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FOREWORD

The General American Research Division {GARD) of General American
Transportation Corporation was contracted by Stanford Research Institute
(SRI) for the Office of Civil Defense to design a prototype Lighting
Kit for use in fallout shelters. This program was performed under SRI
Subcontract B-87001(49U9A-62)-US, OCD Work Unit 1427A, with Mr. James

F. Halsey of SRI serving as project monitor,
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ABSTRACT

The Shelter Lighting Kit includes a manually-driven power unit and a
fluorescent lighting system. Two power unit designs are presented for
preproduction fabrication and evaluation. One power unit has a generator
mounted on a bicycle-type frame and driven by a chain and sprocket trans-
mission; while the other unit has a generator with an integral geared
transmission mounted on a folding tripod frame. Both power units are
designed for one-man operation with a power input of 0.1 horsepower at a
nominal pedal speed of 55 rpn and a nominal generator output of 50 watts at
120 volts AC. The selection of either design for the production model will
depend on their performance and a cost analysis. The fluorescent lighting
system consists of two adjustable lamp fixtures and two 20-watt or 25-watt
preheat fluorescent lamps operated in series (selected lamp wattage will
depend on the overall system efficiency). The estimated production cost
of the lighting kit is $90.

An incandescent lighting system is proposed as an-optional accessory
for night lighting or background illumination in multi-room shelters.
This lighting system consists of five 1O-watt incandescent lamps with
adapter sockets and five 50-foct extension cords. The estimated cost of

this accessory is $7.30.
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SECTION 1

INTRODUCTION

According to the Second National Fallout Shelter Survey there are 226,000
basement and special facilities (such as mines, caves, etc.) which can accom-
modate 55.8 million people. These facilities generally have no natural
illumination and therefore require a means of artificial lighting. Approxi-
mately one-quarter to one foot candles of illumination are needed in these
shelters 1o maintain the minimum survival requirements (Ref. 1). In addition
to this background illumination, higher levels are required in the administrative,
medical, and kitchen areas.
The emergency lighiing systems considered to date for these shelters are:
1) a 100-watt "Light Admitting Device" which uses the sun as a light
source and a mirror system for distribution (Ref. 2),

2) & 550-watt "Self-Contained Generatcr" which produces electrical
power and provides oxygen and water through the decomposition of
90 percent hydrogen peroxide (Ref. 3),

3) a series of 0.5 to 5 KVA generators driven by four-cycle engines
using liquified-petroleum gases (propane and butane) as the fuel
(Ref. k), and

L) an automotive generator driven either manually or by a gasoline
engine (Ref. 5).

These systems are either expensive, require periodic maintenance, or
are difficult to operate manually. Item 4 above consisted of both an automotive
alternator and an automotive generator driven independently tnrough a 2u-inch

bicycle. In this case, two methods of coupiing were attempted: direct friction
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drive, which proved too difficult to operate, and belt drive. Pedaling the
alternator at 60 rpm through a belt drive transmission resulted in 36 watts
of power and could be sustained for a maximum of five minutes. It was also
found that charging of a storage battery with this system was not practical.
The maximum charge obtained was 2 amps for one minute with physical endurance
being the limiting factor. These alterrnators and generators are specifically
designed for larger loads and high speeds with power inputs of up to 4 horse-
povwer. Since these generators are not designed for manual operation, the
Office of Civil Defense initiated this program to study the design and develop-
ment possibilities of an inexpensive lighting kit consisting of a fluorescent
or incandescent lighting system and a power unit which can be manually driven
by one person for extended periods of time. The primary function of the
lighting kit is to furnish illuminatinn with emphasis on maximum efficiency
and performance at minimum costs. A secondary function of the power unit
could be to furnish a means of recharging dry cell batteries, which are used

in Civil Defense radiological equipment, or operating radio receivers in the

shelters.
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SECTICN 2

DESIGN CRITERIA AND EVALUATICN

The basic considerations in designing a shelter lighting kit are human
factors, types of lighting, and methods of generating electrical power. An
extensive amount of data concerning human factors (such as pedal speeds,
optimum and maximum power inputs, and work/rest cycles) has been ectablished
in the development of the shelter Ventilation Kit as described in Specification
MIL-V-LO6LS (Ref. 6); however, little data has been documented on the optimum
types of lighting and the methods of electrical power generation for this appli-
cation. This section analyzes types of lighting systems and generators for use
in a shelter lighting kit, and evaluates them ty means of an experimental unit,

Section 3 presents the design of a matched lighting and generator system.

2.1 Lighting
The two types of artificial illumination suitable for a shelter application

are fluorescent and incardescent lighting. The type selected depends on its
application (high intensity or background illumination), the lumen output, the
total cost of the lighting system, and the performai e characteristics of the
power source.

2.1.1 Fluorescent

The {lucrescent lamp is an electric dischsrge lamp usually in the fora of
& long tube coated internally with une or more flucrescent powders coummonly
called phosphors. Cathodes are located at each end of the tube. The lamp is
filled to a low pressure with a noble gas to which usually is added a small
drop of mercury. The discharge passing through this gas and mercury vapor

generates ultraviolet radiation which in turn excites the phisphor to emit light,
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Since fluorescent lamps have a negative resistance characteristic, they must

be operated in circults whicn include current control, such as a ballast, in
series with the lamp. A numbh- of different means of lamp starting have been
developed since the advent of the fluorescent lamp (Ref. 7). The first is
preheat-starting uri.; low voltage but requiring an automatic or manual start-
ing switch, In this method of star.ing, a circuit which connects both cathodes
of the lamp in series with the power source is closed by an automatic or manual
switch., The cathodes are momentarily heated (approximately 1 second) and the
immediate surrounding gas is ionized. The cathode circuit is then cpened by

the switch, causing a transient voltage to be built up in the ballast. This
voltage is sufficient to strike the arc between the cathodes and start the lamp.
Once the lamn starts, the ballast acts as a cufrent limiting device, since there
is essentially & srort circuit across the lamp. The second method is instant-
starting, which -equires a higher voltage, but no cathode heating. The ballast,
functioning s a trans’ormer, impresses & high voltage (MOO to 1000 volts) across
the cathodes of the lamp to strike the arc., The most recent method is rapid-
starving, where the us~ of continuously heated cathodas has resulted in lamp

starting without high voltage or starting switches,

Fluorescent lamps designed for preheat and rapid starting are the most
commonly used lamps in sizes LO-watt and less. Instant-start lamps are generally
used in larger sizes and require more input power. Table I shows costs and

performance data for typical and commercially available preheat and rapid-start

fluorescent lamps.
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2.1.2 Incandescent

Incandescent lamps are available in a variety of tulb shapes, sizes, bases,

filaments, and colors (Ref. 9). Each lamp is designed for a particular application,

such as general illumination, infrared heating, floodlighting, and spotlighting.
Lamp operating voltages range from 6 volts to 260 velts, alternating current or
direct current, and the lamps are rated from 3 watts to 1,500 watts. Table II
presents the perfcrmance data and ccsts for typical incandescent lamps with

medium bases (screw-type, 120 volt).

Table II

PERFORMANCE OF INCANDESCENT LAMPS

Nominal Lamp Watts 7.9 10 15 25 Lo 50
Lamp Operating Volts 115- 115- | 12¢C 120 120 120
125 125
Light Output, Lumens 53 79 | 14% 262 470 685
Lamp Cost, Dclliars 011 0.1140.11L | 0.12 0.12 0.12
Lumens Per Lamp Watt 7.1 79 | 9.6 10.5 | 11.7 | 13.7
Lumens Per Lamp Dollar L82 { 718 1310 2180 3920 5700

NOTES: lg Based on General Electric Company data (Ref, 10).
2) Based on quantity cf 100,000 units {(Ref. 11)

2.1.3 Lighting Analysis

The significan* advantage of fluorescent lighting is that it produces a
lumen output approximately six times that of incandescent lighting for the
same power input {see Tables I and II); however, using fluorescent lights in
a shelter lighting kit has a few disadvantages, such as its greater cost,
the power losses in the accessories, and the length of the lamps. The cost

of the ballast and starter required in the standard fluorescent lighting
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circuit can be as much as seven times the cost of the lamp. For example, & 20-watt
fluorescent lamp costs $0.51, while the ballast costs $3.47. The power consumed

by the ballast is high and can be as much as one-third that consumed by the lamp.

A 20-watt fluorescent lamp has an additional 6-watt loss in the ballast. Fluor-
escent lamps can present a safety hazard if the tubes are broken because they
contain mercury vapor. This gas is noxious and if allowed to escape from a

broken lamp could present a health hazerd in a smgll closed room. Generally,
shelters are large and are ventilated sufficiertly so that this problem is not

significant.

The advantages of incandescent lighting are its greater simplicity, lower
cost, and compactness. Although the light output of an incandescent lamp is
approximately one-sixth that of a fluorescent lamp, the cost of an incandescent
lamp is approximately one-thirtieth. For example, the cost of a 4O-watt fluor-
escent lamp with accessories (excluding the fixture) is $4.17, whereas, the cost
of a L4O-watt incandescent lamp is only $0.12. This large cost difference is
primarily due to the cost of the ballast in the standard fluorescent lighting
circuit. When comparing the light output of fluorescent and incandescent lamps
on a cost basis, it can be seen that a standard fluorescent light circuit is
extremely expensive (see Tables I and II). If the ballast could be deleted for
a shelter lighting system, this method of illumination would be more economical.

For example, the comparison of a LO-watt system is shown in Table III.

LGENERAL AMERICAN RESEARCH DIVISION
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TABLE III

COMPARISON OF LO-WATT FLUORESCENT AND INCANDESCENT
LIGHTING SYSTEMS

CYSTEM* . COST LUMENS PER DOLLAR
Standard circuit with
Lamp, Starter, and $ 4.17 780
Ballast
Special circuit with
Lamp and Starter. 0.70 Leko
No Ballast.
Incandescent Lamp. 0.12 3920

*Fixture costs are not included.

It is possible to eliminate the ballast in a fluorescent lamp circuit
(see Section 2.3.2) by selecting a generator which has an impedance that is
matched to the characteristics of the lamp. If preheat fluorescent lamps
are used, the windings of the generator can produce the transient voltage
or inductive "kick" required to strike the arc when the switch in the cathode
circuit is opened. The impedance of the windings will limit the current once
the lamp has started. With this arrangement, the lamp ballast is essentially
built into the generator and the high cost and power losses normally associated
with a standard ballast are eliminated. Fluorescent lighting using the gener-
ator to provide the ballast for the lamp is ideally suited for the shelter
lighting kit.

The selection of the optimum number and size of lamps to be included in
a lighting kit depends on the efficiency of the power unit and the avallable

input horsepower, Table IV shows the estimated power for a nominal 0.1
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horsepower unit using incandescent and fluorescent lamps.

The h40O-watt fluorescent

lamp has the highest lumen per watt rating (81 lumens per watt) of all the individual

lamps (see Table I); however, a lighting system using a single lamp has an undesirable

effect of concentrating all the light in one location.

Two 20 or 25-watt fluorescent

lamps can be placed in series to provide a more even distribution of light over a

larger area and in more than one room.

