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THE FLYING BELL

Already back in 1980 or 1981 or even earlier someone got the idea
of a flying bell, i.e. a diving bell able to move both vertically
and horizontally. The standard bell is very stable even in strong
currents and has unlimited supply of breathing gas, hot water and

electrical energy from surface but it is not able to move around.
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In bad weather conditions the ship is not able to keep the exact
position all the time, therefore, most of the year in the North Sea
a SDC bell is not able to stay in a safe working position and iﬁ
the ship is going to move to a new position or follow a track the
bell has to be hoisted during the moves. Also when working on a
platform leg job it can be difficult to come close enough with the
bell especially in rough weather conditions where a safety distance

from ship to the platform is going to be maintained.

The submersible on the other hand is able to move around but its
capacity of breathing gas and energy is limited and it is difficult

to launch and retrieve in bad weather conditions.

The flying bell, however, can be launched through a moon pool and
supplied through the umbillical like an ordinary bell and it is also

able to move around almost like a submersible.

Stena put out a request for a flying bell in appr. 1981. Kockums which
collaborated with Comex in France started to design a flying bell.
Drager did that too and Drager contacted Bruker for a subdelivery
planning. Both Bruker and Kockums claims to me that they got the idea
first. The Kockums' bell was designed to fit a Comex chamber complex

and the Bruker bell was designed to fit a Drdger chamber complex.




A fight for the order started. A Norwegian/Swedish collaboration
company was established in order to gather enough technical know-
ledge to design a flying bell among other things. You can see a
message which I received in 1983 before the news actually were press

released.

Kockums succeded in presenting a small model of the flying bell. I
received a picture from Kockums showing the model. I would like
to show it to you. it can be seen in the following materials. I
verified at Kockums that they newer succeded in producing a single

flying bell.

The Bruker company presented a full scale mock-up to Stena in the
beginning of 1985. The Bruker bell, designed to fit a Drager system,
was chosen by Stena and further negotiations between Stena, Bruker

and Drdger were held.

In the meantime Comex was bought by the huge French company "Ateliers
et Chantiers de Bretagne" (ACB). Now something happend. Stena wanted
the Bruker bell together with a ACB chamber complex. The Bruker bell
was adapted in the design to fit the ACB in stead of the Drdager

system.

At my visit at Bruker I asked for the original Dr&Ager oriented speci-
fications of the bell. This imformation is also presented in the
following and gives a very good view of the flying bell for the

Drdger system.
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NEW NORWEGIAN/SWEDISH UNDERWATER TECHNOLOGY COMPANY

Operations down to more than 500 m .... equipment
for use at 650 m has been supplied.

* * *

A new company - SUBTECH Norway A/S - has been formed to develop and
rarket the skills of Swedish and Norwegian companies in advanced
echnologies for underwater operations down to more than 500 m.

The new company, established by A/S Mdllerodden and A/S Pusnes
larine & Cffshore Services, of Norway, and Kockums AB, of Sweden, will be
ased initially at Haugesund, Norway. According to the Managing Director,
ir. Terje Miljeteig (Fig. 1), they will concentrate at first on "SatMATE"
iving systems, "RescueMATE" hyperbaric lifeboats, "CheckMATE" underwater
ehicles and ROB flying bells. In due course SUBTECH Norway will also
evelop cable-repair and welding habitats.

lying Bell

The remotely-operated flying bell ROB (model - Fig. 2) can be used
t ranges up to 300 m from the controlllnq vessel or platform: for diver
ock-out, as a transfer chamber to hyp°rbalc or atmospheric habitats, or for
escue, observation and manipulator work.

There are two models with displacements of 9000 kg and 11 500 kg,
ich able to carry up to 3 divers. The larger bell has 8 x 12 ki thrusters
iving it a top speed of 2,5 knots, the smaller 8 x 6 kW thrusters for a
eed of 2 knots. A heavy claw enables the ROB to attach itself to
derwater structures.

perbaric Lifeboat

For recovering divers under pressure in an abandon ship/rig
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ituation, Mgllerodden have developed a completely enclosed GRP hyperbaric
ifeboat (model - Fig. 3) containing a decompression chamber, rated at 30
d 45 bar for 6 to 16 divers, which can be directly connected to the diving
/stem via an escape trunk. This self-contained unit can support divers

iring continued decompression for several days.

The RescueMATE is 8,12 m long x 3,16 m beam x 0,8 m draft.  She
arries divers' gas for 4 to 7 days, plus 170 litres fuel and a crew of
or 3. A 30 hp diesel gives her a speed of 5 knots (maximum range 200
utical miles). Complete with é 700W/24V generator, emergency batteries
d external fire-fighting equipment, she retains positive stability at
ngles of heel up to 105°.

atMATE -

Standard modules developed by Mgllerodden (model - Fig. 4) can be
smbined to form either mini-sat systems or complete saturation-diving
omplexes for depths of 200 m, 300 m or 460 m. The modules consist of a
160 mm i.d. x 2300 mm o.d. chamber, a decompression chamber from 3360 mm
4 men) to 6000 mm (8 men) long, and a 1670 i.d. x 2500 o.d. bell with an
ternal height of 2000 mm (overall 2650 mm).  All are insulated with solid
oam and a reinforced plastic outer coating.

sservation chamber with manipulators

The CheckMATE (Fig. 5) is a 2-man submersible 1900 mm i.d. acrylic
shere with a 700 m umbilical. It has three manipulators, the
anoeuvrability of a helicopter and an all-round (360°) view. When attached
» its base structure it has a length of 3,25 m, a beam of 2,50 m, a height of
,15 m, and can carry a payload of 300-400 kg. The base can be jettisoned in

nergency.

CheckMATE is classified by DnV for operating at depths down to
50 m.  Horizontal speed is 3 knots, vertical 2 knots. Life support
quipment for 240 man hours includes a 002 scrubber, 002 monitoring,



-3 - NS 2525

an oxygen monitor and alarm, metabolic oxygen bleed and 3 emergency
breathing equipments. The unit is provided with scanning and directional
sonar, a VHF tranceiver and colour and black/white TV. The first CheckMATE
is at present in service with the Norwegian Underwater Technology Center
(NUTEC) .

Further information from: SUBTECH NORWAY A/S
P.0. Box 261
5501 Haugesund
Norway

Tel:  + 47 47-22666
Telex: 40960 STN



velopment of sub sea products

AB is specialised in high-technology ships such as
ers, Ro-Ro vessels, car carriers and chemical
ockums is a member of the Swedyard Group.
Naval Division is specialised in naval ships and
jesigning and building submarines since 1914. The
> gained provides the basis for development of
nderwater products. A firm cooperation with the
Justry, is established.

wer AB, jointly owned with United Stirling AB,
ng the Stirling engine for underwater applications.
ft AB, jointly owned with SUTEC AB, marketing
ned submersibles.

1 Norway A/S, jointly owned with Mgllerodden A/S
snes A/S i Norway, marketing diving systems.
cts developed at the Naval Division are focused
/ater inspection and maintenance.

tely Operated Bell system (ROB) is a tethered div-
le to 'fly’ vertically and horisontally with neutral
and with slack umbilical. It is controlled from the
p in a manner identical to that of a remotely operated
ie ROB enables the support ship to stay away from
m and to use optimal heading due to waves and

vacoustic crack detection system (HYAC) is a
pased monitoring system for detecting propagating
underwater structures. The acoustic emission
racks is picked up by hydrophones. Location and
f the cracks are then determined by signal analysis.
tform operator the HYAC system offers:

d annual inspection costs by directing the inspection
critical parts of the structure.

d platform safety due to early warnings of dangerous
ropagation.

KOCKUMS AB
. P.O. Box 832, 201 80 MALMO
Tel. +46 40-744 00, telex 33190 kockum s
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Jorg Haas, the engineer and managing director of Bruker in Karlsruhe
was very busy the day that I and my girlfriend visited the plant.

The flying bell was being prepared for shipping to Sweden which was
going to take place two days after. The DnV people were there in order

to check the final elements of the electrical system.

Here you can see the DnV people checking the flying bell. Note how
big it is. You can see the clamp in the midsection of the bell. In
the foreground you can see big blocks of steel. That is the clump-

weight to be used when the bell is used in the standard SDC mode.







Jérg Haas is a very interesting personality. He is a brilliant
engineer always on the move and very innovative. T found him to
be a most special version of a managing director. In stead of

sitting behind a big desk in a big office he is out in the con-

struction hall all the time checking various details.

He insists to be the first test pilot on all undervater vehicles
which he invents. "Jorg Haas is so proud of his inventions so when
he constructs one of these fantastic diving vessels he not only
drives them around alone in the nearby waters of the Rhein he can
also get the idea of demanding that I shall go with him on such

a ride, and it scares me", the secretary said to me. "but of course

I belive that the things are working", she added.

When I first came to the plant the secretary tried to keep me away
from JOrg Haas because he was so busy. But he saw me and found m%
project very interesting, so he took me inside the flying bell and
closed the hatch so that nobody could disturb us. We talked for about
45 minutes inside the bell. The secretary was furious when we came

onks

Here is a picture from the inside of the flying bell taken from

the bottom hatch:




On this picture you can see the bell from the back side. Note the
big pressure container in the center. That is the transformer. It

is J6rg Haas to the left:

J&érg Haas told me that he would have liked Drdger to be with on
this project. I do not like the ACB design as much as the Dréger,

he said.



On this picture you can see the control panel of the bell. It has
first priority to most of the bell functions. The divers inside the
the bell have secundary control over the bell. With the "radar" seen

in the center of the panel the bell can be manouvered to the work

site from the ship:

The flying bell incl. control panel and umbilical costs appr. 1750
mill. D.Kr. A Drdger SDC bell costs appr. 2.5 mill. D.Kr. It seems

to be very expensive, but the Stena claims that with a flying bell

it will be possible to perform appr. 300 days a year in stead of

only appr. 90 days a year in the North Sea region and that the flying

bell is only a minor cost of the total ship price.
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BRUKER ,
MOBILE DIVING BELL SYSTEM
Technical Description and System Quotation

Table of Contents

INTRODUCTION

1. A Short Company Background

2. Specifications for Mobile Diving Bell System
presently available to BRUKER

3. DLO-Submersibles - Conventional Bell - Flying Bell

4, Operational Requirements and Procedures

FLYING BELL

s Pressure Vessel with Exostructure
1.1 Basic configuration, material

1.2 Viewports, hull penetrations

1.3 Internal arrangement

1.4 Exostructure, bumper framework
1.5 Ballast weight, supporting ring
1.6 Buoyancy blocks

1.7 Fairings

1.8 Corrosion protection

2e Propulsion and Hydraulic System

Power supply, hydraulic pumps
Hydraulic circuit and control valves
Hydraulic thrusters

Connections for diver held tools

10/82 :::544/

2500 Karlsruhe 21 - WikingerstraBe 13 - Postfach 210232 - Telefon 07 21/5967-0 - Telex 7 825656 bam d

Y P P N
. . . .
£50 e Y




EERESTECHNIK GMBH < >§ )
{UKER M BRORER

Mobile Diving Bell System

3. Electric System

3.1 Power supply from surface, transformer

3.2 Electric motors

3.3 Transformer/rectifier unit, 120 Volt/24 Volt system
3.4 Emergency battery

3.5 Safety system, monitoring of electrical insulation

4. Operating Devices, Ballast Systems and Life Support

Soft ballast tanks

Hard ballast tanks

Compressed air system

Oxygen system

Mixed gas system

BIB-System

00, COZ-monitoring, C02—scrubber
Diver heating system, insulation
Umbilical, umbilical connection
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5. Controls, Monitoring

5.1 Control systems installed within the mobile diving bell
5.2 Control console on board the support vessel

6. Special Outfits

6.1 Extendable supporting frame
6.2 Clamping device
6.3 Searchlights, flashlight
6.4 Television systems
6.5 Pinger
&, ] Tracking system
6.8 Gyro Compass
6.9 Sonar System
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s Technical Data

7.1 Overall dimensions and data

7.2 Hydraulic system

7.3 Electric system

7.4 Operating devices, gas- and ballast systems
7.5, Umbilical

8. Spare parts and tool package

HANDLING SYSTEM and UMBILICAL WINCH ./!/C‘?f C/\‘?// verecd to me

1. Trolley with Winches

1.1 Frame with travelling system
1.2 Hydraulic aggregate

1.3 Lifting winches

1.4 Umbilical winch

1.5 Emergency 1ifting system

2l Cursor

3. Depressor

4, Rail Tracks

5. Handling Control System

(1 Technical Data

7. Spare Parts and Tool Package for Handling System

)
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SYSTEM QUOTATION for HOf 0/6/11/8160/ fO me
MOBILE DIVING BELL plus HANDLING SYSTEM

1. Delivery Volume
2. Installations on Board the Ship

3. Documentation, Classification, Warranty and Tests

3.1 Manuals, drawings, schematics and part lists
3.2 Classification

3.3  Warranty

Bt Tests

EMSSDrq ces
5. Terms of Payment
6. Delivery Time

Py " Valtidity of Offer
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BRUKER
MOBILE DIVING BELL SYSTEM

I.  INTRODUCTION

1. A Short Company Background

BRUKER MEERESTECHNIK GMBH, a company of the BRUKER group and until 1978 a
department of the BRUKER PHYSIK AG in Karlsruhe, Federal Republic of Germany, is
now engaged for more than 12 years in the design and construction of manned
submersibles, special components and equipment and General Underwater System
Technology.

BRUKER Submersibles of the MERMAID class have been built for customers in Italy,
the United States and the UK, whereas the Tatest design of its class, a deep
diving submersible with modifications for subsea inspection, diverless
intervention, diverlockout, rescue operations and dry/wet transfer techniques,
recently has been supplied in two identical units to governmental authorities in
the mediterranean area.

Two more rescue submersibles with increased rescue capacity are actually under
active negotiation.

The Tayout and design of advanced handling systems for manned submersibles and
system proposals for complete submersible support vessels are also part of the
BRUKER activities.

Samples for special components and equipment belonging to the BRUKER pallett of
products are: hydraulic rotary actuators, pan and tilt units, remotely operated
valves for subsea operations; fixed and steerable hydraulic thrusters from1,5
to 80 KW power output, heat pump diver heating systems, hydraulic manipulators
and tools.

10/82 ...:;52/
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ollowing proposal/quotation is therefore based on these data:

450 m
3 divers
250 m approx.

erational depth requirement

11 capacity

otprint

quirement to clamp the bell on a structure
iriable buoyancy

smote control of bell desirable

yrk capability in currents up to 2 knots

lassification by DnV

e basis of this information, a budget price offer with short description of the
ng Bell and later on of the Bell Handling System have been handed over to
ERWERK to be incorporated into a complete system quotation.

he following, the proposal for a BRUKER Mobile Diving Bell System is worked out in
detail. It still may be considered as a base for an even more custom tailored
em, as sSoon as more data and information about the customers requirements are

lable.

with DRAGERWERK DRUCKKAMMERTECHNIK in other successful
jects, BRUKER is convinced to continue it's fruitful contacts also with respect to
interfaces between the different systems, in case DRAGERWERK should win the main

BRUKER the Mobile Diving Bell System contract.

ing closely cooperated

ing a discussion in Goteburg covering technical and commerical aspects, Bruker
ained important information on the base of which the Technical Description and

tation of September 1932 was revised and completed.

DLO-Submersible - Conventional Bell - Flying Bell

ree swimming untethered diverlockout submersible ensures the maximum of mobility
| flexibility in diver-assisted underwater work. There is no umbilical, which
11d entangle on anchor chains and within structures. The support vessel can be kept
latively simple with no need for DP systems or other means for station keeping. The
ving supervisor working in a shirt sleeve environment in the sub, can directly
serve the divers, can assist them and give them a feeling of safety. On the other
nd, DLO subs, for a great deal of diving jobs, are presently still submitted to

strictions, which are:

/82 . J
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indling problems in rough sea
mited gas capacity
imited energy capacity

> problems could be overcome, for example by:

age hand]ing techniques
as reclaim techniques
mproved energy storage techniques

for quite a long period, the only means for

s necessarily 1is apparently still in the
itively best confidence of divers and diving contractors, despite of its obvious
‘rictions such as practical immobility, reduced midwater capability, difficult
not impossible work performance close to or within structures and platforms.
blied from the stirfiace;“a conventional bell normally suffers from no shortage in
, heat or electrical energy. Being immobile, there is no need to fit out the bell
h highly sophisticated navigational and tracking equipment. From the technical
nt of view, a conventionial diving Bell is a relatively simple and inexpensive
ce of equipment with most of the system costs installed on board the vessel.

conventional diving bell was,
‘orming deep diving work and thu

advantages of both, the diverlockout

obile Diving Bell System combines some of the
bell (no restrictions in gas and

mersible (mobility) and the conventional
rgy). Hand1ing of a Mobile Bell through a moonpool is safer than the conventional

rame stern handling of a DLO-Sub and requires no men in the water. On the other
d, a Mobile Bell is much more than a conventional bell with thrusters clipped on.
requires all technical systems of a free swimming submersible from ballast systems
or  maneuvering controls to navigational equipment, except larger battery
pacities. A Mobile Diving Bell therefore comes to costs similar to those for a DLO-
bmersible and even higher, when umbilical and umbilical winch are included.

1 versus conventional Bell is the ability to lock

other advantage of the Mobile Bel
ble adapters are provided.

subsea completion systems when suita

)/82
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rently, a multi-purpose diving vessel fitted out with a conventional plus mobile
spread will be far ahead compared to a similar system with only one or even two

entional systems.

Operational Requirements and Procedures

he following, the design philosphy of the BRUKER Mobile Diving Bell System shall
xplained through relevant operating criteria. According to our experience with
. swimming submersibles, it is much easier to maneuver the vehicle from within
in the remote controlled mode. This particularly applies when moving close to a
cture and in confined areas. It is therefore foreseen, that the Mobile Bell shall
yiloted by one of the divers. For safety reasons, all manipulations, such as
suvering and ballasting/deballasting can be carried out by the surface controller
©11. Having no one atmospheric command section available as in a DLO-Sub, it is
possible or feasible to install the full spread of electronic monitoring
ipment such as sonar or tracking display units and TV-monitors within the bell.
s type of equipment therefore will be integrated in the surface control console
ether with the usual instrumentation belonging to a conventional bell.

ering a distance of only several hundred meters between the launching point and

working spot requires an accurate course reference, a depth information and a
ative bearing. For this reason, the Mobile Diving Bell will be linked to a short
e tracking system with the display unit installed on surface and the bearing or
rse information transmitted to the bell via underwater telephone.

rect course information cannot be given but through a north lTooking gyro compass
tem installed on the bell, with one display within the chamber and another one on
, surface control console. Compass systems based on magnetic effects have proved to
obsolete, latest in the vicinity of structures or pipelines.

