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Figure 1. NEMO (Naval Experimental Manned Observatory).



















NOT REPRODUCIBLE

The two 40-degree polar cutouts are fitted with conical steel endplates
made of cadmium plated 4130 steel (Figures 3 and 4). The endplates are
designed to have a rigidity about equal to that of the acrylic plastic hull. The
personnel {top) hatch effects clesure through an O-ring seal to the acrylic
plastic hull, and is held to the hull with a retaining ring. The retaining ring
has a neoprene gasket and is bolted to the stationary hatch ring. The hatch
is held in the hatch ring during a dive by a “'spider"’ retainer and clamping.
screw (Figure 5). The design of the hatch allows it to be opened normally
from the inside and from the outside in an emergency. The hatch has an

open-lock position so that it cannot fall on the operators as they emerge
from the sphere.

Figure 3. Components for the polar closures in NEMO.

The bottom plate, which is attached in the same manner as the
stationary hatch ring, contains all the hull penetrations. The structural
cage and the assembly below the hull are attached to the bottom plate.
During lifting, the entire weight of NEMO is transmitted by the meridional
cage members to the lifting sling, allowing no tensile loading of the hull.

12







NOT REPRODUCIBLE

Figure 5. Spider and clamping screw.

The service module is an annular ring attached to the main ballast
tank, with a 32-inch inside diameter and a 64-inch outside diameter (Figure
2). This module is divided into three pressure-compensated housings sepa-
rated by free-flooding access areas. The housings contain the electrical
distribution system, hydraulic distribution system, and the auxiliary air
ballast tank. The access areas are covered with expanded metal grates; the
housings are covered with removable covers and sealed with O-rings

The battery pack is another annular ring attached approximately
2-1/2 inches below the service module. The pack contains the main batteries
and is filled with mineral oil for pressure compensation. The batiery pack is
attached to the service module by three pins which protrude through “ears"’
attached to the battery pack. The spring-loaded pins can be retracted hydrau-
lically to jettison the entire battery pack after the main power cable has been
cut with a pyrotechnic cable cutter

Life Support

The life support system consists of oxygen supply, CO, absorbent,
and dessicant systems. The system is capable of sustaining two men for 8
hours with an additional 24-hour emergency backup.

Oxygen is supplied via a bleed system which consists of two 50-ft3
oxygen bottles filled to 1,600 psi for an effective volume of 32 scf, an oxy-
gen supply pressure gage, and primary and secondary flow control systems
(Figure 6). The primary fiow contro! system includes an on-off valve, a
50-10-80-psi regulator, and a flowmeter. The flow rat= is selected by the







Figure 7. Internal framework and components (front view).

NOT REPRODUCIBLE

Humidity control is provided primarily by a uynamic silica gel bed
and ice. The silica gel bed is located in the top third of the CO? removal
canister, and the ice is contained in small metal cans placed near the air
stream outlet of the scrubber blower. Moisture is absorbed by the silica gel
and condensed on the ice. This combination will keep the humidity in the
70 to 80% range and, thus, will prevent fogging of the hull walls. Air is
circulated over the personnel hatch by a small fan to provide additional
condensation and to cool the cabin air. A drip ring attached to the spider
retainer collects the water conc2nsed on the hatch surface. A relief valve
is provided in the hatch to equalize any internal overpressure that might
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The second power source is a 25.5-VDC 20-amp-hr silver—zinc
battery, carried inside the pressure hull for emergency use. It is capable
of operating all 24-volt equipment necessary for emergency conditions,
such as the life support and communications equipment, ballast system,
and the pyroteciinic emergency cable cutters

Electrical Distribution

The electrical distribution svstem, located in the electrical distribution
housing on the port side of the service module, consists primarily of electric
motor starting and protection systems, and relays to actuate solenoid valves
All the electrical systems are operated from the control console (Figure 11)
The circuitry inside the hull is 24-VDC, except for the main battery voltmeter

Figure 8. Internal framework and components (back view).

NOT REPRODUCIBLE




Figure 9. Manual hydrautic/oxygen control board.

Figure 10. Main battery.




(a) Actual unit.

Figure 11. Control console.

NOT REPRODUCIBLE
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(a) Housing.
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{b) Schematic.

Figure 12. Main hydraulic system.
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Figure 13. Rotation motors and articulated light.

