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Executive Summary 

SubBath, a fictitious company from the University of Bath Ocean Technologies Lab, have 
developed a long-range, coastal, autonomous under water vehicle (AUV). Designed for 
use by researchers at the University to sample the South Coast of England, it also aims to 
be sold to other customers. 

The completed AUV is a hybrid glider/propeller design; this report details the 
development and design of the glider sub-system. The completed sub-system follows a 
10deg glide path of length 230m at 1ms-1. A detachable, carbon fibre fin, allows for easy 
transportation and storage. Total cost of the sub-system equals £182. 
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Introduction 

Overall Aim of Project 

Design, leading to prototype construction, of a long-range, coastal autonomous 
underwater vehicle (AUV). The initial customer has specified deployment off the South 
coast of England, with a mission time of 6 weeks and cruise speed of 1ms-1. The AUV 
created will simply be the robot, with only the instrumentation required to operate. 
Although not incorporated in the design, space, weight and power allocation will be 
made for customer instrumentation. 

Additional to the specified customer, the AUV must form the basis of a start up company 
(SubBath Ltd.). Potential to expand beyond this specification through modular design is 
a prerequisite for the business plan. 

Initial desire for a biomimetic solution, presented in (1), was decided too much in its 
infancy for a two-year development. As such, a more conventional propeller driven 
gliding hybrid is perused.  

Scope of the Report 

This report investigates and theoretically designs the gliding aspect of the AUV. Much of 
the gliding aspect of the design would require real-world testing on the completed 
system, unavailable at this stage in the project. As such, the work presented is a high-
level concept. 

There are two main themes presented within this work: 

1. Underwater gliding theory. The theory behind underwater gliding is presented, 
including ideas found in existing literature which are relevant to the AUV 
requirements. By modelling the forces present on the glider, an approach for the 
design is defined. Technology behind existing gliders is looked at and translated 
to the needs of our glider. 

2. The technical design. The method of development to final design is documented. 
Technical aspects of the design are analysed including: hydrodynamic properties, 
forces acting, material selection, DFM and DFA. The basics behind the method of 
gliding and the control system required are also designed. 

Context of the Work 

A new venture for the University of Bath Ocean Technologies Lab, this work is the first 
iteration of design. Although past AUVs have been developed by the lab for the SAUC-E 
competition, little of the design for this AUV can be carried across. The design of the 
project will be continued in following years, with specialised areas of each sub-system 
fully investigated. 
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1. Design Requirements 

1.1 Specification 

The following points from the specification (2), regard the gliding sub-system: 

Demand/Wish Point 

D Cruise speed of 1ms-1 

D Weight under 20kg (Complete 450kg sub) 

D 6 week mission time 

W ‘Wing span’ of submarine to fit van ~2m 

D Operate on South-Coast; 40m depth, 4knot (2ms-1) currents, 25ft 
maximum wave height, tidal range 2m. 

D Depth adjustable 

D Prototype cost under £500 (£300 material cost) 

D Constructed from materials resistant to salt water corrosion 

Table 1 Points of system specification (2) which apply to sub-system 

1.2 Feasibility Study Conclusion 

The propulsion feasibility study concluded use of hybrid propulsion: manta ray inspired 
locomotion, with gliding functionality. The glider would follow the familiar saw toothed 
gliding path, only flapping the wings at the peaks and troughs (1).  

After consideration with regards to uncertainties in the new method and potentially 
long development time, the risk to an up-start business was felt too high and the more 
conventional propeller was chosen to be the secondary method of propulsion. 

The new propulsion concept is still a hybrid design, with gliding being the primary 
method. Propellers provide ‘bursts’ throughout the glide path and are also used to 
compensate for strong currents. Two thrusters, either side of the hull, were selected as 
the design basis so they can be used to steer the sub. 

Gliding was not investigated in much depth during the feasibility study and as such will 
be looked at within this report. 