/82 J
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Being a Flying Bell, the system is neutral buoyant when moving in midwater.
Locking out of divers requires negative buoyancy with sufficient safety margin,
whereas, also for safety reasons, the bell should be capable to ascend to the
surface by it's own, in case the umbilical should be entangled and to be
released. While surfacing and when floating on surface the bell should always
have a very stable performance, which generally only can be achieved by an
adequately designed ballast system with sufficient capacity and the right
degree of sensitivity. The ballast system, preferably divided into a soft and a
hard ballast tank system, normally will be controlled by the bell's crew.
Operating of the control valves from the surface is possible as well.

In many cases, the Mobile Diving Bell will have to be positioned in midwater,
i.e. at a certain distance from the bottom. This can be undertaken by clamping
the bell to a structure, jacket or the like by means of a hydraulically operated
claw with three degrees of motion.

The mobility of the bell is achieved by its propulsion aggregates. Two of them
are foreseen on either side of the bell with respect to the main heading
direction. This arrangement provides thrust in all directions of a horizontal
plane. Motion in vertical direction can be generated by altering the buoyancy
conditions. Nevertheless vertical thrusters have proved to be more useful for
altering or correcting the level of an underwater vehicle. To avoid obstructions
through externally attached thruster units, the two vertical thrusters are
slightly inclined and incorporated into the bell's fairings.

Considerable attention has been paid to keep the surface of the Mobile Diving
Bell smooth in order to reduce the drag and the danger for entanglement in ropes
ete.

As mentioned above, handling in rough seas is one of the most important factors
when operating manned underwater vehicles. Handling of the Flying Bell through a
moonpool was one of the customers requirements. Besides this, there are several
approaches thinkable for the actual launching and recovery of a Mobile Bell. A
real cage handling system, as often and successfully practised with remotely
operated vehicles (ROV) was abandoned at an earlier discussion due to technical
implications such as the requirement for two umbilical winches, one of them to
be suitable for operation subsurface.

10/82 ...::jay
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Also a heave compensation system for the 1ifting wires was found not to be
required in case other means such as sufficient negative buoyancy plus downward
directed thrust in connection with a strong enough umbilical and a device
absorbing load peaks are provided to prevent impacts between the bell and the
cage/depressor hanging below the vessel. While a conventional diving bell is
normally sufficiently negative to pass the air/water interface straight
downwards, a Flying Bell must be basically neutral vith only restricted
possibi]ities to become negative Dy flooding of the hard ballast tanks. The
required force downwards 1is therefore provided by a depressor weight to which
the bell rigidly can lock on. The depressor is hanging on two 1ifting wires going
to the 1ifting winches. It is foreseen to lower the bell 1ocked on the depressor
weight to a depth of 50 m minimum, preferably 100 m or more. During lowering (or
1ifting) the ships vertical motion is added to the vertical motion of the
bell/depressor with no critical aspect so far.

When the bell/depressor unit has been stopped and the bell unlocks from the
depressor, it must be made sure, that the vertical acceleration transferred from
the ship to the depressor and bell is overcome by downward directed forces
acting on the bell. This will be achieved by running the vertical thrusters at
£ul1 thrust down after having flooded the ballast tanks. Before approaching the
bottom, the bell will be trimmed neutrally buoyant and the vertical thrust is
reduced. As soon as there is slack in the unbilical, the ships motion 1is
completely uncoupled from the Mobile Bell. The bell maneuvers towards the
working area and either clamps on the structure or sits on the bottom with the
support structure extended and the hard tanks completely f1ooded.

For retrieval, the bell moves back into a position underneath the depressor
where the slack has to be taken out of the umbilical before the bell takes on
water in the hard tanks and thrusts down. The bell is now pulled into the
depressor by means of the umbilical winch. Locking of the bell to the depressor
is undertaken automatically by spring loaded latches, unlocking by means of
hydraulic actuators from within the bell. Lifting of the bell is now performed
by means of the 1ifting winches whereas the umbilical winch runs synchronious]y
to coil the umbilical.

H0/87
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oming to the ship's bottom, the bell/depressor unit is caught by the cursor
unning in the moonpool and the whole package consisting of the bell, depressor
nd cursor is lifted underneath the trolley. The guide posts of the depressor
it into their counterparts in the trolley. For connection of the flying bell to
he DDC, the trolley moves horizontally, the bell becomes lowered to the mating
lange where a clamp ring ensures the pressure tight connection.

t is foreseen to fit both, the 1ifting winches and the umbilical winch, on the
rolley and also to install the hydraulic aggregates and control valves there,
‘hus providing a very compact unit with only electrical connections and the il
imbilical connection to be made flexible.

The umbilical winch and winch motors are designed to take full advantage of
nearly the breaking strength of the umbilical in order also to be able for
recovering the bell when flooded in the worst case.

A11 functions of the bell handling system including umbilical winch should be
remotely controlled either from the control console or a portable control box as
well. The hydraulically operated winch motors therefore are controlled via
proportional valves or flow controlled hydraulic pumps.

10/82 ,.;::;51/
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"LYING BELL

sgsure Vessel with Exostructure

yeegasic configuration, material

he Mobile Bell consists of two hemispheres with a

The external diameter of the cylinder and the
runk situated in the bottom of the bell has
also for divers with heavy

e main pressure vessel of t
Nindrical section between.
smispheres is 1900 mm. The lockout v
diameter of 700 mm providing a comfortable passway

quipment.

ylinder is topped by a bayonett-type hatch which seals in both

he transfer ¢
will be opened/c]osed hydrau]ically with manual

irections. The hatch

ywverrides.

jvers passway is formed by a mating flange fitting to the

he lower edge of the d
if so required, for dry or wet

)DC. Exchangeable skirts can be foreseen,
transfer to subsea completion chambers or similar.

For weight- and buoyancy reasons, the main pressure hull is made of high

tensile, fine grain steel.

1.2 Viewports, hull penetrations

oL

r there are fourteen viewports arranged in the chamber walls,

Al1 togethe
all directions.

providing good yisibility in

ed in the upper hemisphere, four around the exit trunk
Four viewports 1ooking in foreward direction, one of
re as well, the other ones in the cy1indrica1
the cy]indrical part are looking aftwards.

Four viewports are situat
in the lower hemisphere.
them situated in the lower hemisphe
section. Another two viewports in
The viewports have internal diameters between 180 and 260 mm, they are made of
acrylic plastic.

Al through-hull penetrations for electrical cables, hydraulic 1ines and gas

pipework are made of stainless steel.
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1.3 Internal arrangements

The Mobile Diving Bell is fitted out for three divers. The floor plating is made
of seawater resistant, anodized aluminium. Three foldable seats are arranged on
the wall of the chamber. Another chair will be adjustable in height and
direction to ensure an optimum position for the operator piloting the bell. Most

of the control functions will be incorporated into a portable control console
following the operator when looking through different portholes.

Further bell instrumentation will be installed in control panels on the chamber
wall.

Minor outfits of the chamber, such as hooks for the diver's umbilicals, racks
for survival suits, first air kits, spare COZ—absorbant, personnel equipment
etc. are self-evident.

1.4  Exostructure, bumper framework

The Mobile Bell and its externally attached equipment is protected by a strong
framework made of steel pipe. The protecting cage will be bolted to the bell by
means of studs and consists of an upper and Tower section.

Brackets, fasteners etc. for the external equipment, the hydraulic and electric
pods are altogether welded to the protecting framework, not to the bell itself.

1.5 Ballast weight, supporting ring

For easier locking of the bell to the flange of the tranfer- or decompression
chamber, the lower edge of the passway trunk and the lower ring of the protecting
cage are on the same level.
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eafloor and the divers exit, when the

achieve sufficient space between the s
1 is sitting on the bottom, an extendable supporting structure is provided.
. lower part of the supporting structure is formed by a ballast weight ring
e of cast iron. Extension/retraction of the ring is performed by means of
~ee hydraulic cylinders and telescopic guiding tubes. The hydraulic cylinders
» fitted out with controllable check valves to prevent inadvertent retraction

the structure in case of a leaking main control valve or the like.

6 Buoyancy blocks

o design the main pressure vessel as light as possible,
1 buoyancy might be required to compensate the weight of
can be achieved according to the requirements
buoyancy blocks made of syntactic foam in the
protecting cage, not required for the soft
ters or for the topside viewports.

spite the intention t
st probably additiona
e bell and its appendices. This
- the weight balance, by fitting
yace between the bell and the
111ast tanks, the vertical thrus

be cast into molds adapted to the fairings and

he buoyancy blocks will
forced fibreglass.

rotected by a layer of rein

.7 Fairings

which are not filled by

e protecting cage,
o reduce the

ks are covered with fairings t
ment and to achieve a smooth

\11 frames between the braces of th

s or soft ballast tan

yuoyancy block
to avoid entangle

nydrodynamica1 drag of the bell,
design.

forced polyester resin and attached to

of glassfiber rein
steel screws. They can easily be

y means of stainless
tems outside the bell accessible.

The fairings are made
the protecting cage b
removed to make the subsys
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g8 Corrosion protection

ecial care will be taken with respect to corrosion protection.

hull will be sandblasted externally and internally and thereafter zink

1e main
f epoxi-primer and at least one

pray galvanized, following two coatings O
oating of epoxi top coat.

he externally mounted gas containers, hydraulic and electric pods, as far as 3
hey are made of steel, are protected from outside the same way as the main hull.

he protecting cage will be sandblasted and hot zink galvanized. After two coats
f a special primer follows an epoxi coating as well. W

r the through hull penetrations are made of stainless steel, as

'he inserts fo
d the hydraulic system,

well as all external and internal piping for the gas an
~xcept the high pressure oxygen piping.

A1l faces of flanges are made of, or covered, by a stainless steel layer.

As far as aluminium is used for subsystems and components, it will be seawater
resistant and anodized. Hydraulic cylinders are made of stainless steel and

chrome plated brass. Externally mounted valves will consist of either chrome ‘
plated brass or stainless steel. Internal hull stop valves are made of brass or

stainless steel as well.

7ink anodes arranged on the protecting cage will complete the precautions for

corrosion protection.

J
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yulsion and Hydraulic Systems

for BRUKER submersibles in the past, an electro-hydraulic system has been
seen to drive the hydraulic thrusters and to operate all moving mechanical
ipment such as extendable support structure, clamping device, lTockout hatch

lock-on latches.

main advantages of a hydraulic energy conversion compared to an electrical
are: small weight and size, high energy density, high forces, easy stepless
trol and no problems with electrical Teaks.

Power supply, hydraulic pumps

achieve smaller units and redundancy, the required hydraulic energy will be
plied to two identical units both feeding into a common hydraulic network.

hydraulic pumps are of the variable flow, pressure controlled type. Thus the
rgy consumption is continuously adapted to the actual needs and no heat
hangers or coolers for the hydraulic system are required.

hydraulic pumps and their three phase high voltage AC motors are installed
pods forming pressure compensated oil reservoirs at the same time. The
raulic pods are installed opposite the bell's heading side.

' Hydraulic circuits and control valves

mentioned above, both hydraulic pumps feed into a common hydraulic circuit.
| hydraulic systems can be operated, when only one of the pumps is working.

> hydraulic circuits are pressure compensated, which means, that the back flow
| pressure is kept slightly above the actual ambient pressure, thus preventing
ywater from penetrating into the hydraulic system which could cause corrosion
{ thus malfunction of the control valves.

2
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e control valves for the thrusters are of the electrically operated
oportional type, the valves for the other hydraulic equipment of the 4/3 way
pe with throttle plates installed in the hydraulic Tlines to allow for

dividual adjustment of working speeds.

e hydraulic control valves are easily accessible, installed in a pressure
mpensated box with hydraulic and electrical connections.

'3 Hydraulic thrusters

1 total six thrusters are foreseen for the propulsion of the Mobile Diving Bell
1 three degrees of freedom. Two on either side of the bell with horizontal
hrust direction and two with slightly inclined vertical thrust direction. The
ix thrusters are installed in tunnels in order not to disturb the flow of water
et which would reduce the efficiency of propulsion. The tunnels are protected
y grids on both ends. The thruster units are incorporated into the fairings and

rotecting cage of the bell.

he thrusters consist of radial piston hydraulic motors installed in an
luminium housing with the propeller directly coupled to the motor shaft. Built-
n rpm sensors allow for correctly adjusting the propeller speed also in
onnection with an automatic pilot which is optional. The thrusters have
ontinuous speed control in both directions.

.4 Connections for diver held tools

)n DLO-Subs with hydraulic propulsion systems, it proved to be advantageous to
Jave connections available for diver held tools. Therefore two pairs of quick
-onnections with shut off valves will be installed, allowing for feeding of all
¢inds of commercially available hydraulic unterwater tools such as grinders,
irills, impact wrenches, cutters, brushes, saws, etc. with a flow rate and
pressure requirement not extending the installed pump capacity of approx. 180
1tr./min. at 200 bar equivalent to 60 KW.

Tools can be carried in externally mounted racks or lockers.

10/82 J
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wer supply from surface, transformer

power supply for the Mobile Bell is achieved from the surface out of the
Jectric circuit, via umbilical. Due to the restricted cross section of
{ized, commerically available umbilicals, a relatively high voltage
) has been choosen to supply the electric motors. The transformer unit to
alled on board the ship is part of the delivery volume of the Mobile

Bell System.

lectric motors

.ctric motors to run the two hydraulic aggregates will be oil immersed and
1 1000 Volt three phase AC. The relays for the main electric motors will be

mersed as well.

Transformer/rectifﬂer unit, 120 Volt/24 Volt System

~archlights, most probably the TV-Camera systems and the diver heating
nwill be supplied out of a 120 Volt DC net. A1l the rest of the controls,

rs, instrumentation etc. run on 24 Volt DC.

ipply the 120 Volt and the 24 Volt pC-circuit, @ transformer unit with
fier will be installed outside the Mobile Bell.
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r the thrusters are of the electrically operated
ther hydraulic equipment of the 4/3 way
in the hydraulic lines to allow for

control valves fo
ortional type, the valves for the o
. with throttle plates installed
vidual adjustment of working speeds.

es are easily accessible, installed in a pressure

hydraulic control valv
ctions.

bensated box with hydraulic and electrical conne

Hydraulic thrusters

sters are foreseen for the propulsion of the Mobile Diving Bell
Two on either side of the bell with horizontal
1y inclined vertical thrust direction. The
. thrusters are installed in tunnels in order not to disturb the flow of water

- which would reduce the efficiency of propulsion. The tunnels are protected
grids on both ends. The thruster units are incorporated into the fairings and

ytecting cage of the bell.

total six thru
three degrees of freedom.
ust direction and two with slight

> thrusters consist of radial piston hydraulic motors installed in an
uminium housing with the propeller directly coupled to the motor shaft. Built-

rpm Sensors allow for correctly adjusting the propeller speed also 1in
nnection with an automatic pilot which is optional. The thrusters have

ntinuous speed control in both directions.

4 Connections for diver held tools

it proved to be advantageous to
Therefore two pairs of quick
valves will be installed, allowing for feeding of all

ailable hydraulic unterwater tools such as grinders,
brushes, saws, etc. with a flow rate and

the installed pump capacity of approx. 180

) DLO-Subs with hydraulic propulsion systems,

yve connections available for diver held tools.

snnections with shut off
inds of commercially av
rills, impact wrenches, cutters,
ressure requirement not extending
tr./min. at 200 bar equivalent to 60 KW.

ools can be carried in externally mounted racks or lockers.
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cric System

power supply from surface, transformer

main power supply for the Mobile Bell is achieved from the surface out of the
)'s electric circuit, via umbilical. Due to the restricted cross section of
ndardized, commerically available umbilicals, @ relatively high voltage
00 V) has been choosen to supply the electric motors. The transformer unit to
installed on board the ship is part of the delivery volume of the Mobile

ing Bell System.

) Electric motors
be 0il immersed and

s to run the two hydraulic aggregates will
tric motors will be

e electric motor
hase AC. The relays for the main elec

rk on 1000 Volt three p
1 immersed as well.

o Transformer/rectifier unit, 120 yolt/24 Volt System

the diver heating

y the TV-Camera systems and
st of the controls,

a 120 Volt DC net. A1l the re
run on 24 volt DC.

he searchlights, most probabl

ystem will be supplied out of

ensors, instrumentation etc.

a transformer unit with

120 Volt and the 24 Volt gC-circuits,

o supply the
talled outside the Mobile Bell.

~ectifier will be ins
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Emergency battery

4 Volt gel type dry lead acid battery serves for emergency power supply in
e the umbilical should be broken, cut or released. It feeds the COp-
~ubbers, the wireless communication system, internal emergency 1ighting, the
sshlight and some more items, which might be of importance.

e emergency battery will be installed within a pressure compensated 0il filled
sing outside the bell.

5 Safety system, monitoring of electrical insulation

yr safety reasons, the maximum voltage to be dealt with in the bell will be 24V
c. A1l electrical installations will be unearthed, switched and protected on

oth poles.

or checking the electrical insulation values between mass and the
ositive/negative pole or the three phases of the AC-system. Ohm-meters will be
nstalled in the surface control console for each system.

In case of an insulation failure in one of the high voltage systems, a safety
device cuts off this system automatically.

Ogerating Devices, Ballast Systems and Life Support

Al Soft ballast tanks

The Mobile Diving Bell will be fitted out with four each soft ballast tanks tO
provide spare buoyancy for emergency surfacing and stability when the bell 1s
floating on the surface. The ballast tanks are situated within the protecting
cage on the topside of the bell. They are made of reinforced polyester resin. The
soft ballast tanks are fitted out with one solenoid operated vent valve each and
a solenoid blowing valve. On the lower edges of the soft tanks there are slots
for free entering of the water when being vented or outlet of the water when the

tanks are blown.

10/82 .::::;ﬁz/
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e tanks are connected to the compressed air system. In case of a

For blowing, th
ing can also be done manually.

total electrical blackout, blow

4.2 Hard ballast tanks

the Mobile Diving Bell is the hard ballast tank
tly adjusting the vehicles positive, neutral or
range has to be sufficient to compensate the
1 and additionally to achieve enough

Mosf important for operating
system which allows for correc
negative buoyancy. It's capability

weight of the diver's leaving the bel
negative buoyancy when the bell is standing on the bottom on it's supporting

structure. Furthermore negative buoyancy 1S required during the
unlocking/locking procedure to the depressor as mentioned above.

esistant hard ballast tanks are installed on each side of the bell

Two pressure r
er tunnels.

underneath the horizontal thrust
erical caps and made
e sized water inlet-
blowing valve and a
ergency blowing.

The hard ballast tanks are of cylindrica] shape with hemisph
of high tensile steel. Each tanks is fitted out with a larg

outlet valve on the bottom, a smaller one vent valve, a
pressure relief valve which also serves for water outlet for em

emotely operated electro-

s for the hard ballast tanks are r
by manual overrides.