In addition, these lamns can be readily

packaged within the kit, while the LO-watt lamp (48 inches long) would recuire an

unreasonable packaging problem. Two 25-watt lamps in series can be used with rower

units that have gear transmissions with mechanical efficiencies of 90 percent or

higher.

efficiencies (see Section 2.2.3).

Two 20-watt lamps in series would be used with power units having lower

Of primary importance is the reduced light out-

put when using either five 10-watt or one 4O-watt incandescent lamp.

Any of these

arrangements will result in a power input to the system less than 0.127 horsepower.

TAME IV
POMER RBQUINISEITS POR FLUGRESCENT LIGHTING
IANPS
langth Opereting| Light Output Gensrator 1
(inches) volte ) Input Watts
? 15 %.0 18 110 1700 W, 0.07% 0.066
] 20 V.2 ) o 2300 36,2 0.09% 0.08h
) 25 5,0 U 120 %% 7.3 o.1m 0.3
\ % %0.0 v 101 3% 57,3 0.096 0.083
s 10 %0,0 eee 125209 »s me o.m o.101
) 0 4.0 - 120 o 57.3 0.096 0.08%
NO1RS: 1. Oensretor efficieacy based ou perforeance data o showm fa Figure 2.
2. See Bection 2.2.3 for the estimated sfficiency for the chais treasmission.
3, Bee Section 2.2.3 for the sstimated efficisncy for the gear treasmiseics.
GENEFRAL AMEBRICAN RESEARCH DIVIBION
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2.2 Generators

The selection of a generator for a manually-driven power unit depends upon
its simplicity, compactness, performance characteristics (such as its efficiency
and speed at which it must be driven), control, and cost. The two basic types of
generators are alternating current (AC) alternators and direct current (DC)
generators. |

2.3.1 AC Alternators

Alternators generally have the armature as the stator or stations y member,
and the field as the rotating member. These alternators are categorized according
to the method of field excitation; such as (1) externally excited, (2) self-
excited, and (3) permanently~excited.

The externally excited alternator is generally designed for power plants.
The excitation current, which is low voltage DC, is carried through slip rings
which are easily insulated at these voltages. The power required to excite the
field windings is less than 1-1,2 percent of the rated power of the machine. The
simplest manner of achieving controi is through a rheostat in the field circuit.
The rheostat controls the field current, and thus the magnetic flux-density.

The self-excited generator is designed for the intermediate power range,
the smallest being rated at approximately 200 watts. This machine uses a portion
of the output voltage, which is carried through slip rings, although residual
magnetism in the field is required to initially induce a voltage in the armature
at start-up.

The permanently excited alternator has magnets in the field which produce
s magnetic field of constant strength. These alternators are normally designed

for the low power cutput range (up to 250 watts) and have linear speed-voltage

GENERAL AMEMICAN REBEBAREH DIVISION
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characteristics. Since the field is permanently excited, these machines have

no slip rings and the output voltage is solely dependent on the speed at which

the alternator is driven. There are two types of permanently excited alternators.

One type has a rotor containing permanent magnets with the armature windings
locgated in the stator; while the second type, called a flux switch alternator,
has both the permanent magnets and the armature windings located in the stator.
The rotor in this case merely provides the magnetic flux path between the
positive and negative poles of the megnets. This flux path also passes through
the armature windings. As the angular position of the rotor is changed, the
flux alternately passes through the rotor from one set of poles to the next set
of poles. As the flux alternates between the magnetic poles of the stator,

a reversal of the direction of the flux through the armature windings occurs,
thereby inducing a voltage in these windings. The flux switch alternator is
primarily designed for high speed, high frequency applications, and is most
efficient under these conditions.

2.2.2 DC Generators

The construction of the DC generator is somewhat different than the AC
alternator. 1In this case, the armature is the rotating member and the fieid
is located in the stator or stationary member., The DC generator, however,
operates in the same manner as the AC alternator; i.e., a voltage is generated
in the armature windings with an alternating waveform. The distinct difference
in the two machines is in the delivery of the voltage to the load. In the AC
machine, the waveform appearing at the load is the same as that in the winding,
but in the DC machine, one-half of the wave is reversed by the commutator,
With sufficient coils spaced around the armature, the ripple in the voltage is

reduced to an insignificant quantity in the practical machine. There are

IENERAL AMERICAN RESEARCKH DIVIBION
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three standard types of DC generators: the shunt generator, the series generator,

and the compound generator.

The field of the shunt generator in series with its rheostat is connected
directly across the armature. The rheostat, or voltage regulator, controls the
strength of the field in order to regulate the output terminal voltage. Shunt
generators are commonly used in city power substations. This type of generator,
in addition to an AC alternator with a built-in rectifier, also has wide appli-
cation in the automotive and truck industry and is designed for 6, 12, and 32 volt
systems.

In the series generator, the entire load flows through the field winding,
which consists of relatively few turns of wire of sufficient size to carry the
entire load current without undue heating. This generator supplies constant
current, and has been used to operate series arc lamps.

By addition of a series winding to the shunt generator, a constant terminal
voltage may be automatically maintained. This generator is known as a compound-
wound generator and is chiefly used tc supply & pure motor lcad subject to rapid
fluctuations, such as in railway work.

2.2.3 Generator Analysis

The permanently excited alternator is best suited {or the power unit of a

shelter lighting kit since this machine is inexpensive, compact, requires the

least maintenance, and can be used on f{luorescent lighting systems. The im-
pedance of the armature windings car. be designed tc provide both the necessary
cathode heating amperage for starting rluorescent lamps, and the required operating
amperage after starting, without charging the speed of the alternator. This
alternator can also be short-circuited repeatedly without damage to the armeture

windings.

LENUSAL AMERICAN STIEREARCHT OIVIGION




The permanent magnet rotor alternator is best for a manually-powered
application. This type of alternator is designed for slower speeds; whereas
the flux switch alternator is designed for high speeds.(2,000 to 100,000 rpm),
and requires complex transmissions and speed increasers. The optimum trade-off
speed for a permanent magnet rotor alternator and its transmission is approxi-
mately 1800 to 2100 rpm. Higher speeds reduce the cost of the alternator, but
increase the transmission costs. Slower speeds result in a larger, more ex-
pensive and less efficient alternator. Considering a pedal speed of 55 rpm,
an alternator speed of 2,000 rpm would require a transmission speed ratio of
36.4 to 1.

The four basic types of transmissions that can achieve this 36.4 to 1 speed
ratio are belt-drives, friction drives, chain drives, and gear‘drives. The belt
and friction drives are too inefficient for a manually-driven application with
low power inputs (Ref. 12); therefore, the transmission is limited to either
gear or chain drives. The efficliency of a 36.4 tc 1 chain transmission driven
at 2,000 rpm is approximately 80 peicent (Ref. 13); while the efficiency of a
similar gear transmission is estimated tc be at least 9C percent. The overall
efficiency of the alternator and transmission must be determined by test.

After prototypes have been built, the transmission should be selected based on
cost and the overall size and vclume of the lighting kit package.

Although the shunt-wound DC generatcr, which is mass-produce. for vehicle
manufacturers, costs less thar & permanent magnet generator produced in small
quantities, the disadvantages of using this type of generator in a lighting kit

are: 1) the lighting system would be limited to incandescent lamps which produce

GENERAL AMEMCAN RESEARENM DIVIBION
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approximately one-sixth the light output of fluorescent lamps, 2) larger
capacity wiring looms would be required to carry the high currents of a low
voltage system, 3) the transmission would be more expensive since these gener-
ators aré designed to operate at speeds from 2,000 to 10,000 rpm, and 4)

the pover losses in the generator windings and the voltage regulator are
comparatively high due to the large currents. It is possible to cperate
fluorescent lamps from a DC circuit; however, a polarity reversing switch,

a special ballast, a resistor, and a transformer are required. These acces-
sories would consume a substantial amount of power. For instance, a LO-watt
lamp would have an additional LL watt power loss in the accessories for a
total required power input of 84 watts.

The single advantage of a low voltage DC system is that electrical energy
can be atored in a battery so that power is avallable at all times. The
significance of this method is that lighting can be provided at night and
other times when it is not cesirable to operate the generator. The dis-
advantages of interposing a lead-acid battery between a DC generator and the
load, or a bdattery and battery charger between an AC generator and the load,
are as follows:

(1) The efficiency of either system is reduced since the watt-hour
efficiency of lead-acid batteries is approximately 77 percent.
Normally, the rated discharge for a battery is based on eight
hours; therefore, a L0 ampere-hour battery {typical 12 volt
sutomobile batter,, would deliver approximately € watts for
8 hours until completely discharged and requite s recharge rate

of 71 watts for 8.8 hcurs. Increased discharge rates would

GENERAL AMERICAN RESSARCHK IVIION
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(2)

(3)

reduce the ampere-hour rating and the watt-hour efficiency of the
battery.

The use of a battery charger in conjunction with a 120 volt AC
generator will further reduce the system efficiency. Battery
chargers have an efficiency of 65 to 75 percent; thus, producing
an overall efficiency for the battery/battery charger combination
of 50 to 55 percent.

As stated previously, the typical automobile generator is not
practical for a manually-powered application, since it is designed
for large power outputs at high speed and is relatively inefficient,
particularly with iight loads or low speed. For example, the
Leece-Neville type AOO1-600C generator has an output of 54 watts

at 1000 rpm with an input of 0.37 horsepower. The generator for

& manually-powered application would therefore have to be specially
designed and would cost more than a similar 120 volt AC generator.
The cost of the components {or the low voltage DC system will be
substantially increased due to the special DC generator, the lead-
acid battery, battery charger, and the increased wire size neces-

sary to carry the current at this low voltage.

2-3 Experimental Evaluation

2.3.1

An experimental pover unit was labricated to evaluate the concepts of
manually generating clectrical power with a permanent magnet generator for

operation of flucrescent iamps, incandescent lamps, and cther accessorics.

pescription of Experimeatal Unit

The experimental unit consisted cf a commercially available generator

mounted to a VK {Ventilation Kit} frame and transmission (see Figure 1).
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The generator was an eight pole, alternating current (AC), alternator with
a permanent magnet rotor containing stabilized Alnico magnets and a stator

wound specially for a 120 volt output {see Section 2.3.2) at 50 watts and

2000 rpm. The performance of this generator at a constant voltage output
of 120 volts for various generator loads is shown in Figure 2. 8Since the

standard generator was furnished with a pedestal mount, an adapter bracket

f was fabriceted for mounting the generator to the frame of the VK assembly.
The original VK transmission was modified to increase the speed ratio from

19.46/1 to 37.20/1 in order to cbtain pedal speeds between 40 and 5k rpm at

corresponding power outputs of O and 50 watts.

2.3.2 Lighting

The preheat fluorescent lamps from 4 through 40 watts and the 30 watt
rapid-start lamp were operated individually without standard ballasts by using
the experimental power unit as the power source and as the circuit ballast

(see Figure 3).