1.3 Sub-System Integration 

Figure 1 illustrates the points of contact with the other sub-systems during the design 
process. Co-ordination with the other sub-systems is key to the design of the glider. 
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Figure 1 Glider sub-system integration with other sub-systems 

1.4 Underwater Gliding 

Underwater gliding differs from gliding in air due to the following points (3) 

1. Water is around 800 times denser than air; this allows an underwater glider to 
change its buoyancy and make use of an upward accent as well as a downward 
decent rather than relying on gravity. Existing gliders are symmetrical because 
of this. 

2. The magnitudes of propulsive forces are smaller relative to sailplanes. Rather 
than the full weight of the sub acting downwards it is normally neutrally 
buoyant with the buoyancy system providing a marginal mass change. 
Underwater gliders can be compared to blimps in this respect. 

3. Sailplanes operate at small glider angles (5deg), with design for maximum 
lift/drag ratio to maximise the single decent. Existing underwater gliders are 
designed for large glide angles (35deg) to minimise drag rather than maximise 
lift and achieve maximum horizontal velocity. 

4. As underwater gliders are relatively slow, they operate within the 
transitional/laminar region of flow (Re of order 105). 

5. Both gliders and sailplanes must carefully manage energy. Rather than speed 
and height, a glider must manager power. Currents may be used as a sailplane 
would use thermals and winds to its advantage. 

The glide angles in point 3, relate to existing gliders operating in ocean waters depths 
~1000m (4). In shallow water (40m) this would relate to a steady glide time of under 
69s (Appendix III) and exhaustive use of the buoyancy system. From this it is apparent 
our glider will need to be designed for shallower glide angles. 

Point 5 is an important one for our mission location, the South coast. The currents are 
much greater than those experienced by existing gliders, which are designed to operate 
in ocean waters. The maximum current (2ms-1) would overpower the glider at its 
desired 1ms-1 speed. The glider will need to be able to adapt its course according to tidal 
information.   
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1.4.1 Theory 

 

Figure 2 Equilibrium FBD of Glider 

From Figure 2, steady state equations for the buoyancy required can be derived from 
components of the lift and drag forces. 

 =  (1.1) 

 (1.2) 

By finding the drag, the buoyancy required to propel the sub at a given velocity can be 
found and from that, the lift required. The above equations also lend to a relationship 
between glide angle and drag/lift ratio. 

 (1.3) 

Gliding design can follow two approaches: 

1. Specify a velocity and angle, find d/l required – CD, CL (1.3), develop sub shape. 
2. Start with hull shape, desired velocity, from drag find optimum angle (1.2), lift 

required (1.1). 

The development of Drop has lead to a hull shape and size with a specified cruise 
velocity of 1ms-1. Therefore, gliding design will follow the second approach.  

1.4.2 Existing Literature 

A number of reports on glider design exist with suggested design parameters depending 
on mission type. (3) compares glide angle to the L/D required. Figure 3 demonstrates 
this relationship. It shows conventional gliders with steep glide paths require small L/D 
ratios (<5) whilst shallow angles require L/D ratios more comparable to sailplanes 
(>10). 

If Drop is to follow a shallow glide path to maximize the available depth (40m), a greater 
L/D ratio than current designs will be required, lending to a flying wing/hydrofoil 
design.  
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Figure 3 Minimum glide path angle vs. maximum lift/drag ratio (3). A glide path of <10deg required 
a L/D >5. 

Maximising performance of a shallow water glider involves minimising drag whilst 
maximising the useful, lift producing area or the wetted area ratio AL/A. Around 90% of 
the volume of current gliders is body which produces essentially no lift making them 
considerably less flight efficient than they could be (5). Much of this volume is not used 
as useful loaded mass either.  

A blended-wing design whereby the hull blends and forms part of the wing is suggested 
to be well suited to depth limited coastal environment, for this reason. The optimal 
operating regime for a flying wing design also occurs for larger volume gliders, which 
Drop falls under (5). 

