = room width

The cavity ratio of irregular
formula:

compartments can be calculated using the following

Cavity ratio = 2.5 x cavity height x cavity perimeter
Area of cavity base

Cavity ratios may also be obtained from table VII.

Equation 24

SH 964-23

FIGURE 23. The three cavities used in the zonal-cavity method.

3.5.2 .2.1.2 Effective cavity reflectances. Table V III provides a means
of converting the combination of wall and ceiling or wall and floor reflectances
into a single effective ceiling cavity reflectance and a single efc.
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Note that for recessed lighting fixtures , ceiling cavity ratio equals O and
the ceiling reflectance may be used as effective ceiling cavity reflectance.

3.5.2.2.2 Examples of using the lumen method. A typical example of using
the lumen method is shown on figure 27 (see 3.5.3.3.1), using equation 20.
Table X has been prepared to minimize the mathematical-calculations necessary
to determine in-service footcandles. Table X lists the initial footcandles
produced by each 1000 lamp lumens for the various coefficients of utilization.
For example, consider 12 symbol 77.4 fixtures installed in a 30- by 14-foot
spacing with a CU of 0.53. Table X does not show areas per fixture as large
as 420 square feet, but the figure for 42 square feet, divided by 10, will give
the correct answer. Reference to table X shows that for these conditions and
by interpolation (first interpolate for CU of 0.53 between CUS 0.52 and 0.54
and then for area of 42 between areas of 40 and 45), 1.26 footcandles will be
delivered to the work plane for each 1000 lamp lumens. Since 12 symbol 77.4
fixtures emit 24,720 lumens, 1.26 multiplied by 24.72 equals 31.1 footcandles
on the working plane. Table X can be used for all types of lamps, and by using
appropriate constants, for any area.
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3.5.3 Floodlighting calculations.

3.5.3.1 General. In many locations where floodlighting is necessary
there are some basic dimensions that can be assumed to be already fixed. For
example, in the usual deck floodlighting, the engineer is usually able to
locate points where the floodlights should logically be placed, such as nearby
kingposts or along high points of ship's superstructure. These locations estab-
lish the height (H) from the floodlight to the surface to be lighted, distance
X, lighting pattern, and the aiming angle (see figure 24). They also guide the
choice of floodlight type: narrow, medium, or broad beam. The aiming angle is
the angle between the perpendicular and the axis of a floodlight aimed toward
the center-line.

SH 964-24

FIGURE 24. Floodlighting geometry.

3.5.3.2 Candlepower and aiming of floodlights. The light output of a
particular floodlight can be obtained from its specifications or can be deter-
mined from published data by lamp manufacturers and configuration of flood-
light design. Navy floodlights are either of the open (lamp not covered by
a lens) or enclosed type. In the open type, utilizing the sealed beam lamp
as in symbol 303.1, the light output of the floodlight is the same as published
by industry. In the enclosed type, however, the light output must be adjusted
since both clear and colored lenses absorb light. The following approximate
transmission values are found in typical Navy lenses:

Clear: 75 – 85 percent
Amber:     40 - 60 percent
Red: 5 - 10 percent
Green: 5 - 20 percent
Blue: 3 - 6 percent

Light output data for lamps used in Navy floodlights are given in appendix A.

3.5.3.2.1 Although the choice of beam spread for a particular applica-
tion depends upon individual circumstances, the following general principles
apply:
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(a) The greater the distance from the floodlight, the narrower
the beam spread desired.

(b) Since by definition the candlepower at the edge of a flood-
light beam is 10 percent of the candlepower near the center
of the beam, the illumination level at the edge of the beam
is one-tenth or less than that at the center. To obtain
reasonable uniformity of illumination, the beams of individual
floodlights must overlap each other as well as the edge of
the surface to be lighted.

(c) The percentage of beam lumens falling outside the area to be
lighted is usually lower with narrow-beam than with wide-beam
units. Thus, narrow-beam floodlights are preferable where they
will provide the necessary degree of uniformity of illumination
at the proper footcandle level. Correct aiming of floodlights
is shown on figure 25.

FIGURE 25. Aiming of floodlight.
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3.5.3.3 The point-by-point method for floodlights. The point-by-point
method (see also 3.5.2.1) permits the determination of footcandles at any
point and orientation on a surface. This method is valuable since it permits
a visualization of the degree of lighting uniformity realized for any given
set of conditions. Figures 26 and 28 have been prepared to facilitate the cal-
culation of footcandle intensities of the elliptical patterns encountered in
floodlighting. Figure 26 shows vertically and horizontally distributed illumina-
tion of an elliptical light pattern. Figure 28 depicts graphically the length
of distances X and Ds and axes ABC and EBF of figure 26 for a given height,
aiming angle , and floodlight beam spread. This use is illustrated in the fol-
lowing example:

3.5.3.3.1 Example. Determine the length of AB, BC, EB, and BF and the
illumination at points A, B, C, E, and F of figure 26 for a floodlight with a
30-degree vertical and 60–degree horizontal candlepower distribution as shown
on figure 15 mounted 50 feet above deck at an aiming angle of 30 degrees. From
the data given:

H = 50 feet =  = 15 degrees
  = 30 degrees      =     = 30 degrees

Constructing a template as shown on figure 28 with H = 50 and aiming angle of
30 degrees, the following can be obtained:

x = 28.8 feet D1 = 52.0 feet
PA = 13.4 feet D = 57.5 feet
PC = 50 feet D2 = 63.5 feet

Thus: AB = X-pA = 28.8-13.4 = 15.4 feet
BC = PC-x = 50.0-28.8 = 21.2 feet

Constructing a template as shown on figure 27 with H = D = 57.5 feet, O degrees
aiming angle and beam spread of 30 degrees, the following can be obtained:

EB = BF = 33.5 feet
D3 = D4 = 66.2 feet

From figure 15, the candlepower at points A, B, C, E, and F is as follows:

A = C = 1,600 candlepower
E = F . 500 candlepower
B = 11,600 candlepower

Thus the illumination at points A,
equations 25 through 28 and tables

B, C, E, and F can be calculated using
IV and V as follows:

E A = 1600 cos30cos2 (30-15) = 0.46 footcandles Equation 25
(50)2

E B = 11,600cos3 30 = 3.0 footcandles Equation 26
(50)2
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E = 1600cos30cos
2(30+15)

c (50)2
= 0.27 feet

500cos330cos30 = 0.11 feet
E E

= EF = (50)2

Equation 27

Equation 28

By similar calculations and smaller beam spreads, the illumination at any point
on the axis of the ellipse can be calculated.

SH 964-26
FIGURE 26. Illumination of an elliptical light pattern.
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TYPICAL PROBLEM

Determine the number of lighting fixtures required to provide 28 footcandles in a room 30 feet long by 14 feet wide
by 8 feet high using the 40 watt fluorescent fixtures, Symbol 77.4. The reflectance of the overhead (ceiling) is 70 per-
cent, the bulkhead (wall) 50 Percent and the deck (floor) 30 percent. The lighting fixtures are to be mounted 7 feet from
the deck. A working plane 30 inches above the deck is required.

GENERAL INFORMATION

fill in the following date:

Average initial footcandles required: 28 footcandles

Lighting Fixture Data:

Specification: MIL-F-16377/11 Symbol Number: 77. 4

Lamps (type end color): F20T12/CW Number per flxture: 2

Rated lumens per lamp: 1030 Total lumens per fixture: 2060

SELECTION OF COEFFICIENT OF UTILIZATION

Step 1: Fill in sketch at right.

Step 2: Determine Cavity Ratios from Table VII
or by formulas (see 3.5 .2.2 .1.1)

Room Cavity Ratio, RCR = 2.35

Ceiling Cavity Ratio, CCR = 0.5

Floor Cavity Ratio, FCR = 1.3

Step 3: Obtain Effective Ceiling Cavity Reflectance (ccc) from Table VIII. ecc = 64%

Step 4: Obtain Effective Floor Cavity Reflectance (efc) from Table VIII. efc = 26%

Step 5: Obtain Coefficient of Utilization (CU) from Appendix A. CU = 0.53

Using Equation 6-9

No. of lighting fixtures required =

=

CALCULATIONS

Average initial footcandles x room length x room width
Lamps per fixture x lumens per lamp x coefficient of utilization

(28) (30) (14) = 10.8 or 12 fixtures for symmetry
(2) (1030) (o. 53)

NOTE: 10 fixtures till provide 24.0 f. c. while 12 fixtures will provide 31.1 f. c. (see 3.5.2.2.2)

SH 964-27

FIGURE 27. Example of using the lumen method.

59



DOD-HDBK-289(SH)

26 November 1986

FIGURE 28. Floodlight beam spread..
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3.5.3.4 The beam-lumen method for floodlights. The beam-lumen method
for floodlights is quite similar to the beam-lumen method for interior lighting.
The major difference is the fact that, unlike interior lighting, floodlights are
aimed from various angles other than directly above the surface to be illuminated.

The basic formula is:

Number of floodlights = Area x footcandles— — — —
Beam lumens x CBU x MF

Where:
Area = surface area to be lighted
Footcandles = as desired.
Beam lumens = the quantity of light that is contained within

the floodlight beam. Beam lumens also equal
the lamp lumens multiplied by the beam efficiency
of the floodlight (see 3.5.3.2).

CBU = coefficient of beam utilization, which expresses
the following ratio:

Lumen effectively lighting an area
directly from the floodlightCBU = 

Total beam lumens

Where an area is uniformly lighted, the average CBU of
the floodlights in the installation is always less than
1.0. The CBU for any individual floodlight depends on
its location, the point at which it is aimed, and the
distribution of light within its beam. In general, it
may be said that the average CBU of all the floodlights
in an installation should fall within the range of 0.60
to 0.90. If less than 60 percent of the beam lumens are
utilized, it is a definite indication that a more econom-
ical lighting plan could be designed by using different
locations or narrower beam floodlights. On the other
hand, if the CBU is over 0.90, it is most probable that
the beam spread selected is too narrow and the resultant
illumination will be spotty. Accurate determination of
the CBU is possible only after the aiming points have
been selected.

MF = Maintenance factor which is an allowance for deprecia-
tion of lamp output with life and depreciation of flood-
light efficiency due to the collection of dirt on lamp,
reflector, and cover glass. Depreciation of lamp out-
put with life is dependent upon the type of lamp used.
Dirt factors will differ between open and enclosed
floodlights. The total factor, then, may vary from
0.65 to 0.85. After a tentative installation layout
has been made, the uniformity may be checked by calcu-
lating the intensity of illumination at a few points
on the floodlighted surface, using the point-by-point
method. If the uniformity is found to be unsatis-
factory, a larger number of units may have to be used.

61



3.6 Light sources.

DOD-HDBK-289(SH)
26 November 1986

3.6.1 General. The most common sources of electric light used in naval
ships are the incandescent, fluorescent, and glow lamps. A complete list of
the lamps used by the Navy is contained in federal item identification number
sequence in the Illustrated Shipboard Shopping Guide (ISSG) FSC 6240 carried
aboard all ships. This list includes the electrical characteristics, physical
dimensions, and an outline of each Navy type lamp.

3.6.1.1 The primary purpose of a light source is the production of light,
and the efficiency with which a lamp fulfills this purpose is expressed in
terms of lumens emitted per watt of power consumed. If a source could be
developed that would radiate all the energy it received as monochromatic yellow-
green light in the region of maximum sensitivity of the eye (555 nm) it would
produce approximately 680 lumens for each watt of power consumed. A theoretical
source of white light of maximum efficiency, emitting only visible energy with-
out any infrared or ultraviolet, would produce about 220 lumens per watt. Since
all practical light sources do produce considerable quantities of infrared, and
since there is some inevitable energy loss by conduction and convection, no
present lamp closely approaches the theoretical maximum efficiency.

3.6.1.2 The incandescent filament lamp has certain characteristics which
make it inherently inefficient as a source of light. Since the maximum pos-
sible efficiency values have already been approached, refinements in manu-
facturing processes can add little toward increasing the light output. The
electric discharge lamp produces light by an entirely different process and is
capable of achieving much higher efficiencies. Present clear mercury lamps
have efficiencies up to 60 lumens per watt, mercury-fluorescent lamps up to
62 lumens per watt. A number of types of fluorescent lamps now provide over
70 lumens per watt, and some over 80 lumens. Multi-vapor and high pressure
sodium lamps produce up to 90 and 125 lumens, respectively. Continued devel-
opment work will undoubtedly lead to further improvements and still higher
outputs. Figure 29 lists the efficiency of various light sources.

SH 964-29
FIGURE 29. Light source efficiency in lumens per watt.
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3.6.1.3 Although, when viewed alone, the color of an incandescent light
source may appear white, when compared with a “white” or “daylight” fluorescent
source it appears to be orange. This difference in light source color is
referred to as color temperature (measured in degrees Kelvin) and is directly
related to the wavelength of light emitted. The lower the color temperature,
the more orange or red a light source is and, conversely, the higher the
temperature, the more blue the light. Thus, each color is assigned a number
according to that color’s relative position in the visible portion of the
electromagnetic spectrum. Beginning with red, the colors include orange,
yellow, green, blue and violet.

3.6.2 Incandescent lamps. Incandescent lamps are commonly used light
sources of naval ships. They produce light by means of a tungsten or carbon
filament which is heated to incandescence by an electric current. Oxidation
and consequent failure of the filament , which would occur in air, are prevented
by surrounding the filament with an inert gas or by operating it in a vacuum.
The 115- or 120-volt Navy-type lamps, up to and including the 50-watt size, are
vacuum lamps; those of higher wattage are gas-filled. The use of gas in a
lamp prevents rapid evaporation of the filament and permits higher temperatures
which result in higher efficiencies. The effectiveness of gas in increasing
luminous output is less pronounced in the lower wattage lamps; therefore,
those under 50 watts continue to be of the vacuum type. The incandescent lamps
most used for general lighting on shipboard are 115- or 120-volt; 50-, 100- and
200-watt rough service (RS) lamps. These RS lamps have specially constructed
filaments supported at several points to increase their ability to withstand
vibration and shock.

3.6.2.1 Construction. The incandescent lamp consists of a tungsten or
carbon filament supported by a glass stem. The glass stem is mounted in a
suitable base that provides the necessary electrical connections to the fila-
ment. The filament is enclosed in a transparent or translucent glass bulb.
The passage of an electric current through the filament causes it to become
incandescent and to emit light. Figure 30 shows the components
incandescent lamp.

of a typical

SH 964-30
FIGURE 30. Components of an incandescent lamp.
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3.6.2.2 Rating. Depending on their type, incandescent lamps are rated
in watts, amperes, volts, candlepower or lumens. Generally, large lamps are
rated in volts, watts, and lumens. Miniature lamps are rated in amperes for
a given single voltage and in candlepower for a voltage-range rating.

3.6.2.3 Designation. Standard incandescent lamps are designated according
to the shape of bulb, the finish of bulb, and the type of base. The designating
of lamps according to the shape of bulb with the corresponding letter designation
is shown on figure 31. The designation letter, which denotes the shape of the
bulb, is followed by a numeral (not shown) that denotes the diameter of the bulb
in eighths of an inch. For example, if the lamp shown on figure 31 is designated
PS-52, it is a lamp with a pear-shaped bulb and straight sides having a diameter
of 52/8 or 6-1/2 inches. The clear lamp consists of a bulb made of unclouded
or luminous glass, that exposes the filament to view. These lamps are used with
reflecting equipments that completely conceal the lamps to avoid glare. The most
commonly used lamp on shipboard is the inside frosted lamp consisting of a glass
bulb whose entire inside surface is coated with a frosting. The frosting con-
ceals the filament and diffuses the light emitted from the lamp. These lamps
can be used with or without reflecting equipment.

SH 964-31

FIGURE 31. Designation of lamps according to bulk and shape.
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3.6.2.3.1 The designation of lamps according to the type of base is shown
on figure 32. The size of the base is indicated by name (mogul, candelabra,
intermediate, and so forth); the type of base provided with the different sizes
is also denoted by name (bayonet, prefocus, bipost, and so forth).

SH 964-32

CANDELABRA. Uses include showcase,
optical, appllance, Indicator, sign,
and decorative lamps. This is the
smallest base for 120-volt lamps.
INTERMEDIATE. Applications include
appliance, Indicator, sign, and
decorative lamps.

MEDIUM. This base iS standard on
general service lamps of 300 watts
and under. A high degree o-f inter-
changeability in lamp applications
Is possible because the medium
base is so widely used.

 MOGUL. Normally used on 300-watt
lamps and up. Also applied on spe-
cial lower wattage lamps, particu-
larly where low voltage design means
a high current.

BAYONET. Applied on specialty
lamps, such as, for vacuum
cleaners, sewing machines, etc.
Also used on low-voltage lamps.

PREFCCUS. Used where accurage
positioning of the filament Is
necessary such as in spotlights,
optical lights, etc.

MEDIUM BIPOST. Used for higher
current lamps.

FIGURE 32. Lamp bases.

3.6.2.4 Effect of voltage on lamp performance. Lights and lighting
fixtures installed on naval ships are designed to be operated at a certain
specified voltage. When operated by voltages other than those specified, the
light output, life, and electrical characteristics are materially affected. A
small percentage increase in voltage results in a greater percentage increase
in light output and a much greater percentage decrease in life. Conversely,
a small percentage decrease in voltage results in a greater percentage decrease
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in light output and a much greater percentage increase in life. The character-
istic curves (see figure 33) for large gas-filled incandescent lamps give an
approximate indication of how the performance of the lamps is affected when
they are operated continually at other than design voltage. The curves for
vacuum lamps, while not exactly the same, are closly related, thus the curves
shown can also be applied to vacuum lamp performance. The important conclusion
to be drawn from the curves is that the lighting system should be operated
close to its rated voltage. Low voltage seriously decreases illumination; high
voltage increases illumination, but an excess voltage of even 5 percent cuts
the lamp life to about one-half and makes more frequent replacement necessary.

SH 964-33

FIGURE 33. Characteristic curves for large gas-filled filament lamps.
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3.6.2.5 Energy distribution. The incandescent lamp was conceived as a
light source and is used principally for this purpose. However, the hot tungsten
filament radiates energy in the infrared and ultraviolet as well as in the visi-
ble part of the electromagnetic spectrum. All of the input energy is not
absorbed by the bulb and other lamp parts, other losses are encountered as heat
is conducted or convected away from the filament and out of the lamp. The
distribution of input energy for a typical 100-watt rough service lamp is as
follows (the radiation and losses are shown as percentages of lamp wattage):

Light - 7.5 Gas loss - 13.5
Infrared - 73.3 Base loss - 5.7

3.6.3 Fluorescent lamps. Fluorescent lamps are now used for the majority
of both red and white lighting on naval ships. The Navy has standardized on
three lamp sizes, 8-watt, 15-watt and 20-watt cool white lamps of a preheat
type; some other types of lamps are still used for special purposes. The use
of fluorescent lamps over 20 watts has been limited to special installations
because of their fragility, length, and their inability to withstand shock and
vibration without an exorbitant design of a lighting fixture. Generally, red
lighting is accomplished by enclosing a fluorescent lamp in a red plastic tube
within a lighting fixture. The lamp enclosed is usually the center lamp of a
three-lamp fixture.

3.6.3.1 Construction. These elongated light sources are electric dis-
charge lamps, each consisting of a glass tube (see figure 34) coated on the
inside with a fluorescent phosphor and enclosing two electrodes (one at each
end), a drop of mercury, and a small amount of argon gas. A fluorescent lamp
produces invisible, shortwave (ultraviolet) radiation by the discharge through
the mercury vapor in the tube. The phosphor absorbs the invisible radiant
energy and reradiates it over a band of longer wavelengths to which the eye is
sensitive.

SH 964-34
FIGURE 34. Components of a fluorescent lamp.
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3.6.3.1.1 Lamps incorporating preheat or rapid-start cathodes require four
electrical contacts, which in the standard line of lamps take the form of a bi-
pin base at each end. There are three standard types of bipin bases: miniature
bipin, medium bipin, and mogul bipin. In circline lamps, the contacts at the
ends of the lamps adjoin. The high output lamps have recessed double contact
type bases because of the higher ballast voltage required with lamps longer than
4 feet. Instant start lamps require only one electrical contact on each end of
the lamp; thus, the single-pin base is most commonly used. Typical bases for
fluorescent lamps are shown on figure 35.

SH 964-35
FIGURE 35. Bases for fluorescent lamps.

3.6.3.2 Designation. Preheat lamps are usually identified by wattage,
bulb diameter (in eighths of an inch), and color. Thus a lamp marked F20T8/cw
is a 20 watt, l-inch diameter, cool white fluorescent lamp. In the case of
high output (HO) lamps, the number following the F in the designation is the
nominal lamp length in inches, rather than the lamp wattage as with most pre-
heat lamps. For instance, a lamp marked F48T12/cw/HO/HT is a 48-inch long,
1-1/2 inch diameter, cool white, high output, high temperature fluorescent
lamp.
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3.6.3.3 Lamp types and control equipment. All lamps are designed for one
of three general types of operating circuits: preheat, rapid-start, or instant-
start. As in all discharge light sources, fluorescent lamps require special
auxiliary control equipment, such as ballast, to limit the current and provide
the necessary starting voltage. Since the ballast consumes some power, it must
be added to the wattage of the lamp when estimating circuit requirements. Each
lamp requires a ballast specifically designed for its electrical characteristics,
the type of circuit in which it is to be operated and the voltage and frequency
of the power supply. Generally, ballasts are incorporated as an integral part
of a lighting fixture. However, certain detail lights, such as those on the
secretary bureau, radio operator’s desk and berth lockers, require the use of
an external ballast housed in a separate box.

3.6.3.3.1 Preheat lamps. The auxiliary components of a preheat fluorescent
lamp system include a ballast and a starter (see figure 36).

SH 964-36
FIGURE 36. Basic ac circuit of a preheat fluorescent lamp.

Preheat lamps are started by means of a starter which completes the circuit
that permits a heating current to flow through the electrode at each end of
the lamp. When the switch is opened, a high-voltage pulse is impressed across
the lamp and strikes the arc.

3 .6.3.3.1.1 Starters. Automatic starting switches ( see table XI) may be
of the thermal or the glow-suit ch type with the latter in more common use
today. The glow switch starter contains two electrodes, one of which is a
bimetallic strip, enclosed in a small glass bulb filled with an inert gas such
as neon or argon. When voltage is applied , a small current flows through the
circuit as a result of a glow discharge between the two electrodes of the suit ch.
The heating effect of the current expands the bimetallic element and causes the
electrodes to touch. The closing of the switch stops the glow discharge, but
allows a substantial f low of current to preheat the lamp electrodes during the
short period of time when there is enough residual heat in the switch to keep
it closed. As the bimetal cools, the switch opens and the resultant high-
voltage pulse starts normal lamp operation. If the lamp arc fails to strike,
the cycle is repeated. The condenser suppresses radio interference. The switch
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does not glow after the lamp arc is established because the remaining available
electrical potential is insufficient to cause a breakdown between its electrodes.
Thus, the switch consumes no power , and when the lamp is turned off, it is
available for immediate restarting. Thermal starters must be used in operating
conditions involving low temperature, direct current (de), or widely varying
line voltage. This type starter has a heating coil in series with the ballast
and lamp. Since the thermal switch is closed, preheating occurs immediately
upon application of voltage. The heating coil actuates the bimetallic strip
in the starter switch and after sufficient preheat time elapses, the thermal
switch opens and the lamp starts. During lamp operation a small amount of
energy is consumed by thermal starters.

TABLE XI. Starters.

Voltage

Ac

Dc

Fluorescent lamp

Description 6-8 watts 15-20 watts

Item name

Specification
Commercial designation
National stock number

Item name

Specification
Commercial designation
National stock number
Condenser type

Simple glow switch,
without lockout
Type III of W-S-755
FS-5
6250-00-299-5962

Thermal switch,
without lockout
Type IV of W-S-755
AT-58
6250-00-283-9904
Ceramic

Simple glow switch,
without lockout
Type 111 of W-S-755
FS-2
6250-00-299-2884

Thermal switch,
without lockout
Type IV of W-S-755
AT-2
6250-00-884-2103
Ceramic

3.6.3.3.1.2 Ballasts. The principal function of a ballast is to limit
current to a fluorescent lamp. A ballast also supplies sufficient voltage to
start and operate the lamp. In case of rapid-start circuits, a ballast supplies
voltage to continuously heat the lamp cathodes. A fluorescent lamp is an arc
discharge device and the more current in the arc, the lower the resistance
becomes. Without a ballast to limit current, the lamp would draw so much cur-
rent that it would destroy itself. An inductive ballast constitutes the most
practical solution to limiting lamp current. The simplest. inductive ballast
is a coil, inserted into the circuit to limit current. Single-lamp preheat
ballasts of the low power factor type (55 percent) are used in the standard
Navy lighting fixtures because of the space and weight limitations and the
peculiar application of lighting fixtures in split circuits for red and white
illumination.
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3.6.3.3.2 Rapid-start lamps. As in the preheat lamps, the electrodes in
a rapid-start lamp are preheated to start the arc. However, unlike the pre-
heat lamps, the heating circuit contains two electrical contacts at each end.
A rapid-start circuit differs from a preheat circuit in that heating voltage
is provided by special windings in the ballast, and there is no switch to
terminate the heating circuit when the arc strikes. A small heating current
flows through the electrodes continuously while the lamp is burning. Starting
is quicker within 1 second under normal conditions than for preheat lamps.

3.6.3.3.3 Instant-start lamps. These lamps are started by direct appli-
cation of a voltage great enough to strike the arc without any preheating of
the electrodes. Because there is no preheat circuit, instant-start lamps need
only one electrical contact at each end.

3.6.3.4 Operating conditions.

3.6.3.4.1 Lamp mortality. Fluorescent lamp life is influenced to a great
degree by operating conditions. For example, operation with frequent starts
shortens life appreciably. On the other hand, operation with many burning hours
per start lengthens lamp life. For this reason, lamps have several different
life ratings, based on the number of hours per start. When a large group of
lamps is tested it will be found that failures occur very nearly in accordance
with the mortality curve shown on figure 37, the average life being the point
at which approximately 50 percent burn out.

SH 964-37
FIGURE 37. Lamp mortality.
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3.6.3.4.2 A fluorescent lamp decreases in lumen output most rapidly during
the first 100 hours of its life cycle; therefore, the published “initial lumens”
is the value obtained after 100 hours of burning. The curve shown on figure 38
shows the typical range of lamp depreciation in light output versus time. The
vast majority of lamp types depreciate along a line near the upper limit of the
curve. Depreciation in light output is due chiefly to a gradual deterioration
of the phosphor powders and a blackening of the inside of the tube.

SH 964-38

FIGURE 38. Lumen maintenance.

3.6.3.4.3 Energy distribution. Figure 39 shows the distribution of energy
in a typical cool white fluorescent lamp. For air conditioning purposes, note
that l-watt-hour of power consumed produces 3.414 British thermal units (Btu)
of heat.
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SH 964-39

FIGURE 39. Energy distribution in a typical cool white fluorescent lamp.

3.6.3.4.4 Effect of temperature. The light output of any fluorescent lamp
depends on the mercury vapor pressure inside the lamp. Optimum pressure for
maximum light output for most fluorescent lamps occurs when the coolest spot on
the bulb is about 100 degrees Fahrenheit (°F). Bulb wall temperature is affected
by lamp wattage and bulb diameter, by the design of the lighting fixtures, and
by the ambient temperature and draft conditions. As the bulb wall temperature
is raised above 100°F, the mercury vapor pressure within the tube Increases
causing the light output and lamp wattage to slowly drop. At lower bulb wall
temperatures the mercury condenses on the tube
falls sharply, and the wattage drops slowly.

, pressure drops, the light output
This characteristic is common to

all fluorescent lamp designs.

3.6.3.4.4.1 For maximum efficiency, the bulb wall temperatures should be
within a range of 100 to 120°F. Light output decreases about 1 percent for
each 1 degree drop in bulb temperature below 100°F, and a like amount for each
3-degree rise between 120 and 200°F.

3.6.3.4.4.2 Low temperatures may also cause starting difficulty. Preheat
and rapid-start type lamps will give reliable starting at ambient temperatures
of 50°F and above. Preheat lamps can be started at lower temperatures by the
use of thermal rather than glow-switch starters.

73



DOD-HDBK-289(SH)
26 November 1986

3.6.3.4.5 Effect of voltage. The voltage of the fixture should be kept
well within the normal operating range for the ballast. Low voltage as well as
high voltage reduces efficiency and shortens life. This is in contrast with
filament lamps where low voltage reduces efficiency but prolongs life. Low
voltage on fluorescent lamps may also produce instability in the arc and cause
starting difficulty. On voltages above the specified range, the operating
current becomes excessive and may not only overheat the ballast but cause
premature end-blackening and early lamp failure. Voltages below the specified
range may lower the preheat current to a point where the electrodes fail to
emit their proper quota of electrons. Such a condition may cause the lamps to
flash on and off without starting. Under these conditions, if the lamps do
start, the emission material may waste away too rapidly, with consequent short-
ening of lamp life.

3.6.3.4.6 Effect of frequency. The current-limiting characteristics of a
ballast depend directly on the frequency of the power supply, and for this
reason ballasts must be used only at the frequency for which they were designed.
When operated at a frequency lower than the design frequency (for example, a
60-Hz ballast on a 50-Hz supply), the inductive reactance of a lag ballast is
reduced, and higher current flows through the lamp resulting in shorter lamp
life and an overheated ballast. At a frequency higher than the design frequency,
the lamp current is reduced resulting in shorter lamp life and lowered light
output. Operation of fluorescent lamps at higher frequencies (such as 400 Hz)
increases lamp efficiency and makes possible reduced ballast size, weight, and
wattage loss. Practical utilization of these advantages is dependent upon the
development of efficient and economical equipment to produce these frequencies.

3.6.3.5 Dc operation. Although the fluorescent lamp is basically an ac
lamp, it can be operated on dc with proper auxiliary equipment. The current
is controlled by an external resistance in series with the lamp (see figure 40).
Since there is no voltage peak, starting is more difficult and thermal switch
starters are required.

SH 964-40

FIGURE 40.  Typical  circuit for dc operation of fluorescent lamps.
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3.6.3.5.1 When a fluorescent lamp is operated in an ac circuit, an induc-
tive ballast limits current to the lamp without consuming an appreciable amount
of power. This is possible because of characteristics exhibited by inductance
in an ac circuit. However, the resistance ballast used for dc operation consumes
about the same amount of power as the lamp. Because of the greater voltage loss
in resistance, the overall lumens-per-watt efficiency of dc systems is about 60
percent of the ac system. Fluorescent lamps operated on dc have a tendency to
become dim at one end after several hours of operation. The dimming is a result
of continuous current flow in one direction , which eventually causes the mercury
to accumulate at the negative (cathode) end of the lamp. A line-reversing switch
is often used to reverse the electrode functions periodically (every few hours of
operation), thus overcoming the tendency to dim more at one end. Lamps operated
on dc may function for only 80 percent of their rated life. Because of these
limitations, dc operation of fluorescent lamps should be limited only to detail
illumination of berths, desks and offices.

3.6.3.6 Radio interference. The mercury arc in a fluorescent lamp emits
electro-magnetic radiation. This radiation may be picked up by nearby radios
causing an audible sound. Because of the frequencies generated by the fluores-
cent lamp, interference is ordinarily limited to the AM broadcast band and nearby
amateur and communication bands. The FM, television, and higher frequency bands
are very rarely affected.

3.6.3.6.1 Interference from fluorescent lamps can readily be identified
by tuning the set to a point where the interference is most pronounced, and
then turning off the lamps. If the noise persists, it is from some source
other than the lamps. Radiation from fluorescent lamps may reach the radio in
three ways: by direct radiation from the lamp to the radio aerial circuit, by
line radiation from the electric supply to the aerial circuit, and by line
feedback from the lamp through the power line to the radio. Most radio inter-
ference from preheat lamps is eliminated by the small condenser ordinarily
mounted in the starter-switch container. With rapid-start and instant-start
systems the condenser is mounted in the ballast.

3.6.3.6.2 Radiated interference may be eliminated by moving the radio
antenna farther from the lamp, 5 feet is usually sufficient. Where this is not
practical, shielding media, such as the installation of a copper strip across
the lamps as shown on figure 41 , and grounding of metal louvers in the clear
white shielded fluorescent lighting fixtures will suppress the noise below the
interference level, as shown on figure 42. Conducted interference may be
suppressed by radio-interference filters which are commercially available.
The simplest of these is a three-section delta-connected capacitor which is
grounded to the fixture and connected across the supply lines as they enter
the fixture, as close to the lamps as possible. A larger capacitor type filter
is also available for installations in laboratories, radio repair shops, and
other places where conditions are not favorable for good radio reception.
Figure 43 shows a typical filter circuit.

75



DOD-HDBK-289(SH)
26 November 1986

SH 964-41

FIGURE 41. Reduction of electromagnetic interference
of fluorescent lamps.

SH 964-42

FIGURE 42. Grounding metal louvers of fluorescent lamps.

76



DOD-HDBK-289(SH)
26 November 1986

SH 964-43

FIGURE 43. Typical radio interferencefilter used in
critical applications.

3.6.3.7 Dimming. The light output of some fluorescent lamps (rapid-start)
may be adjusted or dimmed by a number of special circuits. All of these circuits
incorporate one essential principle: the ballast must keep the cathodes of the
lamp energized at the proper voltage regardless of the amount the lamp may be
dimmed. Current passing through the lamp or lamps in the dimming system may be
controlled by a number of methods. The methods used include thyrations, silicon-
controlled rectifiers and other solid-state devices; also, variable inductors,
autotransformers, saturable core reactors, magnetic amplifiers, and so forth.