Armature Windings

'@ Fluorescent Lamp &

wou—|

‘_::FE;L-Momentary Contact Switch :

Figure 3 Experimental Power Circuit, 1 Lamp

A momentary contact-type manuel switch was used to start the lamps. With

the switeh closed, a heating current passes through the cathodes at each end of
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the lamp, heating them, and causing electrons to be ejected from the cathode

by thermionic emission, Upon opening the switch, a transient voltege provided

by the armature windings of the generator is impressed across the cathodes of

the lamp causing an electric discharge through the tube to start the lamp.

lamps were also started with either the thermal-switch or the glow-switch

The

automatic starters. The glow-switch starter is preferred for the lighting kit,

since this starter consumes no power, while the thermal-switch starter consumes

1/2 to 1-1/2 watts during lamp operation. The voltages required to sustain

operation of the lamps are indicated in Table I.

Pairs of 4, 6, 8, 14, 20 and 25 watt preheat lamps were operated in series

utilizing the glow-switch automatic starters (see Figure 4). With this circuit,

the terminal voltage of the generator is the summation of the individual lamp

operating voltages; for example, in the case of the 20-watt lamps, the ter-

minal voltage would be 110 volts.

Armature Windings

///,_——Fluorescent Lamps
L -~\\\\‘5A

g B

=

A |

\Glow-Switch Automatic Starter

Figure L Experimental Power Circuit, 2 Lamps in Series
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19




Pairs of 13, 30, and U4O-watt preheat lamps could not be operated in
series, since the necessary operating voltages are approximately 200 volts.
This voltage is beyond the capability of the experimental power unit. In
addition, the 30-watt rapid-start lamps could not be operated for the same
reason. This lamp requires an operating voltage greater than 150 volts.

Since the generator output voltage is the summation of the individual
lamp voltages when operating fluorescent lamps in series, two 20-watt lamps
or two 25-watt lamps in series would require operating voltages of 110 volts
and 120 volts, respectively, which are approximately the same as the voltage
required for operating incandescent lamps, which can be readily operated
with the experimental unit. Therefore, the recommended design voltage for
the power unit is 120 volts.

2.3.3 Voltage Regulation

Fluorescent lamps that were operated with the experimental unit at
power inputs less than their rated values showed a distinct "flicker".
It is possible to operate a lamp at a point at which the flicker just
becomes apparent. This provides the operator with a visual indication of
the pedal speed necessary to keep the lamp operating. A simpler and more
direct method, however, is the use of a voltmeter to maintain the correct
output voltage. A voltmeter calibrated between O and 150 volts AC was,
therefore, attached to the experimental power unit to provide a direct
resdout to the operator of the generator terminal voltage. This method
of voltage control allows the operator to readily change pedal speed to
compengate for fluctuations in output voltage due to changing loads.

Therefore, a voltmeter is recommended for the power unit of the lighting

kit. The significance of the voltmeter is increased if an optional

incandescent lighting system is included in the kit.
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SECTION 3

DESIGN

The basic lighting kit includes a power unit and a fluorescent lighting
system. An incandescent lighting system is proposed e&s an optional accessory
which may be used to provide night lighting or backgrcund illumination in
multi-room shelters. The output voltage of the power unit is 120 volts AC
which is the standard household current, thus perritting operation of not
only fluorescent and incandescent lighting sytems, but also equipment such
as radio receivers and dry-cell battery charge:s which may be included in future

shelter supplies.
3.1 Basic Lighting Kit

3.1.1 Power Unit

Two power unit designs are :ecommended for {urther development to establish
which unit should be used in tka shelter lighting kit. The development of both
designs is necessary to determnine their overail efficiency and performance, and
to finalize their costs. One unit utilizes a roller chain and sprocket trans-
mission while the other has a genera%or with an integral geared transmission.
Both units were designed for one-man operation at a nominal power input of 0.10
horsepower at a pedal speed of 55 rpm. These human factors data were established

during the development of the shelter ventilation kit (Ref. 1b).
3.1.1.1 Roller Chain Transmission Design

The power unit with an external roller chain transmission is shown in
Figure 5. This design is basically & unitized version of the shelter ventilator

design. The main structural member is the hcrizontal "spine". This beam member
is fabricated from 2 inch by 3 iunch rectangular steel tubing. The saddle mast
and mast support are welded to the spine to provide the same saddle-to-pedal

angle and dimensions as those of a standard bicycle. The rear stand consists
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of a steel channel shaped in an "A" frame and attached to the spine by a

removable pin. The stand is designed for removal to reduce the overall
dimensions for packaging purposes. The handlebar housing provides the forward
support for the frame. The handlebar slides inside this housing and can be
removed for packaging purposes. Height adjuctment is provided by a thumbscrew.
The actual height of the saddle can be adjusted by loosening the mast clamp
and moving the saddle post to the desired position.

The generator is an eight pole alternating current machine with a wound
stator and a permanent magnet rotor. The generator is rated at 120 volts AC
and 50 watts at a nominal speed of 2000 rpm. The stator housing is flanged
for mounting to the support bracket at the end of the spine. The rotor of the
generator is supported by two ball bearings which are sealed and lubricated for
the life of the unit The two output lead wires of the generator are connected
to a duplex outlet receptacle through a 0-150 volt AC voltmeter. Both the
receptacle and voltmeter are mounted on a bracket attached to the spine.

The transmission between the crank and the generator shaft requires a two-
speed step-up. The roller chain used in the transmission is American Standards
Association (ASA) No. 35 with a pitch of 3/8 inch. This chain is used rather
than 1/2 inch pitch standard bicycle chain to reduce the size of the sprockets
and the centerline distance between sprockets. The sérockets for the trans-
mission are attached either directly to the crank or to an idler shaft which is
welded to the spine. The crank assembly and pedals are standard bicycle parts.
This crank assembly is mounted in a tubular hanger which is welded tc the spine.
The sprocket at the crank has 112 teeth and is coupled with a chain to a 17 tooth
sprocket at the idler shaft. Welded to this 17 tooth sprccket is a 96 tooth

sprocket which is coupled to the 17 tooth sprocket on the generator shaft by a
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second chain., This results in a transmission speed ratio of 37.2 to 1. This
design requires a package size of 37 inches by 37 inches by 18 inches. The
drawings required to fabricate a preproduction unit are presented in Appendix A.

3.1.1.2 Integral Transmission Design

The power unit using a generator with an integral transmission is shown
in Figure 6. This design features a collapsible tripod stand, adjustable handle-
bar and saddle, and the generator with attached cranks and transmission. A 2 inch
by 1 inch by 1/8 inch steel channel provides the forward leg and main structural
member of the tripod frame. Welded to the top of this channel is a 3/16 inch thick
steel plate which contains the hinges for the rear support legs and the mast for
the saddle post. Hinged steel pads are provided at the base of all three legs to
distribute the downward force. The generator mounting bracket and the handlebar
housing are welded to the forward leg or channel. All three legs are connected
with a wire cable to limit the spread of each leg and to add rigidity .to the
framework.

The generator and gear transmission are contained in one housing which
is provided with a pedestal mount. The generator is rated at 120 volts AC and
50 watts at a 55 rpm input to the transmiassion shaft. The transmission requires
no lubrication after assembly and the complete unit has a storage life of at least
ten years. Two standard "3-piece" bicycle cranks are attached to the transmission
input shaft.

The generator lead wires are connected to the voltmeter and duplex
receptacle which are both mounted on the meter bracket. The voltmeter is calibrated
between O and 150 volts AC and the duplex receptacle provides two separate circuits

for parallel cperation.
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This design requires a package size 45 inchcs by 18 inches by 1lb inches.
The drawings required to fabricate a preproduction unit are presented in
Appendix B.

3.1.2 Fluorescent Lighting System

The fluorescent lighting system consists Of two preheat rluorescent lamps
ard two lamp fixtures. The rating of the lamps to be furnished with the kit is
subject to verificiztion of the transmizsion efficiency of the selected power
unit. It is expected that two 20-watt lamps would be furnished for the power
unit with a roller chain and sprocket transmiszsioii, and two 25-watt lamps for
the power unit, which has a generator with an integral geared transmission.

Two adjustable fixtures with cords are furnished with each kit. The fixtures,
3hown in Figure 7, can be adjusted to accept 15 through 40 watt lamps, which range
in length from 18 to 48 inches. Each fixture contains ar. automatic starter of the
glow-switch type. One fixture has a female receptecle at one end, tfor connecting
the second fixture in series, and & 20-foot long cord with a mclded male plug at
the other end. This fixture is only us2d when operating twe fluorescent lamps
in series. The second fixture has a 100-f.ot clectrical cord with & molded male
plug. This fixture has no female receptacle and is used either singly or in
serics (see Figure 3). The fixture is designed to accommodate a 4O-watt lamp,
since in most casee, this size lamp is more likely ¢to be found in the shelters
if the stocked lampo are broken. The iengths of the cords attached tc each
fixture should be verilied by additicnal snalysis of shelter sites and vor-
figurations (Ref. 15). Botl clectrical cords arc 2-wire, 18 gsge, SPT type
vhich is the minimum wire gage suitable for thede lengtis and connecticns.

The fixture with the 20-foot cord is intended for use at the celiing of the

room in vhich the power unit is located. The other fixturc with She 10(-foot
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cord is intended for use in an adjacent room in the shelter.

20-foot cord 100-foot cord

Power Unit Fluorescent Fixture (see Figurz 7)

Figure 8 Fluorescent Lighting System

3.1.3 Cost Analysis’

The cost of the basic lighting kit using & power unit with a roller chair
transmission is $90, based on a production of 100,000 units (see Table V). The
cost of a lighting kit with a power unit having a generator with &n integral
geared transmission ranges from $88 to $111 (see Table VI). This variation is
due to the estimated production cost of the generator with an integral geared
transmission. Based on firm quotations from marufacturers (Refs. 16 ana 17),
this cost is between $30 and $50 depending on whether economical production
techniques such as powdered-metal gears, nyion gears, sleeve bearings, etc. can
be used. A closer estimate is not possible at this time without a compiete
engineering design and prcduction cost evaluation by the generater manufacturers.

