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« Tower Escape System Review
 Tower Geometry and Ergonomics

 Flood
e Pressurisation
e Draining

 Testing, Acceptance and Support
e Summary
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» Lastresort in the event of the Submarine becoming disabled
(DISSUB)

 Rescue is preferred option in most instances
 Rescue may not be timely, or even possible in some situations

www.babcock.co.uk
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o Operational Requirements

— Operate safely and successfully at all depths down to submarine
collapse depth or the limits of human capability

— Reduce the risk of harm to escapees to ALARP

— Consume air efficiently to ensure there is adequate supply for all
escape scenarios

— Provide a reliable and consistent outcome

e Acquisition Requirements
— Ensure a de-risked and confident acquisition programme

— Minimise disruption to the submarine programme during
installation

— Provide a simple service solution with assured system availability
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e Lack of Control

* Depth Limited Escape

o Shallow Water Capability
» I|nefficient Use of Air

e System Reliability

o System Ownership

* Unproven System Performance

Babcock International Group Plc
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Equipment Layout

 Moving equipment from the
inside of the tower to the
outside

 Possible snagging issue
removed

» Improves the ability to control
the volume within the tower

« Simplifies maintenance

* Protects the equipment from
the potentially harsh conditions
within the tower

Babcock International Group Plc
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: . _ _ 700 litres per escapee
« Spatial analysis to identify

volume requirement per
escapee

« Sufficient height to allow

escapee to stand fully upright 750 litres per escapee

* Volume of tower minimised to
limit so that work required to
compress the air bubble is
reduced

620 litres per escapee

Babcock International Group Plc
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o Currently takes a substantial
period of time, especially at
shallow depths

* ‘Unvented’ escape an option

* Flood rate currently
uncontrolled and dictated by
the pressurisation requirement

Q=A Z(Pdepth _Pch)
pK

A Depth Compensated Flood
Control Valve would vary the
flood orifice with depth,
allowing a constant flood time
across all depths

Babcock International Group Plc
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e Optimum pressurisation rate is
to double pressure every 4
seconds. t

P,=27

C

o System model generated from
first principles

« Validated against in service
tower data

 Used to analyse the
performance of a typical
system and proposed options

Babcock International Group Plc
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* Depths < 180m pressurisation rate is slower than optimal

« At 180m pressurisation rate briefly achieves 4 second doubling time
but does not exceed it

 Depths > 180m pressurisation rate exceeds the 4 second doubling
limit

Babcock International Group Plc
www.babcock.co.uk



Depth Compensation

* ldentify the orifice size that
minimises the pressure
doubling time without
exceeding the 4 second limit at
each depth

* Produced concepts for
implementing this using either
— Manual adjustment
— Automatically actuated

www.babcock.co.uk
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* Improved pressurisation rates at all depths (except at 180m)
« At depths < 180m pressurisation time is reduced

« At depths >180 m pressurisation rate does not exceed 4 second
doubling time limit

» At all depths pressurisation rate falls between a doubling time of 4
and 9 seconds
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M

» Difference between the achieved rate and the limit of doubling every
4 seconds

* Improvements over fixed orifice at depths < 180m
 EXxceeds 85% across operational range
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Pressure Compensation
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Air Consumption

babcock

M

trusted to deliver

* Modelling shows that current air supply is significantly more than
needed for breathing and suit inflation purposes

o At low pressures (early in phase or shallow depths) the majority of

the pressurisation is due to extra air

« Potential savings in air supply

Air usage realtive to fixed orifice

Babcock International Group Plc
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» When possible improvements

in the flood and pressurisation 500
phases are combined both
time and air savings are 500 ; i
significant 400 ! i
« Cycle times for the fixed orifice & i
decrease with depth but are goo )
not viable beyond 180m . P/
I
e Air and cycle time savings are / /\
greatest at the shallow depths 100 /I /
« Additional cycle time saving S — | |
possible during the drainage 0 50 100 150 200

p hase Cycle Time (s)
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