3.6.3.7.1 Dimming of the Navy standard lighting fixtures can be accomp-
lished by replacing the standard ballast with a dimmable type and by employing
a rheostat to control the voltage. The dimmable ballasts are considered special
equipments, weigh more and, because of their dimensions, must be separately
mounted from the lighting fixtures. This sytem was tried in the past and was
proven unreliable, therefore, it is no longer used.

3.6.3.7.2 Reduced illumination aboard ships is obtained by energizing a
selective number of lighting fixtures or lamps within a fixture. This is very
easily accomplished by proper wiring and switching arrangements.

3.6.3.8 Stroboscopic effect. When a fluorescent lamp is operated on ac,
the voltage passes through zero and reverses in direction twice for each cycle.
On 60-Hz power, this occurs 120 times per second. The light from the lamp
decreases momentarily each time the voltage reverses, but no telltale flicker
is visible since the eye does not respond to a frequency this high. However,
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an interesting phenomenon called stroboscopic effect (the tendency to see
moving objects in repetitive flashes at successive positions) may sometimes be
observed on rapidly moving or rotating objects. With the increased carry-over
of light of the phosphorescent qualities of the present coatings used in fluor-
escent lamps and the increased levels of illumination, there is no danger of
mistaking a rotating object as a stationary one. In an unusual combination of
circumstances where the stroboscopic effect might be a problem, the following
actions (listed in order of preference) can be taken:

(a) Use two or more adjacent lighting fixtures and connect them
to different phases of the lighting power supply.

(b) Use a two-lamp fixture and connect each lamp to a different
phase of the lighting power supply.

(c) Use a three-lamp fixture and connect each lamp to a different
phase of the lighting power supply.

3.6.4 High-intensity discharge (HID) lamps. HID lamps include the groups
of lamps commonly known as mercury, metal halide, and high pressure sodium
lamps. Their common characteristic is that they consist of gaseous discharge
arc tubes which, in the versions designed for lighting, operate at pressures
and current densities sufficient to generate desired quantities of radiation
within their arcs alone. While many variations occur in sizes, physical con-
figurations and arc materials, the high intensity arc is common to all types.

3.6.4.1 Mercury lamps. In mercury lamps, light is produced by the passage
of an electric current through mercury vapor. Mercury has a low vapor pressure
at room temperature and becomes even lower at cold temperatures; therefore, a
small amount of the more readily ionized argon gas is introduced to facilitate
starting. The original arc is struck through the ionization of this argon gas.
After the arc strikes, the heat slowly vaporizes the mercury until it is com-
pletely evaporated. The amount of mercury in the lamp essentially determines
the final operating pressure, which is usually 2 to 4 atmospheres in the majority
of lamps.

3.6.4.2 Metal halide lamps. Metal halide lamps (also called multi-vapor
lamps) are very similar in construction to the mercury lamps, the major dif-
ference being that the metal halide arc tube contains various metal halides
(thallium, iridium, scandium and dysprosium) in addition to mercury. When the
lamp has attained full operating temperature, the metal halides in the arc
tubes are partially vaporized. When the halide vapor approaches the high
temperature central core of the discharge, it is dissociated into the halogen
and the metal, with the metal radiating its appropriate spectrum. As the
halogen and metal move near the cooler arc tube wall, they recombine by diffu-
sion and convection and the cycle starts over again.

3.6.4.3 High pressure sodium lamps. In the high pressure sodium lamp,
light is produced by electricity passing through sodium vapor. This lamp is
constructed with two envelopes, the inner being of polycrystalline alumina
which has the properties of resistance to sodium attack at high temperatures as
well as a high melting point , and good light transmission (more than 90 percent)
even though this material is translucent. Presently, this lamp has the highest
light producing efficiency of any commercial source of white light.
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3.6.5 Short-arc lamps. High pressure gas discharge lamps having an arc
length which is small compared with the size of the electrodes are called short-
arc or compact-arc lamps. Depending on rated wattage and intended application,
the arc length of short-arc lamps may vary approximately 1/3 millimeter to
approximately 1 centimeter. These arcs have the highest brightness and radiance
of any continuously operating light source and they are primarily used in search
lights. Today, most short-arc lamp types are designed for dc operation. Better
arc stability and substantial longer life of the dc lamps have limited the use
of the ac compact-arc lamps to a few special applications. Short-arc mercury,
mercury-xenon, and xenon lamps are, during operation, under considerable pressure
(up to 50 atmospheres for small lamps and approximately 10 atmospheres for large
units) and therefore, must be operated in an enclosure at all times. Further,
precaution must be taken to insure protection from the powerful ultraviolet
radiation emitted from these lamps. In order to eliminate a possible hazard
during shipment, storage, or handling of xenon or mercury-xenon lamps, special
protective cases are provided. These cases are made of metal or plastic and
are so arranged around the bulb that the lamp can be electrically connected
without removing the case. The case should not be removed until immediately
before the lamp is put into operation.

3.6.5.1 Mercury and mercury-xenon lamps. To facilitate lamp starting,
short-arc mercury lamps contain argon or another rare gas at a pressure. In a
mercury lamp, the voltage becomes stable only after all the mercury is vaporized.
The vaporizing process is directly related to lamp warm-up time which starts
when the initial arc is struck. Mercury lamps generally require several minutes
to warm up to full operating pressure and light output. However, this warm-up
time can be reduced by approximately 50 percent if xenon at a pressure exceed-
ing 1 atmosphere is added to the mercury. Lamps with this type of filling are
known as mercury-xenon short-arc or compact-arc lamps.

3.6.5.2 Xenon lamps. Xenon short-arc lamps are filled with several
atmospheres of xenon gas. They reach some 80 percent of their final output
immediately after start. The arc color approximates daylight very closely
(color temperature approximately 6000 kelvins) with the spectrum continuous in
the visible.

3.6.6 Glow lamps. Glow lamps are electric-discharge light sources which
are used as indicator or pilot lights for various instruments, fuseholders and
on control panels. Since glow lamps have a relatively low light output, they
are used to indicate the energizing of circuits or the operation of electrical
gear in remote locations rather than for illumination. They are also useful in
identifying dc and ac. For these services the lamps offer the advantages of
small size, ruggedness, long life, negligible power consumption, and operation
in standard voltage circuits. The following are glow lamp operational charac-
teristics:

(a) Every glow lamp has two electrodes sealed in a glass bulb
which contains an inert gas. The color of the light produced
depends upon the gas used. Neon gas produces an orange-red
light, and argon produces a blue light.

(b) Aglow lamp must be operated in series with a current-limiting
device. This consists of a high resistance which in some glow
lamps is built into the base.
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(c) When a glow lamp is operated on dc, the glow surrounds only
the negative electrode; on ac, the glow surrounds both elec-
trodes. This characteristic makes it possible to use a glow
lamp as an indicator of dc and ac.

3.6.7 Low pressure sodium lamps. In low pressure sodium discharge lamps,
the arc is carried through vaporized sodium. The starting gas is neon with
small additions of argon, xenon, or helium. The starting time to full light
output is 7 to 15 minutes. When first started, the light output is the charac-
teristic red of the neon discharge and this gradually gives way to yellow as
the sodium is vaporized. The lamp is constructed with two envelopes, the inner
being the arc tube. The arc tube must be enclosed in a vacuum flask or in an
outer bulb at high vacuum in order to maintain an arc bulb wall temperature of
approximately 500°F which will provide efficiencies in excess of 170 lumens per
watt.

3.6.8 Luminous tape. Luminous tape is used on shipboard for darkened
ship conditions to mark passageways, ladders, hatchways, and so forth. The
material used is one which will emit visible light for an appreciable period
of time after it has been activated by exposure to white light. The light
emitted is faint, hence luminous tape is suitable only for applications where
low luminosity is sufficient and where the observer is dark-adapted to some
extent.

4. DETAIL DESIGN CONSIDERATIONS

4.1 Illumination levels. The quantitative requirement for good illumina-
tion varies greatly with the nature of the activity, and is primarily a function
of the difficulty of the visual task in terms of size of detail, brightness or
color contrast, and speed demanded. Other factors such as the length of time
for which the task is to be performed, the surrounding conditions, and the
physiological state of the eyes that have to do the work are also involved.
Without sufficient footcandles that give adequate illumination, no visual task
can be performed correctly, rapidly, safely or easily.

4.1.1 Evidence providing a sound basis for definite
tions is not easy to obtain. Much work in this field has
a period of many years, using various methods and various
performance.

footcandle recommenda-
been carried on over
criteria of visual

4.1.2 The study of lighting practices and seeing methods is a study of
variables: people do not all have the same ability to see, they have different
tolerances to discomfort and they perform seeing tasks that differ. Another
highly significant variable is the relation between the cost of light and its
value to the user. Because of variables such as these , many factors must be
weighed in arriving at specific footcandle levels of illumination.

4.1.3 Average initial minimum footcandle values for compartments are
given in table XII. The table is divided into two parts, general lighting and
detail lighting. The illumination specified is to be provided on the work
surface, whether this is horizontal, vertical, or oblique. Where there is no
definite work area, it is assumed that the illumination is measured on a
horizontal plane 30 inches above the deck. The values given are average initial
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footcandles provided by the illumination produced by
its peak, when lamps and fixtures are new. As lamps
and reflectors become dirty, the footcandles decline

a lighting installation at
darken with use and fixtures
and stabilize at approxi-

mately 70 percent of the initial value. (This footcandle is referred to as the
maintenance level, see 6.1.) The term “initial” refers to the initial condition
when lamps and fixtures are new and clean.

TABLE XII. Compartment illumination requirements - average
initial (minimum).

Func- General lighting requirements Detail lighting requirements
tional
group Footcandles Footcandles
no. Function group (note 1) Equipment or furniture (note 1)

1 Hangar and air control 14.0
and associated
spaces, except:
Flight deck crew 7.0
shelter

Flight crew ready Note 2 Status board Note 2
room

2 Living, and recreation 14.0 Berths Note 3
spaces, except: Mirror, flat Note 3
Staterooms 7.0 Mirror, toilet cases Note 3
Berthing areas 7.0 Mirror, washrooms Note 3
Recreation areas 28.0 Reading and writing areas 42.0
Library 28.0 Secretary-bureau Note 3

3 Food service and mess- 28.0 Food preparation counter 42.0
ing spaces Range tops 42.0

Serving lines 42.0

4 Damage control spaces 14.0 Diagram boards 28.0
except:
Repair stations 7.0
Unit patrol stations 7.0
Foam injection 7.0
stations

5 Communications, control 14.0 Desk, radio operators 28.0
and electronic equip- Workbench, electronic 42.0
ment spaces

See notes at end of table.
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TABLE XII. Compartment illumination requirements - average
initial (minimum). - Continued

Func- General lighting requirements Detail lighting requirements
tional
group Footcandles Footcandles
no. Function group (note 1) Equipment or furniture (note 1)

6 Machinery spaces 14.0 Gauge and control boards 21.0
except: Switchboards (except 21.0
Shaft alley 7.0 weapons control)
Bilges 7.0 Log desk 28.0
Machinery control and 21.0 Switchboards, weapons 28.0
operation station control

Machine tools Note 7
Water columns and sight Note 3
glasses

7 Ordnance spaces 14.0 Control rooms - operated
(enclosed) and weapons light:
control spaces except: Panels and instruments 28.0
Spaces fitted with (See 5.5) (bulkhead mounted)
BBB lighting Computers (requiring 28.0

Gunnery spaces, ammuni- 7.0 illumination)
tion handling spaces, Range keepers 28.0
and magazines, except: Stable elements 28.0
Armory 14.0 Control rooms - operated (See 5.5)
Ready service maga- 3.0 darkened
zinc

Ready service lockers 0.0

8 Flag spaces (except 14.0
galley)

9 Medical and dental 28.0
spaces, except:
Laboratories 42.0 Dental bracket table Note 4
Medical treatment room 42.0 Dental operating chair Note 3
Surgical dressing room 42.0 (dental vision)
Pharmacy 42.0 Dental prosthetic labora- Note 3
X-ray viewing and 42.0 tory unit
examination room Dental instrument cabinet 35.0
(dental) Medical training room and 28.0

Battle dressing Note 6 technical professional
stations library (reading posi-

tion)
Operating table Note 3

See notes at end of table.
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TABLE XII. Compartment illumination requirements - average
initial (minimum). - Continued

Func- General lighting requirements Detail lighting requirements
tional
group Footcandles Footcandles
no. Function group (note 1) Equipment or furniture (note 1)

10 Offices 28.0 Desks 42.0
Tables 42.0
Desk, typewriter 42.0
Teletypewriters 42.0

11 Control spaces not 7.0 Chart table (not in pilot 42.0
included in other house)
functional groups (for Chart table (in pilot Note 8
example: enclosed look- house)
out stations,
secondary-conning sta-
tion, pilot house)

Command and control spa- (See 5.5) CIC (See 5.5)
ces operated darkened

12 Workshops 28.0 Workbench, general 42.0
Workbench, fine work, 143.0
such as instrument cali- Note 9
bration and typewriter
repair, and so forth

Machine tools Note 7
Workbench, avionic shop 100.0

13 Storerooms 3.0 Issue counters 14.0
Dental storerooms 21.0 Bins and drawer areas 14.0
Issue rooms 14.0
Ship store 28.0

14 Utility spaces, except: 14.0 Sewing machines 28.0
Brig Note 5 Barber shop chair 42.0

Barber shop mirror and Note 3
shelf

Laundry press areas 28.0

15 Sanitary spaces, except: 14.0 Mirrors Note 3
Shower areas 3.0

See notes at end of table.
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TABLE XII. Compartment illuminatiOn requirement - average
initial (minimum). - Continued

Func- General lighting requirements Detail lighting requirements
tional
group Footcandles Footcandles
no. Function group (note 1) Equipment or furniture (note 1)

Misc. Moving stairways, pas- 7.0 Bulletin boards 14.0
sageways, companion- Elevator controls 7.0
ways, ladders, and
vestibules.
Scuttles, hoists, unat- 7.0
tended equipment
spaces, unassigned
spaces, escape trunks,
and cargo spaces.

Passageways (used as 21.0
medical waiting rooms).

Photographic spaces 7.0 Sink (photographic) 14.0
except:
Print shop 28.0

NOTES:
1. Illumination requirements apply to minimum average initial footcandles

of white lighting except as specifically indicated. Conversion of
illumination values into metric system (SI - System International) is
as follows (1 Footcandle = 10.76 Lux = 10.76 Metercandle (see

Footcandles Lux Footcandles Lux

2 21.5 21 226.0
3 32.3 28 301.3
4 43.0 35 376.6
7 75.3 42 451.9

14 150.6 143 1538.2

2. See method H-l-A of appendix B for illumination of flight crew
and status board.

3. Footcandle requirements for detail lighting are not specified.
illumination shall be that achieved by proper installation of
fied detail fixtures shown on Drawing 803-5184170 (see appendix B) or by
the fixture furnished with the equipment.

4. TWO fixtures, symbol 350, shall be installed side-by-side over the dental
bracket table.

5. Lighting shall be provided in brig spaces, as follows: in each solitary
cell - one psychiatric ward fixture, symbol 137; in detention cell,
sentry vestibule, and cell lobby - sufficient number of psychiatric ward
fixtures, symbol 137, to achieve 14.0 footcandles.

6. As specified for the area in which battle dressing station is located.

3.4)):

ready room

Amount of
the speci-
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NOTES: (Continued)
7. Illumination of machine tools shall be that achieved by the fixture

furnished with the machine or by proper installation of symbol 266.2.
8. Illumination of the chart table in the pilot house shall be by use of

symbols 141.2 or 150.2 with red filters symbol 121.1.
9. Detail illumination over the instrument calibration workbenches shall be

provided with lighting fixtures installed on the overhead.

4.1.4 Compared with the levels ordinarily encountered in nature (see
table XIII) and with those of shore installations, the footcandle values listed
in table XII are low. They are not low because low levels are satisfactory
for critical seeing, but because of the following limitations: space, weight,
cost and the constraints of shock and vibration requirements on the design of
lighting fixtures. These footcandle levels, however, are considered good
present-day practice and they closely agree with the levels recommended for
marine applications by the Illuminating Engineering Society.

TABLE XIII. Representative levels of illumination of natural sources.—

Source

Starlight
Moonlight
Daylight

At north window
In shade (outdoors)
Direct sunlight

4.2 Light and interior finishes.

Footcandles

0.0001
0.01

50-200
100-1000

5000-10,000

4.2.1 General. Light is an element of design which should be used not
only for visual comfort but also to achieve predetermined emotional responses
within the lighted environment. Light has certain characteristics that affect
the mood and atmosphere of the space, influencing the emotional responses of
the people who occupy the space.

4.2.1.1 People are emotionally responsive to their surroundings and color
is one of the chief characteristics of those surroundings. The colors at the
red end of the spectrum (reds, oranges, and yellows) are psychologically warm
and stimulating , while those at the blue end (blues, greens, and purples) create
impressions of coolness and repose.

4.2.1.2 Warm-colored surfaces appear to approach the observer; hence, a
room finished in warm tones seems smaller than it really is and conveys an
impression of coziness and intimacy. Conversely, cool colors appear to recede;
they can be used to create an impersonal atmosphere.

4.2.1.3 In planning a lighting system, the lighting system engineer must
concern himself not only with light sources but also with colors and reflectance
of interior finishes. The correct combination of colors and the ability of over-
heads, bulkheads, and decks to reflect a part of the incident light plays a vital
role in the function of a well designed lighting system.
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4.2.1.4 Cooperation between the interior designer and the lighting system
engineer becomes increasingly important as the design of lighting and interiors
gains in sophistication.

4.2.2 Lighting efficiency. In addition to light sources and lighting fix–
tures commonly used in compartment lighting, a large portion of the illumination
on work planes is provided by light which has been reflected one or more times
from overheads, bulkheads, and decks. As a result, the reflectance of the com-

partment surfaces greatly affects the overall efficiency of the compartment in
delivering light to the work. In general, the higher the reflectance, the higher
the utilization of light. In fact, a compartment in which all surfaces are flat
white would produce the highest possible light utilization. But judged from a
practical and psychological standpoint, this type of environment is seldom
desirable.

4.2.3 Studies of visual comfort point out clearly that extreme brightness
contrasts between the specific task and its immediate surroundings, and between
the task and the more remote parts of the environment can cause discomfort and
fatigue. The primary use of color in work spaces should be to improve conditions
for visual comfort by reducing sharp contrasts in the area immediately surround–
ing the task. This may be carried further into the general surroundings by
making sure, for instance, that overheads and bulkheads adjacent to ports and
windows have a reflectance of at least 60 percent. This may well mean that paint
used in such areas be of a lighter shade than that of the primary room color.
Distracting contrasting features should also be of a light color; but vertical
pillars which are liable to be a hazard may well be painted a color which will
call attention to them. Just as low contrasts may obscure unwanted detail,
vivid contrast may be used to call attention to items such as gears, moving
parts, dangerous cutting edges and levers and control buttons. For rooms in
which prolonged work is usually performed, the brightness pattern should be well
balanced. Control of the brightness pattern depends on the directional dis–
tribution of light and on the reflectance of room surfaces.

4.2.4 Reflectance of interior surfaces. The reflectance of overheads,
bulkheads, decks, and furnishings or machinery contribute significantly to the
general illumination level. For any specified level of illumination, a work-
place with highly reflecting surface requires a less intense light source than
one with low reflecting surfaces. A study to obtain a comfortable brightness
ratio (see 4.3.2.5) should include both the lighting fixtures (and their out-
puts) and the reflecting characteristics of overheads, bulkheads, decks and
furnishings. The reflection factors shown on figure 44 are representative
reflection factors which will provide desirable brightness ratios with the
footcandle levels specified in 4.1.
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SH 964-44

FIGURE 44. Recommended reflectance for interior finishes.

4.2.4.1 Undesirable glare (see 3.3.4) can be avoided by using diffuse or
matte surfaces (in other words, surfaces that scatter incident light without
glossy reflections) wherever possible and by using light hues on all surfaces
where interreflections from these surfaces will increase the amount of light
in obscured areas. Finishes that generally have low reflectance factors such
as wood, dark shades of gray, green, blue, red, and brown should not be used
on large surfaces; instead, pastels and light gray are recommended. some
representative reflection factors for matte surfaces are listed in table XIV.

For diffuse or matte surfaces:

Reflectance = Reflected light = Brightness (footlamberts)
Incident light Illumination (footcandles)
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TABLE XIV. Representative reflection factors for matte surfaces.—

Color or paint (matte) Reflected light (percent)

White 85
Yellow - light to medium 75 - 65
Buff 70 - 63
Gray - light to dark 75 - 30
Green - light to dark 65- 7
Blue - light to dark 55 - 8
Red - dark 13
Brown - dark 10

4.2.4.2 Polished surfaces (see figures 45 and 46) exhibit specular reflec-
tion, in other words, act as a mirror to reflect any source brightness. A plate
glass desk top, for example, will reflect the image of high brightness objects
such as overhead lighting fixtures. Specular reflectance can be a problem when
large areas, such as bulkheads and desk-as–bulkheads and desk tops, have polished
surfaces.

SH 964-45

FIGURE 45. Polished cabinet surfaces exhibiting specular reflection.
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SH 964-46

FIGURE 46. Light diffusing cabinet surfaces (light gray) preventing glare.

4.2.5 Effect of light on color. The color of the light source also influ-
ences the reflectance of the surfaces it lights. Since a colored surface does
not reflect all wavelengths of light energy equally, and because natural and
electric light sources have many different distributions of spectral energy, it
follows that colored surfaces will reflect more of the light emitted from some
sources than from others. The appearance of colored surfaces will change as a
result of the illumination level and spectral (color) quality of the light
source. Dissatisfaction with color schemes often stems from the fact that
colors are selected under high levels of daylight and later, when viewed under
the much lower levels of electric light, they appear dull and may even seem to
be of a different color. Low illumination levels cause a surface to take on a
grayish, less colorful appearance. Color variations may be caused by the
differences in color composition or quality of light of daylight and electric
light sources. The color of both light sources vary over a wide range; from
reddish or warm white to bluish or cool white. Both daylight and light from
fluorescent lamps contain higher proportions of blues and greens than are
present in the light from incandescent filament lamps. In the latter, the pro-
portion of yellow-red is greater. Where possible, the lighting conditions in
the area where the colors are selected should closely approximate those of the
area where the colors will be used.

4.2.5.1 In most examples of interior ship lighting, the differences
between light sources (fluorescent lamps, incandescent lamps and different
colored fluorescent lamps) are minimized by the type of interior finishes used
on the larger surfaces. These finishes are usually neutral in color, muted in
shade, or pastels, none of which produce sharp variations in reflectance. As
a result, the reflectance of a typical finished surface varies only slightly
with a change in the light source.
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4.2.6 Spaciousness. The pattern of brightness in a space, which is deter-
mined by the light distribution and room reflectance, also influences the
atmosphere or mood of the space. Generally, dark vertical and dark overhead
surfaces tend to create a sense of intimacy at low illumination levels. This
same pattern may look unduly enclosing and cheerless at a higher level of
illumination. Long narrow rooms may be made to look wide by using cool colors
at the ends. Horizontal breaks, especially in cool colors, will tend to reduce
the apparent height of a room. Conversely, if the upper part of the bulkhead
and the overhead are the same color, a feeling of spaciousness will be produced
in a room with a relatively low overhead. A room with a low overhead will
appear higher if it is brightly lighted; a high overhead will appear lower if
the major pattern of lighting is thrown downward leaving the overhead fairly
dark. Most of these effects are subjective but they have become accepted as
common practice and do provide good “rules of thumb”.

4.3 Design of lighting installations.

4.3.1 Essential elements in design. A marksman in a rifle match must
know what his target is, must have a rifle to shoot with, must know how to use
his rifle, and must be able to check his score. Similarly, the designer of a
lighting installation must:

(a) Know the requirements that must be met by the lighting system
he is to design.

(b) Know the equipment that he can use to provide the desired
result.

(c) Know the design procedures he must use to select and arrange
the equipment to produce the desired result.

(d) Be able to check the actual performance of the lighting
installation against the required performance. (This subject
is covered in section 6.)

4.3.2 Requirements. To determine the design requirements of a lighting
system, refer to the ship specifications for the following:

(a)
(b)
(c)
(d)
(e)
(f)

4.3.2.1
and emergency

Distribution system.
Type of illumination required.
Illumination levels.
Uniformity of illumination.
Brightness ratio.
Glare.

Distribution system. The distribution system includes normal
(or alternate) lighting.

4.3.2.1.1 Ship service lighting systems (surface ships). The ship service
lighting system must provide a distribution system for the ship service lighting
and 120-volt auxiliaries. This distribution system should be the most economical
one that provides maximum continuity of service and minimum vulnerability to
mechanical and battle damage.
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4.3.2.1.1.1 The ship service lighting system distribution is by radial
feeders from the ship service switchboards or load centers to local lighting
load center points. The load center points are determined through the use of
general requirements for “cube” distribution as outlined in section 331 of
NAVSEA S9AAO-AA-SPN-010/GEN-SPEC. The data in section 331 is used to determine
the number, size and configuration of the lighting cubes, number and size of
transformer banks, feeder circuit breaker sizes, and total lighting load for
power analysis purposes.

4.3.2.1.1.2 In order to determine the most economical method of distri-
bution, a study should be made of each feeder to determine whether a 450-volt
feeder with local transformers or a 120-volt feeder fed directly from the 120-
volt bus established by transformers at the switchboards will result in less
weight, space and cost. This is a function of electrical load and length of
feeder. In addition to the power required for supplying illumination, a sizable
amount of power from these same feeders is required to supply the 120-volt
auxiliaries. These auxiliaries include hotel loads, such as coffee makers,
drinking fountains, toasters, small tools, photographic auxiliaries, and so
forth.

4.3.2.1.2 Emergency (or alternate) lihting systems (surface ships}. An
emergency lighting system is installed on ships having an emergency power system.
If an emergency system is not installed , alternate supplies from another ship
service power source will be provided for service selected in accordance with
the basic principles applying to an emergency lighting system. In the following
discussion, the term ‘alternate” can be substituted for “emergency”. The emer-
gency lighting system must provide a suitable distribution system which, upon
failure of the ship service lighting system, will assure continuity of service
of the lighting system in vital spaces and of certain selected 120-volt vital
services. Vital spaces and services are defined in section 331b of NAVSEA
s9AA0-AA-SPN-0l0/GEN-sPEC.

4.3.2.1.2.1 The emergency lighting system consists of a selected group of
fixtures or a service that is fed from the emergency switchboard and fed through
an automatic bus transfer equipment. Normally the supply is from the ship
service distribution system with automatic transfer to the emergency system
only when the ship service supply is interrupted. Where generator capacity
permits, all the fixtures in a space requiring the emergency supply are fed
from this system, thereby obviating the need to duplicate control equipment.
However, if the additional load involved in energizing all fixtures in the
compartment or space causes serious complications in the emergency power and
lighting system, only the essential fixtures need be connected to the emergency
circuit. The emergency feeders are either 450-volt or 120-volt, based on the
same design principles as the ship service system.

4.3.2.1.2.2 In addition to the installed emergency power supply, all ships
are fitted with several sources of temporary, portable illumination for use in
extreme conditions of damage or during temporary power interruption. These
include: portable hand lanterns, relay lanterns which automatically turn on when
all power fails, storage battery powered lanterns (primarily for use by damage
control parties), and battery powered flashlights. The relay lantern consists
of a sealed beam lamp, two type BA-200/U batteries, and a relay enclosed in a
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molded yellow plastic housing. The relay for the lantern is connected to the
lighting power supply in the area where the lantern is installed so that, when
power fails, the lantern will automatically light from its batteries. The
portable hand lantern is similar in construction to the relay lantern except
it does not contain relay and must be manually operated. The damage control
floodlantern consists of an adjustable sealed beam lamp mounted on a carrying
case that contains four type BB-254/U rechargeable storage cells.

4.3.2.1.3 Lighting systems (submarines). Submarines will normally be
supplied with an ac and a dc ship service lighting system. The ac system pro-
vides for the normal illumination, which consists primarily of fluorescent
lighting fixtures, and the 120-volt auxiliaries. The dc system provides for
a limited number of 50-watt, 120-volt incandescent lighting fixtures installed
to produce a minimum of illumination in operating areas, manned spaces, and
access routes during periods when ac power is not available for the normal
lighting system.

4.3.2.1.3.1 The ac system is supplied through 450/120-volt, 3-phase
60-Hz transformer banks energized from the primary 450-volt power systems.
To insure continuity of illumination in all major compartments and operating
stations, the fixtures will be divided between feeders deriving power from
each of the two 450-volt systems. This will be accomplished by either pro-
viding port and starboard feeders supplied from their respective primary power
systems or by an automatic bus transfer capable of transferring the lighting
transformer to either of the two 450-volt systems.

4.3.2.1.3.2 The number and location of load centers and transformer banks
are chosen to keep the amount of cable to a minimum. The feeder and mains will
be 3-phase, with single-phase loads divided as evenly as practical between the
three phases.

4.3.2.1.3.3 The dc lighting system is supplied from the ship’s battery,
connected to the battery side of quick opening disconnects and protected by a
fused switch, symbol 2470. Feeders usually have relays that will automatically
energize the dc lighting when ac power is not available for the normal lighting.
The relay contacts shall be in the circuit of one conductor of the dc feeder.
The relay coil shall be energized from the associated 120-volt, 60-Hz bus.
The relay contacts shall have ample ampere rating at 500 volts and the coil
shall operate at 120-volt 60-Hz. A means of deenergizing the relay coil shall
be provided for test purposes. Lighting circuits shall consist of three 50-watt
incandescent lighting fixtures, symbol 92.2, 64.1 or 65, connected in series
and shall be supplied from fused distribution panels in each major compartment.
The number of such circuits to be installed in each section shall be determined
by the minimum illumination required for continuous safe operation of the
ship. However, special attention shall be given to all control and operating
stations, and especially the maneuvering area. Watertight fixtures shall be
installed in the battery, machinery, and reactor spaces. A submersible fixture,
symbol 174.2 (with a 50-watt, 120-volt lamp, MS15586-2), shall be provided in
the access and escape trunks. Nonwatertight fixtures are satisfactory for
other spaces. The dc lighting fixtures located in areas having red illumination
shall be red or provided with red filters. Portable lanterns are installed in
areas not served by the dc lighting system.
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4.3.2.2 Type of illumination required. Types of illumination that would
be required for different occasions are defined as follows:

(a) General illumination. The white illumination provided from
all lighting fixtures on the overhead and bulkheads except
detail-lighting fixtures.

(b) Detail illumination. The illumination provided for specific
seeing tasks, such as provided by lights on desks, log desks,
berths, and machine tools.

(c) Special illumination. The illumination provided by miscel-
laneous fixtures for purposes other than covered by general
and detail illumination.

(d) Red illumination. The low intensity red illumination provided
for standing lights in berthing areas, minimum interference
with dark-adapted vision, and certain special applications
involving darkened ship operation.

(e) Broad band blue (BBB) illumination. The illumination provided
in spaces normally operated darkened, such as in the Combat
Information Center and similar command and control spaces
containing cathode ray tube display consoles.

(f) Emergency illumination. The illumination provided from
“emergency illumination” designated lighting systems. Many
lighting fixtures are provided with power only from the ships
service lighting systems. Others are normally provided with
power from the ships service system and are automatically
connected to the emergency power supply when the ships service
power supply fails. Emergency lighting is provided for all
spaces and inboard watch stations where, because of functional
requirements, continuous illumination is essential and where
personnel are expected to remain on duty.

4.3.2.3 Illumination levels. Illumination levels for lighting systems are
generally specified in the ship specifications. If they are not specified, 4.1
shall be used

(a)

(b)

as a guide. The following criteria apply:

Average. Since the illumination produced by a lighting instal-
lation is not uniform, illumination requirements are specified
in terms of an average value. The procedure for determining
the average illumination from photometric measurements on a
completed installation is described in section 5. The designer
should choose the number of fixtures and locate them such that
the average value measured in the photometric survey (after
the installation is complete) meets the specified illumination
requirements.

Initial. The illumination produced by a lighting installation
is at its peak when lamps and fixtures are new. Thereafter,
the illumination declines gradually as lamps darken with use
and fixtures and reflectors become dirty. The term “initial”
refers to peak illumination which occurs when lamps and fix-
tures are new and clean.
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(c) Average initial footcandles. Illumination requirements are
given in terms of average initial footcandles.

(d) Where located. The average initial footcandles for general
illumination specify the required average initial footcandles
on a horizontal plane 30 inches above the deck.

(e) Tolerance. The average initial footcandle illumination speci-
fied shall be considered the minimum acceptable illumination.
A minus tolerance in these values will not be permitted except
in special cases, as approved by the supervisor.

(f) Use of compartment. Where a compartment serves two or more
functions, the level of illumination provided shall be for
the primary function of the compartment. Higher levels of
illumination, when required by a secondary function, shall
be provided only in those specific areas requiring the higher
level of illumination.