3.2 Accessory Incandescent Lighting System

An analysis of shelter sizes, configurations, and human factors should
be conducted to determine if an incendescent lighting system is warranted as
an accessory of the lighting kit, since this type o lighting might be used
advantageously in multi-room shelters as background illumination. This type
of lighting can also be used to supply low level night illumination for

sleeping at a very minimum cost. The incandescent lighting system is therefore

proposed as an optional accessory. and, if adopted, would consist of the following

items in addition to the fluorescent lighting system (see Figure G):

(1) Five (Y) extension cords, type SPT, 2-wire, 18 gage, with molded male
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TABLE V

Cost Analysis of Lighting Kit Using & Power Unit With

A Rcller Chain Tranarission

Purchaged Parts & MAterial: o .« « o « « o o o s o o o 0 ¢ s s 0 o o o s oo $LESE

Draving No, & Iteu Description Cost
1400-1 OCA Item 1 Saddle $0.87
Item 2 Clamp, Saddle Post 0,09

Item 3 Bolt 0.0k

Item & Rut 0,02

Item 11 Thumbscrev 2,022

Item 12 Chain, 130 Pitches 2,25

Item 1k Retaining Ping 0.0G5

Item 15 Chain, 111 Pitches 1.92

Item 16 Serew 0,02

Iter 17 Sprocket 0,2

Item 18 Screvs 0,0k

Item 19 Washers 0.02

Item 20 Generator 20,00

Iter 21 Bearing Cup 0.22

Item 22 Bearing C.054

Item 23 Cone, Locking 0.128

Item 24 Crank 1.ko

Item 25 Pedals 0.46

Item 26 Cone, Adjusting 7,128
Item 27 Washer 2,011
Iten 28 Locknut 2,048

Itex 30 Receptacle 0,38

Item 31 Voltneter 1.0k
1L50-1001A Nut, Weld 03k
1L00-1005A Sprocket 2.91
14C0-1007A Sprocket b
1:00-1001A (material) Frame 2.65
1400-1002A (material) Pin, Locating 0,22
1400-1003A (material) Stand 0.49
1400-1004A {material, Post, Saddle 0.29
1400-100CA (material) Handlebar 0.82
1400~1006A (material) Bracket, Meter 2,24
Lamp Fixtures {2) 1.86

Lamps, Fluorescent {2) 1.22

Starters (2) IR

Wiring Loom, 20 Feet 3,65

Wiring Loom, 100 Feet 2.25

PACKAZING: e o o s o0 s o s o 6 s 0 0 s s s s oo o s oavsocass e 900

Inner Box, Triple-Wall (PFP-B-64G) 3.80
Bag, Barrier (MIL-B-131, Class 1) 3¢
Exterior Container (FPP-B-636) 1.83

Finishing: o o o o o ¢ ¢ ¢ s v s s o o v s s e o s o 00 o0 a0 310000857

1400-1005A Sprocket 0.40
1400-1007A Sprocket 0.40
1400-1001A Frame 3450
1400-10024 Pin, Locating 0,05
1L00-1003A Stand 0460
1400-1005A Post, Saddle 0.20
1400-1006A Handlebar 0.50
1400-1008A Bracket, Meter 0,05

IADOY: , « o o o ¢ o 6 2 6 6 ¢ 2 s 2 5 6 6 5 6 8 66 ot 06068800

Arc Welding 547
Machining & Assembly 2.3

[

Tabor Overhead: (100%)s o o o ¢ o s o s o o ¢ o o 5 s s 8 o a o 0 s o s

Sub-Total s o 4 ¢ o o«
General & Administrotive Services: {(88)s « « 4 o o ¢ ¢ 0 o 0 0 s 0 o »

Sub-TotAl o & o o o &

n‘ofit:(?%)lnl.oco-t.~olc.-.ool|0¢llolool

TOTAL o v o o o s » o

NOTES: lg Baged on 100,000 units,
2) No freight costs included,
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TABLE VI

Cost Analysis of Lighting Kit Using a Power Unit With

A Generstor Having an Integral Geared Transmission

Purchased PArts & MAterfill: « o v o v o s o o w o o o s ¢ s o o s o+ $u6.23 - $66.23

m No., & Item Description
1400-1000B Item 1 Saddle

Item 3 Clamp, Saddle Post

Item 4 Mut

Item 5 Bolt

ftem 8 Wire Cable

Item 9 Sleeve, Splicing

Item 11 Pin, Clevis

Item 13 Thumbscrew

Item 14 Voltmeter

Item 15 Receptacle

Item 17 Bolt

Item 18 Nut

Iten 19 Washer

Item 20 Generator

Item 21 Bolt, Eye

Item 22 Washer

Item 23 Nut

Item 24 Pin, Clevis

Item 26 Crank, Right

Item 27 Pedals

Item 28 Crank, lLeft

Item 29 Pin, Nut, Washer set
1400-1002B Nut, Weld

1400-10018 mterial; Post, Saddle
1400-1002B (material Frame
1400-1003B (material) ILeg
1400-1004B {material) Foot, Rear
1400-1005B mterial; Handlebar
1400-1006B (material) Bracket, Meter
1400-1007B (material) Foot, Front

lamp Fixtures (2)

Cost

$0.87

209
0,02
0.0k
0,27
0,12
0.24
0,022
1.4
0,38
).08
0,0k
0.005

30,00-50.00
0,043

o

88

b o« o » o »
-

e o o & .
n NERORNDENO

Lemps, Fluo:escent (2)
Starters, (2)

Wiring Loom, 20 Feet
Wiring loom, 100 Feet

hCmm:‘co..oon-ootoco.--
Inner Box, Triple«Wall (PFP-B-640)
Bag, Barrier (MIL-B-131, Class 1)
Extericr Container (PPP-B-636)

NOOHHOOOOORROOOHOHOOO
.

.
RERSFERR

.
.
.
.
.
0
.

O = o
0235
SR3 .

b.76

Finilhingﬁ........-.....-...

1400-1001B Post, Saddle

1400-1002B Frame

1400-1003B leg

1400-1004B Foot, Rear

1400-1005B Handlebar

1400-1006B Bracket, Meter

1k00-1007B Foot, Front

IabOr: o s ¢ o o ¢ 6 6 4 o ¢ 5 s 0 6 s s 8 s .
Arc Welding

Machining & Assembly

labor Overhead: (100%) v v v « ¢ o o o o o & o

General & Administrative Services: (8%), . . .

Profit: (TH) v v v v v ¢ v 0 0 s o s n v o v

NOTES: 1) Based on 100,000 units,
2) No frelght costs included,

5.75

OO OoOQoOOoOWO
-

N =i W

OOOOSO‘JI

P N1 4
7.80
1.87
T W 4
Sub~Total, . ¢ o+ . 76m
e v e s e s e e 65,09 T.69
SubeTotal, . . . . 82717 = 103.77
e e s e s e e o575 T.26

TOTAL « « o « « +$87.92 - $111.03
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10-WATT INCANDESCENT
LAMP AND ADAPTOR

SOCKET {(TYPICAL) —\

S

3.

CD[% o= === =302

POWER UNIT

Figure 9 Incandescent Lighting System
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plug, 115 volt, 15 ampere at one end, and a cube tap, molded, 125 volt,
15 ampere at the other end. The length of the cords is subject to an
analysis of shelter sizes and configurations {Ref. 15).
(2) Five (5) bakelite adaptor sockets, 660 watt, 125 volt, medium base.
(3) Five (5) 10-watt incandescent lamps.
The electrical ratings for the cords and adaptors are minimum for the possible
lengths of wire and connections as shown in Figure 9.
The estimated cost of this system is $7.30 based on original equipment

manufacturer's cost for 100,000 units of the following items.

Item Quantity Required Total Cost
Extension Cord, 50 feet 5 $ 6.25
Adapter Socket 5 0.50
Incandescent Lamp, 10-watt 5 _0.55

Total $ 7.30
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POWER UNIT WITH AN EXTERNAL ROLLER CHAIN

TRANSMISSION

NECARAL AMERICAN RECARFARCM DV n . oane




Ao B 1 & W Y .t dendih A B A4 e b
. - o8 -
. p— r
-
.
i} ! - .
-
. Al
-+
.
1 L4
.
4
-
¢
P
-
* . wlt %,»,.
| . . 3 L] .
BEEES vesel s a3 ] - )
A 'l'c-lv-AA i g ] N
F I 1S e . -
e
iy B2 T B 10 - TRIN TS
vany ~eoy woles .
. A 5 .
et l =T — o
b —— W o gty Wy eaIng L '
- L T PN 'Ol.an‘- ol
prsaipen r—— tu.ﬂ.
Wty aBereg v o9 - ove 42 & ~
. oy . Seste 0w |gg 1
|rone-g »->e3tiel s X
S M TR y
200 whovmsren, ' |9 omgerm]‘t . 3
. 3
- ! " y
w v s
s 7
[} . [ Y4
{ ! A\
L .\
. " A\ .
-y in a‘ N
Ao Y - A« v
s ‘e : .
- ,, P [}
i o
L] i .
\ ’ (L e ~ s -
. . . - o ¥ - I
-1 ~ - .
a [ e e . . b

LN SEAN SRS ZNED BN D S Sus Sun SE S NN SE BEEn SEN SUNn SIS Zumn Sun JNNn SEE U Su Sums Sun an SR NS Suw Suts AR M Sut JRS: MaS N aun e g

™ v e ey

™ v v sryevvse
REBEARCW DIVISION

e Tk

T
GENLRAL AMLERICAN

Pr s rTorTTTS




P SA W U Y

e cbe - BB el maslncndhronedcnshmasdiivn dnsveiihe

PO TS WA WA WIS WY WS A W e v

PR W vl

ARDT T T BIa P ONUIPAL O,
BBy OA LoD mwing BarmA Y 4 T VN o0 PSP m e
i BT SO RIR D WP AT GO 8 G B prowpmpen | uet e

e e e

- [ B J

s 'S
™ ed oow | asio~ or S———
..’ BAVDS ommaRE
R T
iSem ) 1 JRomee-Qem | 3
b D73 DA LT R A
S e Ll e R (2
of _mmve: ivoesnS| 15 veow ehe s}
o e T R e ol
= A phinghntal §4
P g ot i 0 o0m] ¢ Rotdd 1]
] o t®|
.L
o

L WL U SO, S WY G

LI 2

b 4 4 ® 4 j = 4 = &, .

FEF Kat OFs o9

ra s
P e

SRRy 7

q-I<l<|4‘-l<l<‘<.<l«|.‘4‘4‘.‘.....-“'.1‘1}‘%‘

. e s Jan and JURAEREY

F AN RN AN N Ay

ARE BHU AN 817 58 ARCK 2L -5000N

L3 SRR BRL L BN




At on sl 8 i & ) 8 St & 3
Aoy 900 Ga OFY1ONANOD wov?ly OIEN
‘rD NG IFULS I3 00, OROIIM
NEUIPIT TINNOOS IMY R s O/  YWYUTLYN

|
v

z

r-vioor[3loow] | \N\/ ...\.,,., Ot -

1 -

i .

Ld

e ) -

d.quﬂ‘}!le}a%]l

. 1 e

1

[ ] 1 [

T

(ENEHNAL AMLRICAN RESIARCH DIVISION

1

a 1 [

L




i ..ﬂanr#_n_FlrlFFh_rLFJ
AVORPEDV AN

‘X¥by SCO* QL AT TIONLNOD WSVIS Q7IM
TOIOrD TOMIGNL TTILS TITI0N Q70D FITTIM v
NALIITT TTVMEPO) OME @/ x OO0 7 1 IVINTLEW

Y1007 -00¥/|

|
i
:

© 1

bl |

= 1
)

s
-
]
!
|
!
|
|

T

-« |

b4 [ L ]

Q

W

9]

3

™

~N

3

3

y

9]

N

9 .
3 |
[1]]

L

T 1 9

\MECRICAN PESEARCH DiIvisSIQn

{
7

I

-— —— — e e R
/ ,
v - - - — - - 1 <
I — B — R
) » -
-1 —
u HIAWVHD 5% = €O° "
" .
[} [
1 ~
. .
=3 ey 1
l.u _ld T T 5 T 1T T % T T & 1w 1 & T & 71 = T w T e T I % T & T & =
L s L R B e e el




U S Y B W G N S R Sl m L & e m o e a L m M o& 1 ogolox 1 o& 1 x 1 & | s ) & I 8 | s 1 & 1 « | g3 5
v o0$! )] ——— OILON SV ev— v

VIaE s
b ’ B e v % GRITON S¥ VW SIO F "STNS 2O YRUNTI LV ALIAYINOD ONY ALIXFANOD
N e YW OFTWIIc Kew ON0° Gl CITRWINGT NSV SNQTERA  °OIrD “SANENL TTILS

m— e ] =1 QITI0 1O "OIGTIM DYLDITT T7WM (900° 5 €A IMU W » OOTOWT > M0'3000'2

o ITVI/IMNBLYW
.
-
[}
.
L]
-
.
E 22 T F] !oma,./

GTF3j0H 2 ‘via TI2°T

.

