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SUMMARY 

 

BMT Defence Services developed the “Venator” concept in 2007 to investigate and illustrate the design of a platform 

which would deliver capability through the use of off-board systems and would allow a common class of platforms to 

individually embark different mission equipment’s.  Since the original concept BMT has continued to evolve the concept 

and the underlying understanding of capability.   

 

This paper presents aspects of this further work, including the use of capability mapping and characterisation methods to 

better understand the required operational performance and a balanced affordable design. It explores the inter-

relationship between capability characteristics and the platform’s design parameters. It also examines design orientated 

issues such as the integration of off-board vehicles into future minor warships, appropriate levels of survivability, and 

pragmatic levels of modularity that can be achieved in future designs.   

 

The paper uses the most recent evolution of the Venator design to explore these themes, illustrating the aspirations for a 

future “Patrol Frigate” and the constraints faced by the naval architect in delivering practical and cost effective solutions.  

A particular theme of the design development is the exploration of “flexibility” and what can be achieved within a 

design and how such flexibility can be managed through the capability mapping and characterisation methods. 

 

1. INTRODUCTION 

 

Whilst the classical system engineering V diagram 

provides for a logical “requirements led” design process, 

it is at its most simplistic interpretation a linear process.  

However, this does not appear to reflect the way naval 

projects evolve, as the design rarely meets the budget and 

often extended periods are spent in “cost capability 

trades” in which identified requirements are 

systematically removed to bring the design within 

budget.  The need for a more iterative and “middle-out” 

technique deserves more recognition. 

 

The reasons for naval projects often resulting in 

unaffordable designs that require cost trading are 

articulated in Reference [1] and can be summarised as: 

 

“Staff Requirements and the designs which emerge from 

them tend to be unstable in an upward direction in size, 

cost, capability and every other characteristic. [..] 

reasons for this are: 

 Ideally the Naval Staff would like more of 

everything. Two like systems are better than 

one, giving a stand-by facility and/or all-round 

coverage, or the ability to fight on after one of 

the systems is damaged; 

 The laws of physics encourage this train of 

thought. For instance, in the matter of power to 

propel a ship, this increases approximately as 

displacement to the power two-thirds. Thus, as 

the displacement of a ship increases, provided 

the style of design remains the same, the 

proportion of weight and space which can be 

devoted to payload (i.e. weapons) increases. 

Thus, from the value-for-money standpoint, the 

larger of two similar designs always looks more 

attractive; 

 Even when the debate has reached a point 

where the design has hardened up and the 

overall size of the ship is decided, adding extra 

payload makes the design look much more 

capable even though the original balance of 

characteristics may be upset; 

 The Naval staff are very conscious that the ship 

under discussion will be some years away from 

its introduction into service and is likely to have 

a working life lasting twenty years beyond that. 

Thus there is a desire to incorporate any new 

weapon system or technical development that is 

relevant to the ship's role.” 

 

A further reason can be the distance, often physical, 

between those defining the capability need and those 

designing the ship.  Again to quote from an earlier period 

“The foregoing points [..] have been made to emphasise 

[that] the actual warship designer must be involved when 

the final high level decisions on a design are made….” 

 

Hence, the question posed in Reference [1] is “Do we 

state the requirement and provide the money for the 

design which emerges? Or do we state the money 
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available and buy the best possible compromise within 

each cash ceiling”.  To which these authors would add, 

how should the designer ensure that the design is 

“balanced” and that subsequent cost trading does not 

leave a crucial gap and leave the capability ultimately 

unfulfilled or the ship vulnerable in its role?  These 

statements drive towards the concept that defining the 

capability and balancing an affordable design requires a 

parallel and not linear process, in which whole 

capabilities are considered alongside their impact on 

design and therefore cost.   

 

2. “MIDDLE-OUT DESIGN” 

 

The project described in this paper has the advantage that 

as an “in-house” design set against an interpretation of a 

wider and more generic export need, it does not have a 

specific “customer”.  Hence, the designer has a greater 

choice of requirements.  The downside is that in trying to 

develop a design for a wide audience the choices can be 

overwhelming.   An approach which has been explored is 

the idea of “middle-out design”; unlike the V diagram 

approach, the requirements are developed from the 

“middle”, with the capability delivered being tested 

against scenarios and balanced against the solution cost.  