4.3.2.4 Uniformity of illumination. In fulfilling illumination require-
ments, the ratio of maximum footcandles under a lighting fixture to the minimum
footcandles between it and the nearest adjacent fixture shall be not greater
than two to one. For the best results, the ratio should be close to unity, thus
providing level of illumination at the working level that will be substantially
uniform. If the number of fixtures provide a ratio greater than two to one,
additional lighting fixtures shall be installed, or the installed fixtures
shall be rearranged, subject to specific approval of the supervisor, to obtain
this ratio. Uniformity of illumination is particularly desired in offices,
shops, and electronic spaces. In arranging fixtures to provide a uniform level
of illumination, they shall be spaced to provide maximum illumination on working
surfaces. Spacing between lighting fixtures and bulkheads shall provide sub-
stantially uniform illumination without spotty light distribution, dark areas,
or dark corners on shelves, racks or vertical surfaces. In general, spacing
between lighting fixture and bulkhead shall be one–half or less the spacing
between fixtures. Figure 47 illustrates the variation of illumination uniformity
as a function of fixture mounting height and fixture separation.
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SH 964-47

FIGURE 47. Illumination uniformity as a function of fixture mounting
height and separation.
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4.3.2.5 Brightness ratio. To minimize eye fatigue, excessive brightness
contrasts between seeing tasks and the background immediately surrounding such
tasks shall be avoided, particularly in compartments such as in offices, chart-
room, or control spaces where continuous visual tasks are performed. A bright-
ness contrast ratio of unity is desirable and a ratio of three to one is good
between a task and adjacent surroundings such as a written paper and a desk
top. The brightness contrast shall be not greater than ten to one (or be less
than one to ten) between a task and remote surroundings (written paper and
opposite bulkhead) (see figure 48). Fixtures shall be selected and installed
accordingly. Additional information pertaining to brightness ratios is provided
in 3.3.5. A study to determine a comfortable brightness ratio should consider
more than just the lighting fixtures. Other items to be included are reflecting
characteristics of overheads, bulkheads, decks and furnishings and the illumi-
nation on them. Representative reflection factors specified in 4.2 will provide
desirable brightness ratios with the footcandle levels specified in 4.1.

SH 964-48

FIGURE 48. Brightness contrast ratios.
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4.3.2.6 Glare. Excessive glare conditions in the normal field of view,
as shown on figure 49, shall be avoided. In compartments where close visual
tasks are performed, or where visual tasks are performed for long periods, the
lighting fixtures shall be of the clear prismatic lens or the clear white
shielded type. It should be noted that the installation of blue lights is not
considered a glare reduction technique. See 4.5 for an explanation of the use
of blue lights. The lighting fixtures shall be located to eliminate glare
sources from the normal field of vision. Additional information is provided in
3.3.4, and sheets G-3 and G-4 of Drawing 803-5184170 (see appendix B).

SH 964-49

FIGURE 49. Glare conditions.
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4.3.3 Selection of equipment.

4.3.3.1 Distribution and control. Distribution and control equipment of
Navy standard types listed in NAVSEA S0300-AT-GTP–010/ESL shall be selected
unless considerations justify development of special types. A partial equipment
list is provided on Drawing 803-5184170, sheet J-6 (see appendix B).

4.3.3.2 Lighting fixtures. Navy lighting fixtures are designed to provide
satisfactory illumination , optimum operational economy, maximum continuity of
service, and minimum vulnerability to mechanical and battle damage. They are
identified by symbol numbers in NAVSEA S0300-AT-GTP-010/ESL. Symbol numbers
are a shorthand means of identifying electrical equipment on lighting deck
drawings. Photometric data are provided in appendix A.

4.3.3.2.1 Lighting fixtures installed in compartments and spaces shall
be of sufficient number and located such to provide the initial average foot-
candle values of general illumination specified in the ships specifications.
Lighting fixtures shall be installed in accordance with the following (see
notes 1 through 6):

(a) Fluorescent fixtures shall be installed throughout the ship
except where incandescent fixtures are required.

(b) Incandescent fixtures shall be installed in refrigerated
spaces, in spaces where the ambient temperature exceeds 75
degrees Celsius (°C), in weather deck areas and in confined
spaces where fluorescent fixtures cannot be installed because
of their physical size.

NOTES:
1. In submarines, fluorescent fixtures with clear and white prismatic windows

shall be installed in offices, living, messing and recreational spaces.
2. Fluorescent fixtures, symbols 74 and 75, shall be used in high bay spaces

(such as hangar space or tank spaces on landing ships).
3. General overhead lighting fixtures shall have lenses or globes in all

spaces having pressurized oil systems, with valves, flanges, or couplings,
and also in storerooms where adjustable metal battens are used.

4. Standard Navy fluorescent lighting fixtures for overhead general illumina-
tion in spaces provided with suspended ceilings shall be symbols 348, 349
or 350.

5. In areas where the general lighting fixtures cause specular reflections
on the glass faces of meters, gauges or dials, shielding shall be provided.
Suggested methods are provided in Drawing 803-5184170, sheets G-3 and G-4
(see appendix B).

6. Where minimum electromagnetic interference is required, fluorescent light-
ing fixtures may be modified as specified in 3.6.4.6. Symbol 75, modified
by providing a clear window in lieu of red, and white louvers in lieu of
black may be used.

7. Explosion proof lighting fixtures shall be installed in potentially explo-
sive atmospheres as specified in section 300 of NAVSEA S9AAO-AA-SPN-010/
GEN-SPEC.
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4.3.4 Design procedures.

4.3.4.1 Distribution system.

4.3.4.1.1 Distribution and control. The design of the lighting distribu-
tion system is covered in the detail specifications for each ship and on the
elementary diagrams included in the contract guidance drawings. These speci-
fications and diagrams provide the guidance for the shipbuilder in the develop-
ment of his working drawings, thus insuring the design to be in accordance with
NAVSEA requirements. The lighting distribution system consists of feeders from
ships service emergency switchboards, or load centers to distribution panels or
feeder distribution fuse boxes located at central distribution points. From
these central distribution points, power is distributed to local lighting
circuits. The following design procedures are recommended:

(a) Obtain a complete set of the general arrangement drawings for
the ship in order to become familiar with the layout and com-
partmentation of the ship.

(b) Determine the type of distribution system required.
(c) Determine what spaces and services should receive ships service

or emergency power.
(d) Determine the requirements for general and detail switching

and control.
(e) Divide the ship into cubes or zones and centrally locate the

distribution panels to provide the distribution system desired.

4.3.4.1.2 Installation of equipment. Methods of supporting cables, panels,
switches and appliances shall be as shown on Drawing 803-5001027.

4.3.4.1.3 Load balance. Single phase circuits on 3-phase systems shall
be connected to approach a balance of the 3-phase circuits for each compartment
(where the load is large enough to warrant) or a group of compartments (such
as staterooms) requiring the same type of service. Such a balance shall be
made on the basis of the expected normal use of the lighting fixtures and
appliances serving such spaces. An unbalance between phases at the load side
of 3-phase transformer banks shall be minimized.

4.3.4.1.4 Ground detector lamps. Ground detector lamps shall be installed
on all electrically isolated 120-volt lighting distribution points; except that
the lamps are not required on the secondary side of transformers for the isolated
receptacle circuits. The ground detectors shall be installed at the initial
point of distribution.

4.3.4.1.5 Circuit wiring. In determining the number of lighting fixtures
to be installed on each circuit, the saving of weight or cost of cable or wiring
equipment will be considered together with the following factors:

(a) Allowable voltage drop.
(b) Control features required.
(c) Current capacity of cable.
(d) Rating of local switches.
(e) Rating of fuses or circuit breakers in branch circuits.
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4.3.4.1.5.1 At least two single phase circuits separately protected and
supplied from branches emanating from each of the two (port and starboard)
lighting feeders, or two separately protected 3–phase circuits shall be provided
to supply fixtures in the following locations:

(a) Any compartment which is manned for the purpose of operation
or navigation, or during military functioning of the ship
(general quarters).

(b) Any large space in which personnel may be grouped for an
extended period of time (living space, messing spaces, library,
shops, and so forth).

A branch circuit for emergency or detail lighting fixtures shall be considered
one of the two required circuits. Fixtures in spaces not falling into the cate-
gories listed may be grouped on a circuit that serves an adjacent space, provided
the following conditions exist:

(a) The space does not contain unattended machinery with exposed
moving parts.

(b) The spaces are on the same level and in the same watertight
subdivision.

(c) An adjacent space on the same lighting circuit need not be
traversed for exit to a passageway or an area having two
sources of power to lighting fixtures.

4.3.4.1.5.2 Small appliances, refrigerators, drinking fountains, coffee
makers, permanently mounted detail lighting fixtures, and bracket fans shall be ._
permanently connected to the ship’s lighting system.

4.3.4.1.5.3 Vital spaces and services shall be connected to the emergency
system as required by section 331b of NAVSEA S9AAO-AA-SPN-010/GEN-SPEC.

4.3.4.1.6 Spare capacity. Distribution wiring boxes shall be the nearest
standard size box suitable; no provision shall be made for spare circuits in
such boxes. Distribution panels shall be provided with spare circuit breakers
as required by section 320 of NAVSEA S9AAO-AA-SPN-010/GEN-SPEC.

4.3.4.1.7 System protection. DDS 311-3 shall be used as guidance in
selecting and determining the ratings of protective devices. The protection
requirement of table V of section 303 of NAVSEA S9AA0-AA-SPN-010/GEN-SPEC
shall apply to the system.

4.3.4.1.8 Equipment enclosures and protection. Equipment enclosures and
protection shall be in accordance with section 320 of NAVSEA S9AA0-AA-SPN-010/
GEN-SPEC.

4.3.4.1.9 Cable marking. Cable tags and nameplates shall be identified
in accordance with section 305 of NAVSEA S9AAO-AA-SPN-010/GEN-SPEC.
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4.3.4.1.10 Power analysis.

4.3.4.1.10.1 Load approximation. At the early stage of ship design, the
lighting system engineer will be required to provide approximate lighting loads
for a preliminary power analysis to demonstrate adequacy of the generator
installation. The system loads can be divided into four categories as follows:

(a) Lighting fixture load. Obtained by summarizing requirements
for lighting fixtures to be used to provide the initial foot-
candle values of general illumination.

(b) Receptacle circuit load. Obtained by summarizing requirements
for workshops, electronic test equipment, office machines,
sanitary and living spaces, and general purpose.

(c) Small appliance load. Obtained by summarizing requirements for
commissary, living, workshop, sanitary and utility spaces.

(d) Miscellaneous system loads. Obtained by summarizing require-
ments for isolated interior communication 120-volt loads and
loads for other systems.

Data for load calculation for categories (b), (c), and (d) shall be those of the
connected loads. Calculations of the general illumination load may be accom-
plished by using a simplified method referred to as “watts-per-square-foot”.
This method is explained as follows:

(a) The first step is to correlate the total power (watts) required
to operate a lighting fixture to its light output (lumens).
Illumination in footcandles, by definition, is lumens per
square foot of an illuminated area. The term lumens per square
foot can then be substituted by watts per square foot since
they are directly related (in other words, it takes a certain
amount of power for a given light output of a particular
lighting fixture). Thus, a graph of watts per square foot
versus footcandles of illumination can be plotted, as shown
on figure 50, to provide an indication of the expected load
for a specific illumination level. The data are only approxi-
mate and are based on the typical problem of figure 27. For
more accurate results, data for specific lighting fixtures and
for specific sized compartments and reflectance should be used
and should be verified by photometric surveys. A prediction
of this nature is only a very rough approximation, useful only
in estimating early load requirements and should never be
substituted for actual load calculations.

4.3.4.1.10.2 Load calculations. In determining the power to operate a
lighting fixture, the total power, including component and power factor losses,
shall be considered. Table XV provides the power requirements for the most
common fluorescent lamps used apparent power is also stated as volt amperes).
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TABLE XV. Fluorescent lamp power requirements.

(Quantity)
Lamp description

(1) F8T5
(1) F15T8
(1) F20T12
(3) F48T12/CW/HO/HT
(3) F48T2/SR/HO/HT

Line
voltage

115
115
115
115
115

Line
current
amperes

0.170
0.400
0.380
1.700
1.700

Power
factor

(percent)

55
55
55
97
97

Watts

Lamp Ballast Active

8.0 3.0 11.0
19.0 7.0 26.0
20.0 5.0 25.0
180.0 15.0 195.0
180.0 15.0 195.0

Volt-ampere

Apparent

20.0
47.3
45.0
200.0
200.0

The total power in a circuit with only resistive loads, such as filament lamps,
may be expressed by the fundamental equation:

Total watts (rated wattage of lamp) = volts x amperes

In such circuits the total watts are active in doing useful work; that is, in
heating the filament to incandescence. Electric discharge lamps such as fluores-
cent lamps require ballasts to limit the current and to provide the necessary
starting voltage. Since these ballasts are not pure resistive loads, some of
the current flowing in the circuit is not effective in the operation of the
ballast or in the production of light. In these circuits the total watts as
seen by the generator may be expressed as:

Volt-ampere = Total watts (active power)
(apparent power) Power factor

Thus, the total power in a circuit is equal to the total number of lamps multi-
plied by their apparent power.
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From the typical example of Figure 27, it can be seen that 12 lighting fixtures, Symbol 77.4, provide 31.1 f. c. of
illumination for a room 30 feet long and 14 feet wide.

Converting into watts/ft2:

12 Fixtures X 2 Lamps per Fixture X 45.0 Watts per Lamp
30 Feet X 14 Feet

= 2.57       

Thus, 2.57 watts/ft2 provide 31.1 f. c. of illumination for the conditions of figure 27. Curve A can thus be plolted.
It should be noted that curve A applies only to Symbol 77.4 Installed at a mounting height of 7 feet in an empty room
having overhead, bulkhead, and deck reflectance of 70, 50, and 30 percent, respectively.

Actual shipboard installations, however, differ from the ideal installation of figure 27 and higher watts/ft2 must
be used to account for illumination losses due to obstructions, lower reflectance, asymmetrical location of lighting
fixtures, higher mounting heights, etc. Curves B and C are average curves representing typical shipboard installa-
tions and are recommended for preliminary load approximations.

SH 964-50

FIGURE 50. Watts per square foot versus footcandles of illumination.
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4.3.4.1.10.3 Voltage drop calculations.

4.3.4.1.10.3.1 General. Application, selection, and installation of
electric cables should be in accordance with section 304 of NAVSEA S9AA0-AA-SPN-
010/GEN-SPEC. Voltage drop calculations should be in accordance with DDS 304-1.
In support of the above documents, information presented hereafter is in an
analytical form to aid the lighting system engineer in making voltage drop cal-
culations for selection of cables.

4.3.4.1.10.3.2 Definitions. The following definitions are applicable:

(a) Demand factor. The ratio of the maximum load, averaged for a
period of 15 minutes, to the total connected load on the cable.

(b) Percent voltage drop. The difference in voltage between any two
points in a circuit expressed as percentage of the rated voltage
at the power source (switchboard bus or transformer secondary).

(c) Total connected load current. The sum of the identification
plate of rated currents of all connected loads and the specified
spare current allowance.

(d) Resultant load current. The product of the total connected load
current and an approved demand factor application to the total
connected load.

4.3.4.1.10.3.3 Resultant load current. The resultant load current shall
be determined by the following:

(a) Branches. Vector sum of rated connected loads.
(b) Submains. Highest line current obtained from the vector sum of

all branch circuit connected loads.
(c) Mains. Vector sum of connected load currents of all connected

submains.
(d) Feeders. Product of feeder demand factor and vector sum of the

3-phase resultant load currents of all connected mains.
The demand factor shall be not less than that obtained from
figure 52 (see 4.3.4.1.10.3.6).

4.3.4.1.10.3.4 Allowable voltage drop. The size of cables shall be such
that the voltage drop at loads in the most remote branch, when calculated using
a copper resistivity of 12 ohms per circular-roil-foot, will not exceed the
following:

Ship service Emergency
lighting circuits lighting circuits

ac - 6 percent ac - 12 percent
dc - 8 percent dc – 15 percent

The foregoing maximum values of the voltage drop for ac lighting circuits shall
be exclusive of transformer regulation. The voltage drop for a cable feeding
a distribution point supplying two or more high intensity searchlights, and
possibly other loads, shall be based on the requirements of one searchlight
having a starting current of 45 amperes at a power factor of 0.15 and a steady
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state current of 18 amperes at a power factor of 0.85 for the other search-
lights. The size of the cable supplying each individual high intensity search-
light from the distribution point shall be such that the voltage drop at the
input to the ballast will not exceed 5 percent during starting. Voltage drop,
rather than current carrying capacity, shall be the basis for determining cable
size. Voltage drop calculations shall be based on the total connected load.

4.3.4.1.10.3.5 Acceptable method. The following acceptable methods for
calculating voltage drops take into consideration the power factors and the
unbalance in loading; thus, they embrace all possible situations which may
arise on ac circuits of the lighting system. DDS 304-2 contains the derivation
of the formulas used. The following is a definition of the symbols used:

E

v
L
z
e
I (x)
D%

a

(a)

Magnitude of source voltage , nominal transformer secondary
voltage.

Terminal voltage or load voltage.
Length of cable in feet.
Cable impedance in ohms per thousand feet.
Load power factor angle.
Resultant load current in one leg of the circuit, in amperes.
Total voltage drop, expressed as a percent of the rated
voltage, E.

Angle between current vector and its applied voltage vector.

Single phase branch voltage drop calculations. The total con-
nected load current, used in calculating the voltage drops on
the single phase lighting branch circuits is the scalar magni-
tude of the current and is obtained by adding, vectorially,
the load currents of the equipments on the branch.

(1)

(2)

First, obtain the magnitude of the full connected load
current and its angle (power factor angle,     with respect
to the assumed applied voltage. This is done by adding,
vectorially, the load currents of equipments on the branch
and converting the answer to polar form. The final answer
is the magnitude of current and its angle with respect to
an assumed applied voltage of 115 volts at zero degrees.
Applying this information, the voltage drop can be obtained
from the following:

D% = 2 L I Z cosa
E

Equation 29

z
To simplify the equation, the expression 100 E cos   has
already been calculated for the various cable sizes and
power factor angles       . This expression is called the
drop factor and can be obtained from table 5 of DDS 304-1
once the proper cable size and power factor angle are
known. Once the drop factor magnitude of current and
conductor length are known, the following equation can be
used to determine the voltage drop:

D% = 2x L x I x drop factor Equation 30
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(b) 3-phase cable voltage drop calculations (see figure 51)
graphically portray the notations used hereafter.

(1) Voltage drop for a 3-phase cable that joins with single
phase cables.

Step 1. Obtain the tOtal phase currents IAB, IBC and ICA,
by vectorially summing the load currents of each branch,
connected across their respective phases, at the point of
junction with the 3-phase cable. Refer these currents
to their respective assumed applied voltages as follows:

Step 2.
obtain

V AB 

= 115 _ volts Equation 31
V BC 

= 115 / -120° volts Equation 32
VCA 

= 115 / +120 VOltS Equation 33

Taking the phase currents in rectangular form,
the line currents by subtracting the phase currents

vectorially in the following order: - -

I A = IA B- Ic A Equation 34
I B = IB C- IA B Equation 35
I C = IC A- IB C Equation 36

It should be noted that 1A, IB and Ic are the actual cur-
rents flowing in the conductors; and thus, the current
carrying capacity of the cable used (see DDS 304-2)
should be checked against those currents to insure that
it is of adequate size to carry the current of the
largest magnitude.

SH 964-51

FIGURE 51. Voltage and current relationships in a 3-phase ac circuit.
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Step 3. Taking the line currents in rectangular form, sub-
tract them vectorially, in the proper sequence, to obtain
the values for the 3-phase voltage drop calculation. The
magnitudes of these currents will be designated in the
voltage drop equation as " I(X)" and will represent the
following, depending on which voltage drop (VAB, VBC, or
VCA) is desired:

Equation 37
I ( X ) B C  

= I B 

- I C
Equation 38

I ( x ) c A  

= I C 

- 1 A
Equation 39

Step 4. After the current "I(x)" has been found, its angle
with respect to the associated applied voltage (angle a)
must be found. This angle is measured between the current
vector and its applied voltage vector. The angle “a” is
assigned a negative sign when the current vector angle is
smaller than the voltage vector angle (which is measured
in a counter-clockwise direction from the voltage reference
vector angle (VAB) at zero degrees). The angle "a" is
assigned a positive sign when it is larger than the voltage
vector angle (measured as previously described).

Step 5. Given the magnitude of I(x) and the angle “a”, the
drop factor can be obtained from table 5 of DDS 304-1 and
the voltage drop, in percent, can be computed from the fol-
lowing equation:

D% = I(x) x L x drop factor Equation 40

(2) Voltage drop for a 3-phase cable that joins with other
3-phase cables.

Step 10 Taking the line currents for each individual
section of a 3-phase cable, add them vectorially to
obtain the total line current.

Step 2. After obtaining the total line currents, follow
the step-by-step procedures for a 3-phase cable that
joins with single phase cables to obtain the voltage drop
for a 3-phase cable.

(c) Total voltage drop. The total voltage drop is obtained by summing
the voltage drops in the phase of the feeder that has the great-
est overall drop.
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4.3.4.1.10.3.6 Example of voltage drop calculations.

(a) Problem: Find the voltage drops for the various sections of the
feeder, 1 SB-1L-(3-57-2), shown on Drawing 803-5184170, sheet
J-5 (see appendix B). The actual voltage drop from the switch-
board to the lighting load center is approximately 0.35 percent
for all phases.

(b) Solution of problem:

Step 1. Obtain the total current in each phase by summing all
loads using the same or similar procedures shown for branch
circuit B3, phase AB on Drawing 803-5184170, sheet J-5 (see
appendix B). Thus, to find the current in main B:

Magnitude
Branch Phase of current

B3 AB 5.83
B1 BC 6.2
B2 CA 4.66
B4 CA 5.11

Total for phase CA 9.77

The power factor angle for all branches is the angle whose cosine
is 0.55 (trigonometrically, cOS-l 0.55 = 56.60). To obtain the
magnitude of current and power factor angle of the total connected
load when there is a mixture of incandescent and fluorescent lamps   
or fluorescent lamps of different power factors, find the total
current of each group of lamps, add vectorially, and convert the
answer to polar form.

Step 2. Refer the phase currents to their respective voltages:

I A B = 5.83/0-56.6° = 5.83 /-56.6°

IBC = 6.2 /-120-56.6° = 6.2 [-176.6°

1 C A
= 9.77 /120-56.6° = 9.77 /63.4°

(Note that all loads are inductive; therefore, the currents lag
the voltages by the power factor angle).

Step 3. Change the phase currents from polar to rectangular form:

IAB = 5.83 cos (-56.6°) + j5.83sin (-56.6°) = 3.21 - j4.87

I B C
= 6.2 cos (-176.6°) + j6.2sin (-176.6°)= -6.18 - j0.367

I C A = 9.77 cos (+63.4°) + j9.77sin (+63.4) = 4.37 + j8.73
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Step 4. Subtract the phase currents to obtain the line currents
of the mains:

I A = I AB
- ICA = (3.21-j4.87) - (4.37 + j8.73) = 1.16-j13.6

IB = IBC - IAB = (-6.18-j0.37) - (3.21-j4.87) = -9.39+j4.5
I c = ICA - IBC = (4.37 +j8.73) - (-6.18 -jO.37) = 10.55+j9.l

Step 5. Obtain the magnitude of the maximum line current of the
mains (used as a check to insure the cable installed is of
adequate current carrying capacity; the original determination
of cable size was based on voltage drop). From observation of
the line currents in rectangular form, current Ic will have the
largest magnitude. Its magnitude will be:

I R 

= 10.62 + 9.12 = 13.9 amperes

The cable size shall carry at least 13.9 amperes in accordance
with DDS 304–2.

Step 6. Obtain the line currents in the feeder by summing the
line currents to the mains vectorially, thus:

Main No. I A IB Ic

1 1.6-j 10.6 -10.7+j4.5 9.1+j6.1
2 -1.2-j 13.6 -9.4+j4.5 10.6+j9.l
3 13.5-j 13.8 -18.0-j3.4 4.5+j17.2
4 15.O-jO.O -15.O-jO.O O.O+jO.O

Total feeder 28.9-j38.O -53.l+j5.6 24.2+j32.4
currents

Step 7. Obtain the magnitude of maximum line current of the
feeder. The maximum line current is in phase B; its magnitude
is:

I B 

= 53.12 + 5.62 = 53.4 amperes

The resultant current for the feeder cable is the magnitude of
maximum line current times the demand factor. The demand factor,
taken from figure 52, is 0.89 for this magnitude of current.
Hence, the resultant current for this cable is 53.4 x 0.89 = 47.6
amperes. The resultant current establishes the minimum current
carrying capacity of the feeder cable in accordance with DDS
304-2. (As explained in step 5, this is used as a check since
the cable size is usually determined by the voltage drop.)
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Step 8. Subtract, vectorially, the feeder line currents to obtain
the currents “I(X)” for the voltage drop equations:

I(x)AB = IA - IB = (28.9-j38) - (-53.l+j5.6) =
82-j43.6 = 92.9 /-28°

I ( X ) B C  

= I B
- Ic = (-53.l+j5.6) - (24.2+j32.4) =

-77.3-j26.8 = 81.8 /199.1°

I(x)cA = Ic - IA = (24.2+J32.4) = (28.9-j38) -
-4.7+j70.4 = 70.5 /93.8”

Step 9. Find the angles “a” for the voltage drop equations:

 AB =/ of VAB
- \—of I(X)AB = /360°-3320 = -28°—

 BC = /-of VBC -   of I

(

X)BC = /240°-199.10 = -40.9°

  CA =     of VCA -     of I(X)CA =            -93.8° . 26.2°

(Note: All angles (a) were assigned negative signs since the
current angles were smaller than their corresponding voltage
angles when measured in a counter-clockwise direction.)

Step 10. Calculate the voltage drops for the feeder cable. The
allowable voltage drop for the feeder is: 100 feet (cable
length)/250 feet (average overall cable length) x (6.0 percent
allowable voltage drop - 0.35 percent switchboard drop to
lighting load center) = 2.26 percent. Note that the average
overall length (AOL) of any section of a circuit is computed as
the arithmetical average of the length, in feet, from the
beginning of the section to the end of the branch circuits con-
nected to the section. For more information see Drawing
803-5184170, sheet J-5 (see appendix B). Given the length of
the feeder, the currents “I(X)” and the angles “a”, the drop
factors can be obtained from table 5 of DDS 304-1 and the voltage
drops computed using equation 40. (Note: For feeder cables,
the current, I(x), must be multiplied by the demand factor before
using it in the voltage drop equation 40. Interpolate for angle a
if not given in table 5 of DDS 304-1.) Thus, D% = I(x) X L X
D. F. and:

D %AB = (92.9 x 0.89) X 100 X 29 X 10-5 = 2.4%

D %B C

= (8108 x 0.89) X 100 X 25.4 X 10-5 = 1.85%
D %CA = (70.5 X 0.89) X 100 X 29.3 X 10-5 = 1.85%

A size TSGU-30 cable was selected because it would provide a
voltage drop that is approximately equal to the allowable
voltage drop calculated for this section of cable.
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Step 11. Calculate the voltage drop for No. "B” main section of
cable. The currents "I(x)" and the angles "  " are found in the
same manner described in step 8 and step 9, respectively and
equation 40 is used for the voltage drop calculation; thus:

(a) Currents I(X) :

I(x)AB = IA - IB = (-1.16-j 13.6) - (-9.39+j4.5) 
=

(8.23-j18.1) = 19.9 /-65.2°

I ( X ) B C  

= I B 

- I C = (-9.59+j4.5) - (10.55+j9.1) =
(19.9-j4.6) = 20.5 /193°

I(X)CA = Ic - IA = (10.55+j9.1) - (-1.16-j 13.6) 
=

(11.7+j 22.7) = 25.5 /62.7°

(b) Angle “a”:

  AB = /360° - 294.8° = -65.2°

  BC = 240° - 193° = -47.0°

aCA = 120° - 62.7° = -57.3°

(c) Percentage voltage drops. The allowable voltage drop
for this section of cable is 105/155 (6.0 - 0.35 -
2.4) = 2.2 percent for phase AB and 105/155 (6.0 -
0.35 - 1.85) = 2.53 percent for phases BC and CA.
The cable size which most nearly provides these
voltage drops is TSGU-9.

D %A B = 19.9 x 105 x (47.5 x 10-5) = 1.0%
D %B c = 20.5 X 105 X (76.2 X 10-5) = 1.65%
D %C A = 25.5 X 105 X (60.8 X 10-5) = 1.63%

Step 12. Calculate the single phase branch voltage drops. Only
the branch with the greatest overall voltage drop from the
switchboard need be shown on feeder and main drawings. By sum-
ming the voltage drops to this point, and noting the lengths of
the branch cables and the magnitudes and angles of the branch
currents, it is readily apparent that the branch which is sup-
plied by phase BC will have the greatest overall voltage drop.
The summed voltage drops also show that an additional voltage
drop of 2.25 percent in phase AB, 2.15 percent in phase BC and
2.13 percent in phase CA may be used without exceeding the 6
percent overall voltage drop limitation. Thus, calculating the
voltage drop in branch Bl:

Single phase D% = 2L X I X D.F. =2x50x6.2x200= 1.24%

(The allowable voltage drop remaining will permit the use of a
DSGU-3 cable.)
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Step 13. Maximum total voltage drop from the switchboard to the
end of the branch. Thus, the voltage drop:

From switchboard to feeder = 0.35%
In phase BC of feeder cable = 1.85%
In phase BC of main cable = 1.65%
In branch B1 = 1.24%

Maximum total voltage drop = 5.09%

FIGURE 52. Demand factors feeders for shipboard lighting system.
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4.3.4.2 General illumination.

4.3.4.2.1 Steps in design. The recommended steps in the design of a com-
partment lighting installation are:

(a) Determine, from the specifications for the ship, the required
illumination levels for general and detail illumination in
the compartment.

(b) Determine the appropriate lighting fixtures to use in the com-
partment. Check to make sure that the choice is not in con-
flict with any requirements of the ship specifications.

(c) Using the lumen method described in 3.5, determine the total
number of fixtures required to provide the specified illumina–
tion.

(d) Arrange the lighting fixtures for uniform illumination. It is
not always practical to provide uniform illumination throughout
the areas below decks on Naval ships. Where the size and con-
figuration of the space and lack of obstructions make it
practicable, substantially uniform illumination is achieved if
the lighting fixtures are spaced at approximately the same
distance apart as their mounting height above the deck. The
outer rows of fixtures should be about half this distance from
the sides and ends of the compartment.

(e) Using the point-by-point method described in 3.5, check the
preliminary arrangement by calculating the illumination it
produces at a sufficient number of points to make sure that the
requirements for uniformity are met. If the requirements for
uniformity are not met, rearrange the fixtures accordingly.
When making these check calculations, it is advisable to refer
to the plans in section 6 herein and calculate illumination at
points where measurements will be made during the survey. Foot-
candle distribution curves such as shown in appendix A are con-
venient for this purpose.

4.3.4.2.2 Fixture layout. In the design of any lighting system in a com-
partment, an analysis should first be made of the seeing tasks involved. The
planned fixture layout provides the required footcandles with optimum uniformity
and with minimum glare and brightness ratios. Usually, there is one layout
which comes closest to meeting these requirements, and every effort should be
made to install this layout. However, in many cases, the lighting fixtures are
not located until after other systems such as ventilation and piping have already
been laid out and, in some instances, lighting fixtures are moved to make room
for a change in some other system without regard to the effect of illumination.
This approach to lighting system layouts is one of the most important factors
contributing to poor shipboard lighting today. New fixtures can be designed,
colors can be improved and more light can be provided, but all of these benefits
can be largely nullified by a poor arrangement of the fixtures. This problem can
be solved if each group, in planning its layout, gives consideration to the needs
of the other groups involved and , when necessary, compromises on a combined layout
which will serve the needs of all groups to the best extent practicable.

113



DOD-HDBK-289(SH)
26 November 1986

to
is

4.3.4.2.3 Example of design. A typical example of using the lumen method
determine the number of fixtures required to provide a specified illumination 
shown on figure 27, and a check for uniformity requirements is shown on

figure 53.

FIGURE 53. Example of illumination calculation using the point-by-point method.

114



DOD-HDBK-289(SH)
26 November 1986

4.3.4.2.4 Typical installation methods. Typical installation methods for
lighting fixtures are provided in appendix B.

4.3.4.2.5 Mounting heights. Where practicable, fixtures shall be installed
close to the overhead to achieve a desirable uniformity of illumination. If the
overhead arrangement is such that one or more of the fixtures must be lowered
considerably to avoid obstructions such as ducts, pipes, or wireways, or to
achieve satisfactory illumination, the remaining fixtures shall not be lowered.
Where an overhead fixture is used to furnish illumination for a detail lighting
task, the fixture mounting height shall be selected to meet the detail illumina-
tion requirements.

4.3.4.2.6 Fixture location. Where practicable, specific fixtures shall be
located as follows:

(a) Overhead lighting fixtures in living spaces shall be located
above passages between berths.

(b) Lighting fixtures in messing spaces shall be located to illumi-
nate mess tables and mess counters properly.

(c) Lighting fixtures in storerooms, issue rooms and commissary
spaces shall be located above the center of passages and not
at top of bins, fittings, or equipage.

(d) Overhead and directional type fixtures shall be arranged to
minimize interference by specular reflection from the seeing
tasks when the operator is in the normal operating position.
Where necessary, shielded windows shall be used.

(e) Fixtures shall be located to suit the contemplated arrangement
of machinery, structure, fittings, or furniture. If such
arrangement is changed during installation, the location of
fixtures shall be changed accordingly.

4.3.4.2.7 Fixture clearance. Clearance between lighting fixtures installed
using the shock mounts furnished with the fixtures and adjacent equipment or
structure shall be not less than 1-1/2 inches for incandescent fixtures and 3/4
inch for fluorescent fixtures, except where fixtures are installed flush in
suspended ceilings in order to provide the “spring” action necessary for shock-
proofing.