U S Y

L

e 1~ O

LR |

o T &« T a¥

GENCRAL AMERICAN RESEARCH OIVISION

T e T w

ML ]

\
\
) S
k | I = = = = S e S
t
- !
* [ 2R ] .!Qﬁ)
E EX A
] N p
e e E e D Fee e e T = e — — s e S s e e = I
o o - 7 e T; e I ‘Iiv,@}[
-1 ' ,
.L A ey oo s S e S -
|
1 [T Eooiv]T ¢
» » | f
)
s b g€ p - l.v.ﬁl — e e L@ e et e e L —(co.‘L
. :
- e e e - e Of e ;
LI L R L T ® 1 » LJ LI LI L LI ) T TR ! 8T & 1T « T B 1T ® 174 1+ 7 & ' &« T o 1" ¥ T &
H : 4 ' : : - . . ¢ " R ] Cunn [ ] 3o 4 '




-

P -t AVBRBOSY LXBN
XTI IINGH mQ,«,\.G... | ¥7007-00H
O T kgl
i d save | 77
¥ s T TR .

‘XYW O/0° ALIAVONOD GONYVY

ALIXTFANOD X0 Or0° OL TFT70YLNOD
HSOT7x Q7IIM "OrorD "SIWNI8NL T33LS
OF?770Y TS FATTIIM NILOTTIT 7T7¢vM

ATNG 77¥M
SIHL HONOMMHL
FTI0M VIQ L¥PS”

(S60) ¥5 M@ £/ x FHYNOS ,/ IVIMNILYW

LA

€

b-vroo’ |§ | cov/

WAl

e A ————

GLNE AL AMERICAN RESEARCH OIVISION




AL n Lt J.w l n | u | o | 8 | & || x |
(OWYN FTFLYVNO) € DN FFSIIL
‘OFI704 G703 ¥ ‘TGIINI/d § OFI704 LOAM v
© 01D ~ 7334S (027) VO N : IVINTLYN
.
-]
[ ]
\ B 2
» 0
| b
2
s a
T I
a
L
M
| ﬁl m
"
a
|s-vicor[d]oow| | S - :
\
q
N r
N u
\ -
\S , 3
N »
N -4
N = J
N <
L a
uJ
- 2
L
n o]
3 W 61 R
llllllllllllllll [ * I||.|Il|al.||l..||||'ll'l||ll.|||l_ -
' |
/ 4
|
1
1 i
I
®
%
7/ -
»
T e T T T Tw e W T a1 w T & 1 & T %

S b e ey g S




9-viooi-oovi| g | QUVIINGS LINOVY G

gL |

moooe

"
I
|
i
lgﬁ
.
g8
I
:

oo'g

€8T e—— 542

O20/W ‘HLY¥VFH NSO *TITI170% LOH

3215 doa - F719NY £ El < £1 IVIHILYW

@ -vi00| -COW .

FIOH |
77Hd (6P!°)} 58

C_JICRE ) IO X

R N R SO

GENERAL AMERICAN RESEAACH OIVISION




N

g o OULLO Avewasev
L-Vioo/-00¥/\g| DouveInIs LaNvay AT Voo 5%
- TRILO/NY SV
M -f-
. ¥ s : Bz
NOUMVUSINC) NONVINMRNVAL WWNENN WVENES R THES AN &0
SUMEIE

F70H | TNxT «m!.\mmul/

sa70H 2 71020 SF /

O20/ WN 'MLOVZI
NFoO ' OQFT 70 L OH

72rs 2va-ITONY Rx s F/ IVIHILYN

1 .-

235 ¥/

/ 008
|
* / | _ 43y ¥1
z2e° 4N Y | h
& ‘
3
—={£95* St8°/ =
;
§
RN [ms]an] v now - |
Srecomade | S [ NS

GENCRAL AMERICAN RESEARCH DIVISION




S-w00! -008/ .N._
“<RHOON WRNENNN 'O, ‘AlQ SSVY IO

WNVED ‘SFONVH

BNVN LMVd

% ﬂ....: Arenmsev Lxme

VR RL T
S 29%.5/2/ $\u NMVuO
|_-oN NumiLLvd NO 3218 "1V WKO\M!.W .-WS..E.(I a - “ % d ava | 7717 o
? NOLLVSCJU0D NOLLVINOJSNYEL NVOREWY TGS B4 N prm—pr——y

NOLWLAINOSEa lo.ozu| -on invd |szIs|wau © ¥ (74 O/0° OL QIF770¢4ILNOD HSVTIS QTIM
‘AI?NOIS 01010 'INt8NL T23LS TIF 170 LOH TIQ7IM O/&LOF 7T

776M (800" = 200°+ 60/°) VI M'E 2/ x Q0 900'F 0§52°2

PTvIdILYWN
‘AIOVSS A77WNOF . :
SITIINIG "TNT HOVF [soo v T Soo” y 1)
SITIASNIG £ HO W WINIW — m.\ .WI\ 11_ -
- - e a— —~ M_ FQ\kQOO.Qm_
i - —
* m*o.N
|
* N
| —a— a— —Vv-
8 |
L -l\ dAL ] s/12°2
529 2
[am| = [mx] = Jes[n] = s wu 8-¥joos-oot! |Y _

L ek, et

GENERAL AMERICAN RESEARCH DIVISION




e
6-Vv/oos-covr/ m.._ LAVAS
‘AIQ

UDENNN [©, SEVID BNVN LNVd

3\*! ™

ST O 2Y5%2.| PP smvua
‘ON_NUELLVA MO BZIS "LV &/ Q\,U.uu..u TVINELYIN a . “ i auvae [, .n-_ma..%z SV

NOLLVIOSIOO KOLVINOESNVIL NVREWY TVENGD SRV TW3S M0 08

il

NOLLANDOSRA Q.00 "ON JNVd BIIS | NALY
HAAWTHD S » €O°
VS 13a\wDSs iwvi3aad
‘XYW ‘4 SO0 *
\ / _ SLEY”
\ - co6v’

\J*

OO 8 | etwoor-00t/|Y

GENLRAL AMERICAN RESEARCH DIVISION




S ATONIOSY LXEBN
200/-0 _ — _
1300M v m'.waz Q*\ Gn.u ‘aia | ssvio ®\<\IN. V‘UOQ!-(\-J\ .-\ROQ\.. /2 Y000/ -00¥/
} ‘OM_NUBLLVY NO IZIS 'LV o *‘\\.WUMQN..«.W._.M ﬂ - mava §\x!<¢o
NOLVEOSN0D NOLVINOISNVEL NVIREWY rT———— SIMENNE TS 408 08
NOAJINOSEO .03 ‘ON ANVd 18| WAL ﬂ
Nl | 1 |VEoos-o0/ / LEECQ - 7-7/IWN &Fd LNVIIYINT
‘FLV 7 TV “wOoN 7 %0 007, > WL AXT 3 1/L/-TLS -V SO E°/ES ¥3Id
‘g, ! FIGNA CONIY | I USYSOXTY LVOD FULUMHAESONS FSINVINVI : HSINIL

.(.\er.MM. +||sm — .
¥
VT 9S/ —— w*&.\\\v‘ 2
70/ S ’Q‘x\Mm.
/
IR 2" wtfaa] '« m = r«oo..OOv_ v

VLTI HIAL AMLHICAN RIGEARCKH (HVISIGN




» e o

et B

I WU Wt

PN WU A R W

YOO/ -0OW!

(=)

. CRELE O Wiy whs BTV QN s YDu
V5 DUS- Wy A S8, 2 N APO3 NWIWNY Bira P ' iar Bt oo MO 8D ‘Dowpa ~Sow
e QUE-IW T CIEE @R DAMAVOD DI 1Oy PRPVEON PN M,

w
rs A A 'l A ' i ' ra A
v ' h Lepead - AN T4 —_—
b
1A e - EEEE
- ?
] ——_— - ——y rww ] " |
e wT . 71 7 [T AR-Ae 7
b oW TR 13I8 Tt -
o Ghv. s traaven ST T veoor Gie €
[ o
p
L]
~
.
4
«
4
L]
" e gl ]
L4
»
|A s70 30
Al
g
.
-
4
..g
.
»
1]
[}
L)
.
i = =
L]
T e
L]
T [] 1 L

-

YT

T Ty TTe T R Ty 7T e 7N

GENLRAL AMERICAN RESEARCH DIVISION




-

.L.le

CONWYN MBLEWW) C ON WFIWIL
‘OF 0N > o OFPwoie P OFIP0H AON
TOL01D ‘IRFLS LFINS (O8] 9D 1+ :TWNTIY W

FTO DA W O U ' U VU U W WY U W W S S

= IIVIING QIO
o SINSOO

T T T T T T e ey

T o | e 1

T

g 1 ¢ 1| =

a T g 1 3§ 1 o 1 o T = 1

®

1

L

GERTEAL AMLULRICAN RCYSEAACKH GIVITION




i m i s Jom i s 1. s 4 & i & i M i & 4 "

i 41

ONVLS L2177 ‘977

2 | & | v | e & , 9 4 = ¢

L L .

t

s 1. ® | s 4

Y oN HTLIWNO) € ov VVWEL
OFI?0l TI03 SO CPIFVIw § OF*I0% 40N
NN CIIFAY LXINS (O} YD V) I YVIgTAVINY

| ]

1
74°¢/ -y ot l;|_

Tii,gi.l.l.l.loltlt

a 1 ¢ T o« T g 1 3 V7V o 1 e

T T r Ty TrTTT YT

GENTERAL AMIERICAN ACEREARCH DIVISION




> i
|
|
i
i

QXYY XILIVAO) & ON HIIWNIL
‘GI?I0Y QTOD MO TIIVNIIL F TT770Y LOH
‘OVOsD CT7IFLS (02/) OO /1 TWINTLY IV

510"

[ A TONBESY JamN
ONVLS “TINNVHD o - NEOW-00 ¥/
5 (ha 1] Q&J“s
“ ﬂ Fﬂr«ﬂ 7S
S— T 00 0
Z8; (SNOILOVYS No SLIWI7 TWNOISNINIC

dAL £0°

eL”

R

see’

i

.., E6/°
Qod@u.l/ s10"
| N

-— £r'o
s
\/f ISE —{f=—s0"
A \/om
= \ .ﬂl flll.l.'ll.llnmlml.q llllll ‘N/ i
~ O
T
-
§
i
IR ) [elm] w—-]