Figure 1 illustrates the approach and indicates how the 

Capability and Design Spaces each pivot around the 

choice of equipment (in this sense they could be generic 

equipment’s) as they define the capability provided and 

equally drive the design and cost.  Other factors, as 

discussed later, such as survivability also have to be 

considered alongside equipment. 

 

One reason for undertaking this approach is the 

recognition that the “design space” is not uniform and 

designs do not necessarily grow in proportion to 

requirements.  Rather, it consists of cliff edges and 

plateaux’s where the designer can find themselves “on 

the wrong side” of a step change or where additional 

capability can be added for modest cost because of the 

solution adopted.  This non-linear characteristic of the 

ship design process is explored further in Reference [2].  

Such a process may not be considered appropriate in all 

situations and as Reference [2] suggests there is no single 

process able to capture all ship designs.  However, when 

seeking to explore how flexibility can be used to expand 

capability, this middle-out process is able to pick up the 

discontinuities in the design space whilst maintaining 

capability coherence.   

 

 

 

Figure 1: “Middle-Out Design” 

3. THE CAPBAILITY SPACE 

 

3.1  THE CAPABILITY BASED CONCEPT 

DESIGN PROCESS 

 

The importance of ensuring that the capability need for 

platforms and equipment is understood and articulated 

from the outset is recognised.  Trying to design a 

platform without having a thorough understanding of 

how it is employed (Concept of Employment, CONEMP) 

within a force structure and the capabilities required to be 

delivered by that force (Concept of Operations, 

CONOPS) risks developing a sub-optimal design, 

especially where capability trading is undertaken. 

 

To better understand the achievability of the required 

operational performance and a balanced affordable 

solution, a process to assist with capability mapping and 

characterisation has been developed, supported by a 
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framework, database and reference models.  These tools 

are intended to facilitate rapid and informed capability 

trade during the concept design process and to allow a 

better understanding of how design solutions compare 

with other concepts, designs and existing platforms.  The 

need for this level of assessment is particularly important 

when designing in “flexibility”, especially where the 

flexibility is being provided by the integration off-board 

vehicles and modular systems.  

 

The approach maps the impact on whole ship design of 

possible equipment, via functions, and capabilities, to 

high level user defined Operational Requirements (Roles, 

Missions or Tasks).  In essence this creates a framework 

with four interlocking frames, with each frame capturing 

the relationships between a pair of axes.  The traditional 

intellectual challenge of understanding how user 

requirements impact on the physicality, and therefore 

cost, of a solution is made more manageable by 

deconstructing the relationship into two intermediate 

steps: functions and capabilities.  This is not dissimilar to 

the system engineering approach applied during the 

assessment phase for complex warships, but has been 

simplified to support the rapid derivation of concept 

design options (Figure 2) 

 

 

Figure 2: System engineering approach for whole ship 

design 

Each axis is a taxonomy of defined options, and each 

frame allows the many-to-many relationships to be 

captured for the respective pair-wise relationships (for 

example between equipment options and functions). For 

the concept phase there is a need to keep these 

taxonomies manageable in terms of number and 

complexity; it is more important to cover the full scope 

of options and focus on the major design drivers than 

achieve rigour and accuracy in the detail. Systems 

engineering principles dictate that that the taxonomies 

need to be as “MECE” (Mutually Exclusive and 

Completely Exhaustive) as possible.   

 

The framework is intended to support debate between 

informed practitioners, allowing different disciplines to 

interact constructively and recognise each other 

perspectives. It is not intended to be a definitive tool that 

can support investment decisions.  The idea is to 

undertake iterative forwards and backwards passes 

through the framework, gradually gaining a better 

understanding of the interdependencies and constraints, 

optimising concept design options and examining 

flexibility packages.  It encourages a “soft systems” style 

of concept design activity; qualitative, participatory, and 

subjective, with a heavy reliance on informed judgement 

and creative tension between the disciplines.   