4.3.4.2.8 Grounding of lighting fixtures. The seriousness of the hazard
of electric shock cannot be overemphasized. Ashore, particularly in homes,
lighting and power systems are treated with considerable contempt. This has
lead to the mistaken impression that 115-volt circuits are not lethal. The
facts are simple. More personnel in the Navy have been killed by 115-volt
circuits than by circuits of all other voltages combined. Conditions aboard
ships affecting the hazard of electric shock are vastly different from those
generally found ashore. These conditions and the subject of electric shock
hazard are presented in detail in NAVSEA 0283-236-0000. Lighting fixtures shall
be installed such that all exposed metal parts are at ground (ships hull) poten-
tial at all times to ensure the safety of operating and maintenance personnel.
Figure 54 provides acceptable methods for grounding lighting fixtures. Grounding
techniques shall be in accordance with the requirements of MIL-STD-1310.
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SH 964-54

FIGURE 54. Acceptable methods of grounding lighting fixtures - metal ships.
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4.3.4.2.9 Switching. Lighting in large spaces (machinery spaces and cargo
holds) should be controlled by switches or ALB-1 circuit breaker panels directly
from the lighting distribution fused boxes. Lighting in staterooms, officers’
recreation rooms and other smaller spaces shall be controlled by switches at the
doors. Where practicable, these switches shall be located so that opening of
the door will not obstruct access to them. Switches shall break both sides of
the circuit. Switches shall be watertight or non-watertight as required by the
location. Where watertight fixtures are required the switches should also be
watertight. Switches controlling fixtures in spaces in which explosive gases
or flammable mixtures may normally be expected to accumulate shall be located
outside such spaces.

4.3.4.3 Detail illumination. Whenever general illumination is inadequate
for efficient performance of specific tasks, detail illumination shall be pro-
vided using standard Navy detail fixtures, designed for the specific function,
listed in NAVSEA S0300-AT-GTP-010/ESL. Detail lighting fixtures shall not be
provided where judicious location of general lighting fixtures will provide the
required levels of detail illumination. Additional general lighting fixtures
may be installed in lieu of detail fixtures in these cases. This does not apply
to berth lights or furniture with built-in illumination. The detail illumina-
tion values shall be calculated for the task working plane. Drawing 803-5184170
(see appendix B) provides typical installation methods for the following detail
illumination tasks:

(a) Berth lights - appendix B, section B.
(b) Mirror lights - appendix B, section C.
(c) Desk lights - appendix B, section D.

4.3.4.4 Special illumination. Special illumination shall be provided in
accordance with section 332f of NAVSEA S9AA0-AA-SPN-010/GEN-SPEC.

4.3.4.5 Red illumination. Low level red illumination shall be provided
in accordance with section 332g of NAVSEA S9AA0-AA-SPN-010/GEN-SPEC. Further
details are provided in 4.4.

4.3.4.6 BBB illumination. BBB illumination shall be provided in accor-
dance with section 332h of NAVSEA S9AA0-AA-SPN-010/GEN-SPEC. Further details
are provided in 4.5.

4.4 Red illumination.

4.4.1 General. Despite the development of such sensing devices as radar
and sonar, the best detection mechanism for locating small objects at sea (boats
and ships, downed fliers, buoys, obstructions and the like) remains the human
eye. For this reason, and to serve as backup to electronic sensors for collision
avoidance and aircraft spotting, shipboard lookouts are still posted topside as
they have been since the days of sail. At night the role of the lookout is a
particularly vital one, and unfortunately, it is in the low-level lighting
situation that the human eye is least effective. Although the ability to see
well in the dark varies with the individual, night vision capabilities can be
significantly improved with training, practice and an understanding of how the
eye functions in low-level lighting. Dark adaptation and how the eye functions
in low–level lighting are discussed in 3.2.
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4.4.2 Purpose. Red illumination (also referred to as low-level or stand-
ing lights) is installed in Naval ships for the following primary purposes.

(a) To provide low-level illumination in berthing spaces for safety
and sleeping comfort.

(b) To provide illumination that will afford the least practicable
interference with dark-adapted vision in access routes to top-
side battle and watch stations and in special compartments and
stations.

(c) To provide illumination for special applications involving
darkened-ship operation.

(d) To provide illumination for replenishment-at-sea operations
(see 4.6).

4.4.3 Lighting fixtures. Red illumination shall be furnished by standard
lighting fixtures selected from NAVSEA S0300-AT-GTP-O10/ESL.

4.4.3.1 For fluorescent lighting installations, red illumination shall be
accomplished by standard red lighting fixtures or by use of red filter tubes
over selected lamps of white lighting fixtures, as necessary to accomplish the
desired illumination.

4.4.3.2 For incandescent lighting installations, red illumination shall be
furnished by standard red lighting fixtures. Red glass lamps, or globes and
lamps with surfaces painted or dyed red, shall not be employed in place of
standard red globes.

4.4.4 Details of red light installations.

4.4.4.1 Location and quantity of red lights. The red lighting fixtures
shall be located and spaced to provide sufficient illumination of the area, with
particular attention being given to the illumination of door sills, hatch coam-
ings, ladders, and obstacles. Symbol 93.2, installed on bulkheads to illuminate
door sills and hatch coamings, shall be a minimum of 2 feet above the deck
(to the bottom of the globe) and shall be installed as close to the minimum as
practicable. Red lighting fixtures, including those at replenishment stations,
shall be installed so that no direct light is exposed to view outside the ship
and any indirect light reflected from weather-deck structures or passing through
such openings as scuttles, cargo hatches and hangar doors is kept to a practical
minimum. This shall be accomplished by judicious location and shielding fixtures
and by the application of black paint. Indicator lights on equipment located
in areas having low-level red illumination shall be red.

4.4.4.1.1 Red lighting fixtures , which are installed for the purpose of
preserving dark-adapted vision of personnel using optical instruments, shall be
located outside the field of vision of operators occupying their normal working
positions. The fixtures shall be shielded to reduce light in the working area
to a minimum. Installation of the required red lighting fixtures in compart-
ments and passages shall not affect the number of white lights required.
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4.4.4.1.2 When necessary to adjust the degree
tion characteristics of a red lighting fixture, the

of illumination and direc-
globe or windows shall be

shielded. For example, a fixture located adjacent to the head of a berth or
near the top of a ladder shall be shielded so that the light does not shine
directly into the eyes.

4.4.4.1.3 Lights installed in the pilot house, including indicator lights,
shall be located or shielded so that no light is reflected in any of the windows
or windshield glass. This is particularly important when lights are installed
on the after bulkhead of the pilot house.

4.4.4.1.4 Due to the diversity of red illumination, average illumination
levels are not specified. However, red illumination of approximately 0.4 foot-
candle is satisfactory for crude work such as moving aircraft in the hangar bay.

4.4.4.2 Red lighting control. Double throw switches shall be used to ener-
gize either the red light circuits or the white light circuits. In addition,
where operating conditions or personnel comfort make it desirable to reduce the
amount of low-level illumination, such reduction shall be accomplished through
the use of integral or individual local switches. In large cargo spaces, where
practicable, control shall be provided to permit the number of lights turned on
to be limited to the area in use.

4.4.4.2.1 Red lighting fixtures shall be supplied from the local ship
service lighting circuits and will be connected to permit their control when
the regular illumination is extinguished. In surface ships having an emergency
lighting system, the red light fixtures shall be connected to the emergency
system in all compartments designated to receive emergency lighting supply.

4.4.4.3 Surface ship requirements.

4.4.4.3.1 Living spaces. Red lighting fixtures shall be installed as
standing lights for living compartments that accommodate four or more persons
and for washroom and water closet spaces that are within or near living spaces.
A sufficient number of fixtures shall be provided to permit personnel to move
from berths to access routes. In troop living spaces, additional red standing
lights shall be installed to provide sufficient illumination for assembling
troops gear. Deck level red illumination in berthing areas shall be provided
by recessed step lights, symbol 353.1.

4.4.4.3.2 Access routes. Red lighting fixtures shall be installed along
routes leading from stateroom and berthing areas to weather deck stations
involved in navigation, weapons control , signaling, gunnery, flight operations,
and other similar essential activities. In general, the routes selected shall
lead along main passageways and terminate at each main access to the weather
decks. These routes shall permit personnel traffic within the ship, rather
than on weather decks, insofar as practicable. This will result in most large
ships having a continuous fore-and-aft red lighted passageway, both port and
starboard, under shelter. Where such routes lead through large spaces such
as shops or messing spaces, red lights shall be installed to illuminate only
these routes. Companionways, ladders, and moving stairways in access channels
shall be provided with red illumination.
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4.4.4.3.2.1 Red-lighted access routes shall have a minimum exposure to
white light; but total exclusion of white light is not mandatory (for example,
door switches shall not be installed solely to keep white light out of these
routes). Washrooms and water closet spaces opening into such routes shall have
red lights.

4.4.4.3.2.2 The number of red lighting fixtures shall be limited to the
minimum number required to insure safe, rapid movement of personnel under low-
level illumination conditions. In long, unobstructed passageways, one fixture
shall be provided for each watertight subdivision or approximately 40 feet apart
when a subdivision is greater than 40 feet in length. However, where the
passageway changes direction, a sufficient number of fixtures shall be provided
to illuminate the passage from either direction.

4.4.4.3.3 Special compartments and stations. Red light fixtures shall be
installed in compartments used by personnel preparatory to performing duties
outside at night or compartments entered periodically in the course of carrying
out such duties, and in stations in which optical instruments (such as range
finders) are used. Each of these compartments having an inboard access shall be
made accessible from living areas via red-lighted access routes utilizing, where
practicable, the main red-lighted routes previously specified. Red-lighted
routes shall also be provided between these spaces and the weather decks where
direct access

(a)

(b)

(c)

(d)

(e)

outboard does not exist. Specific red light installations follow:

Squadron ready rooms. Red light fixtures shall be installed
in accordance with Drawing 803-5184170, method H-l-A (see
appendix B).

Chart room. Red illumination of the chart table shall be pro-
vialed by attaching red filter assembly, symbol 121.1, to desk
lights provided for white illumination.

Flight deck control station, Pri-Fly control, and air group
line operations room. Red light fixtures shall be installed
to illuminate the flight deck control board.
Conflagration and hangar deck lighting control station. Red
light fixtures shall be installed for illumination of indicator
panels where not internally illuminated.

Aircraft engine shop. One red hangar fixture, symbol 75, shall
be installed over each workstand and over each workbench.

4.4.4.3.4 Special applications involving darkened-ship operations. Red
light fixtures shall be installed in spaces, subject to use during darkened-
ship operation, having light-exposing openings such as high bay spaces, enclosed
gun mounts and upper handling rooms. Door switches shall be provided for the
control of these lights. Occasional by-passing of door switches may be neces-
sary in such spaces in order to meet operational exigencies such as handling
planes in hangar spaces during darkened-ship. Therefore, the installation of
red lights in these spaces shall be such that no direct light is exposed to
view outside the ship and any indirect light passing through hatches or other
openings is subdued to a minimum. This shall be generally accomplished by
judicious location and shielding of fixtures and by application of black paint
to the reflecting surfaces of fixtures and the ship’s structure, as necessary.
The following typical spaces shall have a red light installation in accordance
with the aforementioned general provisions.
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(a) Replenishment ships. Cargo store rooms, cargo weapons spaces,
cargo and cargo weapon handling equipment storage areas and
cargo handling areas - fluorescent fixtures, symbols 333.1 or
333.2 with a red center lamp, shall be installed in sufficient
quantities to provide the required white illumination. The
red illumination obtained from the center lamp of the fixtures
will be sufficient. Additional fixtures for red illumination
are not required. One incandescent fixture, symbol 93.2,
shall be installed to each 100 square feet of deck space in
cargo refrigerated spaces.

(b) High bay spaces. The number of red lighting fixtures, symbol
75, to be installed in high bay spaces (such as hangar space
or tank spaces on landing ships) shall be the same as the
number of white fixtures, symbol 74, required to produce the
white illumination level specified for that space.

(c) Gun mounts. Red light fixtures shall be installed in manned
enclosed gun mounts that have openings for visual sightings
to exterior of the ship and in control and handling rooms
that are directly below such mounts.

4.4.4.4 Submarine requirements. In addition to the requirements of 4.4.4.1
and 4.4.4.2, low-level illumination shall be provided in readiness areas (defined
as areas used by personnel to attain dark–adapted vision prior to assuming duties
in an operational area) and in additional areas (defined as the periscope station
area and those areas visible from that station):

(a) The amount of low-level illumination in readiness areas shall
be:

(1) General illumination (at working level) - 0.25 to 2.0
footcandles.

(2) Brightness of any area in the field of vision shall not
exceed 2.0 foot-lamberts.

(b) The amount of low level illumination in operational areas shall
be:

(1) General illumination (at working level) - 0.01 to 0.40
footcandles.

(2) Illumination on black and white dials and nameplates -
0.03 to 0.10 footcandles.

(3) Brightness of instrument faces - 0.02 to 0.08 foot-lamberts.
(4) Brightness of indicator lights shall not exceed 2.0 foot-

lamberts.

In determining the areas to receive red lighting, officers country and the asso-
ciated passage to the periscope station area are normally considered to be
readiness areas. Crew messing and berthing spaces are not considered readiness
areas unless they are adjacent to operational areas, or part of an access channel
between two or more operational areas. Electronic spaces do not require red
illumination unless they are integrated with the periscope station, are in an
access channel, or there is a need for the periscope operator to enter these
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spaces in performing his duties. Changing from white to red illumination in
the operational areas shall be accomplished by the minimum number of switches.
The fixtures in the immediate vicinity of the periscope station shall have
individual switches in the red light circuit. The readiness areas shall be
wired to allow as much flexibility as possible, by means of switching, to permit
the commanding officer to establish red-lighted readiness areas in accordance
with the ship’s operating procedure. In order to protect the periscope operator
from direct light from fixtures in his field of vision, additional external baf-
fles may be installed. Deck level red illumination berthing areas shall be
provided by recessed step lights, symbol 353.1.

4.5 Blue illumination.

4.5.1 Background.

4.5.1.1 The problem. Illumination is a longstanding problem which has
plagued those associated with lighting design and operational requirements in
spaces such as combat information centers (CIC) and similar command and control
spaces containing radar system display consoles. The display console incorpo-
rates a cathode ray tube (CRT) which provides visual displays of surface or
aerial targets as they are illuminated by the radar equipment. The targets are
projected as lighted traces on the CRT screen. Ambient illumination excites
the phosphor coating on the inside of the CRT causing a significant decrease in
the signal-to-noise or contrast ratio. This results in a dimming of the target
trace, thereby affecting the operator’s ability to see the target. In time of
war, the target may be an enemy vessel or aircraft; therefore, it is vital that
the trace be of an intensity to be easily noticed when it appears. The conven-
tional solution for improving the visibility of targets on the CRT is the
darkened room. The darkened room does improve the CRT presentation; however,
it reduces operator efficiency by requiring the work be done in the dark and
adversely affects target visibility whenever light is required to perform
maintenance.

4.5.1.2 Other considerations. In addition to operating the display con-
soles, other operating functions, most of which require some type of local
illumination, must be carried on. These include reading charts and messages,
plotting on status boards and operating electrical and electronic equipments.
Another extremely important function, which is often performed simultaneously
with operations, is maintenance of equipment. Since preventive maintenance
aids in eliminating major breakdowns, it must be scheduled and rigidly enforced.
During operating conditions, this maintenance is normally accomplished with the
aid of a flashlight or extension light. This type of light usually provides
adequate illumination for the task at hand but, added to the overall reflections
from other light sources, it may affect the phosphor of nearby CRTs. Safe
movement of personnel into, through and out of the space is an important
requirement since watches must be changed , messages or other documents carried
into or out of the space and equipment checked or repaired.

4.5.1.3 one solution. BBB illumination for shipboard utilization ade-
quately satisfies normal requirements. It provides improved scope visibility,
permits the use of an illuminated working environment, and makes possible
24-hour continuous operations.
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4.5.2 BBB illumination.

4.5.2.1 General. The BBB illumination system is based on the use of only
a small portion of the light output of a light source, or blue light. The
basic principle of this lighting system is frequency sharing. Abroad band of
blue light (the shorter wavelengths of the visible spectrum (see 3.1)) are
allocated for ambient room illumination and the remaining portion of the visible
spectrum is used for CRT viewing and for other special purposes. The system
is referred to as "Broad Band Blue” because the light utilized covers a wide
band of frequencies and correspondingly extends from blue light of a longer
wavelength to blue light of a shorter wavelength.

4.5.2.2 Light source. “White” light sources emit all colors. The “whiter”
the source, the higher the color temperature (see 3.6.1.3) and consequently,
the more blue emitted. Thus, a light source having a relatively high blue
content is preferred. A "daylight” fluorescent lamp has a color temperature
of 6500 degrees Kelvin (°K), whereas a “white” fluorescent lamp of the same
wattage has a color temperature of 3500°K. Blue light is obtained by utilizing
the daylight type lamp with a blue filter which permits only the desired wave-
lengths to pass and thereby provides low-level general illumination. The
smaller bell-shaped curve of figure 55 indicates the percent transmittance of
the blue filter at various wavelengths. Note that these limits are within the
larger bell-shaped curve of figure 55 which indicates the relative sensitivity
of the human eye at various wavelengths.

SH 964-55

FIGURE 55. BBB lighting system filter coverage.
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4.5.2.3 Effect on CRT. Since white light excites the phosphor of the CRT,
blue light will do likewise because white light contains blue. To prevent the
blue light from reaching the phosphor of the-CRT, an amber filter is placed
over the face of the CRT. Because the amber filter transmits wavelengths other
than those of the blue light, only a very small portion of blue light reaches
the phosphor. The scope signal consists primarily of wavelengths within the
range of the amber filter. Therefore, it follows that the amber filter will
pass the scope signal but will reject practically all blue illumination. This
rejection also includes the initial blue flash which occurs when the scan picks
up an object. The elimination of this flash is desirable because the flash is
detrimental to the final level of eye adaptation. The right hand curve of
figure 55 indicates the percent transmittance of the amber filter at various
wavelengths. Again note that this coverage extends beyond the upper limit of
the sensitivity curve. Although the intensity of the trace is reduced somewhat
by the amber filter, the effect is offset by a slightly greater contrast between
the trace and the background. The overall compatibility of the BBB system
with the viewing of a scope is shown on figure 56.

SH 964-56

FIGURE 56. Compatibility of BBB lighting system with use of scope.
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4.5.2.4 Other related effects. Like any other lighting installation,
undesirable reflections can be introduced if the wrong combination of lighting
fixtures and interior finish is used. These reflections will generally be
observed only in scope faces and status or plotting boards. Reflections can
almost wholly be eliminated by use of a dark overhead, preferably blue-black,
and by the most efficient fixture location and the proper use of shields.
Reflections may be further eliminated by the operator’s use of amber goggles
which act in the same manner as the scope filter previously described. Like
any monochromatic light, blue light has an effect on printed colors found on
charts, especially blue. This problem can be solved by the use of local spot
lights which provide the necessary additional white light to permit discern-
q ent of colors.

4.5.3 Installation.

4.5.3.1 General. On surface ships, command and control spaces containing
CRT display consoles, except spaces where the function of the space requires
visibility exterior to the ship, shall be provided with BBB operational illumi-
nation, highly directional supplementary illumination, and white maintenance
lighting to provide:

(a) Maximum CRT visibility.
(b) Adequate legibility of secondary displays.
(c) Sufficient illumination for maintenance and supporting

personnel for a 24-hour-a-day operation.
(d) Sufficient illumination for reading, writing, and free

movement of personnel.

4.5.3.2 Lighting fixtures. Symbol 341.1 (surface mounting) or symbol 341.2
(flush mounting) shall be used for BBB illumination. These fixtures are provided
with two lamps covered with blue filters for blue illumination and one white lamp
for white maintenance lighting. The fixtures are provided with integral switches
for each blue lamp and with a black painted louver for shielding. The lamps in
the fixtures are so wired that either one or both blue lamps or the white main-
tenance lamp can be energized separately.

4.5.3.3 Lighting fixture location. Fixtures shall be judiciously located
so that, when operators are in their normal operating positions, fixture images
will not degrade scope displays and will not be objectionable in plotting and
status boards. In order to obtain illumination levels required to provide
illumination as uniform as possible and to eliminate glare sources, additional
shielding may be provided.

4.5.3.4 Illumination levels. The number of fixtures installed shall
provide an optimum ambient illumination throughout the space. The illumination
levels of BBB light given in table XVI shall be used as a guide and shall be
achieved, providing all other requirements herein are satisfied.
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TABLE XVI. BBB footcandle levels.

Area Footcandle levels

In walking areas (30 inches 0.6 minimum (BBB)
above deck)

On scope faces 0.16 maximum (BBB)

On DRT's (with supplementary 2.0 minimum
white light)

On other equipment, such as 1.0 minimum
clocks and communication
consoles (with supplementary
white light)

On desks and tables (with 4.0 minimum
supplementary white light)

White maintenance light 3.0 minimum

4.5.3.5 Maintenance white lighting. Maintenance lighting shall be provided
by the center tube of the BBB fixtures. No additional fixtures shall be provided
for this purpose unless the initial installation produces an average initial
illumination level, in the module, of less than three footcandles of white light.
When additional fixtures are required to obtain the white maintenance level
specified, fluorescent type shall be selected.

4.5.3.6 Supplementary illumination. Highly directional supplementary
illumination shall be provided for chart tables, communication consoles, radio
operators positions, DRTs and items which do not have adequate internal illumi-
nation, such as clocks, information plates and position markers of manually
operated switches. Supplementary illumination may be provided by Navy standard
desk lights fitted with filter symbol 121.2 or spotlights, symbol 147.2. The
shield insert of the spotlight may be reversed to provide a broader distribution
pattern, if required.

4.5.3.7 Control switching. Control switching for lighting in each module
shall be located in that module and shall be arranged so that one switch will
energize all blue lights. This control may be combined in one selector switch
with an off position. It should be noted that each lighting fixture is provided
with integral switches for each blue lamp so that the intensity of the blue
illumination can be adjusted by energizing both lamps (bright level) or one
lamp only (dim level) as desired (see Drawing 803-5184170, method J-2-A in
appendix B).
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4.5.3.8 Amber filters for CRTs. If CRTs are not so covered, they should
be covered with a 3/16-inch thick, amber, heat-resistant, acrylic plastic
having a light transmission of not less than 80 percent and CIE chromaticity
coordinates of x = 0.452 and y = 0.504 when measured using CIE, source C.
Readjustment for parallax elimination should be made as necessary after filter
installation.

4.5.3.9 Auxiliary equipment and displays. Brightness of internally illumi-
nated dials and indicator lights of auxiliary equipment and displays shall not
exceed 2.0 foot-lamberts.

4.5.3.10 Compartment finish. Compartments with BBB lighting should be
painted as follows:

(a) Bulkheads - light pastel blue, color no. 25526 of FED-STD-595.
(b) Overhead - insignia blue, color no. 35044 of FED-STD-595.
(c) Decks - light colored tiles.

Painting the overhead and decks blue increases the reflectance of these surfaces,
thereby producing a perceptually brighter compartment. Care should be exercised
to make sure the blue paint does not convert the blue light to longer wavelengths
that would pass through the scope amber filter. For a quick test, view the bulk-
heads through an amber filter. If the bulkheads appear black, little to no con-
version is taking place.

4.5.3.11 Yellow-orange goggles. Under certain conditions, the wearing of
goggles with yellow-orange lenses will permit scope observers to see much longer
trails, or to see fainter targets more clearly. Reflections of the blue light
are eliminated by the goggles, which also exclude nearly all of the room light,
thus increasing the operator’s visual sensitivity. Initially, the goggles will
prevent the operator from seeing other personnel and non-fluorescent surfaces
for about 15 minutes. Because of this 15 minute “blindness” and the discomfort
of wearing additional gear along with the headsets, goggles are not used with
BBB illumination.

4.6 Replenishment-at-sea (RAS) red lighting.

4.6.1 General. In order to carry out the Navy’s mission, the fleet must
be capable of remaining at sea for prolonged periods, fully ready to carry out
assigned tasks. To enable extended periods of operations at sea, units of the
fleet receive the logistic support they require by means of RAS operations.
Prescribed procedures for those mobile logistic support operations are contained
in Naval Warfare Publications 14 (series). As stated in that publication,
“The primary goal of RAS is the safe delivery of the maximum amount of cargo
in a minimum of time”. In that regard, normal RAS evolutions such as rigging,
load transfer and load receipt, together with other weather deck cargo handling
operations, are included in the general requirements for RAS red lighting.

4.6.2 Visual landing aids (VLA). VLA equipment, lighting arrangement,
and flight deck marking for vertical replenishment (VERTREP) shall be in accor-
dance with the applicable NAVAIR Visual Landing Aids, General Service Bulletin.

127



DOD-HDBK-289(SH)
26 November 1986

4.6.3 Purpose. Visually cued operations, such as those common in RAS,
are normally more hazardous at night than during the day because of the greatly
reduced levels of ambient illumination at night and because of the ineffective-
ness of the human eye in low level lighting situations as discussed in 4.4.
Thus, considerable care must be exercised in the design of low-level, red
lighting systems. Visual ship detection avoidance and the maintenance of
night vision impose the upper limit on illumination levels. The lower limit
is governed by the minimum levels required for satisfactory performance of
specific tasks.

4.6.4 Illumination levels. The number of fixtures installed in an area
shall be sufficient to provide an optimum ambient illumination throughout the
space or area. The levels of red illumination for RAS operations given in
table XVII are minimum values and shall be achieved, providing all other require-
ments herein are satisfied. These illumination levels are based on the need to
maintain night vision and also on the visual requirements for the tasks being
performed. In areas where it may be impractical to attempt to obtain uniform
levels of illumination, it is important that the fixtures be aimed at the centers
of specific task areas. Consideration should also be given to the use of various
aids to low-level vision, such as application of reflective markers or paints in
peripheral areas.

TABLE XVII. RAS illumination levels.

Footcandles
Space (minimum)

Secondary deck handling routes. 0.2

Primary deck handling routes; 0.5
fueling-at-sea stations; solid cargo
transfer stations; connected re-
plenishment rigging assembly and
drop zone; vertical replenishment
areas for handling cargo, ammunition
and stores; strike-up and strike-down
interfaces; general handling areas;
cargo; staging areas; winch control
stations; winches and winch platforms;
cargo holds.

I
Missile strike-down interfaces at 2.0
critical alignment points.

4.6.5 Lighting fixtures. Red lighting fixtures specified in NAVSEA
S0300-AT-GTP-010/ESL shall be installed for general lighting of RAS stations
during night replenishment operations on ships fitted for delivering or receiv-
ing supplies such as fuel, water, or stores. Typical red lighting fixtures for
weather deck installation are symbols 68.2, 69, 93.2 and 113. Floodlighting
shall be accomplished by employing primarily symbols 263 and 317.
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4.6.6 Lighting fixture location. The red lighting fixtures for illumina-
tion of RAS transfer stations shall be located so they do not obstruct or will
not be subjected to damage by booms, rigging, hatch covers or other cargo
handling gear. Red lighting fixtures shall be installed so that no direct
light is exposed to the view of bridge personnel or outside the ship and any
indirect light reflected from weatherdeck structures is kept to a practical
minimum. This shall be accomplished by judicious location and shielding of
fixtures and by the application of black paint. A floodlight mounted at an
angle of greater than 45 degrees creates an undesirable glare situation.

4.6.7 Control switching. Red lighting fixtures shall be supplied from
the local ship service lighting circuits and connected to permit their control
when the regular illumination is extinguished. In surface ships having an
emergency lighting system, the red lighting fixtures shall be connected to the
emergency system. Switches and variable power transformer dimmers (symbol 960)
shall be installed to control the red illumination at each station. The switch-
ing arrangement shall isolate port and starboard RAS red light circuits.

4.6.8 Floodlighting calculations by template.

4.6.8.1 General. As indicated in 3.5, the locating and aiming of flood-
lights for maximum illumination effectiveness is accomplished through the use
of mathematical or graphical techniques. During the design of a lighting system,
the lumen method is usually used to determine the average illumination level
and degree of uniformity required throughout the area to be lighted. However,
when minimum values are required for defined tasks at specific locations, the
point–by–point method, or some variation thereof, should be used. The point-by-
point method does not consider inter-reflections (an assumption which may be
accepted as generally valid when considering bulkheads and deck surfaces), and
therefore, provides illumination levels which are conservative in proportion
to the reflectivity of the surfaces. In order to avoid some of the practical
difficulties encountered when using the point-by–point method, an adaptation
designated the template method has been developed.

4.6.8.1.1 The template method is a simplified technique which employs
specially prepared templates (scaled patterns of illumination intensity) to
determine proper placement and mounting angles of light fixtures. A more
detailed description of the method, including assumptions and limitations,
preparation of templates, lighting of the computer program, printout of results,
and so forth, may be found in Naval Ship Research and Development Laboratory
(NSRDL), Annapolis, report no. 3562, “The Template Method of Illumination
Design”.

4.6.8.1.2 Based on point-source theory and calculation, and assuming little
or no reflection of light from surroundings, the template method accuracy is 1/2
degree. This accuracy is generally acceptable providing the distance from the
light source to the surface to be illuminated is at least five times that of the
maximum dimension of the light emitting source. The template method is applica-
ble to the design of any lighting system for which the necessary data are avail-
able; but it is outlined here specifically for low-level red lighting systems
intended for use in RAS operations.
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the indicated parameters which define the
template. Lines representing equal illumination levels on the template may be
thought of in the same sense as lines of equal elevation on a contour map. It
should be kept in mind that these lines represent specific illumination levels,
such as 0.2 and 0.5 footcandles, and not the limit of illumination of the lamp.
The 0.2 footcandle has been established as the minimum requirement for
“secondary deck handling routes”. Areas inside the template increase in inten-
sity as the beam center is approached. The beam center is a point of reference.
Its projection through the working plane onto the deck locates the deck aiming
point which is used to establish the correct direction and angle of the fixture.
It should be noted that peak illumination is at the beam center only when the
mounting angle is zero. AS the mounting angle increases, the point of peak
illumination moves off center, toward the lamp.

SH 964-57

FIGURE 57. Template usage (typical).
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4.6.8.2 Procedure. The first step in the design procedure is to obtain a
set of general arrangement drawings and from these, develop a properly scaled
RAS lighting drawing. A scale of 1/4 inch to 1 foot is recommended since tem-
plates furnished in appendix D are drawn to this scale. The templates provided
are for illumination patterns of varying mounting heights at angular increments
of 5 degrees. Make sure that the ships drawing and the template set are to the
same scale. Establish the critical areas, in other words, those areas used by
the transfer station crew which must be adequately illuminated. These areas
should be afforded priority lighting considerations. Mark possible floodlight
locations, giving preference to high points such as kingposts and masts.
Starting with the areas most distant from the mounting points, select a template
with a pattern that will cover the area being illuminated. A narrow spot lamp
with a high mounting height and a large aiming angle will generally provide the
illumination required at the more distant areas. Areas close to the mounting
point can usually be satisfactorily lighted by a lower mounted floodlamp.
Position the template over the area to be illuminated and lightly trace the
outline of the pattern onto the drawing. Cover all other areas in a similar
manner. For best utilization of the lighting pattern, make sure that the
illumination patterns are tangent to one another or overlapping slightly. At
this point, the advantages of the template method can be readily appreciated.
Any benefits to be derived by changing mounting height or location, or advantages
to be gained by using one lamp type in preference to another, can be determined
quickly by shifting or changing templates. Upon completion, the initial plan
should be carefully reviewed to determine if floodlight placement will be
adversely affected by the operation of equipment or deck machinery. If the ship,
or another of her class, is available for inspection, verify that the floodlight
placement is physically possible, and that there are no undocumented obstructions
present which will interfere with satisfactory illumination. If shadows exist in
any of the critical areas, reposition or add floodlights and make appropriate
changes in the lighting system layout.

4.6.8.3 Example. In order to demonstrate the use of the templates, the
lighting design requirements of a fueling station will be studied in some detail.
Figure 58 illustrates the general arrangement of major equipments used during
typical fueling-at-sea operations in a Fleet oiler. Each fueling station has
one outboard saddle whip winch, and one hydro-pneumatic device for controlling
spanwire tension. Included at various locations are fairlead blocks and sheave
assemblies, padeyes, and shackles needed to support the rigging. In general,
the winches, ram tensioner, and rigging components for each station are grouped
as shown.
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SH 964-58

FIGURE 58. Illumination of major equipments used during typ ical
fueling -at-sea operations in a Fleet oiler.
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4.6.8.3.1 It is important to become familiar with the details of the opera-
tion in order to be sure that adequate lighting will be available at each critical
work area. It is assumed that the placement and operation of equipment is satis–
factory to perform its intended function, but a reexamination shall be made to
determine if limited visibility under low-level red floodlighting conditions will
affect operations. Another aspect to be considered when locating the lights is
the possibility that the repositioning of some piece of equipment during the
operation may obscure or cast shadows on a critical area. Some of the critical
work areas are shown on figure 58A. Each winch shall be illuminated so that the
winch safety man can observe that wire rope inhaul or payout is being accomplished
in a satisfactory manner. The areas around the winches shall be illuminated to
insure safety of personnel. Consideration shall be given to the interplay of
lighting effects produced by overhead lighting with illuminated gauges and con-
trols. Lights shall be located and positioned at a height and angle to avoid
producing glare reflections on gauges or indicators. Sufficient illumination
shall fall on the ram tensioner to enable ram position to be determined. Other
areas in which personnel handle lines, make tests, and so forth, shall be
lighted well enough to accomplish the specific task safely. Practical applica-
tion of the template method of determining RAS red lighting requirements is
based on providing adequate illumination in designated areas by selection of
the most applicable template from those included in appendix D. Each template
outlines an illumination pattern wherein the solid outside line represents
0.2 footcandle and the inside dotted line represents 0.5 footcandle. The deck
aiming point is indicated by a small circle inside the pattern while the
mounting surface perpendicular to the deck is indicated by a small circle
outside the pattern. The deck aiming and mounting points are separated by a
dotted line that represents the horizontal distance between the two points at
deck level. After the designer has obtained the plan and profile drawings of
the general areas to be illuminated, the plan view should be blocked out in
1/4"=1'-0” scale on a sheet of vellum, or similar material. The appropriate
template page or series of templates should then be inserted under the drawing
to determine the template most suitable. The profile drawing need only be
used as a reference to determine available mounting heights for the floodlight
mounting and fixture together with possible elevation obstructions to the
illumination pattern. The following major factors (forming the bounding lines
of a right angled triangle) are generally decisive in selection of the most
applicable template from appendix D:

(a) Installation height. There may be a significant range of
mounting heights physically available; however, only a
narrow selection of heights will be usable when all other
major factors are considered.