Emergency blowing can be undertaken
flooded/vented separately and independently.

The main control
hydrau]ical valves.
Both hard tanks can be
water in the hard tanks. A

Electrical readouts show the actual content of
stment in the hard tanks.

semiautomatic switch simplifies the ballast adju

4.3 Compressed air system
nd the hard ballast tanks is stored
he exit trunk. Under normal

ballast tank system, the
rmore, the

.

owing the soft a
ers installed around t
tainer feeds the hard
tems can be interconnected. Furthe

The high pressure air for bl
in two spherical air contain
operating conditions, one air con

other one the soft tanks. Both sys
air system can be supplied out of the mixed gas system.
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essure gauges and manifolds for the compressd air systems are installed on a
nel in the bell. A manifold for charging the air system and the other gas
stems as well 1is installed outside on top of the bell.

4 Oxygen system

ne oxygen required for the 1ife support system will be stored in either two 50
tr. cylinders or an equivalent of smaller cylinders depending on the
vailability of space on the final design. The oxygen system will be divided
nto two cross-connectable subsystems with pressure reduction valves installed
utside the bell. Oxygen feeding into the chamber atmosphere will be undertaken
y adjustable flow meter with manual override.

1.5 Mixed gas system

Jnder normal operational conditions, the breathing gas will be supplied from the
surface via umbilical. For emergency situations, mixed gas is stored in four
spherical high pressure gas containers installed around the exit trunk as well.

The four gas containers are connected to form two independent subsystems with
cross connection capability. One subsystem serves primarily for pressurization

or pressure equalization of the bell, the other one for back up feeding of the

divers breathing equipment.

Manifolds and pressure gauges for the mixed gas system are installed in the bell
on a control panel. Three connections for the diver's umbilicals are foreseen to

be layed out according to the customers requirements.

4.6 BIB system
7)

The BIB System installed in the Mobile Diving Bell consists of three breathing
masks with regulators connected to shut off valves. The BIB System is fed out of
the mixed gas system via dome loaded pressure regulator.

7) 1984 re;ulaf/bn ;
— ¢three BIBS for {three men

— ohe s/oarc BIBS J

10/82
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0s-5 COZ-Monitors, COZ-scrubber

~der to continuously SUrvey the 0, and C0p-content one ea. Op-meter and COy-
r is installed in the control panel in the bell.

more monitors are part of the surface control console.

emergency 9as analysis, a Drager Kit with handpump and reactive tubes will
supplied.

. COZ—Scrubbers driven by hermetically sealed 24 Volt DC electric motors are
talled in the bell. Spare charges of Soda Sorb can be stored in special racks.

3 Diver heating system, insulation

e bell will be covered by a 30 mm layer of cast syntactic foam protected by a
yer of reinforced fibre glass to achieve a better insulation against heat

)SSES.

e heating system itself is layed out to supply up to three divers plus the bell
ith heat energy. The heat 1S generated electrically and transferred to the
losed loop hot water circuit yia heat exchanger and circulating pump. The
rimary temperature is regulated by automatically switching on/off one or more
£ the heating coils. The individual heat requirements for the divers can be
\djusted by flow control valves.

The heating system includes the piping, a bell radiator and manifolds with
connections of up to three divers umbilicals for closed loop hot water diving

suitSs

Integration of a surface supplied hot water system for open 100p suits 1S

possible on demand.

>640w9ed to fpem {?Jé€W1

)c/mm?e«'/ o hot woler fwm unkilical J‘?aflem )
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4.9 ymbilical, umbilical connection

1t is foreseen to use the same standardized umbilical for the Mobile Diving Bell
as for the conventional bell. This umbilical will have the following
performances:

_  .internal stress member for for emergency 1ifting of the bell

_ 3 ea. hoses for hot water supply and gas exhaust; 3/4" dia.

- 1 ea. hose for gas supplys 1/2" dia.

_ 5 ea. hoses, pneumo lines; 1/4" dia. .

_ 6 ea. electrical conductors for main power supply, 6 mm< 36

- Y electrical conductors for auxiliary power supply, 2,5 i’ 7

- 21 in total screened pairs of electrical conductors for data
transmission and control functions

_ 4 ea. coax wires for video transmission i

The umbilical s oF electrical plus hose composition type and almost neutral in
seawater.

Note: Following discussions in Gothenburg on October 18th, 1982, the standard
umbilical shall be strengthened for a load capacity of 12 tons. The hot
water supply hose may be dropped to keep the overall diameter of the

umbilical constant.

Furthermore, the number of electrical conductors may be adapted to the
requirements.

Technical details are being discussed with the subsupplier.

The connection between ymbilical and Mobile Bell will be mechanically
releasable by means of a hydrau]ica11y actuated coupling.

.4> A guillotine for emergency cutting of the umbilical 1s therefore not foreseen
but could be installed on demand.

1) the umbilical can be J'Eféfzoner/ /Vom L the be

AWAOLS
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ontrols, Monitoring

.1 Control systems installed within the Mobile Diving Bell

\s mentioned before, there are some basic restrictions for installation of
slectric/electronic monitoring equipment and controls within a hyperbaric
-hamber such as fire hazards by electric sparks, high voltage and implosion of
10llow bodies on the equipment (bulbs, tubes, ek, ).

The following controls and instrumentation, which are mandatory for the
yperation of the Mobile Bell, thus are designed fail safe or encapsulated in
pressure tight housings:

- thruster control levers

_  switches/push buttons for operating the ballast system control valves,
the hydraulic equipment, searchlights etc.

- communication systems

- C0p /0y monitors

= gyro compass repeater

- water level indicators for the hard ballast tanks

- rpm indicators for the hydraulic thrusters

Furthermore, the instrumentation of the Mobile Bell will consist of:

- two ea. pressure gauges for compressed air system
- two ea. pressure gauges for oxygen system
- two ea. pressure gauges for mixed gas system
- one ea. pressure gauge for internal pressure
- one ea. pressure gauge for ambient pressure (depth gauge)
- one ea. thermometer for bell atmosphere and hot water system
- one ea. hygrometer
- one ea. plotting board to mark the position of the ship,
the working spot, transponders, eventual obstacles, the bell etc.

5.2 Control console on board the support ship

[t is foreseen, either to integrate the manifolds, monitoring devices and
instrumentation required for the operation of the flying bell into the main
control console system (Dragerwerk) or at least to use a similar design
principle.

10/82 J
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. control console for the Mobile Diving Bell System will be divided into three
ctions including:

Survey of the Diving Bell functions such as:

- internal and ambient pressure

"~ temperatures

- COZ/Ozcontents in the breathing gas

- manifolds for gas control

- manifolds for hot water supply eventually

- TV-monitor connected to fixed camera (observation of the
bell's crew)

- Communication systems, on line and wireless, between surface
and bell including helium unscrambler

Installations for remote maneuvering control of the Mobile Bell:

- slave tracking monitor (from the SIMRAD Tracking System)

- gyro compass repeater

- actuators for hydraulic circuits

- thruster control levers

- rpm indicators for thrusters

- controls for hard ballast tank system

- depth gauge

- echograph (printing echosounder, optional)

- TV-monitor, linked to the pan and tilt camera

- obstacle avoidance sonar monitor. System EDO 4081 or equivalent

) Controls for the Mobile Bell handling system, including:

main switches

- pressure gauges for hydraul ic pressure

- signal lamps for different system-status

- control levers for stepless, continuous control
of the winch motor speeds

- indicator for the actual depth of the depressor

- indicator for actually paid out umbilical length

Karlsruhe 21- WikingerstraBe 13 . Postfach 210232 - Telefon 0721/5967-0 - Telex 7 825656 bam d
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Special Qutfits

5.1 Extendable supporting frame

The ballast weight in form of a cast iron ring can be extended by means of three
hydraulic cylinders guided by telescopic tubes. Due to the high spare buoyancy
capacity achieved by the soft ballast tanks, it is actually not foreseen to make
the ballast weight droppable. A dropweight design 1is available on demand.

Controllable check valves protect the frame against inadvertent retraction due
to leaking control valves while the divers are Tocked out.

6.2 Clamping device

The clamp for attaching the bell to a structure will be mounted in the heading
direction of the bell above the viewports in the cylindrical section. It is
operated by means of hydraulic cylinders and can be moved in three axis:
opening/closing, approx. 90 deg. rotation around the horizontal axis to grip
braces from horizontal to vertical and 90 deg. inclination around abeam
horizontal axis to retract the claw within the protecting cage. To prevent
inadvertent opening or motion of the claw due to oil creeping through the
control valves, controllable check valves are installed in the hydraulic lines
for the cylinders.

6.3 Searchlights, flashlights

The Mobile Bell will be fitted out with three searchlights (more optional) two
of them looking foreward, one looking aft. One of the foreward looking Tights is
attached to a hydraulically operated pan and tilt unit with approx. 90 deg.
motion angle in both directions.

A stroboscopic flashlight is installed on top of the bell for easier

identification by the divers or for location of the bell floating on surface in
case of emergency.
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Television systems
k and white television cameras, make IBAK UF9 or
One of them fixed and looking into the

the other one on a pan and tilt unit
t is based on hydraulic
t to be removed by a

identical low 1ight blac
valent, to be installed on the bell.
ber for observation of the divers crev,
yserve the area ahead of the bell. The pan and tilt uni
ry actuators again. One of the cameras will be layed ou
v for close up documentation within the working area.

Underwater telephone, helium unscrambler

um voice unscrambler unit
t to be installed in the
bell and a selecting

fitted out with a heli

lent. The surface uni
installed 1in the

to either diver.

Mobile Diving Bell System 1is
e Helle model 3342 or equiva

one speaker/microphone is

trol panel,
connection

tch is foreseen to achieve
a wireless underwater telephone, type Helle model 3120 or
qivalent, consisting of a bell unit and a surface unit, is part of the system
The wireless telephone can be connected tO the helium voice
distortion free communication.

~ safety reasons,

uipment.
scrambler to achieve nearly

6 Pinger
bell to be fitted out with a battery powered pinger for relocation when

e
in emergency situations.

arted from the umbilical

10/82
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7 Tracking system

e ship will be fitted out with a SIMRAD 309 tracking system, which will be
stalled on the bridge. A slave monitor will be installed in the remote control
nsole for the Flying Bell, a transponder attached to the bell. Both will be
pplied by the contractor for the DP system, the console etc. prepared for
tegration by the supplier of the flying bell.

8 Gyro compass

- mentioned before, a north looking gyro compass seems to be mandatory for
neuvering of underwater vehicles without visual contact to the target or other

rection showing means.

lerefore, a Subsea Gyrocompass installed in a pressure resistant housing, make
bertson, will be fitted outside the main pressure hull of the Mobile Bell.

le control box with heading indicator to be installed in the maneuvering
yntrol console, another analogue repeater to be mounted on the control box in

e bell. The compass works on 24 Volt DC.

.9 Obstacle avoidance sonar

e Flying Bell will be fittd out with an obstacle avoidance sonar system Typ
J0-Western Model 4081 0AS-2 for detection of obstacles, structures etc. beyond

he range of visibility.

_J
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 system will consist of the following components:

display unit
sonar control unit
video processor
multiplexer

1 to be installed in the surface control desk, plus

subsea electronic unit
transducer/scanner

' be installed on the Flying Bell.

the sonar monitor cannot be installed in a
therefore will be used when the bell is
erbal information to the bell driver

)y reasons mentioned before,
yperbaric environment. The system
perated in the remote control mode or for v
bout the position of obstacles.

o avoid an abundant figure of wires in the unbilical, the system is fitted out

ith a multiplexer unit reducing the number of wires to one pair.

)
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Overall dimensions and data

rational depth

ight in air

W

ameter over exostructure
ight over protecting frame

amber diameter
ight of chamber over hemispheres

it trunk diameter
ne bayonet type double acting

nternal hatch)
yrtholes, 14 ea.

.2 Hydraulic system, propulsion

aximum hydraulic power available
aximum hydraulic pressure
aximum flow rate

hrusters

shaft power
thrust
rpm - range

Fxpected speed of the Mobile Bell

7.3  Electric system

Main power supply
Auxiliary voltage

Output of main electric system
Emergency battery

2/ps 1o /3 ons
7) céang,eo[ 2% 35 Y

2) cAan?eJ 2/85 to

e

450 m

approxe. 10.000 kg 1)
3 divers/operator
3200 mm

approx. 3600 mm (max.)
1900 mm

approx. 2600 mm (max.)
700 mm

int. dia. 180 and 260 mm

2)

approx. 2 x 30 KW
200 bar

2 x 90 1tr/min
four ea. horizontal thrusters
two ea. vertical thrusters
10 KW ea.
2500 N ea.
0 - 500 rpm

approx. 3 knots

3 phase 1000 Volt AC
120 Volt DC
24 Volt DC
approx. 2 X 35 KW
dry, gel type, lead acid,
24 Volt, 200 Ah

.
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Operating devices, gas- and ballast system

capacity, compressed air 2 x 100 1tr. at 200 bar
capacity,lnixed gas 4 x110 1tr. at 200 bar
capacity, oxygen 2 x50 1tr. at 200 bar

approx. 2 x 330 1tr. = 660 1tr.

| ballast tank capacity
- pallast tank capacity approx. 4 x 250 1tr. = 1000 1tr.

al capacity of heating system: equivalent to approx. 7,5 KW

l'abze buogamcg : 600 /(3

Umbilical
7)

approx. 400 m

meter approx. 90 mm Z>

aking strength approx. 12 tons 2
approx. 10 tons 9

.able strength
ight in water approx. almost neutral

gth

- number and size of hoses and electric conductors see 4.9

are Parts and Tool Package

 on-board spare part and tool package will be supplied and included in the
'stem price. The spare parts and tools are the property of the manufacturer
1til the system has been handed over. They must be made available to personnel
F the manufacturer on demand when carrying out installation, maintenance Or
jaranty work. Spare parts, material or tools consumed or used by the seller on

he above mentioned occasions are replaced free of charge.

ool 2/85 To 48 O melers.

C(V)g
an, eC[ 2,/95- to 97 mm .
anged 2(85 to /6 Tons

o[ 2/ to (3 Cons

H
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e spare part package will include the following:

1 ea. set of assorted stainless steel bolts and nuts
1 ea. set of assorted 1ip seals and o-rings for
portholes and exit hatch
1 ea. set of assorted pipe fittings
1 ea. set of assorted shut off valves
1 of ea. type of remotely operated valves for the ballast system
1 ea. set of assorted seals and o-ring for hydraulic system
1 ea. set of assorted fuses and signal lamps
1 ea. set of assorted small electrical parts

he tool package will consist of:

1 ea. set of spanners
1 ea. set of box wrenches
1 ea. of allan keys
1 ea. set of special pliers
1 ea. set of special tools for hydraulic systemn
- other tools which will prove to be suitable during final
assembly of the system

10/82 _‘/
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PRESS RELEASE 2/85

BRUKER introduces FLYING BELL

wn as a manufacturer of manned submersibles and autonomous submarines, BRUKER
RESTECHNIK GMBH of Karlsruhe, W. Germany is now constructing it's first
hered and partly remotely controlled system, a mobile diving bell called
vying Bell".

design is based on the reguirements and specifications the swedish offshore
cialist, STENA, and the experience gained from the MERMAID-Class diverlockout
mersibles designed by BRUKER in the past decade.

flying bell units are now under construction at Karlsruhe, to be installed on
two highly sophisticated Multi-Purpose Diving Support Vessels of the Stena
WELL class presently being built at Sunderland Shipbuilders Ltd. in the U.K.
contracts between BRUKER and the yard as general contractor, worth in the order
DM 9 million, were signed early in 1984.

pressure vessels recently were submitted to internal and external hydrostatic g
ssure tests, the latter at the GUSI facilities at Geesthacht, under supervision

Det Norske Veritas as classification soclety.

"Flying Bell" concept was first presented to the public at the Of fshore
ibition in G&teborg on 25.2. — 1.3.85 in form of a true scale mockup shown on the

NA stand.

Q049 J
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e peen undertaken in the past to overcome the passive and

ral attempts hav
installation of a rotatable

conventional diving pells, 1i.e.

bile role of
it (MDU), a large 20 ton system with one

ister, development of a mobile diving un

ntrol compartment on top of a loc
jlities to lock out divers.

»sphere CO kout compartment and various mobile

yered one atmospheric bells without fac

ity and manueverability of a diverlockout

Flying Bell combines the mobil
ing bell,

mersible and the unlimited resources advantages of a conventional‘div
plied with preathing gas, electrical energy, hot water for heating purposes and
a transfer through an umbilical. Furthermore, handling of the Flying Bell
ough a moonpool , assisted by cursor and depressor, will be less weather

endent than handling of a submersible via stern mounted A-frame.

. unconventional features of the Flying Bell SDpC are:

cluding main pballast tanks for
ate buoyancy control,

full scale submersible-like pallast system, in

double hard ballast tank system for accur

free ascent,
to HP gas system as pack up.

connected to HP drain pump system and

including two vertical thrusters with

six powerful hydraulic thrusters,
abeam—thrust capabilities and four norizontal thrusters.

double hydraulic power packs for supply of the thruster units, other

hydraulic eguipment and diver held tools.

bell to a structure and

large hydraulically operated claw to attach the

hydraulically extendable pedestal.

ble-like navigational aids such as: north seeking gyro cCoOmpass;

submersi
echosounder/echoqraph and tracking transponder.

autopilot, sonar system,

2/ 85
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n systems, one fixed

nstalled; twoO underwater televisio
hard wire

ble for use by divers,
ter telephone, emergency

ermore there will be 1
an and tilt unit, the other one removea

inication with helium unscrambler, wireless underwa

sponder, searchlights, flashlight etc.

1 can be remotely operated from the maneuvering control console on

Flying Bel
ew from within the pell.

-d the support vessel or by the diving cr

th a unique termination releaseable from

97 mm dia umbilical is fitted out wi
hoses for gas supply and

hin the bell. It incorporates power and signal cables,
trol purposes and hot water hose pipes.

ta and command signals to pe transferred between the

roximately 150 different da
le are handled by a specially developed

ing Bell and surface control conso

emetry system.

hat higher price of a Flying Bell System compared to the
the advantages will, depending on the type of work, obviously

Even under good weather conditions, the diving support vessel
to loading activities or external
a conventional diving bell cannot
have to

spite the SOmeEwW
wentional SDC,
y out shortly.
n stay away from a platform due

On many other occasions,
complicated cross hauling techniques
ime and costs

st ofte
erwater maintenance.
t close enough to the worksite and

. applied. The mobility of the Flying Bell thus can cut the diving t

-astically.
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main particulars of the Flying Bell are:

th rating : 450 m
ilical length : 480 m
W S 3divers (2 +1 Bellman)
meter overall : 3.3
ght overall : 3,8m
meter of divers chamber : 159-m
ight in air : approx. 13 to
jraulic power packs : 2 x 35 KW
6 x 10 KW

rusters :

riable buoyancy : approx. 600 kg

e Flying Bell units and all eguipment
1ies and rotary unions, surface control
the subassemblies.

e Bruker delivery volume comprises th
stalled, umbilicals with slipring assemb
nel and installations on poard to interconnect

1e shallow water trials at the company owned facilities at Karlsruhe will start in

mmmer 1985.