 

The inter-dependencies between the various taxonomies 

are captured and recorded in a database tool.  The tool 

forms a repository of knowledge, which can be expanded 

as new concepts are developed.  A library of equipment 

and their impact on design drivers can be collated over 

time.  The mapping of equipment options to functions, 

functions to capabilities, and capabilities to Operational 

Requirements can be then be reused, greatly speeding up 

subsequent assessments for new concepts. 

 

The use of the framework during a typical concept design 

phase can be broken down into a number of tasks.  

The first task is to work with the end user to define the 

operational requirements that need to be satisfied by the 

design.  For the purposes of the example in this paper, 

the problem has been simplified by adopting and then 

tailoring the latest UK Maritime Doctrine, Reference [3], 

which clearly and concisely identifies a range of Military 

Tasks.  JP0-10 details the following doctrinal roles, 

which are applicable for most maritime nations. 

 Maritime Security 

 International Influence 

 Warfighting 

 

Within JDP 0-10, these roles are sub-divided into a 

number of clearly defined Operations.  Using these 

headings and definitions, Operations have been selected 

and characterised to relate to an end user’s needs, 

identifying the relevance via a “High, Medium, Low” 

grading.  It was then a matter of assessing how well the 

concept design would perform in each Operation linking 

equipment options to functions, capabilities, and the 

selected Operations.   
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3.2 AN EXAMPLE - THE “PATROL FRIGATE” 

 

The patrol ship or patrol frigate represents an interesting 

test for flexibility and capability investigation.  Various 

terms have been coined to describe this type of vessel, 

principally designed for a patrol role but capable of more 

global and self-sustaining deployment than an OPV but 

with an offensive capability and level of survivability 

less than that of a frigate. 

 

However, there are a range of expectations of capability 

and often a difficultly to pin down the exact capability 

need; flexible but to what ends?  The wide range of 

interpretations is illustrated at Reference [4].  Hence, for 

this project the team set out to consider the following: 

 What, in a defined framework, is the vessel 

expected to do? 

 What coherent steps in military fit should be 

considered? 

 What level of survivability is consistent with the 

above? 

 What is the range of flexibility expected and 

how can this be achieved in a design which is 

still affordable and buildable? 

 

The approach taken was to design against the Maritime 

Security Role, whilst being able to flex to achieve the 

International Engagement Role (not requiring concurrent 

operations and allowing for mission specific fits) and to 

deliver the maximum Warfighting Role possible from the 

platform without increasing size, complexity and 

platform cost, Figure 3. Table 1 shows the reference 

framework used to map the Roles to Operations and the 

relevance of the Operation to the design.  With this level 

of understanding from Reference [3], it was possible to 

set survivability objectives, identify, and record likely 

threats.

 

 

Figure 3: Patrol Ship Roles 

Role Operation Relevance 

Maritime 

Security 

Counter Maritime & Transnational Crime High 

Integrity of National Waters High 

Evacuation of Entitled Personnel Overseas Medium (limited by size) 

Maritime Trade Operations High (benign threat environment) 

Freedom of Navigation High 

Military Data Gathering Low (Flexibility could provide tactical 

capability) 

Humanitarian Assistance & Disaster Relief 

(HADR) 

High 

International 

Engagement 

Influence Medium (benign threat environment) 

Conflict prevention Medium (benign threat environment) 

Presence Medium (benign threat environment) 

Conventional  deterrence, coercion and Medium (benign threat environment) 
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Role Operation Relevance 

containment 

Strategic Intelligence, Surveillance & 

Reconnaissance (ISR) 

Medium (benign threat environment) 

Reassurance High 

Maritime Stabilisation Operations Medium (benign threat environment) 

Strategic  Deterrence No 

Security Sector Reform and Capacity Building No 

Warfighting Sea control Low (Flexibility could provide a local tactical 

capability or contribute to a larger force) 

Sea denial Low (Flexibility could provide a local tactical 

capability or contribute to a larger force) 

Maritime manoeuvre Low (Flexibility could provide a local tactical 

capability or contribute to a larger force) 

Maritime Power Projection No 

Force Protection No 

Table 1: Maritime Reference Framework 

3.3 ASSESSING CAPABILITY  

 

Table 2 shows the Capabilities required by a platform undertaking Counter Maritime & Transnational Crime Operations.  