(b) Horizontal distance. This is the distance, at deck level,
between floodlight installation and deck aiming points.
In this regard, it should be noted that the template design
provides the pre-determined footcandles required to illumi-
nate the area outlined. Figure 57 illustrates this factor.
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This is the angle between the fixture instal-
the vertical structure for the floodlight, and

the deck aiming point. Variance of the mounting angle, within
specific installation heights, provides a means of supplying
illumination at desired levels in specific areas. The key
element in determining correct mounting angle (in conjunction
with other factors) is the reduction of shadow obstructions
to an acceptable minimum. That is, the illumination beam
should be of sufficient height to avoid shadow producing
impediments, such as from machinery installations or from
people in the critical work areas.

4.6.8.3.3 The various aspects of the template application are demonstrated
in the four illumination patterns illustrated on figure 58. The illustration
depicts general illumination requirements for major installed equipment at a
port-side fuel station. However, because of space limitations, no attempt has
been made to present a usable scale drawing. Further, in the interest of
simplicity, illumination requirements for the kingpost rigging platforms and
outrigger catwalks have not been included.

4.6.8.3.4 Specifically, figure 58 illustrates the effect of locating four
red floodlights using appropriate templates to ensure adequate lighting of major
installations and deck handling areas. Lighting patterns described by the
templates indicate that usage of appropriate mounting heights and predetermined
installation angles will provide significantly increased levels of lighting in
key operating areas while more diffused light is directed to the periphery.
It should be noted that, for sending and receiving ships, the transfer whip
(or spanwire) has a working range of 30 degrees forward to 30 degrees aft of
a transverse plane perpendicular to the centerline of the ship. Therefore,
lighting patterns considered must be adequate to illuminate deck handling
areas within the entire 60 degrees transfer range and also provide coverage to
include major components of both standing and running rigging within the
designated sector. In the four floodlights, hypothetically illustrated on
figure 58, initial checks of pertinent elevation and kingpost drawings indicated
that the kingpost was clear for installation of floodlights between heights of
26 and 36 feet above the deck.

4.6.8.3.5 In the illumination pattern for the spanwire winch and control
station, the horizontal distance of the deck aiming point was established as
being 22 feet from the kingpost. After manually checking the templates for this
distance, a 300-watt wide floodlight (WFL) was selected for installation at a
height of 30 feet 6 inches with a mounting angle of 35 degrees. Selection of the
appropriate template for the area to be illuminated around the outboard saddle-
whip winch and the bulwark was dictated primarily by the relatively short dis-
tance between the kingpost and a deck aiming point within the bulwark. In this
case, the template for a 300-watt WFL installed at a height of 30 feet 6 inches
with a mounting angle of 15 degrees provided the most adequate area illumination.
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4.6.8.3.6 The 300-watt WFL template for the area aft of the inboard
saddle-whip winch was selected at an installation height of 30 feet 6 inches and
mounting angle of 30 degrees. That template provided a wide area of adequate
illumination and installation high enough to allow a mounting angle that avoided
shadows caused by the winch.

4.6.8.3.7 The close proximity of the ram tensioner required the use of a
template with a short distance between the floodlight mounting point and the
aiming point. In this case, the inboard side of the kingpost was not clear for
floodlight installation; therefore, a location had to be selected that provided
adequate illumination for the areas around the ram tensioner, air flasks and
inboard saddle-whip winch. The 300-watt WFL template with an installation
height of 26 feet 6 inches above the deck at a mounting angle of 20 degrees was
found to provide the most adequate lighting pattern for the designated area.

4.6.9 General RAS lights. Other lights used during RAS operations in
accordance with the procedures outlined in Naval Warfare Publications 14
(series) are listed below and are further delineated in 4.7 and figures 59
through 63. These lights include:

(a) Task lights
(b) Hull contour lights
(c) Station marking box
(d) Aircraft warning red light
(e) Wake light
(f) Flashlights with wands (MIL-F-3747, type IV,

NSN 9G6230-00-926-4331) with red, green and
amber filters for standard hand signals outlined
in Naval Warfare Publications 14 (series).

(g) Flashlights for marking obstructions, phone dis-
tance lines, attachment points, fittings, and so
forth. Flashlights are available as follows:

One cell flashlights in accordance with MIL-L-573
Clear lens 9G6230-00-172-5833
Red lens 9G6230-00-172-5822
Amber lens 9G6230-00-172-5823
Blue lens 9G6230-00-172-5824
Green lens 9G6230-00-172-5831
White lens 9G6230-00-172-5832

(h) Chemical lights 9G6260-00-106-7478
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SH 964-59

FIGURE 59. General requirements for RAS special lighting.
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SH 964-60

FIGURE 60. Genera1 requirements for typical receiving station lighting.
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964-61
FIGURE 61. Phone/distance line light markings.—

SH 964-62
FIGURE 62. Typical installation of one-cell flashlight and

chemical light on phone/distance line.

SH 964-63

FIGURE 63. Station marking box.
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4.6.10 Shipboard tests. A photometric survey shall be conducted in accor-
dance with the instructions set forth in section 5. The red lighting associated
with RAS operations shall be checked specifically for suitability, adequacy and
conformance with the requirements herein. It shall be noted whether or not the
red lighting fixtures give proper distribution over the area which they should
cover. Annoying glare, either directly from the fixtures or reflected from
the working area, shall be noted. Objectionable shadows cast on the work by
obstructions or by personnel as they perform their normal activities in that
area shall be noted, and notations shall be made if necessary to move existing
fixtures or install additional fixtures to overcome these shadows. It shall be
noted whether illumination is uniform throughout the space and is free of
objectionable contrasting light and dark areas when all fixtures for red illumi-
nation are in use. It shall also be noted whether fixtures have been installed
so that obstructions and corners are adequately illuminated. Deficiencies
shall be corrected as directed by the supervisor.

4.7 Navigation and signal lights.

4.7.1 Governing regulations.

4.7.1.1 Navigational lights.

4.7.1.1.1 International regulations for preventing collisions at sea,
1972 (72 COLREGS). The number, location, arc, and range of visibility of the
navigational lights which must be displayed by all ships while navigating upon
the high seas are established by the International Regulations for Preventing
Collisions at Sea, 1972 (commonly called the 72 COLREGS). The 72 COLREGS are
part of the international convention that was developed under the auspices of
the United Nations’ Inter-Governmental Maritime Consultative Organization
(IMCO) in 1972. For additional information refer to Command and Instruction
M16672.2A. By Executive order 11964 of January 19, 1977, the 72 COLREGS
became effective on July 15, 1977 for all United States ships, both public
and private. The 72 COLREGS abrogated and replaced the 60 COLREGS. Public
Law 95–75, the “International Navigational Rules Act of 1977,” was passed by
the Congress and signed into law on July 26, 1977, codifying the Regulations
under United States Code of Federal Regulations, Title 33, Sections 1601-1608.
This law provides that any requirement as to number, position, and range of
visibility of lights required under the rules shall not apply to any ship of
the Navy where the Secretary of the Navy shall certify that, by reason of
special construction, it is not possible for that ship to comply with the
statutory requirements without interfering with the military function of the
ship.

4.7.1.1.2 Exemption and waiver for naval vessels. As required by Executive
Order 11964, Certifications and Exemptions of existing ships were issued by the
Secretary of the Navy and were published in the Federal Register. The statute
requires such exempted ships to comply as closely to the requirements of the
applicable statutes as the Secretary shall find to be feasible. When it is
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necessary to obtain a waiver for a new ship or when modification of an existing
waiver is required, a report shall be forwarded to NAVSEA. The report shall
be in sufficient detail so that NAVSEA can determine that the closest possible
compliance with the rules has been obtained, and to serve as a basis for a
NAVSEA request to the Chief of Naval Operations and Judge Advocate General for
a certificate of waiver or change in existing waiver. The report shall show
dimensioned locations of all navigational lights, describe any features of the
installation which fail to conform to the rules, and reasons for nonconformance.
A note shall be made in the ship’s departure report stating what changes, if
any, have been made to the navigational light locations. Reference shall be
made to drawings indicating the current or modified locations of such lights.
If location drawings are not available, actual locations of each navigational
light shall be indicated in the ship’s departure report. Certificates executed
in this connection by the Secretary are published in the Weekly Notice to
Mariners and in the Federal Register.

4.7.1.2 Signal lights. Signal lights are not required by statutory law
but are in accordance with Navy criteria. Locations for these lights are
determined in accordance with tables XXI, XXII, and XXIII (see 4.7.3.1) and
the configuration of the ship.

4.7.1.3 Steering lights. Steering lights will not be installed before
delivery of new construction ships. They may be installed at the option of
Type Commanders by Forces Afloat when desired. Drawing 803-5184170, sheet H-2
(see appendix B) provides installation guidances.

4.7.2 Visibility of external lights.

4.7.2.1 Sea mile candela. A sea mile candela is the illumination produced
at a surface all points of which are at a distance of 1 nautical mile from a
uniform point source of 1 candela. This unit is used in calculations involving
signal lights to determine the candlepower necessary to produce a desired range
of visibility. Threshold illumination at the eye (the lowest illumination that
can be detected) is different for direct and corner-of-the-eye vision and varies
with the color of the light, as shown in table XVIII. The values given in
table XVIII are for the dark-adapted eye and are valid only when the background
is completely dark. Note that the threshold values for detection of the light
by direct vision are much lower than those for positive identification of its
color, and that the values for detection by corner-of-the-eye vision are even
lower. Color identification for corner-of-the-eye vision is not given because
this type vision is relatively insensitive to color.
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TABLE XVIII. Approximate thresholds in sea mile candelas
for white and colored lights.

Direct vision Corner-of-the–
eye vision

Color of Color
light Detection identification Detection

White 0.32 16.0 0.013
Purple 3.3
Blue .33 5.0 . 001
Green l 43 9.8 .005
Orange .27 20.0 .061
Red .19 6.7 .17

The threshold visibility of signal lights is affected by the background bright-
ness. As the background brightness increases, so must the intensity of the
signal light, although at a somewhat lesser rate. The color identification
range is also affected by the number of colors to be seen. For example, a
single red light can be identified at a longer range than the same red light
in an array with other colors even though the candlepower of the red light is
the same in both instances.

4.7.2.2 Atmospheric attenuation of light. The atmosphere was not con-
sidered during calculations involving interior and flood lighting because of
the short distances involved. However, the atmospheric effect on the trans-
mission of light increases proportionally with the distance over which the
light must travel. Atmospheric transmission of light is expressed in terms of
percent transmission per mile. For example, if the atmospheric transmission is
70 percent, the total light flux remaining in a given cone of light after pene-
trating a mile of atmosphere will be only 70 percent of the flux in the cone
measured at the light source. At the end of the second mile, the flux in the
light cone will be 70 percent of 70 percent, or 49 percent of the original
amount of light. Atmospheric transmission varies greatly with weather con-
ditions and somewhat with the color of the light. Unfortunately, it is not
easily measured, but table XIX may be used as a basis for approximate calcu-
lations:

TABLE XIX. Transmissivities for various weather conditions.

Weather

Exceptionally clear
Very clear
Average clear
Light haze
Haze
Light fog
Moderate fog

Transmission per nautical mile
(percent)

90
80
70
50
15

0.05
0.00005
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4.7.2.3 Illumination at great distances. The following formula is used
in calculating illumination for long ranges:

M = Itd/d2, or Equation 41

I = d2M/td
Equation 42

Where:
M = the illumination in sea mile candelas.
t = the atmospheric transmission per nautical mile.
I = the candlepower of the light source (candelas).
d = the distance in nautical miles.

The formula shows that the attenuating effect of the atmosphere on a beam of
light increases exponentially with the distance. Theoretically, a clear incan-
descent lamp signal light would have to produce an illumination of approximately
0.32 sea mile candelas to be detected by an observer looking directly at the
light source on a completely dark night (see table XVIII). When the distance
from the lamp to the observer is 5 miles, this would require a lamp with only
25 candelas if the atmospheric transmission were 80 percent, but about 100
candelas for t = 60 percent, and over 3,200 candelas for t = 30 percent. Since
the sky is almost never completely dark, these candlepower values would have to
be multiplied by a factor ranging from unity to about 5 to compensate for the
reduction in visibility due to background brightness. When the light is used
for Morse signaling, an additional factor of about 30 must be applied to raise
the visibility high enough above the threshold value so that messages may be
consistently read. Thus, for satisfactory Morse signaling at 5 miles, the
theoretical candlepower values given might have to be increased to roughly
3750 candelas for t = 80 percent, 15,000 candelas for t = 60 percent, and
480,000 candelas for t = 30 percent.

4.7.2.4 Effect of earth's curvature on visibility. When the signal light
and the observer are both at low elevations above the water, the visibility of
the light may be limited by the curvature of the earth. The following formula
permits calculation of the range of unobstructed vision that may be expected
when the heights of the light source and observer are known.

D  =  1.05 (H + h)

Where:
D = distance in nautical miles.
H = height of light source in feet.
h = height of observer in feet.

To use the nomograph shown on figure 64, the elevations of the light source and
the observer should be known. Opposite the elevation of the light source read
the distance to the horizon. Similarly, find the distance from the observer
to the horizon. The sum of these two distances is the maximum range for unob-
structed vision between two points.
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SH 964-64

FIGURE 64. Effect of earth's curvature on visibility.

4.7.2.5 Screening. To maintain a proper lookout, it is essential that
neither direct light nor reflected light from the deck or objects on the deck
enter the eyes of the lookout. Therefore, the masthead, towing, revolving
beam ASW lights, identification light for submarines, and any other light that
could interfere with the lookout’s vision must be provided with screens. The
screen size shall be determined using the following formula (see figure 65):

R = 12H + 6V
2V + 1

Equation 43

Where:
R = the radius of the screen, measured from the vertical centerline

of the light.
V = the vertical distance , measured between two horizontal and paral-

lel lines, "ab" is at the top edge of the screen and intersects
the vertical centerline of the light at “a”. The line “cd” is
parallel to line "ab" and passes through a point “d” which is
the highest and most distant point desired to be kept in the
shadowed area. This point may be at the lookout’s eyes, on the
deck, or some object on the deck , or on some other object above
the deck that may cause light from the masthead, range, towing,
revolving beam ASW lights or identification light for a submarine
to be reflected into the eyes of the lookout.

H = the horizontal distance , measured from point “d” to the
vertical center line of the light.
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The screen shall be so constructed that it will withstand normal shipboard use
without changing its shape and that noise or vibration are reduced to a minimum
when the ship is underway. Illuminated surfaces of the screen shall be painted
with black deck paint, formula 104 in accordance with DOD-P-15146.

FIGURE 65. Screen size determination.

4.7.3 Navigation and signal lights.

4.7.3.1 General. Navigation and signal lights include all external lights
used for navig=n= signaling purposes between ships to reduce the possibility
of collision and to transmit intelligence. For design convenience, these lights
are divided into three groups:

(a) Navigational lights - International rules of the road.
(b) Signal lights - Visual communication.
(c) Signal lights - Station or operational.

The number, location, arc, range of visibility, and other pertinent information
concerning navigation and signal lights are provided in tables XXI, XXII, and
XXIII and Drawing 803-518470, sheet I-3 (see appendix B). These lights shall
be supplied from a lighting circuit having an emergency source, or alternate
source if no emergency system exists, and shall be fed from control equipments
and circuits as indicated in table XX. Supply and control panels for naviga-
tion and signal lights shall be located in the pilot house (control room or
attack center on submarines). Unless otherwise specified in tables XXI and
XXIII, these lights shall be exhibited from sunset to sunrise. In restricted
visibility and when otherwise deemed necessary, they shall also be exhibited
from sunrise to sunset.
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TABLE XX. Power supply and control of navigation and signal lights.

Surface ships Submarines

Supply, control and Supply and control Local lighting Supply and
telltale panel 1/ (no telltale panel) 2/ circuit control panel 3/

Masthead light (forward) Aircraft warning lights Approach lights Anchor light,
Masthead light (aft) (or replenishment red (replenishment) aft
Port side light truck lights or both) Polarity signal Anchor light,
Starboard side light Air cushion craft light lights forward
Stern light, white Anchor light, aft Revolving beam Masthead light

Anchor light, forward ASW light Port side light
Blinker lights Station marking Starboard side
Clearance/obstruction box light
lights (permanent) Stern light

Not-under-command Identification
(breakdown and man light
overboard lights) Searchlight

Minesweeping lights
Task (restricted maneu-
verability) lights
Station keeping lights
(minesweeping)

Stern light, blue
Towing light
Masthead light used
when towing, upper

Masthead light used
when towing, lower

Wake lights

1/ Supply, control and telltale panels: symbol 969.1-115 Vat; symbol 964.1-
120 Vdc.

2/ Supply and control (no telltale panel): symbol 944.2-36 bus, 6 CKTS, ac;
symbol 940.1-3Ø bus, 8 CKTS, ac; symbol 945.1-14 bus, 8 CKTS, dc; symbol
942.1-14 bus, 10 CKTS, dc.

3/ Supply and control panel (no telltale): symbol 2550.1.
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4.7.3.2 Supply, control and telltale panel for running lights. The Supply,
Control and Telltale Panel (symbol 969.1 or 964.1) for the running lights of
surface ships is designed to aid in keeping the ships running lights (masthead,
stern, and side lights) lit as prescribed by the rules for preventing collisions
at sea. The panel is installed in or near the pilot house and gives an alarm
when one of the running lights is out or is operating on its secondary filament.

4.7.3.2.1 Upon failure of the primary filament (or its circuit) in any
running light, the power is automatically transferred to the lamp’s secondary
filament and an indicator lamp on the panel lights. The indicator Lamp of the
affected light will remain lit until the repair (restoration of the primary
filament) has been completed. Failure of the secondary filament is indicated
by a red lamp and audible buzzer. The sequence of operations is shown in table
XXIV.

TABLE XXIV. Sequence of operations of running lights.

Operation

Operation Indications Condition Action

1 Turn all switches None Primary filaments None
on panel to “ON” of all running
(normal) lights energized.

2 Push test button (a) Amber light Secondary fila- None
ment OK

(b) Amber light, Secondary fila- Replace lamp in
red light ment circuit open running light and
and buzzer retest with new

equipment

3 Amber light Running light Replace lamp in
operating on secon- running light
dary filament (pri- in the morning
mary filament cir-
cuit open)

4 Amber light, Running light “out” Replace lamps in
red light and (primary and secon- running light at
buzzer dary filament cir- once

cuits open)

5 Turn unit switch to Red light Running light “OUT” Replace lamp at
“OFF” to silence not energized once unless unit
buzzer after con- switch was turned
dition 4. off for reasons

other than to
silence buzzer.

4.7.3.2.2 Certain older ships have permanent towing lights installed and
connected to control switches on the telltale panel. These towing light switches
are manual. The designs of the older panels for ac and dc systems are shown on
Drawing 815-1197050.
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4.7.3.2.3 Description of circuit operation. The operation of the supply,
control and telltale panel are easily seen by following the schematic diagram
in appendix B, section I, sheet 11, detail “A”. For simplification this
schematic shows one of the five running lights; the operation is the same for
all five. A circuit analysis of the operations is given as follows and is
summarized in

(a)

(b)

(c)

(d)

(e)

table XXV.

When the primary filament of the running light is lighted,
relay K1 is energized (contacts open), relay K2 is de-
energized (contacts closed), the indicator lamp is dark
(out), and the buzzer is off (deenergized).

If the primary filament circuit opens (as when the primary
filament burns out), relay K1 deenergizes, closing its
contacts. One set of contacts supplies power to the amber
lamp and the other set completes the circuit for energizing
relay K2. (The other leg of the circuit of K2 is completed
through the running light secondary filament.)

If the secondary filament circuit opens (as when both the
primary and secondary filaments burn out) relay K2 deenergizes,
closing its contacts. When the contacts of both K1 and K2 are
closed, the amber and red lamps are lighted, and buzzer sounds.
The buzzer may be silenced during repairs (restoration of the
primary and secondary filament) by rotating the rotary snap
switch to its “off” position; but the lamps will still remain
lighted.

When the defective lamps are replaced (or faults in the circuits
are corrected), and the rotary snap switch is turned to the “on”
position, the primary relay (Kl) coil energizes, the secondary
relay (K2) deenergizes, returning the unit to its normal condi-
tion.

A test button is built in the circuit. During normal operation,
when the test button is pushed in, the primary filament circuit
is opened (to simulate a primary filament burnout condition),
power is transferred to the secondary filament and an amber
lamp is lighted to confirm this condition. On the other hand,
if both indicator lamps are lighted and the buzzer sounds, a
possible secondary filament failure is indicated.
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4.7.3.3 Dimmer control panel. On surface ships, a dimmer control panel,
symbol 989, is installed adjacent to the supply, control, and telltale panel
and is connected as shown in appendix B, section I, sheet 11, detail “A”. This
panel is used for dimming the masthead light, port side light, starboard side
light, and stern light (white). A 5- by 8-inch plate is also installed adjacent
to the dimmer panel with the inscription, “NAVIGATION LIGHTS IN DIM POSITION
DO NOT COMPLY WITH THE RULES OF THE ROAD.” This panel provides one position
of dimming. In the dim position the visibility of the masthead, side lights,
and stern light is reduced to about 4000 yards. The sequence of operation of
the telltale panel is the same whether the running lights are in the bright or
dimmed condition.

4.7.3.4 Running lights. The running lights include: masthead light,
port side light, starboard side light and stern light (white). They indicate
the presence and course of one vessel to another. The running lights for
submarines are pressure proof fixtures without shields while those of surface
ships are spraytight with external shields to show an unbroken light over an
arc of the horizon as specified in table XXI. Shields for submarine lights
are provided by the shipbuilder. Running lights are provided with a 50-watt,
two-filament lamp.

4.7.3.5 Blinker lights. The blinker lights are located, one port and one
starboard, outboard on the signal yardarm. They are used for limited range
visual communication. The fixtures are spray-tight, each provided with two
clusters of six 15-watt, one-filament lamps. Cluster no. 1 may be used singly
for normal use. Through switching, cluster no. 2 may be added to no. 1 to
increase brilliance for communication at greater distance or cluster no. 2 may
be selected alone when no. 1 fails. Blinker lights are fitted with a screen
at the base to prevent glare or reflection that may interfere with the navigation
of the ship. These lights are operated from signal keys, symbol 978.2, located
on each side of the signal bridge. An ON-OFF snapswitch on the supply and
control panel - signal and anchor lights is employed to energize or reenergize
these lights. The lights are connected to the infrared control transmitter in
order that the same signal key employed for the infrared lights is employed
for the blinker lights. A selector switch on the infrared control transmitter
selects which lights are to receive the pulse. Infrared and blinker lights
cannot be employed simultaneously. A four-position switch located near the
infrared control transmitter controls which bank is energized. Switch positions
are: LOWER, LOWER AND UPPER, UPPER AND OFF.

4.7.3.6 Not-under-command (breakdown and man-overboard) lights. The not-
under-command fixtures (red) are spray-tight and are equipped with 15-watt,
one-filament lamps. They indicate a ship unable to maneuver or give warning to
other ships to stay clear because a man is overboard. When these lights are
used as a man-overboard signal, they are pulsed by a rotary snap-switch (fitted
with a crank handle) on the signal and anchor light supply and control panel.
These lights are mounted and operated in conjunction with the ship’s task lights.
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4.7.3.7 Ship’s task lights. The upper and lower
light array are red, utilizing the presently installed
down lights, relocated as necessary. The center light

lights of this three-
man-overboard and break-
is a white light. These

lights shall be connected to the supply and control (no telltale) panel in such
a way that:

(a) The two red lights may be burned steadily to indicate the ship
is “Not Under Command.”

(b) The two red lights may be flashed by rotating the switch (crank-
type) handle, to Indicate a man-overboard condition exists.

(c) The three lights will burn simultaneously to indicate the ship
is either launching or recovering aircraft or engaged in RAS
operations, and by the nature of its work, is unable to get
out of the way of approaching vessels. The switch for this
application shall be labeled “Ship’s Task Lights.” A dimmer
control panel, symbol 989.1, shall be installed for dimming
the task lights.

In addition to the tasks cited herein, these lights will be displayed on all
vessels engaged in laying, servicing or picking up a navigational mark, sub-
marine cable or pipeline; or a vessel engaged in dredging, surveying or under-
water operations.

4.7.3.8 Submarine identification light. This light is displayed solely
for identifying a craft on the surface as a submarine. Its display does not
change any of the rules of the road nor confer any privilege on the ship showing
it. The light is an intermittent flashing yellow beacon with a sequence of
operation of approximately 90 flashes per minute.

4.7.3.9 Aircraft warning and replenishment approach light. A steady red
light is exhibited near the top of masts extending more than 25 feet above the
highest point on the superstructure to indicate the presence of obstructions
to low flying aircraft. The aircraft warning light is also exhibited by the
control ship (a ship capable of delivery) during the approach phases of RAS
operations. When used in this way, the aircraft warning light shall be con-
nected through a selector switch and a dimmer, symbol 951.1, so that it can be
dimmed during RAS operations only. The selector switch shall select between
aircraft warning and RAS (see appendix B, sheet 1-12).

4.7.3.10 Multipurpose signaling kit. The multipurpose signaling kit,
symbol 106.1, consists of a hand spotlight with a 5-3/4 inch diameter sealed
beam, 20-volt, l/2-ampere lamp mounted in an enclosure which has a pistol-grip
handle with trigger-type switch. Power is normally supplied by a battery inside
the light, which also contains a rheostat to control the intensity of the beam.
The lamp can also be energized from ship’s service through a transformer located
in the carrying case. The multipurpose signaling kit is furnished with red,
green, and yellow filters and is intended primarily for visual communication
at night.
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4.7.3.11 Portable floodlight for search and rescue operations. The port-
able floodlight, symbol 311, utilizes a powerful 600-watt, 120/28-volt lamp and
is designed for use in search and rescue operations (that is, finding a man
overboard, mooring to a buoy, disentangling downed flyers from their parachutes
or harnesses> junk searches) and anti-swimmer lighting). The floodlight can be
operated from either a 115-volt ac or a 28-volt ac/dc power source.

4.7.3.12 Night-flight operation lights. Night-flight operation lights
are installed on aircraft carriers to assist pilots during take-off and landing
at night. They also provide visual aid to pilots for locating and identifying
the parent carrier. Information concerning visual Landing aid lighting is
covered in NAVAIR technical manuals and bulletins.

4.7.3.13 Searchlights.

4.7.3.13.1 General. Naval searchlights are used to project a narrow beam
of light for the illumination of distant objects and for visual signaling. To
accomplish its purposes, the searchlight must have an intense, concentrated
source of light, a reflector that collects light from the source (to direct it
in a narrow beam), and a signal shutter (to interrupt the beam of light).
Searchlights are classified according to size of reflector and light source.
The three general classes are: 24-inch, 12-inch, and 8-inch searchlights. The
24-inch searchlight is of the carbon-arc type; the 12-inch light is either of
the incandescent or inert-gas type; and the 8-inch light is of the sealed-beam
incandescent type. A brief description of searchlights is provided herein.
Additional information concerning operation and maintenance of searchlights is
covered in chapter 9660 of the Naval Ships Technical Manual, NAVSEA 0901-422-0000.  

4.7.3.13.2 Searchlights with carbon-arc lamps. The 24-inch high intensity
carbon-arc searchlight is used primarily for signaling, and secondarily for
navigational purposes. It consists of a stationary pedestal, turntable with
arms, drum with iris and signaling shutters, and carbon-arc lamp. The turntable
is supported on a pedestal and can rotate continuously in train; and the drum,
which provides a housing for the lamp, is trunnioned on the turntable arms and
can be elevated or depressed through angles of 110 and 30 degrees, respectively.
The carbon-arc lamp utilizes a high intensity dc arc between special cored carbon
electrodes. It is designed for operation with an arc-ballast resistor (located
below deck) supplied from the ship’s 120-volt, dc power supply. The arc current
is adjusted for 75 to 80 amperes with an arc voltage of 65 to 70 volts. The
arc-ballast resistor is connected in series with the arc to limit the starting
current, stabilize the arc, and absorb the difference between the line voltage
and arc voltage. Due to the improved performance of smaller searchlights (in
other words, mercury-xenon, incandescent), carbon-arc searchlights are no longer
required for new-construction ships.

4.7.3.13.3 Searchlights with mercury-xenon arc lamps.

4.7.3.13.3.1 Characteristics and uses. These searchlights are used
primarily for signaling, and secondarily for illumination. The mercury-xenon,
gas-filled arc Lamps operate at 60 Hz, or with some changes in the starter
circuit and ballast resistor, at 400 Hz. They produce a concentrated arc of
intense brilliance which permits sharp focusing.
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4.7.3.13.3.2 12-inch mercury-xenon arc searchlights. This searchlight,
symbol 299, uses a 1000-watt mercury-xenon lamp that requires 45 amperes to start
and 18 amperes for operation. It is supplied from the ship 117-volt, 60-Hz,
single-phase power source. The lamp consists of two tungsten electrodes spaced
about l/4-inch apart inside a 2-inch diameter quartz bulb. The bulb contains a
small quantity of liquid mercury and xenon gas at a pressure of 3 to 5 atmos-
pheres when the lamp is cold (an atmosphere at sea level is equivalent to 14.6
pounds per square inch (lb/in2). After the arc is started and the lamp attains
a stable operating temperature, the internal pressure increases to approximately
20 atmospheres. The lamp does not produce full-light output until this pressure
is reached and all of the mercury has been vaporized. This lamp differs from
the incandescent lamp in that it requires a high voltage, radio frequency (rf)
current for starting and a ballast for continuing operation at its rated output.
The searchlight consists of a drum, back dome, signaling shutter, mounting yoke,
lamp, focusing device, starter box, and ballast assembly. The automatic starting
circuit assembly is attached to the lower part of the drum. A screening hood
with various color filters is supplied. The electrical components (see figure
66) include:

(a) Automatic starting circuit. A high voltage pulse-type circuit
is used. When the searchlight is turned on, the booster trans-
former supplies 130 volts to the primary of the transformer
which, in turn, provides a series of pulses of approximately
50,000 volts which are generated by high frequency discharges
through a spark gap. When the main arc in the lamp is estab-
lished, the voltage to the primary of the transformer drops to
65 volts. This voltage is not high enough to cause the secon-
dary voltage of the transformer to break down the spark gap.
Thus, the high voltage pulses to the lamp automatically cease.

(b) Ballast circuit. Five resistors are connected in parallel and
are, in turn, connected in series with the lamp. These resistors
limit the current at starting and during operation, and supply
the correct electrical values to the lamp. Four capacitors are
required to keep the pulse transformer primary circuit resonant
during starting. The other capacitors are used to prevent feed-
back of the high frequency power produced by the pulse trans-
former.
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SH 964-66

FIGURE 66. Wiring diagram of a typical 12-inch mercury-xenon searchlight.
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4.7.3.13.4 Searchlights with incandescent lamps.

4.7.3.13.4.1 Characteristics and use. The major units of the searchlights
with incandescent lamps are: mounting bracket, yoke, drum, and lamp. The mount-
ing bracket permits the searchlight to be secured to a vertical pipe or to a
flat vertical surface. The yoke is swivel mounted on the bracket to allow the
searchlight to be rotated continuously in train. The steel drum provides the
lamp housing and is trunnion mounted on the yoke to allow it to be elevated
and depressed. Clamps are provided for locking the searchlight in any position
of train and elevation. The signaling shutter is a venetian blind type shutter.
It is held in the closed position by two springs and is manually opened by a
lever on either side of the drum. The searchlights in this group are used pri-
marily for signaling purposes, and secondarily for illumination. The incande-
scent lamps used have special concentrated filaments for reducing the area of
the light source and consequently, the spread of the light beam,

4.7.3.13.4.2 12-inch searchlights. The lamp for the 12-inch incandescent
searchlight, symbol 299.1, is usually a 1000-watt, 117-volt incandescent lamp
having special concentrated filaments that reduce the area of the light beam.
The lamp is mounted in a mogul bipost socket. The socket is located in front
of the reflector and can be adjusted only slightly. The replacement of the
lamp is accomplished through the rear door of the searchlight. The light source
must be at the focus of the reflector for minimum beam spread and maximum
intensity. Some types of 12-inch incandescent searchlights are provided with
focusing adjustment screws. Other types can be adjusted by loosening the
screws on the lamp-socket support plate, adjusting the entire socket assembly
toward or away from the reflector until the beam has a minimum diameter at a
distance of 100 feet or more from the light, and retightening the screws. When
checking the diameter of the beam, the rear door must be shut and tightly clamped.
A screen hood is provided for attachment to the front door to limit the candle-
power of the beam, to reduce its range, and to lessen stray light, which causes
secondary illumination around the main beam. The hood also provides for the use
of colored filters.