—
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under construction at Bruker Meerestechnik GmbH in Karlsruhe

the background

Two FLYING BELLS
Mockup version in

/85

L
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yter Trials Successfully Completed
first FLYING BELL Ready for Delivery

uccessfully launched and

BRUKER MEERFSTECHMIK GVBEH, s
diving bells ordered by

£ the first of two mobile
STENA AB.

ry of this year,
| shallow water trials O
. sh offshore service canpany.

ra modern, multipurpose

NG BELLS will be installed on board two ult
well stimulation and diving support vessels of the STENA SEAWELL

nce,
rland Shipbuilders, U.K.

der construction at Sunde

NG BELL concept is the first of its kind. The single compartment wit is
ut for saturation diving and one-atmosphere observation at depths to 450 m
a dry weight of 13,5 tons. Two 35 KW hydraulic power packs feed a total of
G thrusters which give the bell full three dimensional manoeuverability
multicore umbilical. This will provide access to
nd the divers' reach because of the large
strong currents, etc. and make it
1 or inadequate positioning

the range of its 480 m,
hich would otherwise be beyo

ons of the rig, tewporary cbstacles,
e to avoid cross-hauling and other critica

7er'S .

complete pallast system,

manned sub, the Flying Bell is fitted out with a
and the related remotely

srating soft and hard ballast tarks, drain pump
imming submersible, it does not suffer from

ed valves, but unlike a free swimm
tions in gas, hot water and electrical power coming through the tether fram

pport vessel.

trol console as well

ated as an POV fram the surface con
ss and autopilot,

itted out with gyro—cama
two underwater TV-cameras., cammunication
flashlight and searchlights.

YING BELL can be oper
o within the bell. The unit is £
~le avoidance sonar, echograph,
s, tracking and emergency transponders,
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he wet trials, witnessed by a supervising team fram the custamer,

ratives of DnV as the classification society and other interested parties
offshore industry, strong gales, heavy rain, snow and ice resulted in
~ conditions with regard to the foreseen working environment.

an-type test barge was specially converted and fitted out

or owned catamar
hoisting device and surface

job with 440 Volt 60 Hz Diesel generator,
console plus original electrical switchboards.
t umbilical

he tests, the Flying Bell was supplied through a 60 m long tes

nal diameter.

- program included function tests of the special equipment, manoeuvering

, both modes, manual and autopilot, ballast system, buoyancy and stability,

ent capabilities in different operating modes and function tests of diving

.

ts were successfully coampleted just before a thick layer of ice stopped

- activities.

e

h




I was promished to receive information later on about the handling
system but I newer received it. Therefore, I have drawn it as I
pelive it to be. The handling system components are very much the
same as for the Drager bell. Off course the trolley and the curser
has to be reinforced to take the extra weight of this big bell
according to the guideline provided by DnV, rules for certification
of diving systems 1982. The moon pool is bigger than for the SDC
bell and a special system for the clumpweight has to be taken into
consideration. The total hight demand for the bell and the bell
trolley is not known. Therefore, I have an opening in the deck
above the bell increasing the total hight between decks from 4

to 8 meters - that should be enough. It looks like this:

Depressor

T Wunen 1 ﬁ 7T
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Depressor
whCr 4

" il

Clumpwecght
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work/
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Travel Cran¢

N =
Gas Chargng Fanel I[\————‘T"ﬂ‘
i
\Tfowe[ rails for deeﬁ

bell on
Shelter c/f’oA’

s @aﬂaot ﬁbfm,/mf/t rin /oarh/hg
» Jwt 6elow/ met)y y/ecl(

J;,{V

Cursor tails




BRUKKERY Bhlaly LIN EFdaX diN\T 2iatid  —avi =2

a5 ‘©©©n 55
N \ [ A7

e e i -

= E
NS P A

N

AT

[ IT0

—t
=

é§9 y
)09

8

N AV/74

1)
2)
3}

4)
5)

6)

7)
8)

9)

Umbilical cord
Umbilical winch
Umbilical heave compen-—
sation (not standard)
Two depressor wires

Two depressor wire
winches

Two heave compensators
The depressor system
The curser, activated
by the depressor during
mateing

The horizontally moveable

trolley.
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1)

3)

4)

5)

10)
11)

The two depressor wires,
now acting as a bell
double wire system

The umbilical, no heave
compensation 1is needed
The curser, operated in
the same way as before
The trolley system 1s
unchanged

The depressor is at
operation mated to the
bell

A balast kvadratic ring
is mated to the bell
during operation and
parked just below the
maindeck in moonpool
The clumpweight

The guide wires
clumpweight parking
guide wire winches
guide wire heave

compensators .
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THE CLOSED CIRCUIT BREATHING SYSTEM

As mentioned before the use of an open breathing system would lead
to a severe loss of helium gas which would make the diving mission
too costly when we are talking of diving missions more than to the
depth of 50 meters. The prices of helium are rising due to an in-
creasing demand of helium world wide and at the same time an in-

creasing lack of helium.

Drdger has developped a closed circuit breathing system for 450
meters (CCBS). It is an integrated system where the whole bell
gas system,the divers breathing system and the divers bail out system

(emergency breathing gas) is delivered as a unit.

In each bell there are three divers. The one is a bell driver and he
is only belived to enter the water in an emergency. Therefore, the
driver will use a standard open circuit breathing system. The two
divers who are in the water with an umbilical connection to the bell
are connected to the closed circuit system. Each bell has its own
CCBS system. We have two bells, a Drdger and a Bruker bell, therefore

we need two of these systems.

The price of one system for one bell and two diver lock outs is
appr. 1.2 mill. D.Kr. This seems to be a high price, but when we
compare it with the price of helium loss it can be seen that it is

a good investment in the long run.

In the case of an emergency (the umbilical from bell to diver becomes
disconnected) the diver switches to the bail out system on the divers
back providing sufficient breathing gas at 450 meters for a 10 to

20 minutes stay. This gives a mean time for a'étandard"diver of 15
minutes. The DnV regulations demands 15 minutes as minimum

while the Danish Government Ships Inspection Services demands 5

minutes as minimum onlg.

The bail out system for one diver costs appr. 90.000 D.Kr.




The Expensive Breathing

A man breathes appr. 20 times per minute. When performing light
work each inhalation is appr. 1.5 liters. This means that the
flow is appr. 30 liters per minute. If the breathing gas was
not regenerated during the diving this would mean that the

expensive gas would be lost into the water (exhalation).

How much would it cost to use an open breathing system during

a 450 meters dive?

O

99% x 1.5 liters x 45 bars x 125 kr/m3 x 1/1000 = 8.4 D.kr/inhalatior

or:

168 D.kr. per minute per diver.

(©h g

10080 D.kr per hour per diver.




On the following pages you can read more of how the system is

functioning and what the technical data are.

The CCBS control panels has been placed in the bell control room.

The compressor station has been placed in the compressor room at

the tank top deck. The filter station and the tank unit has been

placed

chamber room (the distance is therefore equal between the two

bells).

ccBS Tanlf Uhl..é S

in the Life Support Room situated just above the saturation

cCBS Panels

% CCBS Pumps \
£ + T = T
LLE an hCCBS Bell E?“’f’”"”t \SLde ooF A’ngvm Store
WorK 9 op sl N\ /
m /< a o S / Sub Sen, operation
Spare tts tomge o \ Supervision
N
- 0 : ¥ 1 1 \v/ e e
Bell Housting Winch o ; 4 ;:? UF‘[I m o (\; D Gas Analys:s \\/
L i A- frame 4, YW\
4 d R $ : @
T i X Work Space o N Work Space e cant
X f r £
== \B |} T | e
) i 0 1 Control £l
=1 Troﬂeta I_L\Cuuer =
@ Ed LSS f T ) [——.—]
: / \i 1 work/ Clumpwe 31«5 ﬁ""”’ ~ : =)
=21 pCI LSS /‘100'1 par L == 1
= S B} = T—Jj v W /SDCJI \ = 7\\/ .
-+ 7 P C—o—oi ¥ s ~inch iz —
~ Lss ~ 00 = H
L —] Coffee and Juice
E er
Heal xC’mM%V o C%gm% Bt Travel Crane )\ ﬁ_m /\
H= \ Sink
) iqhtt Wihch L
ampweight Wipches @@ Pump. Work S’Du(E frame Work Space Foto lab /\
B Betl Heaters Crane / .
: B & ) N ) b
T I ) /\ 1 1o
/N
T MOB Engine . Taut wire CUBA (s
/< and C,an: parts workshop >” Dslv(n? Gear / Sub Sea Tool 5/< Hqc/mu[/c pump
I and Spare Parts S‘owage \ ’ KRoom
VASVAN £ \
J [1]a][a]=]s[e]7]8]a]r0 Side Door

Bell I




DIVERS SUPPLY ———

initial emeryb

HELMET ACTUATION VALVE —_————\
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THERMAL REGENERATOR

OFFSHORE LIMITED

Westhill Industrial Estate,
Aberdeen. AB3 6TQ

Tel (0224) 740145
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¥ T T T RMV-L
22,5 40 62,5 75
L]
Gasflow Bail-Out 450
6
5 /g
8
4 9
50-450 m
1. Compressor
2. Filter
3. CO,-absorber
4. Buffer tank 1
5. Lung demand regulator
12 6. Safety shut-off valve
7. Manual shut-off valve
8. Back pressure regulator S
11 9. Diver helmet 12
0.

Breathing hose
Bail-Out 450 f s
. Water separator
. Back pressure regulation 13

; 2 1
5
é N
1. Mixedgas cylinders 8. Pressure balance device
2. Sodalime container 9. Exhalationbag
2 3. Gas supply 10. Gas supply from CCBS 450
4. Inhalationbag 11. Gas dosage
5. Inhalationhose 12. Pressure reducer
6. Connection to diver helmet 13. Storage gauge
7. Exhalationhose

Driger  Deep Divers Breathing System
CCBS 450/Bail-Out 450
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EP DIVERS BREATHING EQUIPMENT

°BS_450

"ig. 1 Complete dressed diver

JTo meet future demands the Dréger

losed Circuit Breathing System
ccBS 450 is desiged to supply 2
divers with sufficient breathing

gas down to 450 m water depth.
The system in principle consists of:

- surface unit with two compres-
sors and gascondi-
tioning system

- bell equipment including gaspa-
nel and water-

trays

& recommendations

/ \ - diver equipment consisting of
diver helmet

with regula-

tors, breathing

gas heating and
A/@ ...ﬁautomatic track-

ing system

-
The divers exhaled gas is recovered
and returned to the surface for gas-
cleaning. Oxygen is added and the
refreshed gas is sent back to the
diver.

- System according to DNV level I1I.g-

- Work of breathing at 75 1/min RMV,
less than 1 J/1.

Also at 450 meters ¢

- Gasflow up to 90 1/min.

- Maximum working depth 450 m

_ Excursions below bell max. 30 m
- Excursions above bell max. 10 m

- Easy operation based on ergonomic
designed control panel

- Easy to maintain, only 7 working
elements in the breathing regula-
tor

_ Saves more than 90 % breathing gas

- Homogeneous breathing gas with au-
tomatic Oz—adding

- Safe Dréager

quality

breathing due to

_ Reliable also tested during hund-
reds of hours

Designed in accordance to
of NPD and DOE.
Instruction and training also from
Drager Druckkammertechnik.

Drédger cCBS-helmet with

Fig. 2
breathing gas heating

DREGERWERK AG, Werk Druckkammertechnik
P.0. Box 150 149, Auf dem Baggersand 17
D-2400 Liibeck-Travemiinde 1

Mr. Jonny Holm

FAX:
Telex: 261 455

0451 / 882 20 80

Telephone: 04502 / 83-21

1041




Technical Data

principle of function:

piver supply stations:

Max. minute breathing volume:
Operating range:

Breathing gas:

Max. length of umbilical:
DN gas supply:

DN return gas:

pDiver umbilical length:
DN supply gas

DN exhaust-return gas

work range above bell:
Work range underneath bell:

Supply pressure max.:
Exhaust return gas pressure:
size of CO2 filter:

size of drier:

control panel
Height:
width:

Depth:
Weight:

Compressor Station
Height:
Width:
Depth:
Weight:

Filter station
Height:
width:
Depth:
Weight:

Tank unit
Height:
width:
Depth:

Weight:

automatic lung demand

2

2 x 75L

48 - 450 m depth

helium with approx.

0,4 bar O2

500 m

3/4"

3/4"

30 m

/2"

5/8"

10 m, depending on depth of
bell

30 m, depending on depth of
bell

70 bar

40 bar

15 litres

15 litres

approx. 1800 mm
approx. 1100 mm
approx. 450 mm
aprrox. 400 kg

approx. 1200 mm

approx. 1800 mm ,/vr'*Zjé//
approx. 800 mm ¥
approx. 700 kg Y;(izéwj
4 Vi
/,_/_ f/ ¢ i
approx. 1350 mm /[

approx. 1100 mm
approx. 600 mm
approx. 350 kg

approx. 700 mm
approx. 3000 mm
approx. /700 mm

approx. 800 kg




Description of System

III. 1 shows diagram with functional elements of system

1. Compressor

2. Separator, filter

3. Gas measurement

4. Return gas pressure regulation
5. CO2
6. Gas drier

absorber

T O2 increase dosage device

8. Supply pressure regulation

9, Pulsation damper

10. Bell gas supply

11. Gas supply pressure regulator

12. Lung demand regulator .

13. Safety shut-off valve

14. Manual shut-off valve ] i1 55
|£ oy "y
15. Delivery pressure regulator | T — L o

s o

16. Water separator Lj 5
17. Delivery pressure regulator bell 02 [t
18.

19. Diver helmet
20. Heater

ot )
it

4

III. 1 Circuit system with functional elements



le circuit compressor (1) re-supplies the breathing gas. On the
)ntrol panel the compressor's inlet pressure and delivery

‘essure are set according to diving depth.

; filtering out odorous particles and other contaminants

spartor and filter (2) provide for clean breathing gas.

le pulsation damper (9) compensates for pressure fluctuations

wsed by the divers inhalation and exhalation cycles.

fore the breathing gas is fed to the dicer its O2 and CO2
ntent are measured at the gas analysis station (3). The gas

lalysis devices are housed within the gas analysis control panel.

a the regulator (4) the compressors's inlet pressure level is
pt constant and any gas pumped in excess of divers demand is

turned back to the compressor via a by-pass.

e supply pressure regulator (8) keeps the compressor's gas
pply pressure constant, and compensates automatically for any
akages by drawing gas off the storage cylinders. In case of a

mpressor failure the divers are also supplied in this open

rcuit manner.

case of a broken supply line to the surface, the divers are

rectly supplied out of the reserve gas cylinder (10).

2




rrespective of the diver's depth the supply pressure regulator
11) keeps the supply pressure for the lung demand regulator (12)

ithin optimum range and in this way guarantees a non-varying

nhalation resistance at all times.

the delivery pressure regulator (15) functions accordingly at the

sxhaltation side.

'f within helmet a pressure drop is caused by a faulty lung
jemand regulator (12) the safety shut-off valve (13) shuts off

.he exhaust return gas line, automatically. It can also be

ictivated manually.

)nce activated the safety shut-off valve remains locked. It can

)nly be opened through certain measures after completion of dive.

'he manual shut-off valve (14) is a ball valve added as a futhter

safety precaution. It can both be opened and shut at any time.
1

ﬂithin the water separator (16) liquid contaminants line
seawater, spittle or breathing gas moisture are filtered out of
‘he breathing gas. On the account of its special design the
sccumulated liquid can even be drained off into the diving bell

against a positive pressure difference.

’he delivery pressure regulator (17) limits the return gas
pressure within diver umbilical and thus protects the diver in
~ase the return gas line breaks between diving bell and surface.

At the filter station (5,6) CO2 and moisture contents are
filtered out of the breathing gas. The consumed oxygen dets

re- supplied by means of the dosage device (7) after which the
recycled gas gets returned to the compressor once again. Through

the heater and the breathing gas the heating for the diver will

be put on.




he system consists of several sub-units as shown in III.2. The
obsition numbers of units are identical with those as shown in

rawing no. 6514500

[ l g
® |___
@ @ Schaltpult @

/ | Panel \
/ [ . s :
/ Filterstation
ompressor - Kompressor-
tation I Station II
/ |
®
Bellausrustung
Bell-Unit
Helmeinheit
Helmet -Unit

|

| -

©) @ —
\

Regler
Regulator

bb. 2 Sub - units of system




5« 4 Bell eequipment

L9 410 41 412 413 L1k

L |

LT .7 Bell equipment



ee III. 7 Bell equipment

el Shut-off valve for diver umbilical "return gas"
ife 2 Vent valve

a3 Silencer

.4 Safety valve

1.5 Noun-return valve

1.6 Separator

L7 Delivery pressure regulator "bell"
1.8 valve "Drainage primary filter"
1.9 Primary filter

1.10 Shut-off valve "return gas"

3.1 Pressure gauge "return gas"

b 12 Pressure gauge "gas supply"”

13 Non-return valve

1.14 valve "bell emergency gas supply"”
4{i3> Shut-off valve "gas supply"

4.16 " valve "bypass"

4.17/ Safety valve

4.18 Non-return valve

4.19)/ Shut-off valve for diver umbilical "gas supply"
4,20 Vent valve

4.21 Silencer




Manual control o(f gas
mlet to fcue mask 'bofﬁ
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emergency mode  (p,([)

;m.éyfal Emergency gas | nokmq[
() "2 ) [ e ok it S
Swgace { VIaSaL maSk : .
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Couwter [WI 3

( emergen y )
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g/ -SYSTEM
HELMET
Weight 15 kgs (33.0 ibs)
Heliox mix 94.5% He, 5.5% 02 at 500 MSW .

|

0.055% 50bayr = 2.75 éars Ioaréc‘a[ pressure 02. TA/
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DRAGER

The helmet unit

Basically the helmet unit consists of a standard

Kirby-Morgen helmet type "Superlite - 17 B.

All components either modified or newly developed by

Driger are described, herein.

For details regarding helmet "Superlite 17 B", see

enclosed manual.