1.4.3 Existing Gliders 

Current glider based AUVs on the market focus on deep water operation (1000m). As 
explained, this results in design for steep glide paths and minimising drag rather than 
optimising lift/drag ratio. The designs follow a similar shape; cylindrical with flat, 
stubby wings (Figure 4). 

 

Figure 4 The SLOCUM (6) and Spray gliders (7) feature similar thin cylindrical bodies with narrow 
wings, designed for steep glide angles. 

From talking to Thomas Altshuler (Vice President of Teledyne Webb Research) he 
believed there was a market for a hybrid design due to the data collection limitations 
presented by a solely gliding or prop-based design. The Monterey Bay Aquarium 
Research Institute (MBARI) has recently developed Thethys, a deep water, hybrid glider 
(8). Designed for deep water however, it follows a similar design to the current gliders 
but with an aft prop  
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Figure 5 The Thethys AUV (8). A long-range hybrid glider but still designed for steep glide angles and 
deep waters. 

1.4.4 Conclusion 

From my research, a shallow water hybrid glider has yet to be designed but valid design 
features have been defined within glider literature. The following parameters, along 
with those specified will be designed for: 

 10deg glide angle relating to a 230m glide path to minimise variable buoyancy 
use. 

 Design around a wide, large volume hull. 
 Incorporation with side mounted propeller nozzles. 

2.Design Development 

2.1 Technical Risk Assessment 

A technical risk assessment for the sub-system was conducted to help with the design 
development (Table 2). 

No Risk Title Risk Event 
Description 

Risk Outcome Risk 
Impact 

Risk 
Likelihood 

Manag-
ability 

Action Plan / Update 

    level 1-4 level 1-4 level 1-4  

1 Wing 
breaks 

Wing breaks 
away from body 
due to impact 

Gliding ability 
hindered and 
stability 
effected 

4 2 2 Impact avoidance system. 
Design wing with high safety 
factor. Design thruster 
control system  which has 
stability compensation 

2 Seabed 
collision 

Sub collides with 
seabed due to 
gliding path 
error 

Hull/Wing 
damage 

4 1 3 High wing/hull sf to avoid 
damage. Use of skid plates on 
hull base. 

3 Strong 
currents 

Gliding forces 
unable to 
overcome 
strength of 
currents. 

Sub washed 
off-course 

1 4 3 Current and tidal planning 
incorporated into route. Use 
of thrusters to compensate 
for current. 

4 Wing 
caught 

Wing becomes 
caught in net or 
wedged 

Sub unable to 
move and 
difficult to 
retrieve.  

4 1 1 Net and collision avoidance. 
Wing detachment system. 

Table 2 Sub-system technical risk assessment  
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2.2 Blended-Wing Design 

Heeding the design parameters explained in section 1.4.2, a blended-wing concept was 
developed (Figure 6). 

 

Figure 6 Blended-wing concept, the wings are blended across the thrusters to the hull. 

The design incorporates the propeller shafts well by surrounding them in the ‘blend’ 
between the wing and hull construction. The wing is a NACA2412, selected to give a 
height 180mm with a 1000mm cord and Re at cruise speed, 1.13x106, resulting in a low 
CD and putting it in the high L/D region (Appendix I) 

 

Figure 7 Wing part of blended-wing design 

Created from the same GFRP as the hull, the wing is symmetrical so can be constructed 
from two halves of the same mould. The propeller shaft would be crafted on to the wing 
with further layers of glass fibre and then glass fibred on to the hull.  

 

Figure 8 Blended-wing assembly 
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2.2.1 Calculations 

Total cost and weight were found to be £120 (excluding initial mould cost) and 16kg, 
break downs of which can be found in (Appendix I).  

Using the java applet, Javafoil (9), values for CD and CL were found and from it, the lift 
and drag produced at a glide angle 10deg; 343N and 9N respectively, L/D 34 (Appendix 
I). 