4.7.3.13.4.3 8-inch sealed-beam searchlight. The 8-inch signaling search-
light utilizes an incandescent, PAR 64, 250-watt, 28-volt, screw terminal sealed-
beam lamp. It is designed to withstand high vibratory shock and extreme humidity
conditions and will operate equally well in hot or cold climates. Searchlight,
symbol 297, is designed for operation with 115-volt power systems, while search-
light, symbol 297.1, is designed for use on small craft with a 28-volt power
source. Three filter assemblies (red, green, and yellow) that can be readily
snapped in place over the face of the searchlight are provided.

4.7.3.13.5 Searchlights for small boats. Searchlights for small boats
utilize a PAR 56 incandescent sealed-beam lamp of the type shown in table XXVI.
There are two types of searchlights available.

(a) Symbol 301.1. This searchlight is mounted at a convenient
point on the boat and requires the operator to be outside
for operation.

(b) Symbol 309. This searchlight is mounted on top of the pilot
house and is remotely controlled from inside the pilot house.
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TABLE XXVI. Lamp schedule for searchlights for small boats.

Industry
number

4543
4548
4549
4541
300 PAR
56/2SP

volts Watts

12.5 100
24-28 250
24-28 250
24-28 450
120 300

Beam

spot
spot
Flood
spot
Flood

National stock number

9G6240-00-193-0941
9G6240-00-274-4013
9G6240-00-270-4695
9G6240-00-155-7774
9G6240-00-270-4689

4.7.3.13.6 Searchlights with xenon arc lamps. These searchlights are used
primarily for illumination. They are large (in the 18-inch range), commercial
type searchlights and are generally installed on auxiliary ships. The following
warning signs shall be installed at the operating station and remote stations:

“WARNING

Xenon lights focused at short
range into the human eye will
cause permanent eye damage.”

5* SHIPBOARD TESTS

5.1 General. After the lighting system is complete, the entire installa-
tion shall be thoroughly tested to check conformance to applicable ship require-
ments. As a minimum, the following applicable tests shall be performed:

(a) Photometric survey
(b) Darkened ship survey (surface ships)
(c) Navigation and signal lights check-out
(d) Ship service lighting system check-out
(e) Emergency lighting system check-out (submarines)

5.2 Photometric survey.

5.2.1 Purpose. The purpose of the photometric survey is to measure and
record the illumination levels in the various compartments and to compare the
results with applicable requirements.

5.2.2 Scope. A photometric survey of illumination values for general,
operational, detail, red and blue illumination in the various compartments and
spaces shall be made as follows:

(a) When only one ship of a class is being constructed at a yard,
the survey shall be made on that ship.

(b) When more than one ship of a class is being constructed at a
yard, the survey shall be made on only the first ship completed
under each contract.
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(c) When a single class of ships is being constructed at more than
one yard from the same working drawings, the survey shall be
made on only the first ship of the group at that yard under
each contract.

When more than two spaces or compartments are of the same functional group (in
other words, berthing areas, staterooms, sanitary spaces, and so forth) and
are identical with respect to the application of detail lighting fixtures and
the areas they illuminate, the detail survey need be made in only two of these
spaces or compartments to determine that the detail lighting requirements are
met. The supervisor shall select the spaces or compartments to be surveyed.

5.2.3 Power supply. The lighting system may be energized from either the
ship service generators or from another source. The voltage at the main switch-
board bus shall be maintained at 450 volts plus or minus 1 percent.

5.2.4 Lighting fixtures. All lighting fixtures shall be checked to make
sure that they are clean. New lamps of the proper type, voltage and wattage
shall be installed in all Lighting fixtures when the photometric survey is made.
New incandescent lamps shall be seasoned for 6 hours and new fluorescent lamps
for 100 hours at rated voltage prior to the survey. If seasoning of fluorescent
lamps is impracticable, the minimum footcandle values obtained for the unseasoned
lamps shall be not less than 106 percent of those specified in 4.1. All fluores-
cent fixtures shall be placed in operation at least 1/2 hour immediately before
taking readings except that totally enclosed and gasketed fixtures shall be
placed in operation 2 hours before tests.

5.2.5 Light meter.

5.2.5.1 General. Photometry is defined as the science of measuring the
intensity of light. The basic instrument employed in the measurement of light
is a photometer, commonly known as a light meter. In general, photometers are
divided into two types: laboratory photometers of high accuracy and portable
photometers of lower accuracy. They are further subdivided into two categories:
visual photometers in which the eye is used to compare the brightness of two
surfaces and photoelectric photometers in which the circuitry of the instrument
is calibrated to read the light intensity directly. These in turn may be grouped
according to function, such as photometers that measure illumination (footcandle
meter), brightness (brightness meter), and so forth. The light measurements
with physical instruments are useful only if the instruments are calibrated to
respond to light in the same way as the human eye.

5.2.5.2 Visual photometers. Visual photometers are brightness comparison
instruments with which the eye is used to compare the brightness of two surfaces
(one known, the other unknown), usually by adjusting them to equality. Visual
photometers are primarily used to measure low photometric brightness, such as that
encountered in light trap security aboard ship. The selection of the photometer
is a matter of personal choice. However, among those which have been found quite
satisfactory are the so-called Rochester photometer, the MacBeth illuminometer,
the Luckiesh-Taylor luminance meter, the Freund brightness spot meter and the
Pritchard photometer. In recent years, visual photometric methods have largely
been supplanted commercially by physical methods.
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5.2.5.3 Photoelectric photometers. Photoelectric photometers are divided
into two classes: those employing photoemissive tubes, and those employing
solid state devices such as photovoltaic and photoconductive cells. The most
popular photoelectric meters for shipboard tests are the photovoltaic types
since they are simple to operate and they do not require additional support
equipment. A typical photovoltaic cell footcandle meter consists of a selenium
cell, a microammeter, color and cosine-corrected filters, a multiplier switch,
and a resistor to shunt the meter for the higher scale. (Less expensive meters
do not include color correction or cosine correction.) The selenium cell is a
steel plate with a high purity selenium coating.

5.2.5.4 Color correction. Most pocket-size light meters use a selenium
photovoltaic cell. Selenium cells do not respond to colors of light in the
same manner as the average human eye. For example, selenium cells respond to
ultraviolet and infrared energy; the human eye does not. Also, selenium cells
are more sensitive to blue and red light than is the human eye. Correction of
light meter response is achieved by using special colored filters to modify the
response of the cell. Figure 67 illustrates the degree to which a typical,
commercially-corrected selenium photovoltaic cell, commonly in footcandle meters,
approximates the standard eye sensitivity curve. The color-corrected light meter
responds to the color of incident light in much the same manner as the human eye.
Accordingly, it need not be calibrated for use with a specific type of white
light (that is, incandescent, mercury, or fluorescent), nor are correction
factors required for measurements of these sources, as is necessary with meters
having no color correction. However, a color-corrected meter for white light
measurements is not necessarily color-corrected for measurements of monochromatic
lights, such as red and blue. For accurate measurements of monochromatic lights,  
the light meters must be color-corrected for the specific color involved.
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SH 964-67

FIGURE 67. Color correction for light meter cells.

5.2.5.5 Cosine correction. A light meter which is not cosine-corrected
generally has a glass plate to cover the selenium cell for mechanical protec-
tion. Part of the light which strikes the glass plate at an angle is reflected,
and thus is not evaluated by the meter. The resultant error increases with the
angle of incidence and, in measuring illumination where an appreciable portion
of the flux comes at wide angles, an uncorrected meter may indicate as much as
25 percent below the true value. The cells used in most footcandle meters are
now provided with diffusing covers or some other means of correcting the light-
sensitive surface to approximate the true cosine response. The meter reading
of a fully cosine-corrected light meter represents the true illumination on the
light receiver regardless of the angle from which the light approaches. When
light strikes a light cell at an angle, the reading on the light meter should
equal the reading that would occur if the light meter were held perpendicular
to the rays of light, multiplied by the cosine of the angle of incidence on the
meter cell.
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5.2.5.6 Temporary fatigue. The photocell-type meter shall be exposed to
the approximate illumination level of the area to be measured for at least 15
minutes before taking readings.

5.2.5.7 Effect of temperature. Wide temperature variations affect the
performance of photocells. Therefore, measurements shall be made at tempera-
tures approximating those in which the meter was calibrated (usually 77°F). If
photocells are used below 60°F or above 90°F , conversion factors recommended by
the manufacturer of the equipment shall be used to correct the readings.

5.2.5.8 Meter accuracy. Since cell-type instruments have no provision
for field calibration other than a zero reading correction, they should be
frequently checked against a master instrument of known calibration or returned
to a reliable laboratory periodically for calibration. The meter shall be
checked or calibrated before making a photometric survey on each ship.

5.2.6 Drawings for photometric survey. Drawings showing the hull outline,
bulkheads, access routes, location of lighting fixtures, outline of major furni-
ture and equipment and compartment name and number shall be prepared to record
the photometric survey readings. The drawings shall be to a scale that provides
sufficient space to record the footcandle readings at the points required by
5.2.8. These drawings can be prepared by adding the photometric survey data to
a drawing made of a compartment and access drawing required by ship specifica-
tions (see figure 68 for guidance).
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FIGURE 68. Typical format for photometric survey drawing.
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Portable instruments. Recorded information pertaining to portable
shall be recorded on a form as shown on figure 69. The following

equipment is required:

(a) Recently calibrated, color- and cosine-corrected photovoltaic
cell, footcandle meter and brightness meter.

(b) Measuring tape.
(c) Watch.

The footcandle meter shall be positioned so that when readings are taken, the
surface of the light sensitive cell is in a horizontal plane and 30 inches above
the floor. This can be facilitated by means of a small portable stand of wood
or other material that will support the cell at the correct height and in the
proper plane.
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Provide pertinent data in table below of all portable instruments
used in measuring photometric and electrical quantities.

Name of instrument Accuracy Serial No. Date of last Range
and manufacturer calibration

b

SH 964-69

FIGURE 69. Portable instrument tabulation (work form).
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5.2.8 Measurements.

5.2.8.1 General. The measurement of illumination is complicated because
lighting installation seldom provides absolute, even illumination, and most
compartments aboard ship are irregular in shape. Measurements are sometimes
made by placing the footcandle meter at random points throughout the compart-
ment to obtain a “mental average” of the illumination values. The measurement
obtained in this manner may be subject to controversy; therefore, the following
methods which are in general agreement with the standard methods recommended by
the Illuminating Engineering Society shall be used in taking photometric
readings.

5.2.8.2 General illumination. General illumination shall be measured with
all lights turned on except lights for detail illumination such as desk lights,
berth lights, adjustable bracket lights and red lights. However, when detail
illumination is provided by overhead lighting fixtures, these fixtures shall be
energized during measurements of general illumination. Measurements shall be
taken on a horizontal plane 30 inches above the deck.

5.2.8.2.1 The following method for determining average illumination results
in a value that is within 10 percent of the value that would be obtained by
dividing a compartment into 2-foot squares, taking a reading in center of each
square and then averaging the results. This method is based on the flux of light
principle by which an average footcandle is defined as the illumination on a
surface 1 square foot in area on which 1 lumen of luminous flux is uniformly
distributed.

5.2.8.2.2 For photometric survey purposes, each compartment shall be
divided into areas known as bays. The three different type of bays are desig-
nated as whole bays, half bays and quarter bays (see figure 70). Lighting
fixtures used to establish the outline of an area shall be the only fixtures
within that area. Only an area whose sides are of either bulkhead space or
equipment or furniture faces (see figure 73B) or a combination of the two
shall be considered when dividing the compartment into bays. The division of
the compartment and the stations where the photometric survey readings are to
be taken shall be shown on the drawings used for the survey. Photometric
survey readings for each bay shall be taken at stations shown on figure 70.
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A whole bay is defined as a four sided area
with lighting fixtures at each corner.

Photometric readings are taken at stations
r-1 thru r-4.

A half bay is defined as a four sided area
with lighting fixtures at two corners and
bulkhead space or equipment face (running
from deck to close to overhead) at the other
two; or three-sided area with lighting fix-
tures at each corner.

Photometric readings are taken at stations
q-1 and q-2 , t-1 and t-2, and r-1, r-2 and r-3.

A quarter bay is defined as a four sided area
with a lighting fixture in one corner and
bulkhead space or equipment face (running from
deck to close to overhead) at the other three.

Photometric readings are taken at station p-1.

SH 964-70
FIGURE 70. Division of a compartment into bays.
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5.2.8.2.3 Average illumination of regular compartments with symmetrically
spaced lighting fixtures shall be calculated in accordance with the procedures
shown on figure 71. Average illumination for compartments with unsymmetric
lighting fixture arrangements shall be calculated in accordance with the pro-
cedures shown on figure 72. Average illumination for machinery spaces shall
be the arithmetic mean of the measured survey readings.
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SH 964-71

FIGURE 71. Average illumination of regular compartments with symmetrically
located lighting fixtures.
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SH 964-72

FIGURE 72. Average illumination of compartments with unsymmetrically
arranged lighting fixtures.
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5.2.8.2.4 Examples of computing the average illumination for typical com-
partments are shown on figure 73. Figure 74 shows a work form that may be used
to compute the values used in the average illumination formulas. In compart-
ments where two levels of illumination are provided, the illumination shall be .
measured and calculated for the highest level.

185



DOD-HDBK-289(SH)
26 November 1986

SH 964-73

FIGURE 73. Examples of computing average illumination.
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Area or Compartment Title Number

Lighting fixture arrangement: Regular compartment with symmetrically located
(In accordance with Figs 71 & 72) single lighting fixture.
(Check one) Regular compartment with single row of indivi-

dual lighting fixtures.
Regular compartment with symmetrically spaced

Calculate the average illumination lighting fixtures in two or more rows.
for the area or compartment using Compartment with unsymmetrically located light
the examples and equations shown ing fixtures.
in Figs 71, 72 and 73.

Step 1 step 2 Step 3 Step 4

Station fc Station fc Station fc Station fc

r-1 q-1 t-1 p-1

r-2 q-2 t-2 p-2

r-3 q-3 t-3 p-3

r-4 q-4 t-4 p-3

r-5 q-5 t-5 p-5

r-6 q-6 t-6 p-6

r-7 q-7 t-7 p-7

r-8 q-8 t-8 P-8

Total

Average R= Q= T= P=

SH 964-74

FIGURE 74. Average illumination calculation (work form).
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5.2.8.3 Detail illumination. Readings for detail illumination shall be
taken in a manner that will reflect the average illumination on the working
surface of the equipment selected. Detail illumination shall be measured with
lights for both general and detail illumination turned on. For detail illumi-
nation at desks, tables, and workbenches, measurements shall be taken at the
center of the working space, on the working level and with the operator in a
normal working position. Measurements for mirrors shall be taken approximately
16 inches away from the surface of the mirror, with the cell in a position
facing and parallel to the mirror. For berths and bunks, measurements shall be
taken at a point 12 inches above the top of the mattress, 25 inches from the
headboard and at an angle of 50 degrees.

5.2.8.4 Red illumination. Readings for red illumination shall be taken
with the area or compartment in its normal operating condition, in other words,
with all red lights on and all equipment operating. Readings shall be taken in
areas and for equipment as required in 4.4 and 4.6.

5.2.8.5 Blue Illumination. Readings for blue illumination shall be taken
with the compartment in its normal operating condition, in other words, with all
blue lights on and all equipment operating. Readings shall be taken in areas
and for equipment as required in 4.5.

5.2.8.6 Uniformity. Readings for uniformity ratio shall be taken directly
under a lighting fixture and between it and the nearest adjacent fixture. For
additional information see 4.3.2.4.

5.2.8.7 Brightness. Brightness shall be measured under actual working
conditions with all lights (white , red or blue) and equipment in normal use.
Readings for brightness contrast ratio shall be taken on the seeing task,
adjacent surroundings and remote surroundings. For example, readings shall be
taken on a printed page on the desk, desk top and the opposite bulkhead. For
additional information see 3.3.5 and 4.3.2.5. Brightness readings for red and
blue illumination shall be taken for areas and equipment as required by 4.4
and 4.5 respectively.

5.2.9 Tabulation of data. Required information for instrument calibration
shall be recorded on a form as shown on figure 69. During the photometric survey,
the main switchboard bus shall be monitored every 5 minutes and the bus voltage
shall be recorded on a form as shown on figure 75. These data will be used for
comparison of compartment voltage as shown on figure 76. Photometric survey
readings shall be recorded on the photometric survey drawings. Overall photo-
metric survey results shall be tabulated on a form as shown on figure 76.
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Bus Bus Bus
Time TimeVoltage Voltage Time Voltage

SH 964-75

Time Bus
Voltage

FIGURE 75. Bus voltage monitoring (work form).
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5.3 Darkened ship survey (surface ships).

5.3.1 Inspection. An inspection of the entire hull envelope, main deck
and above , shall be made to determine the satisfactory light integrity of the
ship. Each opening and access shall be checked for direct or indirect light
leaks to the exterior (weather). Each authorized access that can be opened or
is normally open during darkened-ship conditions shall be protected by a door
switch, light trap, or complete darkened-ship lighting circuit.

5.3.1.1 Entrances which are protected by light traps instead of door
switches shall be checked for accessibility, light tightness, sufficient number
of black light absorbing surfaces (minimum of two), general illumination in the
vicinity of the inner entrance, and absence of light reflecting objects within
the light trap. Direct lighting of the entrance should be avoided (no lights
within a 5-foot radius of the light trap). If practical, lights should not be
placed within a 10-foot radius of the entrance; these lights shall be shielded.

5.3.1.2 Sources of light, other than light traps and entrances and
openings controlled by door switches, shall be shielded to prevent leakage to
the weather. Ventilation ducts and other miscellaneous openings shall be pro-
tected by lightexcluding hoods or suitable light baffles. Red illumination
shall be treated the same as general white light illumination with respect to
light tightness. Red standing lights that have possible exposure to the
exterior shall be suitably shielded. Indicator and pilot lights on equipment
exposed to the weather shall be shielded.

5.3.2 Operation. Door switches that control compartment and access lights
shall be checked by opening and closing the doors or closures a sufficient number
of times to insure consistent operation of the switches. The door switches should
have lock-in devices or short circuiting (by-pass) switches installed to provide
for both light ship and darkened-ship conditions. The doors or closures should
operate the door switches on opening and closing without allowing any direct
light leakage to the exterior or weather (the closure and closure frames should
overlap when the door switches are actuated in order to have minimum light
leakage). Lights in the compartment or access that are not on the darkened-
ship circuit should be controlled by the door switches.

5.3.3 Light trap security. Low level photometers, of a type described in
5.2.5.2, shall be used to test the light security of the non-standard light traps.
Light traps of standard design in accordance with Drawings 805-1630833 and
805-1630834 need not be checked. The visual range of light reflected from the
light traps shall be held to a minimum and shall not exceed 1000 yards when
calculated in accordance with the following paragraphs. The low level photometer
provides a means of measuring the surface brightness of the light trap surfaces
which are visible through an access from outboard the ship. The brightness
measurement of a surface shall be made in accordance with the instructions
furnished with the photometer used and as described herein.

5.3.3.1 In order to obtain accurate results when using the photometer, the
observers should be dark-adapted (in other words, be in the dark, or wear dark-
adaptation red goggles for approximately 30 minutes prior to taking the readings).
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5.3.3.2 Before making brightness measurements, provision should be made to
exclude any light which does not originate in the ship from the surface on which
brightness measurements are to be made. Some form of portable black canvas
hood shall be placed over the outboard opening. Space should be allowed for
the observer to make photometric measurements from at least 6 feet away from
the surface to be measured. When making brightness measurements, all lights
in the ship which are normally on under darkened-ship conditions shall be
turned on.

5.3.3.3 In making brightness readings on light trap installations, the
first step is to select the brightest surface of the trap which is visible from
outboard the ship. For example, in a typical light trap (see figure 77), the
brightest visible surface is the corrugated bulkhead perpendicular to the
weather door.
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SH 964-77

FIGURE 77. Typical light trap.
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5.3.3.4 The next step is to determine the maximum “effective” area (per-
pendicular to the line of sight) of this bulkhead which would be visible from
outboard the ship. For example, the maximum effective area of the corrugated
bulkhead shown on figure 77 is from an angle of approximately 55 degrees
(counterclockwise from the vertical) through the outboard doorway. Assuming
that this outboard door is 26 by 66 inches, and that visibility from outboard
the ship is unrestricted, the visible area of the corrugated bulkhead is
approximately 26 inches sin 55 degrees by 66 inches equals 15 by 66 inches, or
6.8 square feet.

5.3.3.5 Brightness measurements are then made on the “effective” area. In
order to obtain representative readings, it is desirable to have readings made
by two observers. If practicable, each observer should take two photometric
readings at each of six spots on the surface being measured. The 24 readings
should then be totaled, and this total divided by 24 to obtain the average sur-
face brightness.

5.3.3.6 After determination of the surface brightness, the distance from
which the surface can be seen by an experienced observer on a dark night is
determined by the following formula:

R = K    

where: R = distance in
K = figure from
A = “effective”

For example, assume that the
figure 77 was 175 millimicro

Equation 47

yards
the second column of table XXVII
area of the measured surface in square feet

average brightness of the “effective” area of
lamberts. From table XXVII, it is determined that

K = 173. Substituting in Equation 47:

R = 173 x       = 173 x 2.61

R = 450 yards
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TABLE XXVII. Surface visibility range.

Visual range of
Surface brightness 1 square foot

(millimicro lamberts) (yards)

16.3 56
20 60
30 70
40 80
50 88

60 96
70 105
80 113
90 121
100 128

110 135
120 142
130 148
140 154
150 160
175 173
200 186
250 211
300 233
400 270
500 303

600 328
700 351
800 373
900 390
1000 406

1100 421
1200 434
1300 447
1400 461
1500 473

When the range of visibility for a surface as determined herein is
or less, it is considered to be satisfactory with regard to light security

1000 yards

requirements.

5.3.4 Tabulation of data. Required information for instrument calibration
shall be recorded on a form as shown on figure 69. Darkened-ship survey results
shall be recorded on a form as shown on figure 78.
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ACCESS INSPECTION OPERATION LIGHT TRAP
OR SECURITY

OPENING
(Location & Number) A B c D E F G

GENERAL

An inspection of the entire hull envelope, main deck and above shall be made to determine the satisfactory light in-
tegrity of the ship. Each opening and access shall be checked for direct or indirect light leaks to the exterior (weather).
Each authorized access that can be opened or is normally open during darkened-ship conditions, shall be protected by a
door switch, light trap, or complete darkened ship lighting circuit.

INSPECTION

Inspect each opening or access and enter “SAT” (for satisfactory) or describe unsatisfactory conditions on a separate
sheet of paper.

A: Inspect all entrances that are protected by light traps instead of door switches for accessibility, light tightness,
sufficient number of black light absorbing surfaces (minimum of two), general illumination in the vicinity of the inner
entrance, and absence of light reflecting objects within the light trap. Direct lighting of the entrance should be avoided
(no lights within a 5 foot radius of the light trap), these lights shall be shielded.

B. Inspect all sources of light, other than light traps and entrances and openings controlled by door switches, for
shielding to prevent leakage to the weather. All ventilation ducts and other miscellaneous openings shall be protected by
light excluding hoods or suitable light baffles. Low level illumination (red lights) shall be treated the same as general
white light illumination with respect to light tightness. All red standing lights that have possible exposure to the exterior
shall be suitably shielded. Indicator and pilot lights on equipment exposed to the weather shall be shielded.

C. Inspect to ensure that the door switches have lock-in devices or short circuiting (by-pass) switches installed to
provide for both light ship and darkened-ship conditions.

OPERATION

Operate all door stitches and enter “SAT” (for satisfactory) or describe unsatisfactory conditions on a separate
sheet of paper.

D. Operate all door switches, that control compartment and access lights, by opening and closing the doors or
closures a sufficient number of times to insure consistent operation of the switches.

E. Check that the doors or closure operate the door switches on opening and closing without allowing any direct
light leakage to the exterior or weatker (the closure and closure frames should overlap when the door switches are
actuated in order to have minimum light leakage).

F. Check that all lights in the compartment or access that are not on the darkened-ship circuit are controlled by the
door switches.

LIGHT TRAP SECURITY

G. Check the light trap security of non-standard light traps in accordance with 5.3.3 and enter “SAT” (for
satisfactory) or describe unsatisfactory conditions on a separate sheet of paper.

SH 964-78

FIGURE 78. Tabulation of darkened-ship survey results.
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5.4 Navigation and signal lights checkout.

5.4.1 Purpose. The purpose of this test is to ensure that the navigation
and signal lights and associated hardware and control equipment have been
installed according to drawings and specifications, have sufficient insulation
resistance, and operate satisfactorily.

5.4.2 General description. A general description of navigation and signal.
lights is provided in 4.7.

5.4.3 Portable instruments. Required information pertaining to portable
instruments shall be recorded on a form as shown on figure 69.

5.4.4 Submarines.

5.4.4.1 Visual inspection. Inspect each light in accordance with instruc-
tions shown on figure 79.
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5.4.4.2 Insulation resistance. Measure the
dance with instructions shown on figure 79.

insulation resistance in accor-

5.4.4.3 Operation. Operate each light in accordance with instructions
shown on figure 79.

5.4.4.4 Arcs of visibility. Check the arcs of visibility in accordance
with the following paragraphs and tabulate the results shown on figure 79.

(a) Equipment required:

One pelorus with tripod stand
One 100-foot tape
One 100-foot chalked line

(b) Preparations. Prior to performing the work outlined in
(c) and (d), perform the following:

(1) Lay out line “L-L” on dock, portside of submarine
(see figure 80).

(2) Lay out line “R-R” on main deck of submarine at a
distance "d” forward of side lights (see figure 80).

(3) From submarine, obtain dimension "c”.

(c) Checking arcs of visibility:

(1) Masthead light (see figure 80a);
a. Set up portable pelorus and stand on submarine

centerline at a point “P”.
b. Measure distance “a” from masthead light to

point “P”.
c. Walk along Line “L-L” until the primary emission

of the light source is no longer visible. This
establishes point "1”. Walk forward from point
"1” the distance "a1", which equals dimension
"a" and establish point “2”. Swing the pelorus
to point “2” and read the angle a. If cut-off
is correct, angle will be 112-1/2 degrees. If
angle a is less than or greater than 112-1/2
degrees, the error is obtained by subtraction.

d. Repeat step “c.” for starboard cut-off, except to
opposite hand.

(2) Side lights (see figure 80b):
a. Set up portable pelorus and stand at point “P” as

in (c)(l)a. , above.
b. Measure distance "b" from side light to point “P”.
c. Walk along line “L-L” until the primary emission

of the light source is no longer visible. This
establishes point “3”. Walk forward from point
“3” the distance "bl", which is equal to dimension
"b" and establish point “4”. At point “4” lay out
a chalkline “P-P” perpendicular to line “L-L”. On
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line “P-P” measure off dimension "cl”, (in the
direction shown) which equals dimension “c”. This
establishes point “5”. Swing pelorus to point “5”
and obtain angle 13. If cut-off is correct, angle  
will read 112-1/2 degrees; if angle   is less than or
greater than 112-1/2 degrees, the error iS obtained
by subtraction.

d. Repeat step “c.” for starboard side light, except to
opposite hand.

(3) Stern light (see figure 80c):
a. Set up portable pelorus and stand on submarine center-

line at a distance “e”, forward of the stem light.
b. Measure distance “e”.
c. Walk along line “L-L” until the primary emission of the

light source is no longer visible. This establishes
point “6”. Walk forward from point “6” the distance
"el", which equals dimension “e” and establish point
“7”. Swing pelorus to point “7” and read angle     
If the cut-off is correct, angle   will be 67-1/2
degrees. If angle   is less than or greater than
67-1/2 degrees, the error is obtained by subtraction.

d. Repeat step “c.” for starboard cut-off, except to
opposite hand.

(d) Forward side lights cut-offs:

(1) Port and starboard side lights (see figure 80d) :
a. From point "1O" (intersection of submarine centerline

and line “R-R”), walk outboard to port along line
“R-R” until the primary emission of the light source
is first observed. This establishes point “11”.
Measure distance "C2". If dimension "C2" equals
dimension "C" the light does not cross the bow. If
"C2" is greater than "C" the light diverges to port.
If "C2" is less than "C" the light will cross over
the submarine centerline.

b. Repeat for the starboard side light, except to oppo-
site hand.

(e) Use of data: The data obtained from observations made from
(c) and (d) shall be used to make corrections to the instal-
lation, if necessary, and to compile the Navigation Lights
Conformance Report which must be included in the submarine’s
departure report.

(f) Notes:

(1) Inspection of the lights, outlined by paragraphs c and d
should be conducted either after dark or during daylight
if appropriate sighting equipment is used to see the lights.

(2) This procedure can be used whether the submarine is in dry-
dock or at the berth.
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SH 964-80

FIGURE 80. Layouts for checking arcs of visibility of
submarine navigation lights.
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5.4.4.5 Locations of navigation lights. Measure and record the dimensions
of the navigation lights listed on figure 79 to ascertain that their locations
conform to the latest directives.

5.4.5 Surface ships.

5.4.5.1 Visual inspections. Inspect all navigation and signal lights and
associated equipment in accordance with instructions shown on figure 81. The
forward screens of the side lights should be aligned parallel with the centerline
of the ship. The outboard edges of the range, masthead and stern light screens
should be equidistant from a line parallel to the centerline of the ship.
Inspect all searchlights in accordance with instructions shown on figure 82.
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FIGURE 81. Visual inspection of navigation and signal lights - surface ships.
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Visual inspection
Searchlight Type Location

A B c D E F G H 1

An inspection shall be made of each searchlight for proper installation and workmanship with the following items
considered during the inspection. Enter “SAT” for satisfactory in Table above or describe unsatisfactory conditions
found on a separate sheet of paper.

A. Check for damage or deterioration of any material.

B. Check for secureness of mountings and tightness of all screws and fastenings (especially those of the re-
flector, lamp, focusing mount and lamp support).

C. Check that the trunnion bearings have been lubricated with grease.

D. Check that the reflector and cover glass are clean.

E. Check the five resistors of the ballast box for proper, tight and clean connections.

F. Check the starter assembly for secure wiring and for water tightness of the enclosure.

G. Check that all nameplates are satisfactorily located, inscribed and mounted.

H. Check the train and elevation (45° depression to 105° elevation) of each searchlight.

I. Check the shutter assembly for mechanical wear and ease of operation.

SH 964-82

FIGURE 82. Visual inspection of searchlights - surface ships.
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5.4.5.2 Insulation resistance. Measure the insulation resistance in
accordance with instructions shown on figure 83. Insulation resistance shall
be measured with the system de-energized (circuit breakers opened or fuses
removed) at each load side terminal of each circuit emanating at the navigation
and signal lights panels. All switches in the circuits shall be closed.
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Identificationof Measured Insulation Resistance Remarks
Circuit Measured (Megohms to Ground) Ambient

(Feeder # or Main # [DC) (AC) Temp (Include date & any

or Sub-Main #) (+) (-) A B c
Unusual Conditions)

Measure the insulation resistance of complete circuits and record the minimum measured value in megohms.
Minimum acceptable value of insulation resistance is 1/2 megohm.

The insulation resistance shall be measured with an insulation resistance indicating meter having a
full scale reading of 100 or 200 megohms, an open circuit voltage of 500 volts, and s voltage of at least 450
volts across a resistance of one megohm. For methods of conducting these tests, Chapter 300 of the Naval Ship
Technical Manual, NAVSEA S9086-KC-STM-000/CH300 RI, may be used as a guide. In cases where the insulation
resistance for lighting system circuits is below 1/2 megohm and It is determined that this low value is due
to the cable, then the minimum acceptable insulation resistance value for the installed cable shall be deter-
mined from MS18297.

SH 964-83

FIGURE 83. Insulation resistance measurements and evaluation (work form).
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5.4.5.2.1 Measure the insulation resistance of each searchlight both before
and after 15 minutes of operation. This test may be combined with the operation
test of 5.4.5.3. Insulation resistance (“cold”) of less than 1 megohm with the
searchlight de-energized at the lighting panel is considered unsatisfactory and
the searchlight shall not be operated until the trouble has been located and
corrected by thorough cleaning, heating and drying.

5.4.5.3 Operation. Operate all navigation and signal lights and their
associated equipment in accordance with instructions shown on figure 84.
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SH 964-84

FIGURE 84. Operation of navigation and signal lights - surface ships.
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5.5 Ship service lighting system checkout.

5.5.1 Purpose. The purpose of this test is to ensure that the ship service
Lighting system has been installed according to applicable drawings and specifica-
tions, provides sufficient insulation resistance, and operates satisfactorily
(also includes emergency lighting system or alternate supply for surface ships).

5.5.2 Portable instruments. Required information pertaining to portable
instruments shall be recorded on a form as shown on figure 69.

5.5.3 Visual inspection. Inspect the ship service lighting system in
accordance with instructions shown on figure 85.
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Compartment Lighting Drawing Visual Inspection
Compartment Number Number Rev A B c D E

A thorough visual inspection of the overall ship service lighting system shall be made for workmanship and satis
factory installation in accordance with the applicable drawings. Enter “SAT” for satisfactory in Table above or describe
the unsatisfactory conditions found on a separate sheet of paper.

A. Inspect all lighting circuits to ensure that all hardware shown on the lighting drawings have been satisfactor-
ily installed and are of the correct type.

B. Check all power and distribution panels for proper type and size of circuit breakers. Check for correct in-
scriptions on all nameplates. Check that all panels are readily accessible.