In addition, the table demonstrates how Survivability objectives and key threats can be recorded as contextual statements 

against each Operation. 

 

Operation Capabilities
1
 Survivability Objective Threats 

Counter 

Maritime & 

Transnational 

Crime 

(Interdiction, 

boarding and 

liaison with 

OGDs) 

- Maritime Joint Tactical CIBM 

- AWB Tactical CIBM 

- Tactical Information Acquisition 

- Compliant boarding 

- Tactical Mobility 

- Evacuation Civilian Personnel 

- Self-defence 

- Offensive Surface warfare 

Personnel protection and 

mission survivability in low 

threat environment 

 

Susceptibility - Achieve range 

advantage over potential 

threats 

 

Vulnerability - From 

Collision, grounding, 

accidental fire, and threats 

 

Recoverability - From above 

Small arms up to 

7.62mm, RPG7 - 2kg 

thermobaric  or 

HEAT warhead 

delivered from FIAC, 

 

Irregular threat or 

ashore in harbour or 

choke points 

Table 2: Capabilities required for Counter Maritime & Transnational Crime 

                                                           
1. Definition of capability as defined within the MODAF, Reference [5] 
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The next task is to identify the functional needs for each 

Capability.  This is one of the most time-consuming tasks 

that requires discipline and attention to detail and is best 

carried out by personnel who have a good understanding 

of maritime operations as there is a need to understand 

and decompose each Capability in the context of the 

Operation.  Whilst this task can initially be performed 

qualitatively using a high level framework and a limited 

number of options, it needs to be complemented by a 

more rigorous analysis using a relational database tool, as 

the linkages are complex (many to many) and there is a 

need to ensure all assumptions are recorded and justified. 

 

Capability Function Weighting 

Compliant 

Boarding 

AVIATION - Persistent 

overwatch by one organic 

air vehicle 

7 

ACCOMMODATION - 

Level 1 medical facilities 

2 

BOATS - Launch and 

recover two craft 

10 

COMMS - Secure boat 

communications 

5 

Table 3: Functions for Compliant Boarding 

Capability 

Table 3 shows four functions mapped to the 'Compliant 

Boarding' Capability.  The weighting identifies those 

functions that have a greater or lesser impact on the 

delivery of the Capability.  Clearly a vessel with two 

boats, one helicopter, no accommodation and no secure 

boat communications is more capable that a vessel with 

accommodation and secure boat communications only. 

 

The next phase of the process maps the equipment 

options to the functions.   

Table 4 shows the equipment options mapped to the 

functional requirement to: "launch and recover two 

craft".  It should be noted that an equipment option could 

be mapped to one or many functions and have a different 

score against each.  The scoring reflects the assessed 

performance of an equipment or system against the 

function; for this study, this has been achieved by 

subjective judgement, using open source information.   

Ideally the scoring should be underpinned by appropriate 

Operational Analysis or generated by Military Judgment 

Panels.  However, the availability of this level of detailed 

data is severely limited due to Protective Security, 

especially where results are placed in the public domain.  

In the past, the availability of such data has been based 

on a strict ‘need to know’ basis.  However, if industry is 

expected, more and more, to offer innovative solutions 

and undertake their own R&D to generate these offering, 

Government may wish to review their policy on the 

release of this information to appropriately cleared 

companies.

 

 

Functional Requirement Equipment Option Score 

BOATS - Launch and 

recover two craft 

Single inflatable boat 0 

Single RHIB - 6 person; mounted weaponry, mother ship link and SA 2 

Single RHIB - 6 person; no weaponry other than that provided by 

mother ship 

1 

Single RHIB - 8 person; no weaponry other than that provided by 

mother ship 

2 

Two 8 person RHIB’s - mounted weaponry, mother ship link and SA  6 

Two 6 person RHIB’s - mounted weaponry, mother ship link and SA 5 

2x 12m RHIB 6 

3x 12m RHIB 6 

4x 12m RHIB 6 

 

Table 4: Equipment Options Mapped to Functions 

 

The final part of the process is to select the equipment 

options that relate to a particular design solution.  Once 

the mapping of Operations to Capabilities to Functions to 

equipment is completed, it is relatively easy to assess any 

number of platform configurations. 