However, from the created spreadsheet GliderCalcs, the hull was found to produce more 
than the required lift at 10deg to propel the sub at 1ms-1. Including the drag created by 
the propeller shaft of 11.2N (10), the L/D is found to be 22, great enough for glide angles 
10deg or shallower. The NACA7033 profile (11) of the hull was in effect a wing and 
would glide on its own, making the wing redundant. 

Additional to this, the problem was creating a buoyancy system which could provide the 
required force, dependant on the total drag (Equation 1) and equal to 205N; not 
achievable by variable buoyancy (12). The wing added 10N to the overall drag of the sub 
but the extra lift created was unnecessary. Without the wing, a buoyancy force of 142N 
was required, a more achievable figure (12).  

The total wing span for the blended-wing design is 2m, with the 1.5m wide hull this 
amounts to a sub width: 3.5m, beyond the specification and too wide to fit in a van. Once 
the wing is glassed onto the hull, access to the propellers would be impossible, a big 
issue for service and maintenance. As highlighted by the technical risk assessment a 
permanently attached wing if damaged would be catastrophic to the sub. 

2.2.2 Conclusion 

The blended-wing design was abandoned as amongst other issues, the hull was acting as 
a flying wing and creating the required lift. Fins to provide stability and added lift if 
required were to be designed instead. 

2.2 Hull Optimum Glide Angle 

Creating the required buoyancy was still a problem so drag needed to be reduced as far 
as possible. To achieve this, the optimum glide angle for the hull was to be found by 
calculating lift and drag at various angles of attack (Figure 9) 

 

Figure 9 L/D in relation to angle of attack for hull with propeller, the optimum being 10deg. 
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Coincidently, 10deg, the desired glide path, was found to be optimum for the hull design. 
Resulting in a glide path equal to 230m and steady state glide ~230s at 1ms-1 (Appendix 
III). The buoyancy force required and given to the variable buoyancy sub-system to 
design was 180N (Appendix I) 

2.3 Propeller Duct Covers 

Uncovered, the propellers will create a drag equal to ~300N (10), ruining the L/D ratio 
of Drop and so the glide profile. Covered, the additional drag created by the ducts is 
equal to 11.2N, a much more manageable figure relative to the hull (16.8N) and the 
figure used in GliderCalcs. 

A system, which covers the propellers when not in use, must therefore be considered in 
the complete design of Drop. A concept and the basics of such as system are covered 
within (Appendix II). 

2.4 Detachable Fins 

Detachable stability fins, which provide a small amount of lift, were the next stage of 
design. A simple approach, similar to the wings found on current gliders was followed; a 
design path suggested by Thomas Altshuler (Vice President of Teledyne Webb Research 
(SLOCUM)) during discussion at the Ocean Business Exhibition. 

2.4.1 Design 

A flat wing is held in a mount by means of two ‘tabs’ placed slightly short of the wing 
width in order to create a ‘snap’ fitting (Figure 10). A thumb lever on one of the tabs 
allows the user to release the wing from its fixing. The mount is attached to the 
propeller housing by means of four bolts.  

 

Figure 10 Concept of operation for detachable wing 

2.4.1.1 Wing 

 

Figure 11 CAD model of wing 
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The wing is a simple, swept (45deg, to prevent plant-life collecting on the wing), flat 
profile for minimum drag. Slots are positioned at the top of the wing to slot into the tabs; 
fracture toughness required for these defects is calculated within material selection.  

A thickness of 6mm was derived by calculating the stress created by the maximum lift 
force (37N) across the wing which was found to be greater than the stress due to weight 
out of water; see (Appendix IV) for supporting calculations. 

Using the wing geometry and Javafoil to estimate CD and CL, performance of the wing 
was analysed using the created spreadsheet GliderCalcs. Lift and drag equal to 37N and 
4.4N creating a L/D ratio 8.2. Total L/D for the sub is now equal to 19. Complete data 
can be found within (Appendix IV). 