C. Check for correct type and size of cables. Chock for proper fastenings, supports, and marking of cables.
Check that the cables have not suffered physical damage and deterioration during installation or transit. Ascertain that

y splicing of cables that was accomplished has been accomplished in accordance with Drawing 803-5001027
Section 4. Inspect end seals, cable lugs, stuffing tubes, and cable tags for proper materials, workmanship and installa-
tion.

D. Check all lights for proper type and size of lamps. Check that all window assemblies, globes and roundels
have not suffered any physical damage (cracked, painted, discolored, etc. ) during installation. Check for sturdy install-

ation of hangers. Check that there are no interferences in the way of the lights that would obstruct relamping.

E. Check all receptacle circuits for correct size and type of cable, receptacle marking, isolation transformers
and for adequacy of receptacles per compartment.

SH 964-85

FIGURE 85. Visual inspection of ship service lighting system.
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5.5.4 Insulation resistance. Measure the insulation resistance of all
circuits of the ship service lighting system in accordance with instructions
shown on figure 83.

5.5.5 Operation. Operate the ship service lighting system in accordance
with instructions shown on figure 86. Operation and grounding circuit checkout
of receptacles may be readily accomplished with a special test device which
may be constructed as follows: Connect one end of a 3-foot, 3-conductor cable
(#14 AWG or larger) to an appropriate plug and the other end to a 120-volt
indicating light, housed in an appropriate enclosure. The grounding conductor
shall be connected to the ground prong of the plug and to the ship structure
(ground) via a bridge or an ohmmeter capable of identifying 0.10 ohm.
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Lighting Drawing Operation
Compartment Equipment

Number Rev A B c D E F G

r
Operate all circuits of the ship service lighting system from their respective power supply a sufficient length of

time to demonstrate satisfactory operation emphasizing the following items during the operation. Enter "SAT" for satis-
factory in Table above or describe unsatisfactory conditions found on a separate sheet of paper. Enter ‘‘M” for items
not applicable.

A. Check all circuit breakers for correct size, type and mechanical operation of all lighting distribution panels.
Check that each circuit breaker is correctly identified with its corresponding circuit.

B. Demonstrate satisfactory operation of all manual and automatic bus transfer switches.

C. Check that each switch is correctly identified with its corresponding circuit, operates properly, and is read
ily accessible.

D. Check for satisfactory operation of all overhead lights. All fluorescent lamps shall show a steady bright
light.

E. Check for satisfactory operation of all lights for detail illumination. Detail lights shall properly illuminate
the working area or task.

F. Check for satisfactory operation of all relay lanterns by pressure exerted on the pushbutton switch located
on the lantern.

G. Check each receptacle for proper operation and grounding. The maximum acceptable ground circuit resis-
tance of each receptacle is O. 10 ohm.

SH 964-86

FIGURE 86. Operation of ship service lighting system.
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5.6 Emergency lighting system checkout - submarines.

5.6.1 Purpose. The purpose of this test is to ensure that the ship
emergency lighting system has been installed according to applicable drawings
and specifications, provides sufficient insulation resistance, and operates
satisfactorily.

5.6.2 Portable instruments. Required information pertaining to portable
instruments shall be recorded on a form as shown on figure 69.

5.6.3 Visual inspection. Inspect the emergency lighting system in accor-
dance with instructions shown on figure 87.

5.6.4 Insulation resistance. Measure the insulation resistance of all
circuits of the emergency lighting system in accordance with instructions shown
on figure 83.

5.6.5 Operation. Operate the emergency lighting system in accordance with
instructions shown on figure 87.
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Lighting drawing Visual Inspection Operation
Compartment Equipment

Number Rev A B c D E F G

Conduct a visual inspection and an operation of the emergency lighting system and enter “SAT” for satisfactory in the
Table above or describe the unsatisfactory conditions found on a separate sheet of paper.

VISUAL INSPECTION

A thorough visual inspection of the emergency lighting system shall be made for workmanship and satisfactory
installation in accordance with the applicable drawings emphasizing the following items:

I A. All hardware installed and located according to applicable drawings.

B. Check for proper type, size, fastening, supports, and marking of cables.

I C. Check for correct type lights and type and size of lamps and globes.

D. Check for accessibility of fused distribution boxes and switches. Check for proper type and size of fuses
and for proper identification of circuits.

I OPERATION

Operate the emergency lighting system a sufficient length of time to demonstrate satisfactory operation empha-
sizing the following items:

E. Energize the emergency lighting system from the ship batteries, and check that all emergency lights operate
satisfactorily.

F. With ship service lighting OFF and the emergency lighting ON, ensure that a satisfactory emergency illum-
ination exists in operating areas, manned spaces, and access routes.

G. Demonstrate satisfactory operation of the battery disconnect switches, emergency lighting relays, and fused
distribution boxes.

SH 964-87

FIGURE 87. Visual inspection and operation of the
emergency lighting system - submarine.
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6. MAINTENANCE AND PARTS IDENTIFICATION

6.1 General. The intensity of illumination produced by a lighting instal-
lation begins to depreciate at the time the system is placed in operation. This
depreciation is due to the decrease in efficiency of the lighting fixtures and in
the reflecting efficiency of the surrounding bulkheads and overhead which results
from the natural deterioration of the surfaces with age.

6.1.1 The depreciation of the light caused by the aging of the lamps and
by the accumulation of dirt, dust, and film on the lamps and fixtures greatly
reduces the efficiency of a lighting system. The amount of light lost depends
on the extent to which oil fumes, dust, and dirt are present in the surrounding
atmosphere, and on the frequency with which the fixtures are cleaned.

6.1.2 In the design of Lighting installations, a maintenance factor is used
to compensate for the difference in the average illumination obtained initially
(when the lamps and fixtures are new) and the resulting average illumination
maintained in service. The amount of depreciation varies from 25 to 45 percent,
corresponding to a maintenance factor of 55 to 75 percent and depends on the
following: type of fixtures, system of illumination employed, material of the
reflecting surfaces (bulkheads and overhead), local conditions of dust and dirt,
the frequency of cleaning the fixtures and repainting the bulkheads and overhead.
Unless otherwise specified, a maintenance factor of 70 percent is used as speci-
fied in 4.1.3.

6.2 Precautions. Safety precautions shall always be observed by persons
working around electrical circuits and equipment. Shipboard conditions are
particularly conducive to the severity of shock because the body is likely to
be in contact with the ship’s metal structure and the body resistance may be
low because of perspiration or damp clothing. Once a lighting system has been
designed and the permanent lighting fixtures have been installed, operation is
little more than turning light switches on and off. There also are certain
precautions which, if observed by all hands , will result in more effective use
of the lighting installation. These are:

(a) Safety precautions shall always be observed by persons working
around electric circuits and equipment to avoid injury from:

(1) Electric shock.
(2) Short circuits caused by accidentally placing or

dropping a metal tool, flashlight case, or other
conducting article across an energized line. The
resultant arc and fire, even on relatively low
voltage circuits, could cause extensive damage to
equipment and serious injury to personnel.
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(b)

(c)

(d)
(e)

(f)

(g)

(h)

(i)

The danger of shock from the 450-volt ac ship service system
is reasonably well recognized by operating personnel as
attested by the relatively few reports of serious shock
received from this source despite its widespread use. On
the other hand, a number of shipboard fatalities have been
reported due to contact with 115-volt circuits. Despite a
fairly widespread, but totally unfounded popular belief to
the contrary, low voltage (115-volt and below) circuits
are very dangerous and can cause death where the resistance
of the body is lowered by moisture and especially when current
passes through the chest. Conditions aboard ships affecting
the hazard of electric shock are vastly different from those
generally found ashore. These conditions and the general
subject of electric shock hazard are presented in detail in
NAVSEA 0283-236-0000.
Since ship service power distribution systems are designed to
be ungrounded, many persons believe it is safe to touch one
conductor without causing electrical current to flow. This
is not true, because each conductor and all electrical equip-
ment connected to the system have an effective capacitance to
ground that provides a current path between the electrical
conductors and the ship’s hull. The higher the capacitance,
the greater the current flow would be for a fixed body resis-
tance if a conductor is accidentally touched. If the body
resistance is low, such as might be caused by wet or sweaty
hands, this inherent, unavoidable system capacitance is
sufficient to cause a fatal electrical current to pass
through the body when one conductor of an ungrounded system
is touched while the body is in contact with the ship's hull
or other metal equipment enclosures. For this reason, all
live electrical circuits should be treated as potential
hazards at all times.

Replace burned-out lamps at once.
If a lamp shatters in its socket, de-energize the circuit at
the lighting distribution panel before removing the lamp.
This is essential since the local switch controlling the
fixture may open one side of the line and the other side
may still be energized at the fixture, thereby resulting
in possible danger of shock to the person removing the
broken lamp.

Use the right size lamp in every fixture. A 100-watt lamp
in a fixture designed for a 50-watt lamp invariably pro-
duces glare.
Install and remove fuses with fuse pullers, not with bare
hands or metal pliers.

Wiring and rewiring of fixtures should be accomplished only
by qualified electricians and only after authorization has
been obtained from the proper authority.

Keep the lighting power supply voltage at its rated value.
Low voltage decreases illumination, high voltage causes
more frequent lamp burnouts.
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(j) Never take a portable or extension light into a hazardous
area without first checking to make sure that such light
is clearly marked and approved for the particular hazardous
atmosphere in that area.

(k) Additional information on Electrical Safety Precautions is
to be found in Chapter 300 of the Naval Ships Technical
Manual, NAVSHIPS S9086-KC-STM-000/CH 300 RI.

6.3 Causes of light loss.

6.3.1 General. Several factors contribute to light loss, and their effect
varies with the activity, type of ventilation and location of the fixtures, and
lamp and fixture type used. There are five principal factors that cause light
loss in every installation, they are:

(a)
(b)
(c)
(d)
(e)

The individual

Dirt on lamps and fixtures
Dirt on room surfaces
Lamp lumen depreciation
Burnouts
Operating lamp characteristics

effect of each factor varies with the kind of work performed in
the area and the atmospheric location of the area. For example, air is dirtier
in a machine shop than in an air-conditioned office; the amount and type of dirt
found in office air is different from that of machinery spaces.

6.3.2 Dirt on lamps and fixtures. The greatest loss of light can usually
be attributed to dirt on lamps and fixtures (see figure 88). In a poorly main-
tained lighting system, it is common to have light losses of 30 percent or more
because of dirt accumulation alone. The amount of light-loss depends on the
kind and amount of dirt in the area and the rate of dirt accumulation which is
influenced by the fixture type (open or enclosed) and fixture finish.
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A

Example of how much dirt can be col-
lected on the lamps and the reflector
of a fluorescent fixture if the dif-
fusing window assembly is left off.

B

Example of how much dirt can be col-
lected on the reflector of an open type
incandescent fixture. Dirt on the lamp
is a dramatic example in this case.

C

Example of "art” and dirt accumula-
tion on the diffusing window assembly
of a fluorescent lighting fixture.

SH 964-88

D

Example of dirt accumulation on the
clear window assembly of an incandes-
cent lighting fixture.

FIGURE 88. Dirt accumulation on lighting fixtures causes light loss.
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6.3.2.1 Fixture construction affects the rate at which dust collects.
Open type fixtures (desk lights, berth lights, certain incandescent fixtures,
and so forth) collect dirt much faster than those of the enclosed type (most
of the overhead totally enclosed and watertight fixtures).

6.3.2.2 Dirt accumulation on a reflecting surface and on lamps can be mini-
mized if the reflector and lamps are sealed from the air, as in dusttight and
watertight fixtures.

6.3.2.3 Resistance to dirt accumulation differs with fixture finish. Pro-
cessed aluminum finishes , while not as high in initial reflectance as enamels,
tend to have a slower dirt accumulation rate. Enamels, however, are usually
easier to clean. In addition, the ability of reflecting surfaces to reflect
light tends to depreciate with age due to the deterioration of enamels or
scratched surfaces in specular aluminum reflectors. The transmittance, reflec-
tance and absorption properties of plastic diffusers depreciate and the colors
fade with time; aging is accelerated upon exposure to ultraviolet radiation and
heat.

6.3.3 Dirt on room surfaces. As specified in 4.2, a large portion of the
illumination on the work planes is provided by light which has been reflected
one or more times from the overhead bulkheads and deck.

6.3.3.1 Up-to-date lighting practices make use of room finishes with
high reflectance values to create a pleasant environment by balancing the bright-
ness and efficiently utilizing the light. Collection of dirt on room surfaces
cuts the reflectance value, which in turn reduces the amount of reflected light.
Losses due to this effect can be reduced by periodic cleaning and painting of
the room surfaces. When repainting compartments, do not spray paint on the
reflecting surfaces of lighting fixtures. Paint will materially reduce the
reflection factor of the reflecting surfaces and decrease the illumination.

6.3.4 Lamp lumen depreciation. Light output of lamps decreases as they
are used. This reduction in light output is called lumen depreciation and is
an inherent characteristic of all lamps (see 3.6.3.4.2). Losses due to this
effect can be reduced by lamp replacement programs such as planned relamping
(see 6.4.3).

6.3.5 Burnouts. Lamp burnouts contribute to loss of light. If lamps
are not replaced promptly after burnout, the average illumination level will
be decreased proportionately.

6.3.6 Operating lamp characteristics. For proper light output, the lamps
must be operated at their rated operating characteristics. A small variation in
voltage or fixture ambient temperature, for instance, has a large effect in light
output of lamps. Operating lamp characteristics are specified in 3.6.
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6.4 Lamp replacement.

6.4.1 Replacement of incandescent lamps.

6.4.1.1 Blackening. The inside of the bulb of an incandescent lamp is
gradually blackened by evaporation of the tungsten filament. The light output
of a tungsten filament lamp near the end of its normal life is approximately
80 percent of its initial output. This is an inherent characteristic of incan-
descent lamps and is unavoidable.

6.4.1.2 When to replace. Persons responsible for replacing burned-out
incandescent lamps should examine a number of lamps that have failed in normal
service to familiarize themselves with the degree of blackening typical of these
lamps. When lamps of this general appearance are found still in service, they
should be replaced at the first opportunity. This practice minimizes the incon-
venience caused by unexpected lamp failures and contributes to the effectiveness
of the lighting system. Good judgement must be used when replacing an old lamp
or lamps will be wasted.

6.4.2 Replacement of fluorescent lamps.

6.4.2.1 Cause of trouble. Most of the trouble with fluorescent lamps is
caused by worn out or defective starters, or by damaged or expended lamps. The
remedy is to replace the starter or the lamp or both.

6.4.2.2 When to replace. A flickering fluorescent lamp should be removed
immediately, even if no replacement is at hand. A flickering fluorescent lamp
gives no useful light output, and, if allowed to run in this condition, will burn
out the starter and ballast.

6.4.2.2.1 Dense blackening, at either end, that extends a distance of about
1 inch from the base indicates that the lamp is near failure (see figure 89).
Lamps exhibiting this characteristic should be replaced as soon as possible. If
the lamp has not provided the expected length of service when the blackening
occurs, it may be due to improper starting, frequent starting with short operating
periods, improper ballast, improper supply voltage, faulty wiring, or to a defect
in the lamp itself.

SH 964-89

FIGURE 89. Dense blackening at either end indicates that
the fluorescent lamp is near failure.
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6.4.3 Planned relamping.

6.4.3.1 Periodic planned relamping. A properly planned relamping program
will arrest lumen depreciation and prevent many burnouts, thereby improving and
maintaining illumination levels. Lamps in a lighting system can be replaced
individually as they burn out, or the entire lighting installation can be
replaced at one time. Individual replacement is called spot relamping, while
mass replacement is termed group relamping.

6.4.3.2 Spot relamping. Spot relamping is a system of replacing burned-out
lamps as they fail. This is a tedious process that uses a considerable amount of
productive time. A modified spot relamping program, however, can be used in many
areas where appearance is not a factor. Here, the lighting system is checked
periodically (weekly, for example) and burned-out lamps are replaced. While more
efficient than individual relamping, this modified system is usually less economi-
cal than group relamping.

6.4.3.3 Group relamping. Group relamping offers five important advantages.
The first three apply to all lighting systems; the last two chiefly to fluore-
scent lamps.

(a) Reduced labor costs. Group relamping saves on labor costs because
much of the travel and set-up time required to change lamps indi-
vidually is eliminated.

(b) More light. Lamps depreciate in light output as they are used.
The earlier they are replaced, the higher the maintained illumina-
tion will be.

(c) Fewer interruptions. Group relamping can be done at a convenient
time, such as while in port, when there will be no interruption
of operations. The number of interruptions, to report burnouts
or to replace them, is greatly reduced.

(d) Better appearance. Black ends, color variations, and differences
in brightness between adjacent old and new fluorescent lamps are
common with spot relamping. With group relamping all the lamps
are the same age and appearance is uniform.

(e) Less maintenance. Abnormal operating conditions that may occur at
the end of fluorescent lamp life can damage starters and ballasts.
When most of the lamps are replaced before they reach the end of
life, auxiliary equipment lasts longer.

The ideal interval for group relamping would be the point that gives the lowest
total annual cost per footcandle. However, a practical method of group relamping
uses lamp failures to indicate when to replace all the lamps in the installation.
Convenient timing of group relamping is also an important factor.

6.4.3.3.1 Aboard ship there are approximately 7500 operating hours for a
given lighting system per year. Since the average life of fluorescent lamps is
7500 hours, relamping once a year for fluorescent lamp installations is a prac-
tical interval. With incandescent lamps, group relamping intervals are shorter
(2 to 3 months) because of their shorter average life (about 750 hours).
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should be accomplished when the lamps in an
for approximately 80 percent of their rated

average life. The brightest lamps with the cleanest ends should be set aside
for use as replacements for lamps that burn out before the next group relamping.
As lamps burn out, they are replaced from the stock of interim replacement lamps.
When this stock is exhausted, it signals that the next group relamping is due.

6.4.3.4 Spot versus group relamping. Group relamping is highly desirable
and should be used for fluorescent lamp installations where critical and contin-
uous work is involved (offices , chart room, control spaces) and where appearance
is a major factor (living, messing, and recreation spaces). Spot relamping
should be used for incandescent installations and for fluorescent installations
in large areas where each location receives light from several fluorescent lamps,
and where appearance of the lighting system is not a major factor.

6.4.4 Disposal of old lamps.

6.4.4.1 Incandescent lamps. Incandescent lamps may be disposed of at
sea. For reasons of military security, it is undesirable to leave floating
lamps behind; therefore, they shall be broken before they are thrown overboard.
Because there is some danger of injury when disposing of old lamps, the following
precautions should be followed:

(a) Wear goggles, gloves, and sufficient clothing to prevent
injury by flying glass.

(b) Break the lamps topside and over the lee side so that glass
fragments carried away by the wind fall into the sea.

(c) Wash down the area where the lamps were broken to get rid
of fragments of glass.

(d) Do not dispose of lamps except where there is a consider-
able depth of water.

6.4.4.2 Fluorescent lamps. Fluorescent lamps contain a small amount of
mercury gas (about 15 milligrams (mg) for 8-watt lamps and 30 mg for 20-watt
lamps), which is poisonous. No danger arises from unbroken lamps, whether in
use or not, because the mercury is sealed inside. There is some danger of
injury, however, when disposing of old lamps. Since fluorescent lamps are
filled with a very low gas pressure (almost a vacuum), implosions may occur
during the breaking of the lamps. Proper equipment should be worn by the
operator to protect the eyes and skin from flying glass. If lamps are to be
broken, they should be broken outside , or in a well ventilated indoor area.
The use of a waste container and local exhaust ventilation will minimize the
dispersion of dust and mercury vapor. Fluorescent lamps shall be collected
and turned in to a shore based control point for land disposal in a safe and
ecologically acceptable manner. No lamps shall be dumped into any body of
water including oceans.
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6.5 Fixture cleaning.

6.5.1 Authorized personnel. Only qualified electricians shall be allowed
to clean fixtures which have to be disassembled and reassembled as part of the
cleaning operation.

6.5.2 Factors which affect frequency. There are three basic factors that
influence the frequency of cleaning and the methods to be used. These are:

(a) Type of fixture. For cleaning purposes, shipboard lighting
fixtures are classified as either open or enclosed. Different
cleaning methods are needed for these types.

(b) Location and kind of dust. Lighting fixtures in staterooms and
offices are subjected to much less dirt and dust than those in
shops, galleys, machinery spaces, and messrooms. There is also
a great difference in the kind of dust in these areas. The
dust in staterooms and offices is usually of a dry powder type
and in the other spaces it is likely to be greasy and adherent.
There is practically no dust in air-conditioned spaces because
the air is filtered as it circulates; therefore, fixtures in
such spaces will seldom need to be cleaned.

6.5.3 Cleaning open type fixtures. The louvers or baffles, the reflector
and the lamps of both incandescent and fluorescent open type fixtures should be
cleaned periodically. When coated with the dry dust, they should be cleaned, in
place, with a soft, dry, lint-free cloth. When the dust is greasy and adherent,
it may be necessary to use a mild detergent such as synthetic detergent cleaner
NSN G6850-00-282-9702 (diluted in accordance with MIL-D-16791). In this case,
the reflector should be removed along with the baffles or louvers and the
lamps. After cleaning with a cloth dampened with the detergent, components
should be rinsed with a cloth dampened in fresh water and then thoroughly dried
with a lint-free cloth. The fixture should not be reassembled until all compo-
nents are thoroughly dry. If the reflector is of polished aluminum, the polish
shall not be impaired.

6.5.4 Cleaning enclosed type fixtures. Enclosed fixtures are designed to
be dustproof and the accumulation of dust is normally limited to the outside of
the fixture. If the dust is dry and powdery, it can be removed by wiping the
outside of the enclosure with a dry lint-free cloth. If the dust is of the
greasy and adherent type, use a cloth dampened with detergent (see 6.5.3) and
follow this with a rinse using a cloth dampened in fresh water. If the cover
or window is of glass or plastic, it should be allowed to dry without wiping to
avoid the development of a static charge that would subsequently attract dust
particles.
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6.5.4.1 Cleaning reflectors in enclosed fixtures. Usually the reflectors
in enclosed fixtures do not require cleaning; however, if dry dust does accumu-
late, it can be cleaned with a soft, dry, lint-free cloth without removing the
reflector. If a damp cloth must be used on a reflector because of greasy dirt,
remove the reflector before cleaning to avoid the possibility of getting moisture
into the socket or lampholders. This procedure will also eliminate the possi-
bility of electric shock. The cleaning and rinsing procedure and the detergent
to be used are the same as described for open fixtures. Reassembly in the
housing should not be undertaken until all components are thoroughly dry.

6.6 Maintenance of lighting fixtures for general illumination.

6.6.1 Inspection of window assemblies. Window assemblies of shipboard
lighting fixtures, besides being the light transmitting medium, also provide for
dusttight, dripproof, or watertight integrity of the fixtures. Thus, it is
imperative to replace broken or cracked window assemblies (see figure 90) as
soon as possible in order to restore the fixtures in their original condition.
Window assemblies should never be removed from the lighting fixtures in order
to increase light output. Window assemblies for fluorescent and incandescent
fixtures are provided in table XXVIII and XXIX respectively.

SH 964-90

FIGURE 90. Examples of broken window assemblies which
must be replaced immediately.
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TABLE XXVIII. Window assemblies for fluorescent lighting fixtures.

Description Used with lighting fixture
Line
no.

National stock
WattsSpecification Symbol number

White diffusing

M16377/14-002 6210-00-647-2276
M16377/5-001 6210-00-883-5592
Ml6377/7-001 6210-00-500-0742
M16377/8-001 6210-00-548-0601
M16377/9-001 6210-00-548-0214
M16377/65-001
M16377/11-001 6210-00-399-7035
M16377/66-001
M16377/12-001 6210-00-295-2849

MIL-F-16377/14
MIL-F-16377/5
MIL-F-16377/7
MIL-F-16377/8
MIL-F-16377/9
MIL-F-16377/65
MIL-F-16377/11
MIL-F-16377/66
MIL-F-16377/12

1
2
3
4
5
6
7
8
9

8
15
16
20
24
30
40
45
60

15
16
20
24
30
40
45
60

8001, 80.2
338.1, 338.2
70.3, 70.4
331.1, 331.2
73.3, 73.4
81, 81.1
77.4, 77.5
82, 82.1
333.1, 333.2

Clear and white prismatic

M16377/5-002
M16377/7-002
M16377/8-003
M16377/9-003
M16377/65-002
M16377/11-003
M16377/66-002
M16377/12-004

10
11
12
13
14
15
16
17

MIL-F-16377/5
MIL-F-16377/7
MIL-F-16377/8
MIL-F-16377/9
MIL-F-16377/65
MIL-F-16377/11
MIL-F-16377/66
MIL-F-16377/12

339.1, 339.2
336, 336.1
347.2, 347.3
346.2, 346.3
345.2, 345.3
344.2, 344.3
343.1, 343.2
342.2, 342.3

Clear and white prismatic - diectional

M16377/6-002
M16377/10-002

18
19

MIL-F-16377/6
MIL-F-16377/10

16
32

149.4, 14905
145.4, 145.5

Clear black shielded - BBB

M16377/12-003 6210-00-725-903020 MIL-F-16377/12 60 341.1, 341.2

Clear prismatic

21
22
23
24
25
26

MIL-F-16377/59
MIL-F-16377/58
MIL-F-16377/58
MIL-F-16377/57
MIL-F-16377/57
MIL-F-16377/13

M16377/59-001
M16377/58-002
M16377/58-001
M16377/57-001
M16377/57-002
M16377/13-001

6210-00-115-9190
6210-01-047-0209
6210-00-115-9197
6210-00-115-9188
6210-00-115-9189

8
30
30
60

80,120
180

353
35101, 352
351, 352.1
348
349, 350
74, 74.1
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TABLE XXVIII. Window assemblies for fluorescent lighting fixtures. - Continued

1/ These symbol numbers are obsolete. They have been superseded by corre-
sponding symbol numbers shown for clear and white prismatic - directional
windows and clear and white prismatic windows respectively for fixtures
of same wattage.
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Line
no.

1
2
3
4
5
6
7
8
9

10
11
12
13

TABLE XXIX. Window assemblies, globes, and roundels for
incandescent lighting fixtures.

Description

Specification

MIL-F-16377/20
MIL-F-16377/21
MIL-F-16377/23
MS24489
MIL-F-16377/25
MIL-F-16377/25
MIL-F-16377/26
MIL-F-16377/26
MIL-F-16377/27
MIL-F-16377/27
MS24489
MIL-F-16377/62
MIL-F-16377/62

Part number

M16377/20-001
M16377/21-001
M16377/23-001
MS24489-1
M16377/25-002
M16377/25-003
M16377/26-002
M16377/26-003
M16377/27-001
M16377/27-002
MS24489-1
M16377/62-003
M16377/62-002

National stock
number (NSN)

6210-00-897-6976
6210-00-897-5652
6210-00-299-2893
6210-00-633-6886
6210-00-237-8775
6210-00-399-6316
6210-00-635-8819
6210-00-635-8820
6210-00-702-5773
6210-00-914-4152
6210-00-633-6886
6230-00-237-8021
6230-00-237-8023

Color

Clear
Clear
Clear
Red

Clear
Red

Clear
Red

Clear
Red
Red

Clear
Red

Used with
lighting fixture

Watts

50
100
200
200
110
110
110
110
50
50

300
500
500

Symbol no.

65
89
57, 103
69
48.2
68.2
112
113
92.2
93.2
303
30001
300

6.6.2 Inspection of internal components. Internal components and wiring
should be periodically checked for deterioration resulting from deformation, wear,
insulation failure, and so forth. Broken or cracked lampholder or starter sockets
must be replaced immediately since these parts carry live electrical circuits
which could become a hazard to maintenance personnel while they are servicing,
cleaning, or checking out the lighting fixtures. Tables XXX and XXXI provide
information as to the standard parts used in the construction of fluorescent
lighting fixtures. Lampholder, NSN 6250-939-8126, in accordance with MIL-L-970
and MIL-L-970/6, is primarily used for incandescent fixtures utilizing the
medium screw base lamp.
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TABLE XXX. Standard parts used for fixtures using the
8-watt fluorescent lamp.

1

Specification or National stock
Name Military part number number (NSN) Remarks

Lamp W-L-116/3 6240-00-299-5546 Industry no. F8T5/CW

Lamplock M16377/40-001 6250-00-399-7039

Lampholder MIL-L-970/l0 6250-00-377-8590 Standard

Lampholder MIL-L-970/15 Heat resistant

Starter socket MIL-L-970/13 6250-00-295-2738 Standard

Starter socket MIL-L-970/19 Heat resistant

Starter FS-5, type III, W-S-755 6250-00-299-5962 Ac, simple glow switch

Starter AT-58, type IV, W-S-755 6250-00-283-9904 Dc, thermal switch

Ballast M16377/45-001 6250-00-295-2735 60-Hz standard

Ballast M16377/45-002 60-Hz heat resistant

Ballast M16377/45-003 400-Hz standard

Ballast M16377/45-004 400-Hz heat resistant

Shockmount M16377/41-009 or 6210-00-973-1747, Less than 10 pounds
M16377/41-010 6210-00-973-1748 Over 10 pounds

Red filter tube M16377/42-001 6210-00-399-6297 Red illumination

Blue filter tube M16377/42-002 6210-00-503-2810 Blue illumination
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TABLE XXXI. Standard parts used for fixtures using
15- and 20-watt fluorescent lamps.

Specification or National stock
Name military part number number (NSN) Remarks

Lamp - 15-watt W-L-116/13 6240-00-583-3668 Industry no. F15T12/CW
for mirror and general
illumination

Lamp - 20-watt W-L-116/16 6240-00-152-2996 Industry no. F20T12/CW
for general illumination

Lamp - 20-watt W-L-116/18 6240-00-152-2993 Industry no. F20T12/D
for BBB

Lamp lock M16377/40-002 6250-00-399-7040

Lampholder MIL-L-970/11 6250-00-284-0981 Standard

Lampholder MIL-L-970/18 Heat resistant

Starter socket MIL-L-970/13 6250-00-295-2738 Standard

Starter socket MIL-L-970/19 Heat resistant

Starter FS-2, type III, 6250-00-299-2884 Ac, simple glow switch
W-S-755

Starter AT-2, type IV, 6250-00-884-2103 Dc, thermal switch
W-S-755

Ballast M16377/44-001 6250-00-569-9502 60-Hz standard

Ballast M16377/44-002 60-Hz heat resistant

Ballast M16377/44-003 400-Hz standard

Ballast M16377/44-004 400-Hz heat resistant

Shock mount M16377/41-009 or 6210-00-973-1747 Less than 10 pounds
M16377/41-010 6210-00-973-1748 Over 10 pounds

Red filter tube M16377/42-003 6210-00-295-2838 For 20-watt lamp

Red filter tube M16377/42-004 6210-00-834-1621 For 15-watt lamp

Blue filter tube M16377/42-005 6240-00-441-5138 For 20-watt lamp

Switch, toggle DPST MS16569-1 5930-00-719-9659 Installed in fixtures
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SH 964-91

FIGURE 91. Example of badly distorted shock mounts which
must be replaced immediately.

6.6.3 Inspection of shock mounts. Shock mounts for lighting fixtures are
expendable (like fuses are for electric circuits) and should be replaced if badly
distorted (see figure 91). Following a severe shock, all lighting fixtures in
the immediate area should be inspected for shock mount distortion. The shock
mounts found seriously out of line may be bent back into shape as a temporary
expedient until they can be replaced. Replacement shock mounts should be of the
same configuration as those originally installed on the fixture. Shock mount
replacement data for fluorescent fixtures are provided in tables XXX and XxXI.
In general, mild steel shock mounts (NSN 6210-973-1747, shallow) should be used
as replacements on all lighting fixtures installed throughout the ship except for
minesweepers, localized areas requiring a low magnetic signature, or on weather
decks where the use of aluminum or brass shock mounts should be continued.
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6.7 Explosion proof extension lights.

6.7.1 Relamping. When a burnout occurs in an explosion proof light, it
should be returned to the electric shop for relamping by authorized personnel.
Under no circumstances should any person attempt relamping this light in areas
containing explosive vapors. The size lamp to be used for relamping shall be
as indicated on the name plate. Under no circumstances should a higher wattage
lamp be used with these lights.

6.7.2 Inspection. Periodically inspect all explosion proof portable or
extension lights as follows:

(a) Examine cable sheath. If frayed or damaged, replace with
new cable.

(b) Make sure guard is not damaged. If damaged beyond repair,
replace with new guard. (Never use light without guard.)

(c) Make sure guard is tightly secured to the handle. This
assures a good ground connection and watertightness of
the light.

(d) Check for continuity of ground circuit between guard and
ground contact on plug tip.

(e) Check plug and tip. If damaged, replace with new tip or
plug assembly.

(f) Upon relamping the explosion proof extension light, make
sure all components are tight upon reassembly.

6.7.3 Acceptable lights. Presently, four explosion proof and watertight
extension lights for 115-volt power supply operation are available in the Navy
supply as follows:

(a) Symbol 306.2, NSN 9G6230-00-244-3996. This is an 8-watt
fluorescent light furnished with a 50-foot, three-conductor
cable. This light has a much lower operating temperature
than the incandescent types, and it can be used where a
cool light is desired. This light should not be used in
conjunction with work on the internal surfaces (in other
words, surface in contact with the fluid) of naval nuclear
propulsion systems. The following repair parts are avail-
able for this light:

Globe NSN
Lamp NSN
Lamp lock NSN
Lampholder NSN
Starter socket NSN
Starter NSN
Ballast NSN

9G6230-00-451-6450
9G6240-00-299-5546
9G6250-00-399-7039
9G6250-00-377-8590
9G6250-00-295-2738
9G6250-00-299-5962
9G6250-00-295-2735

Should the fluorescent lamp break, do not replace until
adequate overboard ventilation is established.
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(b) Symbol 290, NSN 9G6230-00-283-9671. This is a 25-watt incande-
scent light furnished with a 100-foot, three-conductor cable.
It uses lamp NSN 9G6240-00-295-2005, and is intended for use
as an inspection light where a relatively small diameter light
is required. Its outside diameter is less than 1-13/16 inches.