GENERAL AMERICAN RE S_EARCH DIVISION




_: (S en saprews |
FrPIVS ‘LSOt

SONT MLOG
TSNV D 9P % €0°

| veoor[a]loow] ]

e ) - ‘ )& )oe ) w4 oe 1 g o )\ & 1 =& | "B

LEC8- T-TIW I3 LNVIINIT? WA AT QNP *IL7-OLS - 7w
O C/CF N LVOD HLWMITSOHNS FSINVONYW  NSINIS

OI012D CTO/NENL I1FTLS OFTION TTO= .
| TXPGIIM DINLIF?T 77w (SDO) 7O M& o/ x 00 P00 SLE WIS ILYIWY

5/

T« T 1 1T &6 & 1 8 178 & T 1T &

& 1 &« 1 &

o I

GENERAL AMERICAN RESEARCHK DIVISION




A

e8|

AN S

OO0/ ~00¥/

_nsh SCo° (_“m

FIN VIg (E°C/

¥ oLl I8 ON .Q.ﬂ.w»

‘Wolld § *HLIFIL 21

LESE-T-TWN DI LNVYIFFNT AWML AXC 3 ' 1er-04S
W #O B/ RS ITT LYOD FLVHISOrT ICINVONVYWN

e

YD v = TE

g

il L w _ _ _ -

IMEINIS

e VT 8 1 e

T 0

T &

T8 1.8 1.8 7

T &

T & 1 &

1

[ ZEme s ms

o | L

L

. |

GENLRAAL AMERICAN RESEARCKH OIVISION




Al B L & | =

.J'A‘I.A‘lll.l‘l'l‘

l‘..-,.,-L.lo‘.,

.I.lhlnl-Ibl_I_I..-I-lh'.lhf.-l-l-l».-”a

LERLE -D- Wiv 25 DVINU.
PO 2 WY LIV NIV RUNYW I NS OUS
M US WY O EINS YRS 400D P2

VYATEOAY FSINY NN . MEINIS

PO ‘PE - OUS-OFS FO
MY SO 25 CFIwed NSYP t

m R
_ i
! \ J
P 5
| 6 l.
| oo Jgfcon] ] H
| _ "
_“ L
p= ——— e T Lo e e & 4 i
b .
g 230 o1 "
i :

1

@\ ¥

/v

L

L "

[

j

LA N B R By S By mar e ey wan

e T TR T TR

-I.l.l.l.lﬁl-l-l-l-l.l?‘l—.l.l

CENERAL AMERICAN HEBLARGH wvigsion




u.. ‘
1-v200/-000/| 8| — | —

i aad

XvEITANYVH Avnmesy Lo ©r0/0 ‘QI7N2I/d "ONIBAL
_apaeenss s ‘HYEFSSOYD oy g1 V9007 -00#/ 77345 QI TION LOH OIFF7IM DIMLOFTZ
- aaLON SV ﬂ ﬂ YR ? avea T7M (SO0) OMBR I x QO & : 7WNITLVYW
} on wo Lvm vie ava | 777
NOUYUOINE) NOUVINOMVEL WY WIRED SREUR TN 48 6
NOUSNDERO looed  -on suve  |3Te]»
2
o
a
2
o
‘SONT Hi0& I
le:‘\\b «SPxE0° U
m g
<
. ]
||||||||||||||||||||||||||||||||| J ®
W
- - - - 1— T
S e e e e 2
<
1
o
o
b3
| <
e - 377 - )
g
3 5
3 g
0
-
N
g
~
[ JICREN o jetiun] waew |

et g — e — . g Tt



ey Le 18 1 ¢ _{ & I FL'-#.F».’i.h»h.lhhpr
-00®/ ooy/ | —————— THLON BV A . K- TV Y
v = = “ax 00w ] VIPLS OPIION AIOD OFTTIIM HELIXVT
A% SR 56 S 59 /ot ¥ 4
’ HVYGIIONVH ‘LNSta) esmme e |/ 779 ( T30) SMUN = RyndS £ : wrwILr v
Ll T Tl — ) g
i 1 g @ 3 [ et N Ly s
. ] | T weu] wmaves Tw3e om os it uulu-
-]
-4
e

-l

lﬂ
[
p
I
I
I
I
i
[
[
I
I
|
}
[
|
|
[
b
|
!
!
[
|
]
I
I
|
|
I
[
!
)
I
I
I
!
[
C
f
[
l
I
)|
I
I
AN

[2-vooo [3]oor] |

[ z ; 3

s | °

savn oo 20 fmmi o i 3
1 L

T 1. ¢ 1T % T & T ¢ = ¢« 1 & T ¢« T & T w1 T 5% T« a1 & 1T & a1

|
|
]

N @ |t o

)

GENERAL AMERICAN RMESEARCH DIVIBION

LICYR

a | o




| Mool 26 1
. WLOOL L1 LININALIS

Rt

. AVENENSY S
w0001 -00%!
).
50

{-¥LOO! -0/

2 -VI0H-00v] 2

E-VL00/-00¥%/) €

| '97971S *ON/&VFE

[ weoos[dfoes] | 1/

—_ =4

A3 2% 11

:.-_..Lr#r_?bkgt.tj

LECR -7 - W Ny ANVIINGNT Wiy AT F T/1-OUS - YO
EVE'S Fid LVOD FLVNSSWod FETFNVONVYY ~ VI YVI SO NOILFISI/
QL HOIHS LNT SLIVIONSS FO AIQWICSY FTLIV ATV MSINIY

_..lk‘&qwxl

TINGE ATPWNOI ¥

4

\\
N\
A\
= =

\
[« 95l

T T e T

GLNURAL AMELRICAN RESEARCH OIVIBION




* 17991 | coss

- HLOOL %€ ‘LINIOHIS s s w0 G mry

TwmS

Lo :.E»F.n~ﬁ.hr+LP.hb*bJ

[ r-veoor [D]ooes} |

Pl

w P Sl

I AN |

d
\
N

‘via w&&m

% T o 1T &

T &

T T T T T T

T

L)

g ' @ | =

T

g I 3 1T « 7

T

LY

T o 7

AEBEANCH ODIVISION

GENERAL AMERICAN




2-v200/-00b/'y

UBANNN [OMO

‘MG

WV

"ON NMELLVE MO BZIS "LVR

7737LS E€l11g

‘DBdS IVINELVN

HL00L L1 ‘LINDOMNSS

ﬂ ﬁ

Sti o) Sasuim

DRYN Luvéd

k:

YoMy MGd

()§§

VL.00/-00W/

m AL ¥ NAYNO

sivo | ¥y

g

NOLLAIMOSRC

Jo.osu] -on iuve |mS|

— I3

vl 4

— 295G =

2L
e

St-0bD TIIMYIOY 0L XFoIWAL CONV AINO

HLIZIL NROY NOILONOM SIFT S/70*
KON FZIANTHVO A ANTWLYIHL LYITH

pr—

/

\.l_mt £00° v (O]

. osex>

Vi sp2 9

v

-4
wici e

—

XV & S/0°

*

13 vid 1

voditt |
.

/! S IAWYH D

S ¥ PO’

& IAINCIO

S¥ x 20°

(&1L 9200° ¥ O]

"v/d woOlLOg

d¥O°'S AMNIOL/Y
SE WSVY MNLIIL L/

\ |

e-VLOO/

oo/

AMULRICAN REITAQACH ODIVISION

CGIERNT sIAL




—— -

- - szl LINO2DNGG AYSNBOOV LXBN
£-ool -ook/| y AT mu)\\khmn 1M v

__wmennn loma] a0 | sevyd 197/37, y/o0/-00¥/
TILON SV 0 et —
ON NMILLVY WO EZIS “AVN 2BdS IVINELVI | ﬂ -ﬂ | mava | 777 »yvoe,
NOLYUOJE0) NOLVLIOISHVIL NVIREWY VNG9 KM e |

NOILJIINIEBT [o.09u] ‘on Juve [3TE[NE é A
‘Y IwNOD f-TFASAL VLBOG-GF - VN oA
CAILOINOTHSN 10 ‘TZNOYT TIANTLINIS
CIVISITILVW
/120

& N.d....al!)/ (/1 €00 vO

| :

. . - os° . .
vra mw.w — v/g mm.mq <\Q»wm
lle—290"
aNg aIaNnod DUp—

GENERAL AMERICAN REBSCARCH DIVIBION

] E ) aslin] = 39 W e-v/o0/ ‘ oot/




Lodo L ¢ 1 g | T - ) uLom Lo om ) oe w1 ou 1o | ow | & § S5
wIOHS CF

L.
/
v famn | wBRE
HILIW ‘LINOVEE
- ’ W e o B Lt Y
wong 4 )W POy o —act S
. o~ Latamina Juonel 00 asrvy [t WERWN TW.S JON 08 il

Yo00/-00¥/ LZZLZ =D-VIN D FNVNLIINATOS SES-OLS -QFy SO

GLGLZ ON LVOD PISIN/T FLIfIA P /LI ~OLS -TIW F0 Z2S 'TWIdT HSIM

VL) -TUS TN SO §1ES IS LVOD FLvMaSONT FSINVONVN :IHSINIS
(OX¥ YoLdbnd) € ON NISWTL “TITF70X TTOD &O ‘QFINIId ANV

QgF170& LOH OLO/D ' 13315 (65€0) ¥O 0T : 7V TLYW

2
g
. | TR
o g2 4 )
- e avyg £
I
| / "
= . — s 2 !
te’ \J&Q \wo\w%m.«nu “ . 44
4 M ~
. " 2
* -+
. i — .ﬂ
|
] } I‘,L ﬁl
1 vweoo:[a]oow] ] _T = !
4
. FOVIHNG HOVT FTOH |

SITOH 2 TNCO (LL!) 98 ~
1 | \

7 j — li/l_.uu .m\

|
T T T T3 T v T T T T s+ T & 1Te e w1 s w1t a T e T Tm—Trra

LK 3

@ | u | =
CENFRAL AMERICAN RESEARCKM DIvisSION

« 1T o




v

4

-y U D) DY WHAD)
ot Tl dak 2o

AP Basmm

gait oor

- METURGIA g BWALNI Y WYY

= u_i.u.m

hos-uys amvn ‘Uwougl !
[P
oo . prBevg ‘Wwwwmgl

B OB -

‘l.’al‘,a
6¥Li-04 o £

.N”ﬁ
—— 1 3
ok - R L]

B L L ) he A 22 )]

lww.».m«k. v

o N e J
o K

V)?

R L)L)
Sy TuBmwng
o w9 = Wl g
—-rey - WerIey

0
]
0
'
i d
T
x
VAR

L

£ 1 @

-°0.|~0‘)ttﬂ

-.’:0 VIRGBAN

W BB DB N
y ) - WBRY

1

I

(#5509 vo o2 ”H_

T o Bl ] J!J

ﬂﬂunovéoul ¢_ ﬁi. T
B PRy e

T-GDN - OO Nt

N

|I'|.Ih|l‘.|l TR EERESTERSTR T RS R R T e -

B CAME PrawmImIg

WG ANND BWUAIG BDNO

~0 @B WBy SMINDIY
WL ASN P WP Las PER (2

[4vawmBssy AW DMissnwy BEg

S

AV NAPUY WWWAUN g gﬁm—

(#se0°) ‘vw OZ u “

— n |

o |

- | w 1

L]

GENERAL AMERICAN REBEARCH DIVISION

T% 1 & 1T & T & 1




520 YA O _EEW LYW e JYREMAYN

| NEMASREIEDD mis )

DL RBICIG VYOI BLIMTNY

I prroiawom4 BaaLn ci:.:.ﬁ? r’T7.