 

Figure 4 shows an output from the tool.  It illustrates the 

Patrol Frigate high and low capability options against a 

number of other minor war vessels that deliver similar 

capabilities.  Each leg of the plot relates to an Operation 

that the platforms may wish to undertake, the shaded 

regions represent the three doctrine roles. 
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Figure 4: Radar Plot - Platform Capability Comparison 

 

4. THE DESIGN SPACE 

 

4.1 DESIGN CONSTRAINTS 

 

Having assessed the operational requirements, the 

conclusion drawn was that the vessel needed to have the 

potential to deploy on a global basis and be self-

supporting.  Therefore, first identified decision point 

represented the trade between a larger vessel with a hull 

of sufficient size to offer good seakeeping and space but 

equally not allowing size to not drive cost through bulk 

material and the filling of available space with more 

systems. 

 

The decision taken was to focus on a vessel of a size 

known to offer good open ocean performance but small 

enough to still represent an affordable “minor warship” 

(e.g. similar to a Leander).  Previous hullform parametric 

work conducted concurred, References [6] [7], and the 

characteristics in Table 5 were selected.  Later in the 

design process, a cross-check of available volume and 

deck area verified these dimensions for the aspirational 

capability.  For the purposes of this study, the object was 

to stimulate debate on capability trading and flexibility 

rather than spiral the size of the design to meet a growing 

list of requirements.  It was therefore decided that the 

dimensions would be fixed. 

 

Characteristic Value 

Waterline Length Approx. 107 metres 

Beam Approx. 15 metres 

Draught Approx. 4.3 metres 

Displacement Approx. 3,200 tonnes 

Table 5: Characteristics 

Traditionally, a combatant is topside driven, due to the 

requirements of sensors and weapons systems.  However, 

a patrol ship with a reduced weapon and sensor fit may 

become volume driven.  Hence, the first task undertaken 

was to investigate the topside arrangement to assess what 

could be achieved and how best to arrange the key items.  

The following paragraphs assess the functions and 

equipment’s that constitute the design drivers, for the 

Patrol Frigate, noting that in reality they interact and they 

were considered as a whole and not as individual items. 

 

A key part of the inherent platform flexibility is derived 

from the provision of a helicopter.  Two decisions were 

faced that would drive the topside design: 
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 To offer flexibility in helicopter choice a 

medium helicopter size was preferred.  Whilst 

smaller helicopters could be specified, this 

would reduce the available choice dramatically.  

Alternatively, larger helicopters, whilst offering 

greater capability did not enhance the primary 

operations and would have dominated the 

topside to the point where little else could be 

accommodated; 

 To achieve a sustainable capability whilst 

deployed, full maintenance would be required.  

This drives the size of the hangar, not only 

taking valuable length but its width became 

difficult to accommodate alongside the 

requirement to have an increase in boat numbers 

and the height is driven by the need to include 

overhead lifting access. 

 

From a capability perspective, two helicopters would be 

a strong preference but could not be accommodated, 

again unless this became a dominate requirement.  

However, evolving technologies offer a solution with 

provision for small UAV that could provide the 

persistent surveillance capability without the space 

demands of a second helicopter. 

 

It was recognised that boats of varying kinds would offer 

a significant part of the capability for the maritime 

security role.  It was also perceived that more boats 

would be required than current classes, particularly if 

unmanned vehicles are be included.  Initial reviews 

concluded that four boats (mission plus ship’s) would be 

desirable.  However, early aspirations to provide four 

boat bays as well as a Hangar proved unachievable.  

Studies concluded that one flexible space could be 

provided alongside the hangar, which could be used for 

either a UAV or a mission boat, in addition to two boat 

bays.  This achieves a minimum requirement of three 

boats.  To achieve the forth, the option remaining was to 

utilise a stern launched boat. 

 

Whilst the concept is not considered a full combatant, the 

flexibility to embark different mission bias equipment 

drives the topside design.  Initial concepts considered a 

single space for TEU sized modules, with the intention to 

offer area which could expand the ship command space.  