6 Helmet

modified helmet

test pin

heater

delivery pressure regulator
Lung demand regulator
safety shut-off valve

manual shutt-off valve




DURATION COMPARISON CHART

600mm BELL TRUNK

2x 10 litres

600mm BELL TRUNK

OPEN CIRCUIT VERSUS SLS SYSTEM

Volume Litres 8 l 10 l 12 l 14 8 l 10 l 12 I 14 SLS System
200 Bar to 250 MSW
PRESSURE 200 BAR 300 BAR 0 B 10 500-MEW
Msw | Fsw DURATION IN MINUTES BASED ON A 75 Litre RMV ERZ?
50 164 | 34 42 50 59 51 64 71 90 | >3 | >33
100 38 | 18 22 27 31 28 34 41 48 | >245 51
150 42 | 12 15 18 20 19 23 28 33 187 57
200 6% | 09 11 13 16 14 17 21 24 157 65
250 820 | 07 09 10 12 11 14 17 19 26 | 119
300 984 | 06 07 09 10 09 11 14 16 191 | 119
350 | 1148 | 05 06 07 08 08 10 12 13 168 | 129
a0 | 1312 | 04 05 056 07 07 08 10 12 152 | 127
450 | 1476 | 04 04 0.5 056 06 07 09 10 135
500 | 1640 | 03 04 04 05 05 06 08 09 120) 133

NOTE: It is physiologically impo

The Bar(-0ut wode has
ho e[ecfrfch{ /

chemic al heat /hg un/'{,

Open Circuit Bail Out Duration has been Calculated Based On:—

CHARGING PRESSURE—(DEPTH PRESSURE—6 BAR) x FLOODABLE VOLUME
(DEPTH PRESSURE + 1 ATM x75)

ssible for a diver to maintain a 75 litre a minute

RMV for more than a few minutes. (noyma[ Y 3 mmutes)

6r

only a exhaust~mlet
/,ea{-exchan?er IS

f[{?fe t.

Should the diver's normal gas supply be
interrupted for any reason, the diver has
only two non-sequential actions to shift
the SLS from the STANDBY MODE to the
OPERATIONAL MODE. These actions are:
rotate the actuation valve which places the
mouthpiece in his mouth and opens the
valve to the thermally efficient,
smoothbore inhalation and exhalation
hoses. The other action required is to  pull
the actuation cord, located on the waist
beit, which releases the counterlungs and
actuates the onboard gas supply. A high
PPO, is fed into the SLS via a multiorifice
restrictor. Excess gas is vented at the
actuation valve. The diver’s intitial breath
is supplied from the demand regulator,
which also compensates for any gas
leakage out of the unit. A thermal
regenerator_prevents the loss of heat
through the counterlungs. The diver can
now confidently and safely return to the
bell knowing he has a minimum of
fifteen minutes’ Secondary Life Support
available.

()




RAGER
FEP DIVERS BREATHING EQUIPMENT

AIL-0UT 450 m

o increase the safety of the diver
orking in depth down to 450 m, Dra-
er developed the emergency breathing
ystem BAIL-OUT 450.

he system is connected to the di-
ing helmet of the CCBS 450 and per-
anent ready for use.

. Compact design ensures fully mobi-
lity and lock out through min.
diameter of 680 mm

. Semiclosed breathing circuit

 puration of 10 to 20 minutes @t V5.4 .

- Simple maintenance of the equip-
ment due to replaceable modules

- Separate inhalation and exhala-
tion bag

< Effective CUz-msorbtioV hew 70 %tn .

-LHigh gas flow up to 75 1/min. RMV
\ -

\
- Low work of breathing and small

breathing resistance

- heating also in case of hot wa-
ter interruption
P how €

- Safe breathing due to Drdger qua-
Ftye

Fig. 1 Side view Diver equipped
with CCBS -helmet and
Bail Out

Fig. 2 CCBS-helmet connected to
Bail Out

Fig. 3 Bail Out equipment open

DRAGERWERK AG, Werk Druckkammertechnik
p.0. Box 150 149, Auf dem Baggersand 17
D-2400 Liibeck-Travemiinde 1

Mr. Jonny Holm

FAX: 0451 / 882 20 80
Telex: 261 455

Telephone: 04502 / 83-21

041

“
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THE DIVER SUITS

‘The suits are not connected to the helmet. Tts function is‘to‘proteét
the diver from heatloss and scratches. On this page you can see the

hot water heating system:

INDUSTRIAL DIVER

DUI's INDUSTRIAL DIVER HOT WATER SUIT has
proven its performance through ten years of service to
the Diving Industry.

This suit provides effective thermal protection to divers
for long or short duration dives in cold water. The suit
uses DUI's patented free flooding hot water approach to
diver heating. The use of the suit greatly improves diver
efficiency over passive systems such as wet or dry suits.
Greater durability over any of the wet or dry suits makes
this IDS more economical.

CONSTRUCTION

e 3/16 nylon two sided closed cell foam, outside nylon is DUI
heavy duty nylon.

e Front zipper entry, heavy duty nickel plated brass.

e One piece construction (boots and gloves separate)

e Seam triple coated adhesive bonded.

e All seams double sewn, inside and out.

e Qutside seam stitching coated for chaffing protection.
e Two utility pockets.

e Six water distribution channels using low profile non kink
flat tubing.

e Water distribution manifold with swivel quick disconnect
and bypass

e Each unit has Velcro bands so that boots and gloves remain
in proper position.

e A DUI Suit Liner should be used in conjunction with the
Industrial Diver Hot Water Suit.

DIVING UNLIMITED INTERNATIONAL, INC.
1148 Delevan Drive ® San Diego, CA 92102 e Phone: (714) 236-1203  Telex: 697971
DUI LIMITED e Advance Unit 8

Farburn Industrial Est © Dyce, Aberdeen ® Phone: (224) 724093 o Telex: 739130

This is the most preferred suit used by companies in the North Sea region.

I received this information from Hanemann, Erik Wolds Eftf. Copenhagen.



Here is two pictures showing the arrangement of the hyperbaric
1ifeboat onboard the Maersk Defender. The HBL is placed high
at the port side of the work deck - againg taking up much
space. The connection trunk from the 1iving chambers to the
HBL is a quite long trunk passing through rooms. The vessel
has been rebuilt to fit this arrangement and it can clearly

be seen that it had not been intended from the start.
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THE HYPERBARIC LIFE BOAT

I think it was the Norwegian Maritime Directorate which started to
set rules about resque systems for the divers in the saturation
diving chamber complex. It is obwvious that the divers cannot leave
the chambers directly and entering the standard life boats in the
same manner that the rest of the crew is doing it in case of an
abandon ship situatiation. As you know it might take many days

to decompress the divers before they can be locked out from the
chambers. Therefore, the idea of a life boat with an incorporated
pressure chamber evolved. Today it has become a must according

to the Code of Safety for diving Systems, IMO 1985.

There is going to be at least one hyperbaric life boat with enough
space for the maximum divers that can be in the chamber complex.

In this case we are talking about an 18 diver system.

A hyperbaric life boat is a quite complicated system and maintenance
is necessary. If the HBL is not in perfect condition all the time
the mission has to be aborted because if there is something wrong
with the HBL there is no HBL. The HBL can also be damaged in a
collision and the HBL is the only escape for the 18 divers when

the ship is sinking due to a collision. Perhaps that is the reason-
why some of the latest diving support vessels can be seen with two
hyperbaric life boats and that some of the excisting vessels has

been designed to allow a future instalment of an extra HBL.

I have decided to design Silver Searambler with two HBL from Drdger.
If only one HBL is preferred it—is justhnot installed, but arrange-

ments is there to ensure that a future installment can be done.

If only one HBL is preferred the trunk to the "future" HBL is there
and can be used for other purposes. A small submersible can be

connected to the trunk. I will return to this later.

The lay-out is free to the engineer except that it must not last longer
than 10 minutes from the captains abandon ship order to the HBL hits
the surface of the sea. If there are 18 divers and only one HBL and
all three chambers are at the same pressure,tests have shown that it

takes appr. 4 minutes for the divers to crawl from the chambers and

into the HBL and close the pressure hatch.




At the same time three non pressurerized crew members are supposed
to enter the HBL from the top into the control room. As soon as
they get the lauch signal from the divers (the pressure hatch is
closed), one of the crew can from the top of the HBL trigger the
remote mechanism that opens the clamp and the HBL can be lowered
to the surface in the same manner as with a standard life boat.

It must not take longer than 6 minutes to launch the HBL.

Very often during diving operations the three chambers are separated
by locked haches due to a need for different pressures (in this

way more than one saturation diving depth can be covered at the

same time). If this is the case it will take much longer time to

get all 18 divers into the HBL where there only can be one pressure.
This is also a consideration which points in the direction of a

double HBL system.

on the next page you can see how I have arranged the two hyperbaric
1ife boats. As you can see the access to the HBL is very good. This
is important not only in an emergency situatiation but also in the
maintenace situatiation. Note the gas charge panel which is going
to be there in order to load the HBL tube system with the correct
amount of breathing gas to each each diving mission. No. 1 shows
the location of the clamp connection, no. 2 shows the location of
the bottom pressure hatch and no. 3 shows the lokation of the

top hatch to the control compartment for a crew of three.

One Hyperbaric life boat from Driger costs appr. 6.3 mill. D.KE.

The launch system (david) is not included with the HBL delivery.

It will be constructed by the warft or a subcontractor.

The Hyperbaric Life Boat can support the divers under pressure
conditions up to 5 days without any support. The HBL is supposed
to be found before this time and sailed to the nearest receiving
terminal for hyperbaric life boats. These terminals are situated
onshore in most of the larger harbours facing the North Sea
area. We do have one station situated in Esbjerg. It is owned

by Svitzer Diving Services and was completed in 1985. I went
there to see the terminal. On one of the next pages you will

see the Danish Terminal on a picture.
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can be operated for up
lependant at sea

bout 6 knots

el boat

mber for 16 divers (stan-
|

inutes complete opera-
ower in a totally enclo-
,]

and provisions are suffi-
e than 72 hours sulfsus-
tion

dy delivery for operation
ables, provisions, etc.

Hyperbaric Lifeboat

This boat is designed to rescue 16 satu-
rated divers at a maximum pressure of
45 bars and a crew of 3 persons.

The crew consists of one navigator and
two diving-system-technicians. Special
care will be taken for protection against
damage of the boat during launching in
heavy sea-conditions.

The boat is built from steel. The
pressure chamber has comfortable di-
mensions for 16 divers. The aft water-
tight compartment with dome and
hatch at the top connected to the cham-
ber is the navigation, engine and opera-
ting room. Polyurethane-foam is used
extensively for insulation and buoyancy.
The outer hull of the boat is built from
steel too for good fire resistance. The
Lifeboat is connected to the chamber-
system-arrangements. It can be placed

43380

on deck of a vessel or platform or at the
side of a platform in a similar way as
standard lifeboats or rescue capsules.

Stb.side of the boat’s deck just in front
of the operating-compartment all neces-
sary connections for long-time-support
are installed. These connections also
can be used if the boat is hoisted out of
the water and is standing on the deck of
a stand by or rescue vessel.

Chamber dimensions for 16 divers,
(standart version). Maximal 5 days survi-
val time at sea without any support
250 miles cruising range at sea (full
power)

500 miles cruising range at sea (econ.
speed)

Engineering: Dréagerwerk AG

Werk Druckkammertechnik in co-opera-
tion with Ingenieur- und Entwicklungsbiiro
Joachim RohdjeB, Libeck.

P



Hyperbaric Lifeboat from Drage!

For evacuation of
der pressure

Hyperbaric Accepted by DNV (Det Norske Veritas)
Lifeboat SSV (Swedish advisory, for
applied for shipping and navigation)
typapproval by NMD Fullfills the requirements of NPD (Norwegian Petroleum

. sia Directoriate)
(Norwegian Maritime DOE (Department of Energy)

Directorate In conformity with Solas 74 convention
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equipment Navigation — electric control system 24 V,
— navigation control panel with wheel — bilge pump, hand operated,
oat and engine control and navigator's  __ grinking water tank,
ar hooks released simultaneously seat with belt in the dome, — small pantry,
m the operation compartment, — flash light, — storage for food and soda-lime car-
chor and ropes below a hatch in ~ — magnetic compass, tridges, '
i 'deck, — search light above the dome, — two seats with belts for the diving sy-
wing hook at the bow, — VHF-radio and antenna, stem technicians,
me with Watertlght entrance hatch — emergency radio beacon. — one berth,
i Dulleyes, _ — heating system with integrated en-
ling with  firefighting  Sprinkler- Operation compartment gine keel-cooling-system,
stem around the deck and the ‘L ) . . lighti t
me — propulsion system with diesel engine ~ — lighting system,

b : and related equipment in a closed and  — control systems and panels for all
idder \fm”(; emelrlgency t('j”etrt; et noise insulated engine room, chamber supplies and equipments,
avy fender all aroun e boat, - ; gy -
peclally protecting the rudder, eng!ne ro?m ventilation system, cons.u.mables,

. ) ) — engine driven generator, — provisions.
peller with protecting fairwater . . . . e ’
— batteries in closed and watertight =~ — all controls are within reach of operatio-
compartments, nal personnel
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Chamber

— 16 seats with belts for the divers,

— one special seat for sanitary purpo-
ses (toilet),

— CO,-scrubbers,

— BIBS-system,

— life support equipment,

— heating system from the rig and from
the motor, cooling system from the rig
and from the motor

— helium unscrambler communication
system,

— pressure gauges,

— lighting system and emergency ligh-
ting system.

— One mating flange (IUC) @ 600 mm
for connection to the chamber sy-
stem at the side ot the chamber,

—one IUC-flange @ 600 mm at the
bottom,

— one medical and food lock,

DRAGERWERK AG LUBECK

Werk Druckkammertechnik

Auf dem Baggersand 17 - D-2400 Liibeck-Travemiinde 1
Ruf (0 45 02) 8 30 - Telex 02 61455 - Telefax (04 51) 8 82 20 80

43382

43384

Dimensions and Data

Lifeboat (Standart version)

Total lenght:
Total width:
Total height:
Height:
Drought:

Hook distance:
Displacement:
Speed:

Capacity of crew:
Diesel engine:

Generator (engine driven)

Battery-capacity:
Fuel-capacity:
Drinking water:
Food:

Chamber (Standart version)
inside cylindrical

length: 4000 mm
inside total free length: 4500 mm
outside diameter: 1800 mm
max. working pressure: 45 bars

10040 mm
3140 mm
4400 mm
3600 mm
1300 mm
6900 mm

abt. 17600 kg /
abt.
Capacity of divers:

6 knots
16 e
3
445 kW
750 W/24 V DC
5000 Ah
900 liters
190 liters
50 kg

9 ¢ gei :

abt.
abt.
abt.

Diver’s gas, He or premix: 70 Nm?

Oxygen:
Compressed air:

40 Nm3
50 Nm?3

Subject to modifications

Cranhicrhe Werketitten 244%/R4 .
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DRAGER - Hyperbaric Lifeboat

The boat is designed to rescue max. 16 saturated divers at a pressure
of max. 50 bar and a crew of 2 persons. The crew consists of one
navigator and one diving system technician.

The Hyperbaric Lifeboat is designed to meet the relevant requirements

of Norwegian Maritime Directorate, Norwegian Petroleum Directorate,

Det Norske Veritas and Swedish Board of Shipping and Navigation.

Special care has been taken for protection against damage during launching

in heavy sea-conditions.

The boat is built from steel. The pressure chamber is equipped for 16 divers.
The aft watertight compartment with dome and hatch at the top is the
navigation, engine and operation room. Polyurethane foam is used extensively
for insulation and buoyancy.
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The lifeboat is connected to the chamber system via a trunk by a
mating flange. This flange is located at the bottom.

Dimensions and data

Lifeboat

Total length 9.500 mm

Total breadth 3.000 mm

Total height (incl. mast) 4.600 mm

Height (excl. mast) 3.200 mm

Depth 2.100 mm

Hook distance 6.600 mm

Displacement approx. 17.000 kg

Speed approx. 4.5 knots /g o//;}él’i
Capacity divers 16 men‘é"'— B

Capacity crew 2 men ‘d—' S mress X
Diesel engine 35 kW approx.

Generator (engine-driven) 1.000 W/24 v

Battery capacity 6.000 Ah

Fuel capacity 900 liters

Drinking water 200 liters

Food 200 kg

Diver's gas acc. to authorities requirement
Oxygen acc. to authorities requirement
Campressed air acc. to authorities requirement
Chamber

Inside cylindrical length approx. 4.000 mm

Inside total free length approx. 4.500 mm
Outside diameter approx. 1.800 mm
working pressure 50 bar

- One mating flange @ 600 mm for comnection to the chamber system, located
at the bottam.

- One window fram operation compartment

- One medical and food lock
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Main equipment

Lifeboat

Gear hooks released simultaneously fram the operation campartment
Anchor and ropes below a hatch in the deck

Towing eye at the bow

Dame with water-tight entrance hatch and six bulleyes

Reeling with fire fighting Sprinkler system around the deck and dame

Two rudders, in case of damage on rudder can be disengaged from inside

Heavy fender all around the boat, especially protecting the rudders

Mast with autamatic air valve

Propeller

Navigation

Navigation control panel with wheel and engine control and navigator's
seat with belt in the dame

Radar reflector and flash light on the mast
Magnetic campass

Search light above the dame

VHF-radio and antenna

- Emergency radio beacon

Operation campartment

- Propulsion system with diesel engine and reduction reverse gear in a
closed and noise insulated engine room

- Engine room ventilation system

- Engine driven generator

- Batteries in closed and water-tight compartments

- Electric control system 24 V

- Motor—-driven bilge pump

- Emergency bilge pump, hand-operated

- Drinking water tank

- Storage for food and soda-lime cartridges

- One seat with belt for the diving system technician
- One berth




vsletter Pressure Chamber Technology

Operation campartment (cont.)

- Heating system
- Lighting system
- Control panels for all chamber supplies and equipment

Chamber

- 16 seats with belts for the divers

-~ 0, -scrubbers

- BIBS system

Life support equipment

Heating system and emergency heating system

- Communication system with Helium voice unscrambler

Pressure gauge

Lighting system

Outside supply connections

On starboard side and on deck:

= Gas supply

- Gas exhaust

- Oxygen supply

- Gas sample

- Pressure control
-~ BIBS supply |
- BIBS exhaust

- Heating water inlet

- Heating water outlet

- Electric power supply for charging

Emergency electric power supply separately for lighting, 00,-scrubbers
and emergency heater

- Communications

On board the vessel the Hyperbaric Lifeboat is controlled and supplied from
the control panel located in the chamber control room.
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Trunk, Mating System

The connecting trunk fram Deck Chamber to the Hyperbaric Lifeboat has
a inside dia of approx. 800 mm and a length according local requirements.