AVBADIDY AxDN

§ (2

QWD ad 00|

=] & Jam] ) Jasgai] % 0w . |

2| con:oow|§

awod .4 OF

w =

- . 30 - e vt i
e T T

GENERAL AMERICAN RESEARCH DIVISION




tm) & & .

AFPENDIX B

--DRAWINGS--

POWER UNIT WITH AN INTEGRAL GEARED TRANSMISSION

GENERAL AMERICAN MESEARCH DIVISION

3 e em T il




ed B b &) & 1 8 i .8 i\ &a

.iFi-I;—I-EI»FLI’LP-&-P--?E

X}
oy b \
WReETg ey @00 -oow. | 3
O i eeey amees g 5 |
o e~ er-ty oo e
LAY = I3
O ANC ¥E - Pyk o r -2
Smen, S Tee -00v | O
b we | 319800 00w [«
< e Sy
A egoay oied WAl E] cavmenn®
J e natemg o] BIST
Bey w~ow, 7 [eves -esw | O
of R I Tk 2 bl T
g w4 Ry
4 seewane]  Jeoc 00w T
o ey " e =3
o e whotelt ]
- S5 <y
8D -0 WRaBmi A ~ INP|Y
E
-
LRy

ANBENBERANAEHRAA

- -
- P —y o Yo
] “wean B0
= ovetel Lyl
cawm wmwsy i) !r
- aS Whmben, et
2o premeey wm) L
4
L[]
-
L]
4
L]
.
4
B
L]
r
.
E
A L Te T8 T & LA LR _JEEAAE | T = T LA L . LA ) T

T

T Y S N S Jun BN NN BN 2 aay 3

pT *» T & VvV B T ST e Y

GENERAL AMERICAN MESEARCH OIVISION

= : P E .
-y - -

e W i B e O ——— WO WO W ____ W ____ T




¥ ¥ (R

Nl m | u | on | 8 | u i\ 8 i n 1 8 1 & 3 5
s
]
L A‘il.r_vx.rUZdJ BIWIM
2
i )
=1 ,
. .
:
¢
¢
- w2
s
N nudanJlﬂ.Uo“M
h |
~
"
.
-
®
-
.
S — _ ——
1 T T 1 ™ T & T u.7T1 ™ T T T TTT T TTTT™

i

T 9 1 e

1

T @ 1 e

AMERICAN RESLAACH OIWVISION

GENECRAL

S

N

L W




PR

M J x4 m L wu 1 s L wu \ & L 8 1\ 8 L 8 i M

LECEBB~ TN WO ANVIINETT WIS LMD OW *iL/-OLS - N
20 CVICY Ulat LYOD BAWNSSONS FSIWONVYWN : NSINIS

HOID TONENIL TOELS OFYIEN OO0 .
COFO?IN HNXLDOTTIT TN (IDO) VD WT % » 00 SO0 FILE"  IVINZLVN

" @00/
Sowr

F700vS ‘LS o

SONE MNIO®
ATLITIWD) P w €O’

e e o L o

K /4

% T o & e T Tr<{*rs v @5 1« 1r&ra

T 8 T o T & | @ | @ 1

T o 1T @« T =

-r

® I & 7

OENERAL AMERICAN REBSRARCH ODIVIBION




el m S om o im ooa J oe . & i N i M i 8 i A L. & i A -IP'»F#‘-I»‘--»PL'»H

-
. »
.
B B Dl »e L sl sl -
» 1 aamar ot 2122700 B, WIS AL 12008
wom e | glsares e o} T 008 Vm er ES 4% Wha see) SesceiBay seeswreca vy
O s B
i3 wree.-sonl s, (s,

M S

2
- ]
, . y m
b . o ° SR A/n e | &
1t =7 . o)
1 §
L] e H
4 S u
. - 0§ me ooy - 5 | +4
<
T w
L] o
-
k i g
'
PNIGWA NPMA ANMERNS Y wog TP N i 2
- 8000 -00®! PAC 11 WL ‘feg Lans™ I L
THAON “
- - ]
i 1 g
L] . - o
2
9 b b M
. , <
: [ z
[
. N B 2
] . |
. ﬁ b4 {
o .
4 s | g :
’ . * ¢
P F 9 €
1 2 '
v .
. 5! o .
- - L !
a o
p -
%* -4
ﬁ”lﬂ T Tr T Tt Tl ErErrrere ey 8T 9 18 re-rT YT T ey
o
e - -
“
ﬂ . - e e e < e = . e e - . ‘ B e e s




b d o) wg

e

T R I N A AR —

TBIDVAG AV VYWwNnDEl sSis0nGg 2

mi s [mm]

- i) waww |

.

'JJ..’I.U
.U L L L 108
.16) D WLIINY

g‘ ¥ » Q0

el ] PV

GENERAL AMERICAN REBEARCH DIVIBION




‘II'I'lIlIJ

il 4 | o J x 1l 8 )\ . i 8 | o | & | ‘@&

' 2

o

A 2 b 5

1 7 \ .\ ¢ m
% -

4 m ass O 1

* ‘- O/ » 7 / L4 )

7 T 3 . /4 o5 v - <

//.P, ~ \\L/ /,w »” l

V. ~ OOH‘ /‘K \\\A - - m

4 “ ) \ \ o0 3 , [ M

. % Jans s , L

g

* m N S \ | ! ! » w

L I _ L fl <

h | “ - “ 1 J

; “ , ;

t ——00T - a

7 8w |I.._ _ll .A.v i M

] »n <
] -
L} ]

T

L |

& 17 .1 1 qdd..j#--.l43«*<i-ﬂ<‘«1




-

€-Q 200! -00%!

a.m....l..

al0
Q¥LOTY SV _ aBLON SV
_own nu3Live WO ITs ivm 2848 Tviesivi

NOILIINOSSO

lo.osu] ‘on iuvde [smee|eenns

{
0
o
00

V S/ ™ Y™ b5

muve | 00

AVBREIDV LUDN

OO0 - OO

3\%\! N My‘

EATVG

E A A~

gtk PR V.Y

fezc01- oo

AMERICAN MEBEARCH OIWIBION

CENERAL




1

ps s
‘ ]ﬁl‘(»‘lﬂ!tﬁ
AavaInamnyH 301N o -
THOON NN CENDIBRD
- — s (3319 AV QIO ALIAYDNOD
“.- d L3 e 0 ANY ALIXBANOD ‘XYW O10° oL
A e | BN | aa o Ta S Faoma Smiatty ANR
~MIa0 S =% I~} ) IR PS4
0l [ T4/ ™% - ﬁmQO.VLW)ﬂ mU_ » Ul(“.)ﬂﬁ f TTIvim3LVIR
HOLLMNEIERO E QN Ve XN -
2
a
2
2
o
AANEO IV M 1
“ Sim) HDINOWH]L U
I \l-...ol via L¥S° e
€
llllllllllllllllll w
A n
w
_ _ i e T
NS ___ ;
: q
| | g
.Nw. . e
X W
M “ s
| <
Tllu‘ltl. -3} | 2
— T
o
2
w
lﬁ s}
=,
g
23
Y]
$
—
AR ] IO B

B . Y




uB@BNN omal  ‘aig__| sevs gveves Luve % <<ﬁnuxon:o|du.«|o|] m.,
~amg grrox ok _ o

‘ON NUNBLLVYE MO BI'S LYW ‘DBdS VINRLYM
[ ———————— e ———Cre s ——

NOLLAINDIES] la.ozu] ‘on iuve [ams|wau

Ca IiJJ_dm / 1

g O ©
T.

ose¢ 2

oD
N
|
i

GENERAL AMERICAN RESEARCH DIVISION

SZ

| o mﬁ.

— e 0s2'c
e—— 009 —

= - wiin] e ls-92001- oon| W|




O201IN '"332'¢ aveg
SEANNYRD £x | x 2 TTIVIEILVA

-0S'te

ON $2-Ol g @¥.L 7 " NBG

L) ICCOIC 1N

—

o- azc01 -oon| §

GENERAL AMERICAN RESEARCH OIVIBION

D N L R I R

g
»
|




9 o. 3| — ‘ e
%00 -00p| g | — _— ‘ ban =
as.ory sy azLopN By . . £y
save
NNV NOUVIIOMVEL OTOW I g
ﬁq LI L] d(‘.)gtqluu ] -wn.u_ IVIWBLAVIA
$A0OH ¢
via 325
£\
gc /W T T T T
-O00'2
2 9% _~“
|
!
R ALl — e
/
o
g
2142202-0-MIN B3Bg BNVRLRBNATOY ‘§6S -TLS
-Jid «40 HFOPN ‘O L@ HEINIg BLIHAD
TALOL% N 20 2 S AR g RS e
» [}
RN e Coc—xal @ < " 3

OENERAL AMERICAN WRESEARCH DIVIBION

|




e | —o wvay 100k [ DY Axmm
: Yo, ! - SOW Fﬁﬂ“ﬂ =D-"ts BBy
== g AL | Sen T ansy, ASn s TN
’ . 2315 G810 JOH ‘ ‘ P Bl % A T e 4 b mg oy
NONVESMNED HONVIANENGL NDERN WIRNDS ML -OA% -V o0 ‘S 1'%’ Wve
SaEame rveDd ib.(!k’..lﬂ BEPNYINTN QNG
AN ‘0N sive | ame
kL llg] e oov| Wi |
X% T Saz 10T,
AMBAND Iy WO Y SEDMIM My
W@O0O0!- 00V DM(] ) WBL| ‘Nig AWIEN, {1 _
BIO™N '
B
‘ WV e Y || _—
4 m p
vig OS’'s :
|
— {
I Baoiy i )
_ dAL - ;. ’
3 i
)
—t ASL b
m_ [ iy SSA—
o
§ ~—5'$7
[ 4
[ _JICAE ] . hl.ﬂ.ll.—
i

L pmp— v e = e e

GENERAL AMERICAN RESEAACH DIVIBION

B e T S R L R I




B 4 » 3 ® ) w4 @ ;4 @& 3 & 3 o 43 8 4 ¥ 4 4 g4 w4 84 8 43 O e 43 &, s, 0

—

T

bl
J
b
° L
: b
) L
B
! &
- N L
4
P.
p

o AN
caey,

[rx's
ore
<

by -8
rels
v

[ 4
e -C-
w 1 W Y W

;\l ]
NI 3
| !“' q
:Ii !
ptf
i .\\ b
.
p
. p
: 3
i p
-
' p
}
Q.. 38 ) '
X v
}
. - —— e e ot et b v A

;. RV S IR {
v * .
)