2.4.1.2 Mount 

 

Figure 12 CAD of mount assembly 

The mount is required as the interface between the wing and the propeller housing. It is 
constructed from two box sections which the wing sits in. The tabs fit in between 
sections and are gently held by bolts and washers to enable them to turn. The sections 
attach to a second part of the assembly which follows the contour of the propeller 
housing. 

Calculations to ensure correct bolt sizing can be found within (Appendix IV), M5 was 
selected. The maximum moment created at the housing by the lift across the wing was 
considered when designing the section geometry, details of which can be found in 
(Appendix IV). 

2.4.1.3 Tabs 

 

Figure 13 CAD model of tabs 

The wing must be held tight enough to overcome the drag force upon it but also release 
with a push of the thumb tab.  

By using the drag force, the reaction required at each tab is estimated and a factor of 
four applied to ensure tight fixing. From this and the Young’s Modulus, a strain is found 
and required change in length at each tab estimated to be 0.2mm or 1%. The tabs are 
placed a distance 0.4mm less than the length between the wing grooves to create this 
strain when the wing is in place. See (Appendix IV). The thumb tab, which releases the 
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wing, is placed such that the moment created by the drag across the wing front section 
adds to this holding force. 

The user must be able to release the wing by use of the thumb tab and overcome the 
holding force. Considering the weakest of our user base, the average female 21-50 can 
push 83N with their thumb (13);more than enough to release the wing. The thumb tab 
itself  is 40mm long to fit the average sized thumb (20mm) well. 

2.4.2 Material Selection 

2.4.2.1 Wing 

Materials selection was by means of an Ashby chart with three stages, development of 
which can be found within (Appendix IV):  

 Merit 1: Light stiff beam -  

 Limit: Fresh water – excellent, salt water – excellent. 

 Merit 2: Fracture toughness - . Required fracture toughness given the defect 

created by the slot in the wing is calculated. 

Price and facilities available at the university were also a consideration. Carbon fibre 
was selected as the most suitable material as the cheapest of the remaining materials 
and with an autoclave available for use in the lab. Corresponding Ashby charts can be 
found in (Appendix IV). 

2.4.2.2 Mount 

The mount is to be constructed from 7000 series Aluminium. Material selection was a 
simple case given the minimal loads, geometry of the parts, water environment and 
processes available in the University lab. 

2.4.2.3 Tabs 

Considering the shape, manufacture quantity and facilities, rapid prototyping was 
selected for manufacture of the tabs with the option to expand to injection modelling 
during production. This limited the selection to thermoplastics. The tabs need to flex in 
order for the wing to snap into, and out of place (2.1.4.3). 

A merit indice was derived (Appendix IV) for material selection: 

 

With initial limits set: salt/fresh water – excellent, thermoplastics – unfilled 

The resulting Ashby chart (Appendix IV) offers a number of plastics. Polymide (PA) is 
ranked highly, but absorbs water and looses many of its defining properties. The other 
materials are unsuitable for rapid prototyping or injection moulding. ABS is the material 
available at the University and fits the requirements of the part, so was selected. 

2.4.3 Manufacture 

2.4.3.1 Wing 

As a simple, flat, carbon fibre section the wing (SUB0001) will be cut from off-shelf 6mm 
carbon fibre rather than a complicated lay-up and moulding process. With only basic 
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workshop tools required, construction can be done in-house. Table 3 explains the 
manufacturing process. 

Part Step Process Description Time Est (min) 

Wing 
(SUB0001) 

1 Scribe Scribe jig of wing shape into carbon 
lacquer. 

2 

 2 Jigsaw Cut out wing shape with jigsaw 15 
 3 Sand Smooth wing edges. 5 
   Total 22 

Table 3 Wing manufacturing process 

2.4.3.2 Mount 

The mount will be manufactured from two aluminium block section sizes, one for the 
holding blocks (SUB0002) and one to be milled to follow the contour of the prop 
housing (SUB0003). The process is described in Table 4 below. Once production 
increases, SUB0003 could be cast rather than milled. 