However, this space was also considered for modular 

options for additional weapons and sensors resulting in a 

dichotomy.  At the same time, this element of the design 

became entwined in the debate over bridge location.  To 

improve operational effectiveness given the smaller size 

of the vessel, a more midships bridge was preferred; this 

reduced the space available where the modules had been 

initially located.  The length constraint also resulted in 

the ships boats being in a similar position.  The final 

conclusion was to adopt a midship bridge location, which 

resulted in space for only two modules aft of the bridge, 

but equally allowing for flexibly space forward of the 

bridge, a position better suited for weapons (Figure 5).   

 

 

 

Figure 5: Various Iterations of Topside Arrangement  

Other related design drivers identified and debated at this 

stage included positioning of smaller self-defence guns 

(port – starboard versus fore – aft), the position of the 

forward gun (ideally located as far aft as possible to limit 

the impact of green seas), mast design and funnels (one, 

two or a combination of funnels and side exhausts). 

 

The inherent difficulties in designing a capable, small 

warship were highlighted through this phase.  Often it is 

not the primary role which becomes the design driver; 

this case example requires only limited mission systems 

to achieve the primary role of Maritime Security, but the 

environment in which the ship is expected or perceived 

to operate can quickly escalate the size of vessel.  For 

example, evacuation of nationals requires little specialist 

systems but if the question is asked “what if the 

evacuation is in a threat environment?” then the vessel 

will quickly acquire requirements for self-defence, 

maybe even layered defence and the vessel would have 

grown to more of a traditional modern frigate size.  
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Because of the approach taken and the close relationship 

between the capability and design teams, it was quickly 

highlighted that this was driving the size and recognised 

that evacuation in a threat environment would be 

interpreted as the Warfighting Role and therefore not 

consistent with the baseline requirements. 

 

Above all, this rapid recognition of design drivers and 

the resulting open debate between capability need and 

design constraints proved to be the valuable lesson.  It 

allows informed decisions regarding the actual level of 

capability sought and the risks considered acceptable 

when limiting what is achievable. 

 

4.2 BALANCING SURVIVABILITY AND 

CAPABILITY 

 

Many ship designers will recognise survivability as a 

cost driver and many studies have been conducted to 

identify “affordable” survivability.  A fundamental part 

of providing cost effective survivability is to understand 

the threats and to ensure that the design presents a 

balanced solution and the correct measures are included 

to protect for the threats that the ship is actually designed 

against. 

 

The two ends of the spectrum could be described as an 

OPV and a warship.  An OPV is not designed to engage 

in warfighting and survivability need not feature beyond 

statute and crew safety.  A warship is designed for 

warfighting and has to achieve a degree of operational 

survivability to minimise the risk of lost capability.  

However, a large patrol ship may engage in “low end” 

warfighting and needs enhanced survivability compared 

to an OPV but cannot be affordable if designed as a 

frigate.  The answer sought for this project was to 

consider the objective of survivability against each of the 

roles for which the design is envisaged and the threat 

implied.  This is represented in Figure 6. 

 

As a minimum the vessel needs to offer safety and 

protection to the crew for all scenarios.  However, when 

conducting maritime security it is reasonable to assume 

that the vessel will be deployed as a singleton and the 

mission would be at risk if the vessel’s capability were 

vulnerable.  Hence, for this role survivability can be 

defined as crew protection plus mission level 

survivability against the perceived threats (mostly 

asymmetric, small craft types).  This defines a level of 

survivability such as: 

 Protection of personnel from small arms; 

 Protection of the command and control function; 

 No single point of power and propulsion failure; 

 Maintaining range advantage over potential 

threats; 

 Recoverability from smaller weapon or 

accidental damage. 

 

 

Figure 6: Survivability Philosophy  

 

As warfighting is a secondary role and only as a 

supporting asset, it was concluded that safety of the crew 

is the requirement and mission survivability could be 

taken at risk.  It should be noted this is not the same as 

the disposable warship concept; the latter suggests 

warships are produced cheaply such that more vessels 

balance the greater risk of loss.  Here, the argument is 

that warfighting is primarily delivered by the vessels 

designed for the purpose whilst the patrol frigate is a 

supporting asset and therefore the loss of its capability 

should not represent a significant risk to force level 

mission success. 