(c) Symbol 291, NSN 9G6230-00-095-3674. Same as symbol 290 with the
addition of a 30-inch extension handle. This light is intended
for use in examing the interior of aircraft wing tanks, barrels,
drums and ship ullage.

(d) Symbol 286, NSN 9G6230-00-701-2947. This is a 100-watt incande-
scent light with a 50-foot, three conductor cable for use as a
general multipurpose extension light aboard ship. It uses lamp
NSN 9G6240-00-246-5052.

All these lights are classified as watertight, since they meet the standard 3-
foot submergence test. They are also considered explosion proof for class I,
group C (symbol 286) and group D (symbols 206.2, 290, 291 and 286) atmospheres
as defined by the National Electrical Code. The 1981 edition of the National
Electrical Code lists the following atmospheres for the group indicated:

Group C atmospheres

acetaldehyde
allyl alcohol
n-butyraldehyde
carbon monoxide
crotonaldehyde
cyclopropane
diethyl ether
diethylamine
epichlorohydrin
ethylene

ethylenimine
ethyl mercaptan
ethyl sulfide
hydrogen cyanide
hydrogen sulfide
morpholine
2-nitropropane
tetrahydrofuran
unsymmetrical dimethyl hydrazine
(UDMH 1, l-dimethyl hydrazine)
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Group D atmospheres (chemical)

acetic acid (glacial)
acetone
acrylonitrile
ammonia
benzene
butane
l-butanol (butyl alcohol)
2-butanol (secondary butyl alcohol)
n-butyl acetate
isobutyl acetate
di-isobutylene
ethane
ethanol (ethel alcohol)
ethyl acetate
ethylacrylate (inhibited)
ethylene diamine (anhydrous)
ethylene dichloride
ethyleneglycol monomethyl ether
gasoline
heptanes
hexanes
isoprene
isopropyl ether
mesityl oxide

methane (natural gas)
methanol (methyl alcohol)
3-methyl-l-butanol
(isoamyl alcohol)

methyl ethyl ketone
methyl Isobutyl ketone
2-methyl-l-propanol
(isobutyl alcohol)

2-methyl-w-propanol
(tertiary butyl alcohol)

petroleum naptha
pyridine
octanes
pentanes
l-pentanol (amyl alcohol)
propane
l-propanol (propyl alcohol)
2-propanol (isopropyl alcohol)
propylene
styrene
toluene
vinyl acetate
vinyl chloride
xylenes

The following group D atmospheres are commonly found aboard ship: Gasoline,
petroleum naptha, alcohol, acetone, lacquer solvent vapors, and natural gas. In
areas in which potentially explosive atmospheres might occur, only approved exten-
sion lights shall be used. It should be emphasized that the symbol 286 light is
the only one acceptable for group C hazardous atmospheres, and that all four
lights mentioned above are the only ones acceptable for use in group D hazardous
atmospheres.

6.8 Inspection of extension light for small boats. The acceptable light
for small boats and craft with a 12- or 28-volt power supply is symbol 302.2, NSN
9G6230-00-548-0199. It should be noted that this light is not explosion proof
and is not acceptable for use in any hazardous atmosphere. Periodically, this
light should be inspected for damage of the cable, guard, globe and plug. If
damaged, replace as appropriate. The following repair parts are available for
this light:

Repair part NSN

Globe 9G6230-00-399-6317
Guard 9G6230-00-215-6356
Lamp (12-16 volts) 9G6240-00-153-6514
Lamp (24-28 volts) 9G6240-00-155-8726
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6.9 Battery powered emergency lights.

6.9.1 Damage control flood lanterns.

6.9.1.1 How to check charge. The degree of charge of the storage batteries
in portable flood lanterns can be determined by observing the charge indicator
balls through the plastic windows in the battery case. When a cell is fully
charged, all three indicator balls float at the surface of the electrolyte in the
cell. As the cell discharges, the indicator balls sink in the following order:

(a) A green ball sinks when approximately 10 percent
of the cell capacity has been discharged.

(b) The white ball sinks when the cell is 50 percent
discharged.

(c) The red ball sinks when the cell is 90 percent
discharged.

6.9.1.2 When and how to charge. Batteries should be charged as soon as
possible after the green ball sinks. Since a battery discharges at a slow rate
even when not in use, a check should be made at least once a week to see if the
green indicator ball is floating. If it is not, the battery should be charged.
Dc must be used for charging. If ac only is available, a suitable rectifier
must be used. Cells should be charged at a rate of 1-1/2 to 2 amperes until
all three indicator balls are floating. This will require from 20 to 25 hours
if the battery is completely discharged. Charging should not be continued
beyond 1 hour after the charging voltage has remained constant at 10 volts.

6.9.1.3 Addition of water. Pure water should be added, when necessary, to
keep the electrolyte level at the indicator line marked on the front of the cell.
Do not overfill. Overfilling nullifies the nonspill feature of the battery and
may cause electrolyte to spurt out through the vent tube. Furthermore, if the
electrolyte level is not at the indicator line, the charge indicator balls will
not correctly indicate the condition of charge in the battery.

6.9.2 Relay lanterns.

6.9.2.1 Batteries. The dry batteries in the permanently installed relay
lanterns should be checked at least once each month by observing the brightness
of the lamp. When operated to on, if emitted light is dim, the batteries should
be replaced immediately. Lanterns located where the normal temperature is con-
sistently higher than 90°F should be checked once a week. For example, the high
temperature in boiler rooms may require that the batteries be replaced weekly in
order to ensure adequate service from the lanterns.

6.9.2.2 Relays. In addition to the check of the batteries, the operation
of the relay in the lantern should be checked at least once each quarter. Relay
operation is satisfactory if the lighting circuit deenergizes when pressure is
exerted on the push switch located on the relay housing.
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6.9.3 Flashlights for repair stations. Flashlights required for repair
stations shall be checked every 6 weeks by operating the flashlight and observing
the brightness of the lamp. A dim lamp indicates the batteries need replacing.

6.10 Darkened-ship condition.

6.10.1 Light traps. Inspect the light traps to determine that they are
free of all obstructions. A light colored object of any appreciable size placed
in a light trap might be sufficiently illuminated by the interior lighting to be
visible beyond the safe limit.

6.10.2 Door switches.

6.10.2.1 Check. The check on door switches should be made at night during
darkened-ship conditions. Station a dark-adapted observer on deck to watch for
light, and have another man open and close the door. No light should be detect-
able if the door switch is operating properly.

6.10.2.2 -Adjustment. If a door switch is not operating properly, it should
be adjusted, as follows:

(a) Close and dog the door shut.
(b) On door switches that have a lock knob on the arm:

(1) Move the arm (away from the door) as far
as it will go.

(2) Depress the knob labeled LOCK, hold it in,
and let the arm return as far as it will go.

(3) With the knob depressed, turn the threaded
push rod until the button on its end meets
the striker plate on the door, and continue
for an additional 3/4 turn.

(4) Release the LOCK knob.

(c) On door switches that do not have a LOCK knob:

(1) Remove the cover on the door switch enclosure.
(2) Turn the threaded push rod until the internal

quick-break latch drops into place, and then
turn an additional 3/4 turn.

6.11 Navigation and signal lights.

6.11.1 Check of alignment and location. The alignment of navigational
lights on a ship or a craft and their locations shall be checked to measure com-
pliance with the rules for preventing collisions at sea when considered necessary
by Fleet personnel. Such factors as time elapsed since last previous check of
navigational lights, rough weather encountered, topside alterations accomplished
or scheduled, and so forth, should be considered when determining the need for
rechecking the location, alignment and freedom from obstruction of navigational
lights. Information on arcs of visibility and location is provided in 4.7.
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6.11.2 Lamp replacement.

6.11.2.1 Bifilament lamps. Upon indication of primary filament burnout,
the lamp should be replaced at the earliest convenient opportunity. Lights
using these lamps are side, range, stern, and so forth.

6.11.2.2 Lamp cluster. Some navigational and signal lights employ a
cluster of lamps. Lights in this category are aircraft warning, man-overboard
and breakdown, ships task, and blinker lights. Upon experiencing a single lamp
failure, all of the lamps in cluster should be replaced.

6.11.3 Supply, control and telltale panel. A weekly check to ascertain
that the automatic features of the telltale panel are in good working condition
may be made by simulating a burnout of the primary filament. This may be done
by pulling the fuse of the primary filament circuit in the telltale panel.
Operation of the supply, control. and telltale panel is provided in 4.7.

6.11.4 Multi-purpose signal light. These lights should be periodically
inspected in accordance with the instructions furnished with the kit for the
care, operation, and maintenance of the equipment.

6.11.5 Subject term (key word) listing.

Candlepower
Footcandle
Illumination, blue
Illumination, red
Lamps
Lighting
Lunun output

Preparing activity:
Navy - SH
(Project 62GP-N001)
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APPENDIX A

PHOTOMETRIC DATA FOR STANDARD LIGHTING FIXTURES

10. GENERAL

10.1 Scope. This appendix provides computer-generated light output data
using typical distribution curves, and coefficients of utilization calculated
by the zonal and cavity method for the more common lighting fixtures used for
general illumination.

10.2 Application. The light distrtibution data presented herein is a
required input to the overall design procedure; however, this appendix is not
considered a mandatory part of the military handbook since the data can be
derived through calculations using the equations presented in the handbook.

20. REFERENCED DOCUMENTS

Military Specifications:
MIL-F-16377/22 - Fixtures, Lighting, Incandescent, General

Lighting, 200 Watts, 115 Volts, Dripproof
15 Degrees, Symbol 94.1.

MIL-F-16377/36 - Fixtures, Lights, Incandescent, General
Lighting, 21 Candlepower or 25 Watts,
115 Volts, Watertight, Symbols 95.1,
96.1, 97.1 and 98.1.

MIL-F-16377/64 - Fixtures, Lighting; Incandescent, General
Lighting, Decorative, 150 Watts, 120 Volts,
Dripproof 15 Degrees, Symbol 67.

30. DEFINITIONS

Not applicable.

40. GENERAL DESIGN CONSIDERATIONS

40.1 Photometric data. The photometric data consists of candlepower distri-
bution, footcandle distribution and coefficients of utilization for the common
lighting fixtures specified in MIL-F-16377 and associated specification sheets.

50. DETAIL DESIGN CONSIDERATIONS

Not applicable.
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APPENDIX B

TYPICAL INSTALLATION METHODS
FOR LIGHTING FIXTURES

10. GENERAL

10.1 Scope. This appendix contains a copy of Drawing 803-5184170, which
provides typical installation methods for optimum utilization of lighting
fixtures and light installations.

10.2 Application. Related typical installation methods are grouped by
section and are further identified in the title block of Drawing 803-5184170
by the following alpha-numeric designation:

20. REFERENCED DOCUMENTS

Federal Specifications
QQ-A-200/87 - Aluminum Alloy Bar, Rod, Shapes, Tube, and

Wire, Extruded 5456.
QQ-A-250/9 - Aluminum Alloy 5456, Plate and Sheet.
WW-T-700/5 - Tube, Aluminum Alloy, Drawn, Seamless 5086.

Military Specifications
MIL-T-16343 - Tubing, Steel, Carbon, Structural (Navy).
MIL-S-22698 - Steel Plate and Shapes, Weldable Ordinary

Strength and Higher Strength: Hull
Structural.
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30. DEFINITIONS

Not applicable.

40. GENERAL DESIGN CONSIDERATIONS

Symbol numbers are in accordance with NAVSEA
S0300-AT-GTP-010/EsL.

40.2 Drawing sheet status. The absence of an entry in the table of con-
tents revision column indicates initial issue.

50. DETAIL DESIGN CONSIDERATIONS

50.1 Installation. Distribution and wiring equipments shall be installed
in accordance with applicable methods shown on Drawing 803-5001027. Lighting
shall be installed in accordance with applicable methods shown on Drawing
803-5184170.

50.2 Material. The following materials shall be used in the fabrication
of extension hangers:

Specification

Tubing WW-T-700/5
Flat bar QQ-A-200/7
Plate QQ-A-250/9

Tubing MIL-T-16343
Flat bar MIL-S-22698
and plate

Aluminum

Steel

Alloy Condition

5086 H32
5456 Hill or H116
5456 H321 or H116

Type I
Grade M

50.3 Construction. The following notes apply to the construction of
lighting fixtures: ‘-

(a) All holes shall be drilled and slightly countersunk.
(b) All sharp corners shall be slightly rounded.
(c) All parts shall be positioned by jig while welding to insure

proper alignment.
(d) All dimensions are in inches unless otherwise specified on the

individual sheets.
(e) Pads, stud pads, and so forth, shall be tapped or threaded

before being welded to ship’s structure.
(f) All hand-operated appliances including switch boxes, individual

switches, receptacles with switches, and other similar appli-
ances shall be installed on bulkheads at a height of not more
than 6 feet above the deck.
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(g) Receptacles shall not be located so as to be subject to water
splashing or spray through open air ports.

(h) Mounting details should be provided by the installing activity
when not shown by the typical installation methods.

(i) unless otherwise specified, tolerances are in inches.
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CONTENTS

Sheet no

A-1

A-2

A-3

A-4

A-5

A-6

A-7

A-8

A-9

A-10

A-11

ACTIVE SHEETS - DRAWING 803-5184170

Title

SECTION A - MEDICAL SPACES

Arrangement of surgical lights and lanterns over surgical
table in operating room.

Arrangement of surgical lights and lanterns over surgical
table in surgical/battle dressing stations (amphibious war-
fare ships only).

Arrangement of surgical lights and lanterns over surgical
table in surgical dressing room.

Arrangement of surgical light and lanterns for surgical
and dressing table or examining chair per list of facilities

Arrangement of surgical light and lanterns over surgical
table in battle dressing stations (submarines).

Modification to relay-controlled lanterns, and installatlon
of lanterns for surgical tables.

Installation of surgical light, symbol 1071 NSN 9L 6530-00-
185-0034.

Installation of adjustable surgical light, symbol 109 NSN 9L
6530-01-052-6838.

Installation of four adjustable surgical lights, symbol 109.

Installation of two adjustable surgical lights, symbol 109.

Arrangement of surgical light and lanterns for surgical and
dressing table on examining chair per list of facilities.

Revision

A

B

A

B

A

B
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CONTENTS

ACTIVE SHEETS - DRAWING 803-5184170 - Continued

Sheet no. Title Revision

SECTION B - BERTH ILLUMINATION

B-1 Fluorescent berth lights for lower and middle berths.
I

A

B-2 Fluorescent berth lights for top berths. A

B-3 Arrangement of lighting fixtures in berthing and reading A
table units for troop ships.

B-4 Fluorescent berth lights for hospital, crew and CPO berths. A

B-5 Berth illumination of berth - locker unit. A

B-6 Mounting of berth lights, symbols 5.1 and 8.1 (minesweepers A
only).

B-7 Wiring of fluorescent berth lights.

SECTION C - MIRROR ILLUMINATION

c-1 Multiple mirror illumination - sanitary spaces. A

c-2 Mirror illumination - flat mirrors in living spaces.
I

c-3 Illumination of lavatory unit for officers’ stateroom.

c-4 Mirror illumination - toilet article case.
I

c-5 Mirror illumination - living spaces.
I

C-6 Mirror illumination - toilet article case.
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CONTENTS

ACTIVE SHEETS - DRAWING 803-5184170 - Continued

Title

SECTION D - DESK ILLUMINATION

Desk illumination.

Desk illumination mounting details and dimensions.

Illumination of radio operators desk.

Illumination of log desk and of continuous work area.

Lighting fixture and ballast box in secretary bureau.

Table lamps.

Sconce lights.

SECTION E - INSTALLATION OF FLUORESCENT LIGHTING FIXTURES

Recessed mounting of overhead fluorescent lighting fixtures.

Extension hangers for fluorescent lighting fixtures.

Extension hangers for fluorescent lighting fixtures.

Extension hangers for fluorescent lighting fixtures.

Extension hangers for fluorescent lighting fixtures detail
and dimensions.

Surface mounting of symbols 348, 349 and 350.

Flush mounting of

Flush mounting of

Extension hangers

symbols 348, 349 and 350.

symbols 348, 349 and 350.

for fluorescent lighting fixtures.

Revision

A

A

A

A
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CONTENTS

ACTIVE SHEETS - DRAWING 803-5184170 - Continued

Title

SECTION F - INSTALLATION OF INCANDESCENT LIGHTING FIXTURES

Recessed mounting of incandescent lighting fixtures.

Extension hangers for incandescent lighting fixtures.

Extension brackets for incandescent lighting fixtures.

Incandescent lighting fixtures on decks and bulkheads.

Incandescent lighting fixtures horizontal mounting.

Incandescent lighting fixtures in refrigerated spaces.

Extension hangers for incandescent lighting fixtures.

SECTION G - MISCELLANEOUS MOUNTING DETAILS

Mounting of lighting fixtures with shock mounts.

Mounting of electrical equipment on steel or aluminum
structures.

Shields for incandescent fixtures.

Light shields for fluorescent lighting fixtures.

Mounting of
areas.

Flush mounti
boxes.

lighting fixtures in gun blast induced shock

ng of switches, receptacles and connection

Surface mounting of commercial switches, receptacles and
connection boxes.

Use of commercial enclosures and components.

Pin type connection boxes.

Electric plant installation standard methods, use of wire
nuts to make electrical connections.

Revision

A

A

A

A

A

A

A
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Sheet no

H-1

H-2

H-3

H-4

H-5

H-6

H-7

H-8

H-9

H-10

H-11

H-12

H-13

H-14

H-15

CONTENTS

ACTIVE SHEETS - DRAWING 803-5184170 - Continued

Title

SECTION H - GENERAL AND DETAIL ILLUMINATION - SPECIFIC

General and detail lighting for squadron ready rooms.

Incandescent steering light.

Installation of ammunition hoist light, symbol 23.1.

Incandescent lighting fixture for boiler casing.

Installation of psychiatric ward light, symbol 137.

Installation of spot light, symbol 147.2.

Lighting fixture for propulsion motors and generators,
symbol 126.3.

Installation of relay lanterns, symbols 101.2, 102.2,
and 108.

Installation of portable lanterns, symbol 100.2.

Boiler water gauge lights, symbol 134.1.

Boiler water gauge lights symbols 151, 152, 153 and 154.

Mounting of sight glass lights, symbols 136.1 and 156.

Installation of step light, symbol 353.

Typical illumination of a living complex.

Installation of explosion proof fixtures symbols 48.2 and
68.2.

Revision

A

A

A
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Sheet no.

I-1

I-2

I-3

I-4

I-5

I-6

I-7

I-8

I-9

I-10

I-11

I-12

I-13

I-14

I-15

I-16

CONTENTS

ACTIVE SHEETS - DRAWING 803-5184170 - Continued

Title

SECTION I - TOPSIDE LIGHTING

Dress ship lighting system.

Waterline security lighting.

Navigation lights required by international law.

Navigation light kit for landing boats symbol 2554.

Location of navigational lights on landing boats.

Installation of bow and anchor light on landing boats.

Installation of side lights masthead, not-under–command, and
stern light on landing boats.

Installation of stern light on landing boats.

Runningp signal, identification and anchor lights - submarines

Log desk, gangway and water line security lights - submarines.

Navigational lights elementary wiring diagram - surface ships.

Anchor and signal lights elementary wiring diagram - surface
ships.

Portable clearance/obstruction lights for tenders and repair
ships.

Permanent clearance/obstruction lights for ATF, ATS, ARS, and
ASR ships.

Task, not–under-command, man-overboard, aircraft warning and
replenishment approach lights.

Task, deep draft, not-under-command, man overboard, aircraft
warning, and replenishment lights for deep draft ships (CV,
CVN, AUT, AO, AOE, AOR, TAO).

Revision

B

A

A

A

A

A

A

A

B

A

A

B

B
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APPENDIX C

ABSTRACT INSTALLATION METHODS

10. GENERAL

10.1 Scope. This appendix provides pictorial views of the abstract instal-
lation methods shown in appendix B.

10.2 Application. Views of good and bad lighting installations are pro-
vided to illustrate how improvements in the utilization of lighting fixtures and
general appearance of the area can be accomplished with little or no extra effort.

20. REFERENCED DOCUMENTS

Not applicable.

30. DEFINITIONS

Not applicable.

40. GENERAL DESIGN CONSIDERATIONS

40.1 Lighting installations. The figures show good and bad lighting instal-
lations of medical spaces, berth, mirror, and desk illumination, installation of
fluorescent, incandescent, and miscellaneous lights, and examples of good and bad
lighting installation.

50. DETAIL DESIGN CONSIDERATIONS

Not applicable.
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SH 964-C5

FIGURE 96. Typical illumination of single flat mirrors.
(For detail see method C-5-A of appendix B)
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964-C11

FIGURE 102. Typical installation of table lamps.
(For details see method D-6-D of appendix B)
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964-C12

FIGURE 103. Typical flush mounting of fluorescent lighting fixtures.
(For details see method E-1-B of appendix B)
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A
For details see method E-2-A of appendix B.

B
For details see method E-2-B of appendix B.

SH 964-C13

FIGURE 104. Typical surface mounting of fluorescent lighting fixtures.
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A
For details see method F-l-A of appendix B.

B
For details see method F-5-A of appendix B.

SH 964-C14

FIGURE 105. Typical installation of incandescent lighting fixtures.
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A
For details see method G-l-D of appendix B.

B
For details see method F-6-C of appendix B.

SH 964-C17

FIGURE 108. Typical installation of incandescent lighting fixtures.
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SH 964-C18

FIGURE 109. Typical installation of machine tool light, symbol 266.2.

SH 964-C19

FIGURE 110. Typical installation of sightglass lights, symbols 136.1 and 156.
(For details see method H-12-A of appendix B).
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FIGURE 113. Illumination of a wardroom - surface ships.
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FIGURE 114. Illumination of a wardroom lounge - surface ships.
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FIGURE 115. Illumination of a wardroom lounge - submarines.



DOD-HDBK-289(SH)
APPENDIX C
26 November 1986

408

FIGURE 116. Illumination of crew's mess room - submarines.
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SH 964-C26

FIGURE 117. Illumination of an electronic space.

(Note flush mounting of clear white shielded fluorescent lighting fixtures,
switches and receptacles).
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SH 964-C27

SH 964-C28

FIGURE 119. A lot is to be desired of the cable installation of this berth light.

410

FIGURE 118. Spotty illumination results when improper lighting
fixtures are used in type of overhead sheathing.

(For proper installation see method E-7-A of appendix B)
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SH 964-C30

411

SH 964-C29
FIGURE 120. Loss of illumination and difficulty in re-lamping are typical bad

installation features of this light fixture.

FIGURE 121. Flourescent lighting would have provided a much better and less
costly illumination in this area. (It should be noted that
rated life of incandescent lamps ranges between 750 and 2000
hours versus 7500 hours for flourescent lamps).
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APPENDIX D

LIGHT OUTPUT DATA

10. GENERAL

10.1 Scope. This appendix provides illumination patterns for red flood-
lights symbols 263 and 317 commonly used for replenishment-at-sea red lighting.

10.2 Application. These illumination patterns can be used in lieu of
resorting to calculations. They are a quick reference to select particular
lighting and mountings.

20. REFERENCED DOCUMENTS

Not applicable.

30. DEFINITIONS

Not applicable.

40. GENERAL DESIGN CONSIDERATIONS

40.1 Illumination patterns. General illumination patterns are developed
for two types of lamps shown in this appendix, the medium flood and wide flood.
The patterns are developed at various heights and mounting angles; the heights
ranging from 8 feet 6 inches to 50 feet 6 inches, and the mounting angles
ranging from O to 45 degrees.

50. DETAIL DESIGN CONSIDERATIONS

Not applicable.
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SH 964-D1

FIGURE 126. 150W MFL for H equals 8 feet 6 inches and
 equals 0 to 20 degrees.
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SH 964-D2

FIGURE 127. 150W MFL for H equals 8 feet 6 inches and
 equals 25 to 45 degrees.
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SH 964-D3

FIGURE 128. 150W MFL for H equals 9 feet 6 inches and
 equals 0 to 20 degrees.—
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SH 964-D4

FIGURE 129. 150W MFL for H equals 9 feet 6 inches and
   equals 25 to 45 degrees.

— .
—
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SH 964-D5

FIGURE 130. 150W MFL for H equals 10 feet 6 inches and
 equals O to 20 degrees.
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SH 964-D6

FIGURE 131. 150W MFL for H equals 10 feet 6 inches and
  equals 25 to 45 degrees.

—
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FIGURE 132. 150W MFL for H equals 10 feet 6 inches and
  equals 45 degrees.

—.—.
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SCALE: 1/4 = 1’ -0”
SH 964-D8

FIGURE 133. 150W MFL for H equals 11 feet 6 inches and
     equals 0 to 20 degrees.
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SH 964-D9

FIGURE 134. 150W MFL for H equals 11feet 6 inches and
 equals 45 degrees.
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SH 964-D1O

FIGURE 135. 150W MFL for H equals 11 feet 6 inches and
  equals 45 degrees.
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SH 964-D11

FIGURE 136. 150W MFL for H equals 12 feet 6 inches and
 equals 0 to 20 degrees.
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SH
 SCALE: 1/4 = 1’0”

964-D12

FIGURE 137. 150W MFL for H equals 12 feet 6 inches and
  equals 25 to 40 degrees.
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SH 964-D13

FIGURE 138. 150W MFL for H equals 12 feet 6 inches and—
  equals 45 degrees.
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SH 964-D14

FIGURE 139. 150W MFL for H equals 13 feet 6 inches and
  equals 0 to 15 degrees..  
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SH 964-D15

FIGURE 140. 150W MFL for H equals 13 feet 6 inches and
 equals 20 degrees.
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SH 964-D16

FIGURE 141. 150W MFL for H equals 13 feet 6 inches and
  equals 25 to 40 degrees.
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SH 964-D17

FIGURE 142. 150W MFL for H equals 13 feet 6 inches and
  equals 45 degrees.
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SH 964-D18

FIGURE 143. 150W MFL for H equals 14 feet 6 inches and
   equals 0 to 15 degrees.
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SH 964-D19

FIGURE 144. 150W MFL for H equals 14 feet 6 inches and
   equals 20 degrees.
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FIGURE 145. 150W MFL for H equals 14 feet 6 inches and
  equals 25 to 40 degrees.
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SH 964-D21

FIGURE 146. 150W MFL for H equals 14 feet 6 inches and
 equals 45 degrees.
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SH 964-D22

FIGURE 147. 150W MFL for H equals 15 feet 6 inches and
  equals 0 to 15 degrees.
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SH 964-D23

FIGURE 148. 150W MFL for H equals 15 feet 6 inches and
  equals 20 degrees.
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SH 964-D24

FIGURE 149. 150W MFL for H equals 15 feet 6 inches and
 equals 25 to 35 degrees.
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SH 964-D25

FIGURE 150. 150W MFL for H equals 15 feet 6 inches and
 equals 40 to 45 degrees.
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SH 964-D26

FIGURE 151. 150W MFL for H equals 16 feet 6 inches and
 equals 0 to 15 degrees.
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SH 964-D27

FIGURE 152. 150W MFL for H equals 16 feet 6 inches and
 equals 20 degrees.
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SH 964-D28

FIGURE 153. 150W MFL for H equals 16 feet 6 inches and
 equals 25 to 35 degrees.
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SH 964-D29

FIGURE 154. 150W MFL for H equals 16 feet 6 inches and
 equals 40 to 45 degrees.
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964-D30

FIGURE 155. 150W MFL for H equals 17 feet 6 inches and
 equals 0 to 10 degrees.

SH
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FIGURE 156. 150W MFL for H equals 17 feet 6 inches and
 equals 15 to 20 degrees.
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SH 964-D32

FIGURE 157. 150W MFL for H equals 17 feet 6 inches and
 equals 25 to 35 degrees.
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SH 964-D33

FIGURE 158. 150W MFL for H equals 17 feet 6 inches and
 equals 40 to 45 degrees.
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SH 964-D34

FIGURE 159. 300W MFL for H equals 30 feet 6 inches and
 equals 45 degrees.
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SH 964-D35

FIGURE 160. 300W MFL for H equals 34 feet 6 inches and
 equals 40 degrees.

450



DOD-HDBK-289(SH)
APPENDIX D
26 November 1986

SH 964-D36

FIGURE 161. 300W MFL for H equals 38 feet 6 inches and
 equals 35 degrees.

451



DOD-HDBK-289(SH)
APPENDIX D
26 November 1986

SH 964-D37

FIGURE 162. 300W MFL for H equals 42 feet 6 inches and
 equals 25 degrees.
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SH 964-D38

FIGURE 163. 300W MFL for H equals 42 feet 6 inches and
 equals 30 degrees.
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SH 964-D39

FIGURE 164. 300W MFL for H equals 46 feet 6 inches and
 equals 10 degrees.
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SH 964-D40

FIGURE 165. 300W MFL for H equals 46 feet 6 inches and
 equals 15 degrees.
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SH 964-D41

FIGURE 166. 300W MFL for H equals 46 feet 6 inches and
 equals 20 degrees.
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SH 964-D42

FIGURE 167. 300W MFL for H equals 46 feet 6 inches and
 equals 25 degrees.
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FIGURE 168. 300W MFL for H equals 46 feet 6 inches and
 equals 30 degrees.
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FIGURE 169. 300W MFL for H equals 50 feet 6 inches and
 equals 0 degrees.
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FIGURE 170. 300W MFL for H equals 50 feet 6 inches and
 equals 5 degrees.
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FIGURE 171. 300W MFL for H equals 50 feet 6 inches and
 equals 10 degrees.
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FIGURE 172. 300W MFL for H equals 50 feet 6 inches and
  equals 15 degrees.
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FIGURE 173. 300W MFL for H equals 50 feet 6 inches and
 equals 20 degrees.
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FIGURE 174. 300W MFL for H equals 50 feet 6 inches and
 equals 25 degrees.
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FIGURE 175. 300W WFL for H equals 18 feet 6 inches and
 equals 45 degrees.
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FIGURE 176. 300W WFL for H equals 22 feet 6 inches and
 equals 35 degrees.
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FIGURE 177. 300W WFL for H equals 22 feet 6 inches and
 equals 40 degrees.
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FIGURE 178. 300W WFL for H equals 22 feet 6 inches and
 equals 45 degrees.
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FIGURE 1790 300W WFL for H equals 26 feet 6 inches and
 equals 20 degrees.
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FIGURE 180. 300W WFL for H equals 26 feet 6 inches and
 equals 25 degrees.
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FIGURE 181. 300W WFL for H equals 26 feet 6 inches and
 equals 30 degrees.
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FIGURE 182. 300W WPL for H equals 26 feet 6 inches and
   equals 35 degrees.
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FIGURE 183. 300W WFL for H equals 26 feet 6 inches and
 equals 40 degrees.

473



DOD-HDBK-289(SH)
APPENDIX D
26 November 1986

FIGURE 184. 300W WFL for H equals 26 feet 6 inches and
 equals 45 degrees.
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FIGURE 185. 300W WFL for H equals 30 feet 6 inches and
 equals 0 to 5 degrees.
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FIGURE 186. 300W WFL for H equals 30 feet 6 inches and
 equals 10 to 15 degrees.
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FIGURE 187. 300W WFL for H equals 30 feet 6 inches and
 equals 20 degrees.
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FIGURE 188. 300W WFL for H equals 30 feet 6 inches and
 equals 25 degrees.
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FIGURE 189. 300W WFL for H equals 30 feet 6 inches and
 equals 30 degrees.
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FIGURE 190. 300W WFL for H equals 30 feet 6 inches and
 equals 35 degrees.
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FIGURE 191. 300W WFL for H equals 34 feet 6 inches and
 equals 0 degrees.
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FIGURE 192. 300W WFL for H equals 34 feet 6 inches and
 equals 5 degrees.
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FIGURE 193. 300W WFL for H equals 34 feet 6 inches and
 equals 10 degrees.

483



DOD-HDBK-289(SH)
APPENDIX D
26 November 1986

SH 964-D69

FIGURE 194. 300W WFL for H equals 34 feet 6 inches and
 equals 15 degrees.
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FIGURE 195. 300W WFL for H equals 34 feet 6 inches and
 equals 20 degrees.
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FIGURE 196. 300W WFL for H equals 34 feet 6 inches and
 equals 25 degrees.
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FIGURE 197. 300W WFL for H equals 34 feet 6 inches and
 equals 30 degrees.
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FIGURE 198. 300W WFL for H equals 38 feet 6 inches and
 equals 0 degrees.
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FIGURE 199. 300W WFL for H equals 38 feet 6 inches and
 equals 5 degrees.
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FIGURE 200. 300W WFL for H equals 38 feet 6 inches and
 equals 10 degrees.
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FIGURE 201. 300W WFL for H equals 38 feet 6 inches and
  equals 15 degrees.
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FIGURE 202. 300W WFL for H equals 38 feet 6 inches and
 equals 20 degrees.
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FIGURE 203. 300W WFL for H equals 42 feet 6 inches and
 equals 0 degrees.
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FIGURE 204. 300W WFL for H equals 42 feet 6 inches and
 equals 5 degrees.
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FIGURE 205. 300W WFL for H equals 42 feet 6 inches and
 equals 10 degrees.
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