Part Step Process Description Time Est (min) 

Box 
(SUB0002) 

1 Measure Mark off length of mount. 1 

 2 Cut Cut part to length using table saw. 1 
 3 Sand Smooth cut. 2 
 4 Measure Measure and mark hole locations. 10 
 5 Drill Drill holes for tabs and housing 

mount. 
10 

Housing mount 
(SUB0003) 

1 Measure Mark section to be removed for top 
and bottom thin section. 

5 

 2 Measure Mark middle section to be 
removed for housing curvature. 

5 

 3 Mill Remove material using mill. 10 
 4 Bend Bend top and bottom thin section 

using housing jig. 
10 

 5 Drill Drill holes for mounting bolts. 10 
   Total 64 

Table 4 Mount manufacturing process 

As relatively simple processes and minimal time, manufacture and be done in-house. 
With the requirement of a table saw, table drill and mill, use of the university lab will be 
necessary. At a rate per hour (£40p/h) and conservative time estimates, manufacture 
could be brought within the hour and as such, tooling costs can be estimated at £40 per 
part. 

2.4.3.3 Tabs 

The tabs will be creating using the rapid prototyping machine in the University labs. 
Once production takes off, this could progress to injection moulding, the mould being 
cast from one of the prototyped parts. Suggested mould lines are shown in Figure 14 
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Figure 14 Possible mould lines for injection moulding of tabs 

When injection moulded, the threaded holes top and bottom would need drilling and 
tapping, post moulding. It may be possible to remove the fixing of the tabs and rely on 
the wing holding blocks to hold the tabs in place. 

2.4.3.4 Assembly 

Step. Parts Required Description 

1 SUB0010, SUB0009, 
SUB0002 (1) 

Insert tab and thumb tab into wing holding block. 

2 SUB0002 (2) Place second wing holding block on top. 

3 SUB0004, SUB0007 Place washer and then tighten down socket cap screw, ensure thumb 
tab is free to move (x4). 

4 SUB0003, SUB0008 Attach housing mount to holding blocks using thread locked bolts (x2). 

5 SUB0001 Insert wing into mount assembly. 

Table 5 Assembly steps 

Please refer to the step diagram (DRP-500-008) to be followed with the above 
instructions. Total sub-system assembly is estimated to be 1hr (to the nearest hour). 

2.4.3 Costings 

Total cost of one assembly is £92, of which two will be required resulting in a sub-
system total of £184. A full cost breakdown can be found within (Appendix IV). 

2.4.4 Environmental Considerations 

Although the environmental effects of the technical design were considered, it was not a 
priority and as such, could be improved upon.  

An ‘eco-audit’ was performed using the ‘CES Edupack’ programme. Total energy 
embodiment for the sub-system totals 488MJ and C02 footprint 29kg. The wings and 
tabs are assumed to be landfill after use, the mount could be recycled however, bringing 
a return of 198MJ and 11kg CO2. The vast majority of the energy use is within the 
material its self, with little being created by the manufacturing processes. The full 
breakdown can be found within Appendix IV. 

In terms of the effect to the working environment, all the materials used are water safe 
and will not breakdown or cause lasting effect to the environment. During gliding, the 
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sub will be silent, have no outer moving parts and be travelling relatively slowly; 
causing minimal effect to surrounding eco-systems. 

2.4.5 Health and Safety 

Table 6 lists some health and safety considerations for both the manufacture and 
operation of the sub-system; no major issues are present. 

Operation Hazard Pre-caution 

Wing construction Carbon fibre dust created whilst 
both cutting and sanding. 

Wear dust mask. 

Machining (Table Saw, Drill, Mill) Personal injury Consult lab technician and fellow 
machine operation instructions. 

Storage and transportation Injury from sharp wing edges Foam block covers for tips of 
wing. 