The connection to Deck Chamber is made by means of a 2-part clamp
coupling of 700 mm @. The deck penetration is performed waterproof

by a rubber ring gasket.

A mechanically-operated two part quick release clamp coupling with a
@ of 600 mm is situated on deck.

A hand-operated hydraulic operating unit facilitates the opening of
the clamp on deck.




When I visited the Hyperbaric Life Boat Station (OHF) in
Esberg I found it to unmanned. Off course the operators would
be send there in case of an emergency. There is electrical
power on the system I could see. The station, however, is
situated in the corner of a huge storage room where it could

pe difficult to create access fast enough in case of an emer-

gency -
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cation: Esbjerg, Denmark
erator: Svitzer Diving Services, a branch of Em. Z. Svitzers Salvage-Company, Ltd.
mpletion: 1985

Receiving terminal for hyperbaric lifeboats
Decompression and medical treatment of injured divers
Equipment test

Training of operational personnel and divers

rpose:

chnical details:

DI S0 . . .. . . . s s e e E s E R AR A e 8 na kA DDC 1 DDC 2
T 1800 1800
erational pressure (bar) . ............. i 20 20
L 11,5 11,5

tch diameter (Mm) ... ... oo 600 600
PR T IUC lUC

I e - - itk ¢ s s A e A e e s IUC 28 bolt holes

th chambers are fully equipped with all equipment necessary for the treatment and accommodation
mfort for saturation divers.

ajor parts of the internal equipment are:

nergetics habitat conditioning units, ox-blood fire exstinguishers, medical kits, toilet, sink, shower,
rergency heater and schrubbers, beds e.t.c.

SVITZER DIVING SERVICES

D. LAURITZENSVEJ - DK-6700 ESBJERG - DENMARK - TELEPHONE: INT.+45 5 12 23 55 - TELEX: 54 356 - SVIDIV DK
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THE SMALL SUBMERSIBLE

As you can see from the main drawing there is a submersible included

in the design. It can also be seen here:

Submarine 450/ 600 m.

=
Submarine (19 tons)
HBL /Submarine
Option
y b (ne Kt .
H:Pmba.nc A Su ";‘::“”‘ L Spare Submarine
Parts Control

workshop Room
18 (OFtwnaL) \<~ (optional) (Opiional)

T T T
T

Life Boat (17 t'ons7".

—

=)
Gag Cha.rq: Panel
S

T

The submersible is an option, i.e. if only one hyperbaric life boat
is preferred arrangements has been included in the design to install
a submersible from Bruker in stead. This can be done because the
trunk connection to the saturation chambers is there, the gas charge
panel is there and the necessary rooms in connestion with a submer-
sible is there too. The only thing that has to be changed is the
handling system. The weight of the two are very much the same

(the hyperbaric life boat weighs 17 tons and the submersible weighs

i9 SEons)

Jdrg Haas from Bruker has been producing this kind of submersibles
for many years and I asked him if he was going to change this
interest now that the flying bell has been developed. He said

that the flying bell was developed because the customer wanted

it and because he was the only one able to construct such a thing.
He thinks that the submersible for diver lock-out is superior even
to the flying bell. The submersible is free from the long umbilical
to the surface which might be entangled in underwater constructions
and that the long umbilical might cause troubles for the bell driver
in strong currents. It is correct that there are limited power

in the sub and that it is more difficult to launch and retrieve,



But this will soon be solved and it is not correct that the submersible
is very expensive - the flying bell is as expensive as a submersible,

he told me.

He is working on a new type of powersystem to the submersibles,
perhabs it is a stirling machine instead of batteries. On the

next pages I have enclosed information about a Stirling engine.

The breathing gas limited volume can also be overcomed. If we are
able to ship three men to the moon in a small capsule we are also
able to send three men down to 450 meters in a submersible for a

day or two, he said.

The launch and retrival system of Bruker is not a david or crane
where the submarine will swing from side to side, it is a special
handling which holds the submersible in a steady position during

handling:

Submarine rescue
submersible
MERMAID VI SAR
with handling system.
This versatile vehicle
can dive to 600 m
and is also suited for
dry or wet transfers
and diver lock-out.

Interior of 300 m
diver lock-out cham-
ber for 3 saturation
divers.

BRUKER also offers

heat pump diver

heating systems for

closed loop hot water

suits. =

To overcome eatlier limitations of manned diver lock-out and
inspection submersibles, Bruker initiated the development of
releaseable umbilicals and advanced, diverless handling
techniques.




The manager Jérg Hass from the Bruker company is dirving one of

his,@ilitary submarines in the waters of the rhein. This sub-
'mqpfhe'type is being transported by railways from Karlsruhe to

the customers every where in Europe.



E UNDERWATER ENGINES

THE STIRLING ENGINES FOR
UNDERWATER APPLICATIONS

A STIRLING UNDERWATER ENGINE

Continuous operation

Maximum output

ngine

Speed Electricity Heat* Speed Electricity Heat”
4-95 3000 rpm 30 KW 40 KW 4000 rpm 35 kW 65 kW
4-275 2000 rpm 75 KW 110 kW 2600 rpm 100 kKW 200 kW

ot water 50° C
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THE DIVING COMPLEX PIPING SYSTEM

In the case of the Consafe semisubersible vessels Drdger was the
responsible part for all diving systems and produced a piping

diagram.

Most of the piping is going to be constructed by the shipyard. From
the piping diagrams and specifications from Drdger it is easy to

see what pipes there are going to be installed and where the inter-
faces are. The piping system is very complicated and an analysis is

needed for the Searambler.

I have used the pipe diagram from Safe Regalia and modified it to

comply with the needs of my diwviing system.

In the following you will see this modified diagram. Note that Drager
is a company which do not use "short cuts", i.e. they do not like other
manufacturers use remote controlled electrical or hydraulic valves

in the pipe system. Each and every pipe which function is to be con-

trolled is taken physically to the control panels.

Controlling the gas flows in the system is a very serious matter and a
remote controllable system is still not belived to be safe enough to
introduce. Therefore, the control panels, the bells, the chambers and
the tube system should be placed as close to each other as possible

regarding other limitations too in order to save long pipes.

I have taken these considerations in mind when placing the different
diving components and diving rooms onboard my ship, although some

compromises must be regarded.

Look at the gas pipe diagram. I have changed the original drawing on

the following points:

A) The piping to the three Life Support Systems is now shown

B) The piping from each chamber is shown

C) The gas bag piping is now shown

D) The trunk gas release is now taken to the gas bag in stead of over-
board dumping

E) The same as with D)




I)

K)
L)

N)

0)

B)

Two Hyperbaric Life Boat Chambers with separate is going to be
there in stead of only one

A flying bell has been introduced

The exhaust pipes from the bell is no longer a dump over board
system. The pipes are taken to the Closed Circuit Breathing System
A helium reclaim system is introduced

A Closed Circuit Breathing System is introduced for the Drdger Bell
Same as J) for the Bruker bell

Two separate Closed Circuit Breathing System control panels are
introduced. They shall be built into the Bell Control Panels
Imagine that the DDC II now has two ante chambers in stead of only
one and that there, therefore, are two of these pipeconnections and
control panels etc. in stead of only one as shown

There shall be two gas service station containers for the surface
diving system

There shall be two air compressors in stead of only one and they
shall be of the Bauer type. They shall be built into the the
service station containers

There shall be two surface diving containers and the oxygen banks
for the gasmixer function shall be the oxygen stowage systme on

open deck.




200 bor

22941 -

12551 - 200 bar

M

S D)
g ®
(€]
@ D 5/® .
- *
(D) 5/%
aD
D 5/%
(€D} 5150 £
E
CCBS CONTROL PANELS
ccas]ecss] @
I|I
5l S 0 e ® ® 6 @ 65 13290
o ol o w o 8 8 )
S| S| S S| bl = y \E
' 8 § &l 8
r— X |
K4 L | 5/
L 8 t‘ 2 1
1 5
: 2 E— —5/%0 Gas - Compressor III
RRES Typ A4C 250
; 9 b 110 |
—\HH S| |3 E
NI
S Warft
3 = -
91§
& &L 22/55
| i
o 96499 / e I
N e L | e .
v R 04 i 3
1 M- 5 o - &
Gas - b/ )
0y-Fanel g ¥ _l? o A CCV2%0 | ; P
I ! A TE =
\Control Panel SDC s 812 @
5513353 AD ‘
22755 |
l '51% Wav {t a120 @& —i «}
L 3 g 0§ 2 @ SIS W W
| I
| |
@ .
/\fz":“:ﬂ g 2 —— 1
i \ /——_“
f‘{A‘ & ?J | Gas - Compressor I &g F
Ba Typ ALLV250 | ; g {
5 25 4D .-.w»—@- |
) - 1
warft 2/55 :(} 4
E War £t s &
_i — MG
g e Bh Gas -Mixer (He/0; )s o I
ss0 | I
% ; 2
YIL'M’Y/{_;
@ @ FEMALE x
@ @ @ Pure Helium
He-Reclaim @
Imlnure Helium
3
‘é ccBsS T @
= o Exhaust from SOCT
ARD f;:} FLYING 2
L Syl BELL > CCES I @
Exhaust from SOC I
i)
_-! @ —
9l s 7 [ |MPORTENT : DO NOT USE DIRECTLY - READ TEXT
2 el
5;7—}5 \ ; TITLE: CCALE -
200 bor 4/5
supply . GAS PIPE DIAGRAM | N/A C 12
i
jon 2 200b0r e/ (He/0) SUBJECT : DHTE; RAQ:
e SILVER SEARAMBLER | '%7-% CW
= 1 12 I 73

NS = i



2
8!

22941 - 200 ba

PISPISPICP)

|
PSP
3 N3 J’ (<B)]
. @@
D
@D

(IR ¢
D
C: 312 A SR rACAFRS] -2
j Gas Serwce rvice Station lemner_ (] | (HHHHH] Aé}: Filter
| I mu ‘ cpmr
! | ‘s - (HHHH] 4#— o
;‘ Y —.4— (HHH! £3
} - ‘4 7 H Air - Compressor [
Mgin Decic ! # WP 220 s &
48 & -— Surface Diving s ELS 1
| § .
D‘ g: System IS U é;: . a‘ N
ue !
‘ DELIVERY E§3 {
|t |
[ 00666
: i
- {}-—Mamn Deck _ %
-4 —
il
{ Warft resntevm%
[ of 3
® x Gas 5 z S
%. = < @ O]
F Gas supply Panel (Only fﬂ' DDCS)
A 000888 98 |
- IEEEES - —
L @ bar e
j ; M";:d,nrv ]Flnz o‘;:v-l; .::X::':h i ‘L 12" NPT < Loc g Exhaust
\[_ 8 1 (D] 112 g‘*’s B r[? B @ l
¢ 1 § @ gl 2 s¥ B @ 2 I '
@1 — T : :ﬁ 2 i I
D @5 I rr':’ ax s .Jt. @ r‘ B D ! Y | i
B ® (8 an " ® 2 71 | | =
[€D) Ll =4 5110 e W" B | | | T?
D | = 5410 (€] I‘Y i l 4
Moun Deck T R H B
- S (€3] l ¥ 510 (D) I l % Lr'l | J\J —x?“ l L
L ¥ % Y ¢ o0 o [1Y% = = «Y[]] v x Y[
o a R 5 % % e o % [} [f16 16-{) 1
S/ 3 2 G i =
- 5k ) ¢ 133 g 43 :
SE T a1 i 3 [ 134999 4 8 a9edE Y344
| B 4 443334edd § ] J0494335 ¢ IEPEEEEEEER EIFEEEL RN
® 000 00 909300088 © 1 [0 695885569 616 POS8:098 0 009609
" Control Panel DDC I 208y, Control Panel DDC II Control Panel DDC IT Control Panel
; Imen) ] ‘ (ante) (ante)
I TDC-1AND TDC-2 @
| @D@@G)O 6513352 | @ @ @@@@

ﬁ\(”vf)@O@ 6513352

* (Gauge. 7rsl

K
|
| / \
! DDbcr ,; obCc 1 \ DDC T
} (ante) r” (main) y‘; {ante) |
' ‘Lé 1;', TDC-T AND |/ \
A i WDCIE \
\ / 6513 348 \
Analys
1 . Analysis (D i %’QD 9| .
I3 l l Analysis @ & § §
i . Anglys] = (<)
- - Angl @
I _1 ¥ - Apglys,
1 5 - = =2 2 =2 K <177
il I L - —-_1——1}—\» Bibs Exbaust ..f ﬂ
I Pipiflgidgde.  2/4 Pige 6x1 DIN1754 SFCuF20

4I5 Pipe” 8x15DIN1754 SFCuF20

6 7




THE HELIUM RECLAIM SYSTEM, (PRICE appr. 1.3 mill. D.Kr.)
. g

Specification

Input impured gas

The respective helium content of the inlet helium gas
operation between 80 - 95%, its main inlet impurities
oxygen and nitrogen.

Detailed specification of input impured gas:

1% Ooxygen/0, max. 20 Vol. %

24 Nitrogen/N, max. 20 Vol. %

3 Carbon dioxide/CO; max. 1,5 Vvol. 2
4. Carbon monoxide/CO max. 50 ppm

55 Water/H,0 saturated

6% Other gases

6 Hydrocarbons max. .5 Vol, '%
GEF2 WEHS'S S, NH .., SO, max. 2 ppm, each

Detailed specification of cleaned agas:

1 He purity Y8 Vo a3

% 0, max. 0,5 Vol 3

S N, max. 0,4 Vol. %

4, CO, max < 10 rpm

i CO max. 2 vpm

Ols Hydroéarbons max. 1 vpm

Tk HESS e NIH S 6 max. 1 vpm, each

Technical data:

Length 2700 mm
Height 2400 mm
Depth 1600 mm
Weight 1800 kg

Services required:

Working air

(quality according to DIN 3881) 1 m?/h, 6 bar
Electrical supply 3 kVA, 440 Vv, 60 Hz

Gas connection:
Helium impured 16 bar
Helium cleaned 25-m2 /h,: 160 bar

Helium exhaust 1 bar (abs.)

varies during
being mostly
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BASIC OPERATION E!
Gas is routed from the CHAMBER EXHAUSTS, MEDICAL LOCKS, EQUIPMENT LOCKS
and the BELL MATING TRUNK (1) via pressure piping to a 3-WAY VALVE (2).

NOTE: Low pressure tubing such as copper or PVC is quite adequate if a
suitable relief valve is connected bypassing the 3-WAY VALVE.

The 3-WAY VALVE routes gas to atmosphere or to the GAS BAG (3).

NOTE: Gas is not normally recovered at depths much Tless than 66 FSW
(20 MSW) due to the relatively high oxygen percentage.

Gas would then enter the GAS BAG inflating it until the GAS BAG LEVEL
CONTROLLER (5) turned on the GAS COMPRESSOR (6). The GAS BAG LEVEL
CONTROLLER would also turn off the GAS COMPRESSOR after deflating it
to a pre-determined level.

NOTE: The GAS BAG is protected from over inflation by a RELIEF VALVE (4)
which should be connected to discharge overboard.

The GAS COMPRESSOR would draw from the GAS BAG and discharge into the

GASPURE PURIFIER SYSTEM (7) where Water Vapor, Particles, Bacteria,

Carbon Dioxide, Carbon Monoxide, Hydrogen Disulphide, Sulphur Dioxide,
Ammonia, Mercaptans, Nitrous Oxides, Heavy Hydrocarbons, Methane and

other Light Hydrocarbons are removed at a Flow rate up to 80 SCFM (136 SCMH).
NOTE: In fact the purified gas is at least 400,000 times cleaner than

the air we normally breathe.

A BACK PRESSURE REGULATOR (8) maintains the minimum system pressure at
approximately 2,000 psi (138 bar) ensuring efficient operation of each
element of the GASPURE PURIFIER SYSTEM.

The purified gas is then routed to suitable HIGH PRESSURE STOWAGE (9)
where it is ANALYSED (10) and then ready for re-use as CHAMBER BLOW DOWN

GAS (11).
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TECHNICAL SPECIFICATION

General Gas System

5.4.3 Booster pump (2 ea)
Type: Haskel
Model: 269689
Medium: Oxygen
Suction pressure: 17 - 103 bar overpressure
Outlet pressure: 100 - 200 bar overpressure
Flow capacity: 7,5 m3/h - 12,7 m3/h
(at suction pressure) depending on air driving
pressure.
Air drive section: max. 10 bar
Dimensions of compressor: Length: 800 mm
(skid-mounted) ‘ Width: 356 mm
Height: 610 mm
Weight: 52 kg
T? _’“ 2 /] ' ; " ) Rt 0. 4
oudge? - pQrrcée , @O, voo — N/7 / each
Die Hasle! — Boostes - Fertont /2
W,‘/p /‘,{ E &y '/\:r\ ry e (ﬁ‘{'wif'-"" ,/ /"[’/03/"/‘/1'»5‘,'@77/;
i S (\ P SR
,m»/ / # ,”/Gj \a/\[ Ilf’éd—m o “'?wf?f’é, Q%)[
21-11-1983/gi-rie | DRAGERWERK AG, Werk Druckkammertechnik g
J75/ST110 P.O. Box 150149, D-2400 Liibeck-Travemiinde 1 _,;9
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10—-3000 psi i_j Control

W W g I

Filter

I

BOOSTER

g -

GAS INLET SUPPLY H Intercooler

-
|
[
.

PO

l HIGH PRESSURE RECEIVERS

) §

00— 2500 PSI l g

UP TO 5000 PSI

BASIC SCHEMATIC HASKEL OXYGEN BOOSTER UNIT MODEL 26968

FEATURES OF 26968 OXYGEN BOOSTER UNIT

Drive is a low friction, slow speed cycling air

linder, designed for continuous duty without airline
brication. Vented distance pieces insure
idrocarbon-free gas section operation. High

essure oxygen seals are wear compensating and
ymune to sudden failure.

Very cold air (as low as —20°F) is a natural
-product from the air powered drive exhaust. This
gid exhaust air is channeled through a system of

PERFORMANCE

EXAMPLES OF PERFORMANCE WITH AIR DRIVE POWER OF
0 SCFM (C) AIR FLOW AT AIR DRIVE PRESSURE INDICATED
OXYGEN GAS OXYGEN OUTLET
PRESSURE — PSI GAS FLOW — SCFM
OUTLET Air Drive PSI

USLET (B) 60 80 100
250 1500 2.2 4.8 5.3
250 3000 1A) (A) 2.8

~500 2250 6.6 8.5 9.6
500 3000 (A) 45 7.6
500 4500 (A) (Al (Al
1000 3000 (A) 8.9 15.1
1000 5000 (A) (A) 1.9
1500 3000271 __(A) (A) 2.8
1500 5000 | _(A) (A) 2.8

) Stall condition. (Completely safe, no overload or heat occurs.)
) Formula for maximum possible outlet pressure (up to

5,000 psi): Air drive psi x 30, plus 2 x gas inlet psi.
) If less air flow is available, gas flow rates will decrease about

in proportion.
NGINEERED
S RODUCTS
DIVISION
INCORPORATED

00E.Graham Place ® Burbank, CA ® 91502 ® U.S.A.
Phone: (213) 843-4000 ® TWX:(910) 498-2734

Haskel'" is the registersd trademark of Haskel, Inc.

cooling jackets and interstage cooler, resulting in high
pressure cylinder temperatures well below limits
needed for long life of critical parts.