B P U T T Ty rTrgrygrrryg ryysry v

GENERAL AMERMCAN REBEARCH CMVISION

Cimimtn a0 R

k4
L)
[ v 5. S




p—————— S

1-gsoos-o0r (g

V@I ITN Y H
‘WYESS OV

axLolNn SV

, ‘Orold ‘QYTNIIa "SN/I@NL
@ S00: - OO TIRLS TFTION LON ONY HELOYY
‘ T (590 ] SMR N » OO §F ° TV ILYNV
ave

‘SONT NaoF
SZIVVND 89 CO°

A 21 -

AEBEARCH DIVIBION

GENERAL AMERICAN

A e e



CYr Iy @70 i vu‘.g
3‘“3“ SWON o NwenOS B : WiSir N

s ; = 4 3 | o | w { & | T 4 ©© | & | = ; & , Q | = | <

s« ; ©

W i a i s i.w i sl s i A is i a i & 1T

-4..u.d-.-ﬂ-a-.-.«ﬂ-i-!«"lﬁl|nql111.14l

.« w | =» 1 g 1T ¢ V'V a T e 1

e ' ¢ | o 1T g 1 3 1 @

GENERAL AMEAICAN RIESEARCH ODIVIBION




] 1 - o
»iﬂltbprhlhhbh-*.-»l».»}
v % 0001 - 1
- 1
.
-~ . .
° 1WoH 3 (01)S§, ™A l/ _ j
. : ! i
N 1] ‘
. ‘ . / | ~ J ml
i "ot Y et m -
. o . |
] sToHn 9 hjﬂ.vjﬂ il ] i _ | I . XA v.
¢ VA~ -3 . |
| A ! U
o h - +IA%Y— k cIJm.Y. S lxll‘ —
4 A_v — ——— ' P Jo—
g 3 — J % t
- “ : _ —¥ B
i i
“ ;
Foeo-em 3] o] ] | | e L oays =
dAL w¥ -~/
L4 (344 { wl. L -
]
| - ——
. — i
\
] s...l* !
. o
n LA
rirlli..lnltl ’
. M
- ‘TUAD NOIOIWEO? D
Sviwsivig
e
J WBy wAveimmnaeg ‘SO -AIY: Oba 2O e
FAGLT O aveD wWeinig Biwm P iLi -GS - WA
® ad.o..n.o.-u.u.u ..r-(ﬂ..vl ot BTS00~ ST
ux“-m-u
]
“Hml — 1
[ NN RN NN SENS NN SNy SEENS SENN SENDS SNnY SUE S SN SE  Eune SE Jmn ame SN S BN NS JEEN S SNS SEY Snmh SN EEms tas Mane mms  mam e s

g U o 1 e

g U » 1T w ¥ « 7

¥

e t ¢ I e 1

CQENERAL AMERICAN AREBEANTHN OIVISGION

-~

?!




VLOO\ -00Y]

>

dte OV o

[T -0
234G QBN Y-t

QO001 -00Pp| g ||

! .—..OOn.

nnnl...\: N —T
; Il -0LS o?. 2O SLOLT O LvOD MBiINIg

e e s e e e e —— ) s

e

LT - BrvesiBnateg 966

Bhivm 3L -QLS -V SO TG DWBg
SYM1iI~-TLe-VNN »O CI1'€§8C BId

DTN M NNBRRA
ANBANI Y WOH ‘l.v)..l M)

\l‘.T—

NI LBy T

AWAD TBALCHNGVOMN BERNVYINVN

SNy

z
e
S 340 3
| :
X \ ;
P g / =
[
d [ §
o 4 . Ve
| A i <
_ ¥
viQ OOV :
Z
| 2aOmN <
giL 'lhl.r\n //// :
N B | o ~———— g
! . ¢
i : "

. o i LOO) we !

3 |

H E—

1IR3 [ [l wme -l
I u . - . ' . . [ QS s § Lo ] I ! l
'] + *




UNCLASSIFIED
Security Classificetion

DOCUMENT CONTROL DATA - RAD

(Security clesellication ol titie, body of sbetrnet and indezing annsietion must be entored when e overel! repgest is ¢ esilied)

! ORIGINATING ACTIVITY (Cosporate authes) 20. REPGRT SECURITY C LASHIFICATION
General American Transportaticn Corporation Unclassified
7L49 N. Natchez Avenue TR
Niles, Iliinois 60648
3. AEPORT TITLE
SHELTER LIGHTING KIT ()
& OESCRIPTIVE NOTES (Typs of ropert and incheclve $oioe)
Final Report
3. AUTHON(S) (L.aet name, St name, initial)
. Neveril, Rcbhert B.
Behls, Herman F.
’ 6. REPORT DATE 76. TOTAL MO. OF PAGES 76 NO. OF ARPS
January, 1967 86 17
8. CONTRACY OR GRANT NO. 94 ORMONMATOR'S REPORT NUMSEN(S)
. SRI Sutcontract No.B-8700(49L9A-62)4Us
& PRoJEET MO GARD Report 1400
OCD Work Unit 1ke7
. .. 9. gTHER Rgeont (D) (Any other numbers C:0f iy bo ssoigred
None
. <
16 AVA ILABILITY/LHNTATION NOTICES
Distributic:n of this dccument is unlairi*~i,
11. SUPPL ENENTARY HOTES 12. SPONIONING MLITARY ACTVITY

Criice of Civil Defense
Depar+tment nf *tle Army, OSA
Wasnington, D. C. <0310

13. ABSTRACY

The Shel*ter Lighting Kit includes a manually-driven pcwer unit and a
fluorescer® lighting syst=m. Twc pcwer unit designs are presented for
prerroducsior. fabricatior and evaluation. One power unit has & generator
mo....ed On & bicycie-vype frame and driven by a chain and sprocket trans-
missicn; while *he other unit has a generator with an integral geared trans-
mission mounted cr a folding tripod frame. Both power units are designed for
one-man cperation wiin & power input of 2.1 horsepower at a ncminal pedal
speed of 9% rpm aid a nominal generater output of 5C watts at 120 volts AC.
The selecion of eather design for tne production model will depend on

their performance and a cost analysis. The fluorescent lighting system
consiste <f tw~ ai’ustable lamp fixtures and %wc 20-watt cor 25-watt pre-
neat Tlucrescent iamgs operated in series (selected lump wattage will

deperd on “he overaii svstem efficiency). The estimated prcduction cost

of she ilentane x1v is 3. (u,

An incandescent lighting svstem is profposed as an optinnal accessory
for night lighting or oackercund ifilumiraticon in multi-room shelters.
This lighting system consists ¢ five 10-watt incandescent lamps with
adapter sockets and five SC-feoot extension cords. The estimated cost

Ny

of this accessory s $7.30. ()

m
DD . 1473 UNCIASSIFIED
Secasity Claselficetion

PR
= o i




TNCIAGSIFIED

Security Classitfication

y

KEY WORDS

LINK A LINK W LINK C

ROL & wT RoLE wy "OoLK wy

CIVIL DEFENSE =-STEMS
FALTCUT SABLTERS

DESLGN

GENERATCRS

PORTAELE

EXFRCISE

TLIGHT

LIGHTING Zq. IFMENT
EATTERIZ S & CUMEINENTA
RADIO COMMUNTIZATION SYSTEMS

o EAG B S

TRUCTIONS

1, ORIGINATING ACTIVITY: Enter the name and addresa
of the contractor, subcontiactor, grantee, Department of De-
l;:u activity or other organization (corporete author) isauing
the repont.

24. REPORT SECUNTY CLASSIFICATION: Enter the over
all sscurity classificatica of the report. Indicete whether
““Restricted Date’’ ia included Marking is to be in accord
ance with sppropriate security regulations.

20. GROUP: Autometic downgrading is specified in DoD Di-

rective 5200, 10 snd Armed Forces Industrial Manual, Enter
the group number. Also, wnen applicable, show thst optional
mkin'l have been used for Group 3 and Group 4 ‘as auvthor-
sed.

3. REPORT TITLE: Enter the complete report title in all

capital letters, Titles in all cases should be uncliuasified.
i o reaningful title cannot be aelected without classifice

tion, show title classification in all capitais in perenthesis
immediately following che title.

4. DESCRIPTIVE NOTES. If appropriste, enter the type of
report, o g, interim, progress, summary, annual, or final.
Give t.t: inclusive dates when s specific reporting period is
cever

5. AUTHOR(S): Enter the nanwe{n) of author(a) as shown on
or in the report. Enter last nime, first name, middle iniiisl,
If military, show rank and branch of servicee The name of
the priniipal author is an abtrlute minimum requirement.

6. REPORT DATE: . Enter the date uf the report us dey,
mounth, year; or munth, yean If mo~e than "ne date sppears
on the report, use date of publication

7s. TOTAL NUMBER OF PAGEH#: The total page count
should follow normal paginstivn procedures, i o, enter the
number of pages containing information

75. NUMBER OF REFERENCES Enter the total number of
referonces cited in the report.

8a. CONTRACT OR GRANT NUMBER: If sppropriate, entor
the applicable number of the contract or grant under which
the report was written.

8b, &, & 8d. PROJECT NUMBER: Entsr the spproyriste
military department identification, such as project number,
subproject number, system numbers, task number, ete.

94. ORIGINATOR'S REPORT NUMBER(S): Enter ihe offi-
cial report number by which the document will be identified
and controlled by tho originating activity. This aumber must
be unique to this report.

90. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (ei.her by the originator
or by the sponsor), also entar this number(s).

10. AVAILADILITY/LIMITATION NOT.CES Eater any lim
itations on further dissemination of the repcet, other than those

imposed by security classification, using standard statements
such as:

(1) **Qualified vaquesiers may obtain copies of this
report from DDC.'*

(2) “Forcign annocacement and diseomination of this
regort by DDC is not authorized.”

(3) *“U. S Government sgencies may obtain copies of
this report directly from DDC. Other qualified pDpC
users stuall request through

(4) '"U. S. military agencies may obtain copiee of this
report directly from DDC. Other quelified users
shall raquest through

(5) **All distritution of this report is controiled Qual-
ified DDC users siall request through

»?
If the report hes been furnighad to the Office of Technical
Services, Department of Commerce, fo: sale to the public, indi-
cate this fect and enter the price, If known

1L SUPPLEMENTARY NOTES: Use for sdditional explane-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmenial proje-: oifice or laboratory sponsoring (pay-
ing for) the ressarch and development. Inciude address.

13. ABSTRACT: Enter an abstract giving a brief and factus!
summary of the document indicative of the report, even though
it may also appear elscwhere in the body of the technical re-
port. If sdditional space is required, s continuat.on sheet
shall be sttached.

It is highly desirable that the abstract of classified re-
ports be unclassified. Eath paragraph of the abstract shall
end with an indication of tl.e military secwrity classification
of the information in the paragraph, repreaented au (TS}, (S),
(C), or (U).

There is no limitation on the length of the ebstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
seivcted 80 that no security ciassification is required. Iden-
fiers, such as equipment mode! designstion, trade name, mili-
tary project code name, geographic location. may be used as
ey words but will be foilowed by an indication of technical
context. The assignment of iinka, rules, and weighte is

optional.
” Y AMaY "
= Security éiuu;in'cnthn