 

An example of how this philosophy is applied is the 

arrangement of the power and propulsion solution.  The 

following approaches could be applied: 

 Single engine room and generator room, 

offering no redundancy for compartment loss; 

 Separate engine rooms with power and 

propulsion arranged in each, offering 

redundancy if one compartment suffers flood or 

fire but with no redundancy if the adjoining 

bulkhead is breached, e.g. by fragments; 
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 Separated engine rooms with a protected 

bulkhead between, offering redundancy if one 

compartment suffers flood or fire and with 

limited capability to maintain redundancy 

against fragments and small arms; 

 Separated engine rooms with at least one 

compartment separation, offering redundancy 

against flood, fire and weapons damage to a 

level consistent with the separation achieved. 

 

The separation of engines rooms offers survivability 

improvements as illustrated in Reference [8].  However, 

such arrangements have a significant impact on the 

design and become a size driver as the engine rooms are 

forced further towards the ends of the hull and the uptake 

arrangements require separate funnels.  It is therefore 

important to understand if the improvement in 

survivability is actually justified by the capability need. 

 

For the example patrol vessel, given the survivability 

intent described in Figure 6, providing redundancy for 

power and propulsion with fire or flood in an engine 

room would offer significant operational advantage as it 

would provide for a graceful degradation in the event of 

an accident.  Some degree of protection for the adjoining 

bulkhead would also mitigate fragment or small arms.  

However, the design impact of separating the engine 

rooms by another space would outweigh the advantage as 

it would only enhance vessel survivability against larger 

threats, which was not a stated design objective. 

 

4.3 FLEXIBILITY TO ENHANCE CAPABILITY 

 

One objective was to define how a baseline design would 

utilise different methods to achieve flexibility, offering a 

pragmatic approach between the fixed design and the 

“everything in a module” design.  Solutions that could be 

utilised include: 

 Inherent flexibility to adjust the use of spaces 

without physical modification and without 

external assistance; 

 Modularity, involving the exchange or addition 

of a new item of equipment within the existing 

infrastructure constraints of the ship, with 

external assistance to embark, connect, test and 

work up; 

 Batching, where different ships may be 

constructed to offer different capability but 

recognising that this cannot be changed through-

life without more significant modification.   

 

Capability analysis can offer a view on the baseline 

systems and those required for specific operations.  

However, the physical characteristics of equipment and 

their infrastructure impacts on the design will ultimately 

constrain the cost effective solution when considering 

how to make the design flexible.  This will be a function 

of the impact on the wider ship systems, manning, work 

up. Table 6 illustrates this for some of the systems 

considered.

 

 

Item Impact on 

Ship Systems 

Integration to 

Command / 

Control 

Systems 

Impact on 

Manning 

Work-Up Conclusion 

Medium Calibre Gun Medium 

(mount) / High 

(magazine) 

Medium Low Medium Batched (depending on 

calibre and magazine) 

Helicopter Type Low Low Low Medium Inherent Flexibility 

Helicopter Weapons Medium  Low Low Low Modular magazine could 

be considered 

Automated small 

calibre gun 

Low (mount) / 

Medium 

(magazine) 

Medium Medium Low Modular magazine could 

be considered 

Unmanned Vehicles Low Low Medium Medium Inherent Flexibility 

assuming  infrastructure 

for handling 

Point Defence (AAW) 

System 

Medium High Medium High Batched (some elements 

modular) 

Integrate Defence Aids 

Suit 

Medium Medium Low Medium Modular magazine could 

be considered 

3D Medium Range Air 

/ Surface Search Radar 

High High Medium High Batched  
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Collision/Mine 

Avoidance (HF) sonar 

Medium High Medium Medium Batched where required 

Surface to Surface 

Missile system 

Medium Medium Medium Medium Modular System could 

be considered 

Low Frequency Active 

Towed Sonar 

Medium Low Low Medium Modular System could 

be considered 

Communications  and 

Electronic Support 

Measures 

Medium Low Low Medium Batched (some elements 

modular) 

Enhanced Command 

Platform 

Medium High Medium Medium Batched (some elements 

modular) 

Table 6: Design space Impacts of Equipment Options 

To demonstrate how the design constraints would lead to 

alternative baseline configurations, two ‘batches’ based 

on the same basic hull design are postulated.  Batch 1 

represents an Ocean Patrol Vessel suitable for 

deployment to benign areas and Batch 2 a more capable 

Patrol Frigate with the ability to deploy to threat areas.  