NOT REPRODUCIBLE
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Anchor Winch. NEMOQ's primary vertical mobility and station
keeping modes are provided by the self-contained winch/motor system
housed in the main ballast tank (Figure 14). The winch drive motor is
a Vickers fixed-displacement, fully reversible hydraulic motor. It is
located in a housing directly beneath the bottom plate of the NEMO
sphere, with pressure compensation being provided by reference to the
hydraulic distribution housing. The winch motor drives a drum which
can hold 1,200 feet of 1/4-inch nonrotating wire rope. The winch features
a barrel gear level wind assembly and cable guide which assures proper cable
laying. The guide also houses the hydraulic cable cutter, pyrotechnic cable
cutter, and an interlock sensing assembly to override the winch control.
This interlock arrangement automatically slows and stops the winch as the
anchor approaches NEMO

Figure 14. Winch, looking down through the Main Ballast Tank (MBT) area.

Winch operations are controlled by four switches on the control
console (Figure 11) in much the same way as the propulsion motors are
controlled. The Winch Motor switch and the Winch Jog switch supply
power to the winch speed and winch direction switches, which in turn
actuate hydraulic solenoid valves The Winch Motor switch is used for

NOT REPRODUCIBLE
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Ballast

NEMO controls its buoyancy by means of a high-pressure air supply,
solenoid valves, and two open ballast tanks

The main ballast tank (MBT), located directly beneath the NEMO
hull (Figure 16), is a cylindrical free-flooded tank with a capacity of approx
imately 8 ft>. When NEMO is placed in the water, air is trapped in the MBT
giving NEMO (including the anchor) about 300 pounds of buoyancy. At the
lower end of the MBT is an air baffle to prevent air from spilling out when
NEMO is tipped. Just below the air baffle is a series of holes 10 prevent the
MBT from being overfilled

auxiliary ballast tank

Figure 16. Lower unit. NOT REPRODUCIBLE

The free-flooding auxiliary ballast tank (ABT) located in the aft section
of the service module has a capacily of approximately 2 ft3

Six 50-ft3 and one 71-ft2 commercial air bottles, filled to 2,250 psi,
supply the deballasting air supply for NEMO. These make available 371 scf of
air,or 19.2 ft3 of air at a depth of 600 feet. Therefore, at the 600-foot depth,
the MBT can be blown twice or neutral buoyancy can be attained six times
Normally, ballast air is not used at depth unless nautral buoyancy is desired
for translation










NOT REPRODUCIBLE

Figure 18. NEMO support package.

e The main battery pack can be jettisoned by explosively cutting
the main power cable, then using the manual hydraulic system
to pull the three battery retaining pins. Either the mati Or
emergency battery can be used t0 fire the squib cutter

e The emergency battery inside the pressure hull operates the life
support and all emergency systems if the main power supply fails

® Free wheeling of the winch to return NEMO to the surface can
occur in three ways as discussed in the Anchor Winch section
above

@ The main ballast tank can be blown two ways if main power Is
lost
1 The internal battery can operate the air ballast solenoid
valves

2. The oxygen supply bottles can be connected to a valve
on the bottom plate which leads to the MBT.
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® An automatic sensing unit slows and stops the winch motor as
the anchor approaches the up position, thus preventing the
anchor from slamming into the lower unit

® All external systems, except the NEMO hull, the lights, and
three small pressure gages, are pressure compensated.

® All external surfaces, except the winch and acrylic plastic hull
are mild steel protected with an epoxy paint. Any scratches
and ensuing rust are easily detected and repaired.

Surface Support

The NEMO system can easily operate from a vessel of 100 tons or
greater with an over-the-side handling capability of at least 10 tons. Figure
19 illustrates the NEMO support package aboard the NCEL warping tug.
The lifting lines—spreader bar combination used for lifting NEMO is shown

in Figure 20. Each lifting line is capable of lifting more than twice the static
in-air weight of NEMO.

Figure 19. Support package aboard NCEL warping tug.
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(a) NEMO is held against the side of the support craft, (b) NEMO is swung away from the support crj
submerged to the hull equator, for personnel entry. and the three lift lines are disconnected by

{d) The anchor is lowered to the bottom, and the track boat line is
disconnected.



(c) NEMO is towed 50 to 100 yards away from the support craft to the
dive location by the track boat

Continued

Figure 21. Typical dive scenario
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(f) After the mission is completed, NEMO free wheels or winches to the surface.

(g) The track boat re-attaches to NEMO, the ballast tanks are blown, and the
anchor is winched up into its housing



(h) NEMO is brought alongside the support craft

where divers attach the lift lines

NOT REPRODUCIBLE

(i) NEMO is raised out of the wat
support craft, and the crew exi

Figure 21




(i) NEMO is raised out of the water to the hull equator, is snubbed alongside the
support craft, and the crew exits.

NOT REPRODUCIBLE

Figure 21. Continued
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