3. Inlet gas supply pressure acts directly through the
opposed piston construction to assist the air drive
during the compression stroke, conserving power
required by the drive in direct proportion to the gas
supply pressure.

SPECIFICATIONS

Booster: Air driven, balanced opposed piston type,
two stage.
High Pressure Oxygen Chambers: Non-lube, hydro-
carbon free, triple sealed and vented from the drive
air chest.
High Pressure Sections, Tubing & Fittings: Stainless
steel, 5,000 psi maximum oxygen working pressure.
Air Drive Section: No oiling required, corrosion
resistant factory lubed at assembly, 150 psi max.
drive pressure.
Particle Filters: Inlet and outlet gas: 5 micron.
All stainless steel.
Gauges: Stainless steel tube, solid front 4-%;" dial size.
Port Sizes: Inlet and outlet gas: %'’ NPT female;
Air Drive: %2*' NPT female.
Control Range Adjustment:

Inlet minimum --- 150—850 psi

Outlet maximum --- 800—5,000 psi

Safety relief (outlet) --- 800—5,000 psi
Cooling: With air exhaust to both stages and
intercooler.
Noise: 80 db range pulses, depending on working
pressure (measured at 30 inches from booster).
Maintenance: Simple seal kit replacement.
Installation: No special foundation, no tie down
required, and no electrical connections.

Your HaskeLine Distributor:

S e R b R A
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Delivered volumes are given in SCFM

and in m3/h and are based on :

a) maximum compressor speed of
400 rpm. If required, speed may be
reduced to as low as 200 rpm to
achieve desired capacity.

b) maximum pressure permissible for
each compressor type denoted by
number after letter ; for instance, for
type A4C250, max. pressure is
25 MPa, or 3,600 psi. For machine
types not having a pressure indicating
type number, such as A1, etc., the
maximum permissible pressure is
1,5 MPa - 220 psi.

¢) compression ratios between 101 and
2:1. Note that compression ratios
between maximum 20:1 and 1:1 per
stage are possible. In this range the
capacities are obtained by
extrapolating the curves.

d) At a compression ratio of greater than
201, a two-stage compressor in L or V
design is used by selecting suitable
heads from the same series.

02 0.3 0.5 1.0 20 30 5.0 10 20 30 50 100 200 500 1000 m3/h
(100 kPa, 20° C)
r) (1 Bar - 20° C)
I T T T T T T T T T
0.2 0.5 10 20 5.0 10 20 50 100 200 500 SCFM
FLOW CAPACITY
I $
' N\ A = &
! —=
(©]
—

® O a 3
o |
wiy) B B
et _ =9
Y
1 |
— —l S e A ]
LE-STAGE, VERTICAL TWO-STAGE, V-ARRANGEMENT TWO-STAGE, L-ARRANGEMENT
erall Dimensions (mm) Weight Type Overall Dimensions (mm) Weight Type Overall Dimensions (mm) Weight
B (s (Kg) A B ¢ (Kg) A Bl € (Kg)
900 A1CV AOCL
) 600 1100 250 AiCCV 1500 850 1050 650 AOCCL 1000 700 1000 350
1000 A2CV i ASL
) 660 1200 450 A2CCV 1500 850 1150 200
A5CL
1100 A34CV A5CCL
) 750 1300 600 A34CCV | 2000 1000 1400 1400
1400 1000 A4V
) 850 1700 900 A4CV 2000 1200 1500 2100
A4CCV
1500 1400
) 1100 1800 1200
1800 2900
0 1150 2100 2500
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Einzelheit X, M14
Colleching outlet and gas inlet :
Sammelleitung- Austntt und Gaseintn|

Stutzen 60°, DIN 7631 u. 7647

% ginzeleit Y, M11

Woler nlet and outlet
Kihlwasserein-und austrift

1y B
fI I ___I
ISy A/
et 30
Einzelheit W , 11 Einzelkeit Z , M 1:1
Draining volve outlet Gas outlet ,Gas inlet HP-sde
AblaBventil- Austritt Gasaustntt | Stufzen DIN 3301 u. 3302
Gasaintritt HD-seiby
- A "
30| 1| Pressure switch 29| 1| filter sucton side :
Kontokimanometer -03 + +03 bar Filter seifit 139, 1. D.L
37| 4 | pressure Swifch 28| 1| fitter discharge side
kontohtmanometer 0= &00 bar Flter druchseitig nr 450911
32| 4 aufornatic detector dischorge side 77| 2| draimng volve
Hontahtthermometer druchsertiq 0= 100°C Ablan ventil .25
33| 1| Hose Line dischorge side 2%| 1 3/2 - way solenoid volve discharge side
Schlauchleitung _druchseitip NW 13 3/2 - Wege Magiet ventil _druckseitig IHF EV29/3
34| 2 hose line Suction side %] 1 overflow volve
Schlouchleiturg saugseitrg NW 50 Oberstromventil e DvIsRYB |
35 hose Lne for cllecting outlet 2%)| 2 " gquard Plote
Schlauchleitung fir SarmmelablaB N 50 Benifirungsschulz
36| 2| hose lne for cooling water 23| 2| diophrogm rupture detection device
- Schlouchlerturg fir Kohlwasser AW 21 Druchwochter Membronbruchonzege BC 18 FF 142-6
137] 4| hese line HP suction side . 2201 flow warfer
Schloychleitung HD sovgseitig NV £3 Stromungs wochter PSR -20
138 1 3/2-nay gafe valve suction side 21| 1 isolating volve manometer
3/2 - Wege Absperrventil sougseitig 134-2 Absperrveniil , DIN 16 270 fur Manometer
damper device
s oo Eleeat C 400
w1 manometer
Momometer  0-4%0 bar
8l monometer
Morometer 0-400 bar
‘ L, | alpressure swich
4 7)1 " btetuckwochter FF#2-8
6l safely valve
Sicherhestsventil 175 bar =
1 safefy volve
5 Sicherheitsventil __ 220 bor
draiming bottle
J)d Flasche
3|2 support ofter cooler
s Abstifzung fur Gaskihler -~
2|1 1st stage gas cooler
t Gaskihler 1. Stufe
iy | 2nd stoge gos cooler
10| Gashotier 2 stue
' 0 3 regulation volve dischorge side
Regelventil _druchseitic
9|1 bell guard |, Steel
i Biemenschufz , Stahl
als base plate
Grundplolfe
711 alcooler
Otlhiihle
molor [
25 | \%M 61| wmotor _10M 1244 163
gt Al | ot motor 7 P4 050-1
A gs m;d{(”;:bm'ﬁ 5 Poor_Sponnschienen __1x P4 050- 1
E-Teldal - seifig
S belt ;
8 ZZ;Z‘;;:;; 419 HKeilnemensafz __ 22x 16 x 3450
let 1
| C mﬁr e 3|1 pulley diometrol pitch 180
vl ek Moforscheibe _dw 180
D | kihiwoseeraustnitt 2| 1| whel diometral pitch 78,5 grooves 22x 14
E e e Schvungrad_dw 749, S5 Nuten 22x 14
e I : compressor A4 CV 250 '
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ressure chambers. | 250

New
S —

weight reduction

33%

ﬁ i L "0
DRAGER BIBS 600 »

43805

i.in. - — Extremely low breathing resistance — Certified by DNV

bu"t in “bre?th — Offers high gas-flow also under extreme  — According to IMO-Standard
system “Drager conditions
S 6005! is the first - Suasglliv;af:él 6 divers from one BIBS
tlem for use under - Complete overboard dump of exhaled
m r gas

- p essure — High quality material/brass-stainless
ditions steel

— Successfully tested and proven during
manned dives to 450 m
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|
|
| {6000 WL

—p— TO MASKS

—a— FROM MASKS

EXHAUST _4_1——[><‘,f

| |

1" 10 9 8 43803
1 Supply pressure gauge 7 Masks inlet pressure gauge
2 Pilot regulator 8 Masks outlet pressure gauge
3 Safety value 9 Relief value
4 Pilot pressure gauge 10 Safety value
5 Dome loaded limiter for masks inlet pressure 11 Back pressure regulator
6 Relief value
/‘l 2
T
OO0 3

43 804

BIBS 600 in pressure chamber
1 BIBS supply panel
2 Diver connection manifold

3 Diver's masks with demand regulator and connection
hoses supply panel scheme

DRAGERWERK AG LUBECK

Werk Druckkammertechnik

The Drager BIBS 600 is designed acc
ing to all field requirements. Pure O, fol
pressure ranges or HeOp-mixtures ca
breathed. Breathing gas supply of Oz
HeO, is directly connected to the pane
relevant gas pressures can be monit
continuously.

Specifications

— Operating range up to 600 msw

— Breathing volume (RMV) using t
98%/2%:
300 msw : 62,5 I/min per diver
450 msw : 40 I/min per diver
600 msw : 35 I/min per diver

— Supply volume for 6 divers by one
panel

— Breathing resistance less than 10
(hPa) at maximum RMV

— Sterilisation of mask and deman
ulator is possible.

Order list

BIBS panel 600: 65
Distribution block for 2 divers

(order 3 for 6 divers): 65
Breathing mask complete: 65

Subject to modi

Auf dem Baggersand 17 - D-2400 Liibeck-Travemiinde 1
Ruf (0 45 02) 83-0 - Telex 02 61455 - Telefax (04 51) 8 82 20 80

Graphische Werkstatten 2234/8
Printed in the Federal Republic
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THE SMALL RESQUE CHAMBER

The purpose of the portable resque chamber is to bring injured
divers from the pressure chambers via a helicopter to the shore

facility where better medical assistance can be arranged.

Driager has not yet produced a resque chamber to be used with the
saturation diving complex - only the surface diving system. It

can be expected that Drdger in the future will produce a resque
chamber for the saturation diving complex. We have seen such chambers
being produced from other manufacturers. It could be expected that
Drdger will use the one-man chamber or the two man chamber (Duocom)
idea. The changes will manly consists of reinforced pressure hull,

insulation and a heliox gas tube system.

Technische Daten Technical Data Datos técnicos

< 2540 bi

l¢—— ) 855 —P

Betriebsuberdruck 5,5 bar Working pressure 5.5 bar
Priflberdruck 8,25 bar Test pressure 8.25 bar
Gesamt-Volumen 730 Liter Total volume 730 litres
Lange U.a. 2540 mm Overall length 2540 mm
Breite U.a. 880 mm Overall width 880 mm
Hohe der Druckkammer 1210 mm Height of chamber 1210 mm
Hbéhe mit Height with trolley 1520 mm
Flaschenwagen 1520 mm Max. inside length 2350 mm
max. Lange innen 2350 mm Max. inside diameter 640 mm
max. Durchm. innen 640 mm Internal dimensions

InnenmaBe der

of medical lock

@ 150 x 200 mm

Versorgungsschleuse @ 150 x 200 mm Weight of chamber 225 kg

Gewicht der Kammer 225 kg Weight of trolley 275 kg

Gewicht Flaschenwagen 275 kg Approval TUV" or Lloyd’s Reg.
Abnahme TOV® (on request)

% In der Bundesrepublik Deutschland nach UVV 13.5 (VBG 17) § 18 Abs. 4 Abnahmepriifung am /




I took this picture ‘'when visiting the Drager exhibition room.

You should Visit‘the-Dréger plant one day'it is quite interesting.
You can see the‘inside of''the double resque chamber. The résque
chamber (IUC) connection flange is a Dr&ger invention and is now

NATO standard.
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ELECTRICAL &2

-PACK
JUNCTION BOX

MANIPULATOR MANIFOLD

DOCKING BULLET

ELECTRONICS POD

OSEL 7 FUNCTION
MANIPULATOR

BUOYANCY

VARIABLE LIGHTING

DIGITAL ECHO SOUNDER

MANIP. MOUNTED
‘CAMERA

SIT CAMERA ON
PAN AND TILT

dragonfly

Dragonfly has been designed and constructed to
provide a truly modular facility for quickly and
simply changing the payload of the vehicle.
Dragonfly comprises a base vehicle which
incorporates the hydraulically-powered thruster
system, electrical power and control telemetry
equipment, basic navigational instrumentation and
cameras. Electrical power and signal wiring with
easily accessed junction boxes provides for rapid
interchanging of payload equipment.

Individual work modules specifically designed for
particular tasks may be attached to the underside
of the base module, and simple ‘bolt-on’
connections enable a quick change over from one
configuration to another to be made.

Hinged dome ends on the control pod, together
with runner mounted equipment racks, allow
complete withdrawal of the relevant units for
unobstructed access for maintenance purposes.

A composite electro-mechanical umbilical cable
incorporating all power and telemetry conductors
including optical fibres provides the connection

TELESCOPIC between the control console and Dragonfly.

GRABBER ARM

The data acquisition and control system has
resulted 1n a compact yet versatile capability.

Three digitally encoded video channels plus high
speed up and down data channels are combined

onto a single optical fibre, using colour
multiplexing techniques to provide studio quality,
interference-free television and error-free data.
The system can be expanded to 6 cameras on the
vehicle, and surface-controlled video switching
can select any 3 cameras for surface display. A
second fibre is incorporated into the umbilical for
redundancy, and a co-axial backup video/data
system guards against loss of the vehicle in the
unlikely event that both optical fibres fail.
Reversionary modes are implemented
automatically.

All primary video and data are transmitted via
optical fibre. There are also two twin-axial and one
co-axial cables in the umbilical, to permit sonar or
additional payload items to be connected to the
system independantly from the main data link.

Vehicle control is implemented by micro-
computers at each end of the umbilical. These
computers, together with the flexible
communications protocol enable the system to
cope with a wide range of vehicle fittings without
redesign. The vehicle computer also carries out a
number of functions locally, which helps to cut
down the load on the data channel.

In order to lighten the pilot’s work load, the
console makes extensive use of modern
information display techniques, based on
technology developed for the aerospace industry.

DEPLOYMENT
Dragonfly fitted with
manupulator module

CONTROL CONSOLE

Designed and built by GEC
Avionucs, 1s a careful blend of
ergonomics and simplicity.

The modular panel system
enables controls to be easily re-
configured to suit varying
customer requirements.
Selectable, computer-controlled
VDU displays and overlays are
central to the design philosophy,
and replace many of the discrete
panel functions normally
encountered.

g T An

SUBSEA ELECTRICAL
PACKAGE

The subsea power
distribution, fusing and
switching equipment
provides all low voltage
power supplies for the
vehicle (such as cameras,
lights and solenoid valves).

SUBSEA ELECTRONICS
PACKAGE

The data acquisition and control
system designed and
manufactured by GEC Avionics,
uses a micro-computer and an
optical fibre telemetry system.

MANIPULATORS

2x 7 function OSEL seawater
hydraulically-operated, fitted
as standard.

Proprnietary manipulators can
he substituted.
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6,000 ft. (can be increased if required)

Length 8 4" (254 m.)
Beam 6" 0" (1-83 m.)
Height 36" (1-07 m.)

3,500 Ibs. (1588 kgs.)
1,000 Ibs. (with additional buoyancy material)
In excess of 3 knots

Vehicle will hold station in a current of 2-5 knots plus on the axial heading,
and 1 knot plus on the beam

In excess of 40°/second

Automatic to +/—1 foot, using vertical thruster units. Data
obtained from hydrostatic pressure transducers on vehicle

Automatic +/—2°, using transverse thruster units. Data
obtained from directional gyro with fluxgate compass.

Automatic +/—4°, using four vertical thruster units to a
maximum of +/—30°.

0-200 feet automatic to +/— 1 foot
Data obtained from echo sounder

Automatic park mode. Data obtained from above sensors

1,000 volts, 3 Phase 50/60 hz. supply at vehicle from surface
power supply unit. 15 kVA available for work modules

On board transformer in pressure compensated housing. Supplied by
2 phases of primary power source for ancillary system requirements

2 off 50 HP hydraulic power unit each driving 6 servo controlled thruster
units capable of delivering in excess of 200 Ibs. of static thrust each

Hard anodised aluminium alloy welded and bolted using stainless
steel 316 bolts in open frame configuration

Low density syntactic foam

The vehicle has facilities for the operation of up to six cameras
simultaneously with any three displays on the surface control
at the same time

Total of 3,000 W. output available for variable intensity lighting
to suit requirements

All cabling will be of the neoprene covered type.
Each cable will be suitably terminated using subsea connectors
and positioned for ease of access/maintenance

An emergency pinger can be fitted having the following
specification unless otherwise requested:

Frequency : 27 Hz
Ping Rate : 1/1-5 sec.
Power : 2 watts
Battery Life : 30 days

Unit will be activated by loss of power during operations

The system can be configured to accommodate any proprietary
sonar systems

The OSEL Group reserve the right to change these specifications at any time




dragonfly %

OSEL OFFSHORE SYSTEMS ENG. LTD.
Boundary Road Harfreys Industrial Estate Creat

i

Yarmouth Norfolk NR3l OLY UK. Tel Gt Yarmouth (0493) 659016 Tele
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!7‘, THE SURFACE DIVING SYSTEM




7.1. - -4

Surface Diving Chamber

Installed in a 20 ft. container
Statlonary decompression chamber
DECOM 3 for air diving operations

10 bar

model

max. worklng pressure

Thls chamber can be used immadlately
after compres<sed-alr connectlion and
electric connectlon 220 V - 0,2 kVA;
lt Is easlly cperable anc used for

decompresslion and treatment of 3 divers i

under pressure. A doctor car he locked

Into the chamber at times.

Technical déta:

Total welght 3000 kg aoorox.

. Total volume of chamber 6700 approx.

Total external length 378C mm aporox.

Total external width 2000 mm approx.

~~E>Total external helght 1600 mm approx. ¥

Total Internal length << ]
maln chamber 2500 mm

Total Interna! length of
ante chamber 1000 mm
external diameter 1500 mm approx.

Clear diameter of door 650 mm

As you can see, the external hight is 1600 mm. Therefore, the internal
hight of the main chamber must be less than 1600 mm. The Danish Diving
Act valid from 1980 states that the internal diameter is going to

be at least 1800 mm. Therefore, it is necessary to order a non F .J.;

standard chamber for the 20 feet container. This is possible at i

Drager. .

e k 4{Di “};



The dellvery of the decompression chamber system

comprlises the following:

Sr—

Basic equipment with

main- and ante chamber, 2 doors, 2 windows,
l1ifting hooks, pipe skids, pressure gauge,
inlet- und outlet valves, control panel-protective
silencers, test connection, intercom system,

lighting with accessories for main chamber

and Teledyne O,-analyzer which can be used for

entrance lock and main chamber.