Table 7 identifies the key system from Table 6 fitted to 

each batch.  Clearly there will be other enabling systems 

and equipment needed to be considered when assessing 

the overall capability; these are too numerous to record in 

this paper, but are included in the capability assessment 

tool.   Figure 7 shows the two batches plotted against the 

Reference Framework detailed in Section 2. 

 

Batch 1 Batch 2 

Enhanced 3D 

Navigation Radar 

3D Medium Range Air / 

Surface Search Radar 

Integrated automated 

40mm SCG 

Collision/Mine avoidance sonar 

Command Bridge Medium Calibre Gun System 

 Integrated automated 30mm 

SCG 

 Integrate Defensive Aids Suit 

 Enhanced Command Platform 

Table 7: Key Equipment fits 

  

 

Figure 7: Capability Assessment: Batch 1 and 2  
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From these two batch baselines, further enhancements 

can then be achieved through inherent and modular 

flexibility.  As intimated in Table 6 the addition of 

Modular systems to either of the batches will require 

each to have additional enabling infrastructure and 

systems build in.  These may include: enhanced combat 

management system highways, improved geospatial and 

temporal referencing, masts with additional ‘plug and 

play’ capability, allocated space for additional 

communications fits and additional multifunctional 

command consoles in the bridge/ops room. 

 

Batch 1 has been enhanced to provide improved Strategic 

ISAR, and HADR, Batch 2 to provide improved 

Strategic ISR and an improvement in survivability in 

threat areas.  Table 8 shows those systems that may be 

included as modular systems and those selected for each 

option (highlighted).  Figure 8 shows the two batches 

with added modules and shows the relative improvement 

in effectiveness in the range of operations considered.   

 

Based on this analysis, the final design includes a 

number of areas ear-marked for flexibility and these are 

illustrated in Figure 9. 

 

 

Modules Batch 1 Batch 2 

CESM Y Y 

ESM N Y 

Tactical Data Information Links Y Y 

Comms Enhanced Y Y 

UAV Y Y 

USV N Y 

UUV N Y 

Boats Y Y 

HADR Y Y 

SF/EMF Y Y 

Point Defence (AAW) Missile 

System 

N Y 

Command Processing Y Y 

Counter Piracy Enhancements Y Y 

Indirect fire precision attack 

missile 

Y Y 

MCM UUV N Y 

MCM USV N Y 

Enhanced Environmental 

Package 

Y Y 

 

Table 8: Selected Modules 

 
 

Figure 8: Capability Assessment Batch 1 and 2 plus modules 
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Figure 9: Flexibility within the Design 

5. CONCLUSIONS 

 

This study has highlighted the importance of ensuring 

designers have a clear and concise understanding of the 

capability need for the platforms and systems they are 

expected to design; this includes an understanding of the 

CONOPS and the CONEMP.  Without this they will not 

fully understand the context in which the capability they 

are producing will operate. 

 

To enable designers to understand the impact of design 

decisions on the overall capability it has been 

demonstrated that there is a real need to understand how 

equipment contributes to capability; in particular how the 

equipment is likely to perform when integrated as part of 

a complex warship.  This work has demonstrated the 

value of a complimentary capability mapping and 

characterisation process supported by a framework, 

database and reference models to understand better the 

achievability of both the required operational 

performance and a balanced affordable design. 

 

The inherent difficulties in designing a capable small 

warship have been revisited and analysed as part of this 

this study.  Many of these issues have been resolved as a 

result of the approach taken, in particular by allowing 

that the capability and design teams work closely 

together and by using a capability assessment process to 

better understand the trade space. 
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