Accessories:

- 1 pressure reducer (200/20 bar)

for compressed-air supply

= supp liy: Lkocik
for locking in of smaller items (e.g.medicamehts)

during operation of the pressure chamber

consisting of:

pressure vessel (g 200 mm x 300 mm), doors,

3 valves and screw plugs

- 1 lighting
for ante chamber
(in addition to the lighting of the main chamber)

- 1 electric heating

in the main chamber with 2000 W,

controllable in 3 stages

- 1 intercom system

for ante chamber

(in addition to the intercom system of the main chamber)

sheet,

Wil
b




oxygen-breathing system with O,-outlet out of the

chamber for 4 masks,
1 pressure reducer for 0, (200/10 bar),

4 breathing masks with overboard O,dumping

1 silencer
for compressed-air inlet into the ante chamber

seat bench with
1 cushion of hardly inflammable material in the

main chamber

internal pressure gauge

1 fire extinguisher
outfitting of entrance lock
+ 1 folding seat

+ 1 internal pressure gauge
+ 1 intercom system

+ 1 O,-breathing mask with 0, dump
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THE SURFACE DIVING SYSTEM GAS MIXER

The function of the Drdger Polycom 101 gas mixer has been described
before. As you remember it is able to enrich standard compressed

air with oxygen in order to reduce the decompression time.

The polycom is placed in the 20 feet container which also contains
the decompression chamber. There are two of these systems. Each

polycom can supply two divers and one stand-by diver.

TEKNISKE DATA

Blandingsgasser
Indgangstryk
Stremforsyning

(ti1 styring af Polycom og
Oxytron)

Vol.-% 02 indstilling
Blandingsngjagtighed
Reproducerbarhed

Blandingsgassens udgangstryk

Ydelse

TilsTutninger
Oxygen
Trykluft
Nedforsyning

Blandingsgas

Alarmer

Vegt

Dimensioner

Oxygen og trykluft

min. 55 bar; max. 200 bar

220V, 50 Hz (O }/z)
32,5 vol.-% eller 40,0 vol.-% O2

I+

1 vol.-% O2
1 vol.-% O2

+

20 bar

min. 2 N 1/min
max. 1200 N 1/min

(Indgang) R 3/4" udvendigt gevind
(Indgang) R 5/8" indvendigt gevind
(Indgang) R 3/4" udvendigt gevind

(Udgang, to tilslutninger) M 24 x 1,5
indvendigt gevind

- Overvagning af indgangs- og blandingsgas-
tryk

- Kontrol af O2 koncentration
- Bypass-kobling for nedforsyning

192 kg
BxHxD 1500 x 930 x 315




te Ss
20 ft. Container

LiGHT \NG
The container is equipped with 4Tz electrical heating

(ship type approx. 5 kW). The container has one main and
one side entrance door each with window.
Inside the container following items are installed:
- air diving decompression chamber

- air/mixed gas dive control manifold

The price for one complete container with a decompression chamber is

appr. 1.0 mill. D.Kr.

We need two of these containers. We also need two containers with
. compressor and tubes. In addition to this we also need a container 1{

with a divers suit heating generator. <

I talked with Claus Frey at Drédger in Germany about the heating system.
He told me that the Diesel fired heater from Diving Unlimited
International, San Diego (DUI) is very popular (Svitzer uses this in
their surface diving container system) and that Drdger used to buy

this in order to built it into the Dr&ger containers but that some
customers have complained about the quality of the DUI systems, so

that Drdger is looking for a new subdeliver of this.

I would like to use a electrical heated system instead.




THE TWO HIGH PRESSURE COMPRESSORS

The compressors for filling the bottles is a Bauer Kap 21-50 and
the working pressure is 200 bars. The bottle station and the
compressor is connected to the saturation gas control panel so that
the needed air can be piped to the gas charge panels at the bells
and the hyperbaric lifeboats. Also the bells can be filled with air
when the bells are used for surface diving support down to a depth

of maximum 50 meters.

KAP 15-15 E-HU

luftaufbereitung nach internationalen Standards

Jmwandlung auf Anforderung

ronische Patroneniiberwachung

Itet nach deutschen Sicherheitsvorschriften — TUV gepriifte Sicherheitsventile

D Liefermenge Motor Filter- MaBe ca. Gewicht
system ca.
I X B X H
I/min. | Scfm kW RS m in m in m in kg Ibs

190 6,8 4 855 P 41 1S 45 0,73 29 1 39 164 360
S50 210 74 4 515 P 41 i51S 45 0,73 29 1 39 186 410
e75 260 9,2 515 749 P 41 1,15 45 0,78 29 il 39 190 420
-10 320 1.5 744 10 P 41 1,15 45 0,73 29 1 39 198 435
£il5 440 1575 11 15 P 41 1,4 55 0,84 33 Tl 43 338 740
=201 520 18 15 20 P 41 1,3 51 0,8 31 1,1 43 380 840
0-202! 60021 15 20 P 61 1,4 55 0,84 33 111 43 363 800
-201 600 | 21 15 20 P 61 1,3 5il 0,8 31 i1 43 410 900
020 6501 | 23 15 20 P 81 1355 61 0,73 29 1,2 47 685 1510
525 800 | 28 18,5 25 P 81 1155 61 0,73 29 12 47 700 1540
£25 950 | 34 18:5 25 P 81 2,15 84 0,9 35 12 47 870 « 1910
=302 1050537 22 30 P 81 215 84 0,9 35 152 47 870 1910
-402 1250 | 44 30 40 P 101 2:15 84 0,9 35 1.2 47 880 1940
-502 1400 | 50 37 50 P 101 2,15 84 0,9 35 122 47 900 1980

heziehen sich auf Anlagen mit Drehstrommotor
<uppelt 2) riemengetrieben oder direkt gekuppelt
triebsmotor wird die Typenbezeichnung wie folgt erganzt. Elektromotor: ,E*; Benzinmotor: ,B“; Dieselmotor: ,D*




Simple 520 is the most cost EXHAUST GAS OUT ( 2

titive heater on the market

t the needs of saturation diving.
bines the simple operating

cal panel of the Gulf heater and

h heat output and pumping power
OP1000. The low price, smaller

nd light weight of the Simple 520
his heater an excellent choice for
> supplied or shallow water bell

flame to fresh water, fresh water to
ter type of boiler found on the

520 will out perform the tube type
of Gulf heaters from the stand point
bility, maintenance and heat output.

ple” best describes the unit's design
yeration. The electrical panel allows
on, burner on, and sets the

ature operation. A maintenance

lle is permanently attached to the
along with burner tip selection and |
onal procedures. ‘

_ DIVER
OUTLETS

| tubing makes up the frame and the
n which the boiler and equipment

unted. Bolt on stainless steel siding [
, environmental protection. '

FRESHWATER
FILL VALVE

l

TURES:
Photo above shows Simple 520

New water-out stack cover with stainless steel siding removed.
High output DUI pumping system on cold water side of heat exchanger

Most parts interchangeable with other DUI heaters

YUl marine coating, sand blasted, dement coat epoxy primed polyurethane
orotect all steel parts

Hairpin ASME boiler with high pressure cupronickel heat exchanger
High low fired burner, solid state controlled

Lifting eyes and fork lift provisions

ING UNLIMITED INTERNATIONAL, INC. - SAN DIEGO

TR R B LI T It S
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i

Surface dlving alr/mixed gas panel

(mounted In the 20 ft. "DECOM III" container)

A panel on surface for umbilical gas connection for
2 divers and 1 stand by; depth control and surface

telephone unit are provided.

Divers umbilical, basket and A-frame

Three divers”’ umbilicals are provided,

each contains:

- 1 air supply hose ''gates" type or equivalent C1/L21)
- 1 hot water hose of 'gates'" type or equivalent

- 1 communication line

- 1 pneumoline

A




V. 6.

Basket for two divers (1 each)

The basket for the transport of divers is mainly

~a pipe construction with open grid.

The opening is on the side.

Space is intended for the installation of 3 x 50 1

cylinders which can be used as divers’ breathing gas.

General: | Safe Kegolia : I Seccrambler :

length approx. 1100 mm | J570 | 2500

width " 1100 mm //OO l //0()

height " 2500 mm| 2700 [ 2700 |
== 228 H j o0 M 3, o4

weight " 500 kg |(without “cylinders)

Ofio'vfi‘ﬂ S

[)IM‘&QV Gé’éu.wwhft , 06{;4/:136:'03/
Basket<Land]ing system will be shipyard delivery
but also can be ordered from DRAGER.

e




2.7.

Gantry with baseplate

For handling procedures of the wetl bell or diving basket
a swing Davit or an A-frame with winch Is installed on
the main deck. The hoisting gear can be also installed

at other places on deck.

Outreach over deck side approx. 2 m
Tensfle strength of winch 2 tons
Length of hoisting wires 120 m

- -
¢




THE A-FRAME CRANE

The hoisting of the divers basket is done using an A-frame which is
handled out through the opening in the ship's hull when the side

hatch is open. There is one A-frame in each side of the ship.

You can see that there are space enough for the handling on this

Bigure:
SU/OCrStVMC'éuYe
appr. /00mm
250mm free P free Deck
= e b
> e \\\ H1m_gan3v¢a5/
Hull Hatch ! |
// Opemh% o !
A . _:_ :_ S/;e/ferOECl(
: Th_200 m. Winch
l (3 tons Wire)
P ' | | ~ moon
- L pool
< I
J N
| gl |
. RO&’ lgqsket ﬁWaLV7
Deck
< £
Im .
. SCALE 1:100
fyee

Sh ip Hull

Note, that the A-frame is constructed for a double function. There
are also space for handling the row in stead of the divers basket.
Then both ROVs can be lowered at the same time or two baskets can

be lowered or one of each can be lowered at the same time.




On this figure you can see the whole surface diving system on board

the Silver Searambler:

Port Sicle

norg COM/UN?J‘JO)”
e 5“"‘}12,‘5’,“221,55’;‘,’,,‘,""K,/ rta 2//0/4
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su B el us .
] ( boc ) ,f/%lgwm gaJ miXey
- . o = ______—)
- Sate Z"é‘{’" <4 ¢ i Jeller w £h an
s Sdee “i,. l§ elec tyrcal heater. é
o _#k fesdion Chamber
A ﬂemw/o e e
= ooc
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T W M — aud one J‘Zfan 63
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Here you can see a picture showing the original Drdger heavy
diving gear from the last century (appr. 1860). As you can see
the design has not been changed a lot when comparing to the

equipment used today for inshore diving operations.



|
|
|

Ny

THE HEAVY DIVING GEAR

This equipment is being called deep diving equipment in the USA.
I think it is a wrong thing to call it that. The maximum depth of
a heavy diver breathing standard air or oxygen enriched air is

according to the rules only 50 meters.

The DM 220 heavy diving gear from Drdger is a dry suit system with
an attached helmet. The gear can also be used with swim feets.
The suit cannot be warmed by hot water from surface through an
umbilical. The heavy gear makes the diver very stable in currents

oEto appr.. 25 knots.

4 |
2
r
1) Emergency air tank ﬁmha.ﬁﬂ%plfq) 5) The breathing regulator
2) Life belt ‘and braces 6) The emergency valve
3) The helmet 7) The umbilical (Wi fo"’*r)
4) The suit 8) Pressure reduction *alve

+ Te/e/o/wne







e FERSRE T
irs and dredging. Compressed air

lingto DIN standard 3188 is supplied

surface by a hose.

odels are available:

M 220/1 without reserve air equip-

ent and

IM 220/2 with reserve air equipment

nd automatic breathing valve

(U SRR S Mg SR

20/1 helmet-type diving apparatus
afety reasons, the diving period is li-
| to the “bottom time without decom-
ion” and the recommended diving
1is 15 m, since this apparatus has no
ve air supply and no automatic brea-
valve. According to a resolution of the
ical committee “civil engineering”
helmet-type diving apparatus will in
 not be approved in the Federal Re-
> of Germany.

20/2 helmet-type diving apparatus
nodel which has a reserve air equip-
and a automatic breathing valve can
ed to maximum diving depth. In ac-
nce with the Accident Prevention
ations (German: UVV) for the field of
g Procedures” (VBG 39) issued by
ofessional association, this depth has
assessed to 50 m.

proval

DM 220/2 helmet-type diving ap-
1s conforms to the regulations perti-
) helmet-type diving apparatus which
esently valid in the Federal Republic
'many and moreover it already con-
to regulations which will be issued in
ar future e.g.: “Richtlinien Uber die
jerungen an Druckluft-Helm-
Jerate” (Regulations pertinent to re-
ients to be met by compressed air
t-type diving apparatus).

B T T T T

&=——+— airpressure 18 bar ————

10 20 30 ) 50 m 60
diving depth (meters)
Air flow rate 35015

System:

Air supply:

Air pressure:

Breathing air quality required:
Air hose:

Maximum operating pressure:
Maximum tensile strength:

Diving Suit
System:
Size:

Boots:
Cuffs:

DM 220/1

Working pressure (mean pressure):

Maximum diving depth recommended:

Minimum air flow rate at 0 m:
Minimum air flow rate at 15 m:
Maximum air flow rate at 0 m:
Maximum air flow rate at 15 m:

DM 220/2

Working pressure (mean pressure):

Maximum diving depth recommended:

Reserve air equipment:

Automatic Breating Valve
Air pressure (mean pressure):
Air flow rate:

Helmet-type diving apparatus;

open system; constant flow principle
from the surface

200 bar (minimum 25 bar)
according to DIN standard 3188

20 mresp. 40 m

25 bar

2000 N (200 kg)

dry diving suit, one-piece

size | for divers of 183 cm and more
in height

size Il for divers of 173-183 cm

in height

size Ill for divers of up to 173 cm

in height

size 46

slightly conical, one-size, part of suit

5 bar

15 m
100 I/min
40 I/min
250 I/min
100-1/min

18 bar
50 m
2 x 2 ltr cylinders, 200 bar = 800 |

18 bar
at 18 bar inlet pressure e.g.

manual control 0 = 30% 5 |/min
manual control 6 = 10015 I/min
(see Fig. 1)
Weights General DM 220/1 | DM 220/2
diving helmet T 41007 8 kg
shoulder piece T 40750 10 kg
hose connector T 40707 0.9 kg
air line 20 m T 40722 7.8 kg
air line 40 m T 40844 14.8 kg
pressure-reducing
valve D 19735 3.0 kg
sintered metal
filter T 40799 1.5 kg e
suit e.g. size Il T 41262 4.5 kg 50 5
chest weight T 40740 2.85 kg
chest weight (heavy) T 41140 5.2 kg
back weight T 40790 6.00 kg
back weight (heavy) T 41150 10.2 kg
manual control
valve T 40720 0.85 kg i
connecting hose T 40710 0.75 kg 76 .35
automatic
breathing valve T 12630 5.0 kg
reserve air supply T 40900 11.5 kg
, 23
bects 2¢
ot Sur {2




THE LIGHT WEIGHT DIVER

The light weight diver is equipped with the wet suit hot water
system like the one that the saturation divers are using. The

hot water comes through the umbilical. The umbilical also delivers
the breathing air for the diver. It is very much the same system
as with the heavy diver except that the umbilical is connected to
a light weight helmet which is the same as the one being used for
saturation diving except that it is only built for standard air
breathing. Also the light weight diver has an emergency air tank
on his back. He is able to move more freely than the heavy diver
but he is also more unstable in rough water conditions.

the helmet is not attached to the suitgya dry suit can be used also.

A/aglit"[é,: - mun. 1900 s .
emcrgency arr mt ijﬁc €
- Celephoue
-~ Il i ;y' IS)/\ (‘f"_ (;")/"“IE”(/“;I/ \_’.L AK%

ye( f conlatned

. |







7./0.

THE SELF CONTAINED UNDERWATER BREATHING DIVER

Any sportsdiver knows what that is. A diver with a wet or dry suit
with a simple standard air bottle system with a regulator is able
to move freely around in the water. He is however, limited of air
and he has no telephone connection to the surface. According to
the Danish Diving Act he is also able to go down to 50 meters.

The US NAVY Diving manual of June 1985 states, however, that the
SCUBA diver should stay within the no-decompression time limit

and the recomended maximum diving depth is appr. 20 meters.

The SCUBA diver, however, is very useful in many occations where

a quick and easy deployment of the divers is needed.

He is very unstable in the water due to the fact that he is neutral
in weight-bouyancy and therefore quickly exhausted in waters where

the current is stronger than 1 knot.

- Min . 1900 lEr.
= Ll'fe[/'ne
-fele/o/qone a'f c/ee/er

thay, 25 meters.




istant, the Grand Raids are boats made for adventures
oits. They are perfectly designed for those who

in the most difficult sea conditions.

quality of materials and manufacture,

GRAND RAIDS essential to
ho expect the impossible




PRICE: 50,000
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Dimensions of boat folded in bags

(Lx W xH)

Mark I G R ....cociivuives 310" x 22" x 12" 1,16 x 0,66 x 0,35 m
7% 2% 8" 1,10 x 0,60 x 0.20 m

Mark Il G.Bi. i 4137 2'3" % 1’5" 1,30 x 0,68 % 0,43 m
430525 % T 1,30x 0,68 x0.18 m

Special features

e Nickel-plated bronze
intercommunicating and
overpressure relief valves (1).

 Reinforced anodized aluminium
anti-slip floorboards (2).

e Reinforced transom supports.

e All-round rubbing strake to
protect the boat (3).

e Triangular rubbing strake on
the hull bottom.

e Reinforcing fabric pads under
aft cones.

s Stainless steel plate protecting
the bottom of the transom.

« Water-resistant pouch with zip.

e Two D 53 stainless steel
towing rings (4).

* Bow grab lines.

e Carrying handles designed o
deflect spray.

¢ Rowlock supports with locking

pins

Accessory fastening rail

embedded in the floorboards

(MARK 1l GR only).
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Dimensions
Overall length 420m | 4
13'9
Overall width 1,67 m 1
5'6"
Inside length 225m | 2
75
Inside width 0,76 m | C
2'6"
Buoyancy tube diameter 0,45m |
16"
Capacity
Persons 6
Maximum pay load 700 kg |1
1.540 lbs | 2.
Safety
_Number of airtight compartments 3
Inflatable keel i
Inflating valves 1
Intercommunicating/overpressure
relief valves 2
Carrying handles 4
Outboard motor recommendations
Water skiing 40 HP
29 kw
Maximum HP capacity 55 HP
40 kw
Total weight in bag 84 kg
185 Ibs