Wing insertion Trapped finger Keep hands clear of contact 
points to avoid trapping/pinching 

Table 6 Health and safety pre-cautions for manufacture and operation 

2.5 Control System 

2.5.1 Desired Glide Path 

 

 

Figure 15 Desired flight path of Drop 

Figure 15 illustrates the intended flight regime of Drop. A glide path of 10deg creates a 
distance of 230m (Appendix III), part of this period will be required for the change from 
positive (negative) to negative (positive) buoyancy.  

Propeller (t as defined by mission) 

Glide (220s) 

Linear curve (~4.75m) created 
during buoyancy change 
(4.75s). 
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Variable buoyancy 

on 4.75s (-ve)
Glide 220s

Variable buoyancy 

on 9s (+ve)
Glide 220s

Variable buoyancy 

on 4.75s (neutral)
Propeller 30s

 

Figure 16 Flight path block diagram 

The variable buoyancy changes linearly, from neutral to the max/minimum mass in 
4.75s (12). Assuming Drop’s momentum carries through at 1ms-1 this relates to a curve 
4.75m circumference. The variable buoyancy will have to activate 4.75s before the 
peak/trough of the glide path. In the defined depth of 40m, this is after 220s, however, 
shallower depths are expected over the mission and depth will have to be integrated 
into such a control system to ensure the buoyancy system kicks in 4.75m before the sea 
bed. Once in steady glide, the variable buoyancy system will also be required to ‘trim’ 
the glide and ensure course is maintained.  

2.5.2 Process Diagram of Glide 

Figure 17 shows a simple process diagram to follow the glide path illustrated in Figure 
15. If operated in depths shallower than 40m, a threshold depth of 5m before the seabed 
would be applied. A period of level flight and neutral buoyancy would also be applied at 
the peaks and troughs of the cycle for propeller use. 

While depth < X

Glide angle < Y V < ZIncrease Rp1 Yes

Decrease Rp1

No

Increase MbYes

Decrease Mb

No

Y = 10, Z = 1, X = 35, Mb = -ve

ASCEND (Y = -10, X = 0, Mb = +ve)END

 

Figure 17 Simple process diagram of gliding 

2.5.3Design 

For design of the control system, section 6.1 of (3) was referred to. In his report, Graver 
defines many gliding parameters which are universal and can be applied to this gliding 
system. He defines a linearised system: 

 (4.1) 

Where  ,  

and  such that sd and ud are desired values (ud= 0) 

A and B are complex parameter matrixes found in Appendix V. The movable point 
masses rp1,3 used to control pitch in existing gliders are not found on our design. Our 
system uses two variable buoyancy systems, off-centre to create a moment which will be 
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used to control pitch and takes the place of these systems; rp3 (roll) is fixed. The change 
in mass created by this system would need defining by testing. 

The control function is then obtained using the LQR method: 

 (4.2) 

Q and R are state and control penalty matrices. Q and R are chosen to ensure well-
behaved dynamics and to prevent large motions in the movable mass position and 
variable mass that would exceed physical limitations (3). For our design they would be 
chosen during testing. 

Real-time positioning under the surface is difficult; a dynamic observer is required to 
estimate glider states. Similar to SLOCUM, the system can obtain a GPS fix at the peak of 
each glide and from then, estimate the horizontal speed and distance components based 
upon pitch θ, mb, rP1 and z, all obtainable with the instrumentation on board. As such, the 
nine dimensional dynamic state is fully observable. By dead reckoning, x’ and z’ can also 
be obtained from the desired glide angle and estimated values for the speed vest: 

 (4.3) 

 

 (4.4) 

The output of the control loop will be used with appropriate gain to vary mb and rP1 
created by the variable buoyancy system until the correct path is followed. The system 
would ideally be simulated using MATLAB (for which (14) and (3) can be referred to) 
and then tuned from real-world testing. 

3.Solution 

 

Figure 18 Complete sub-assembly CAD model 

3.1 Features 

 Tool free removal of wing for transport. 
 Wing easily replaced in event of damage.  
 Intended to break off in event of crash rather than damage more vital parts of 

sub. 
 Inline with modular, mission adaptable submarine, alternate wing shapes and 

profiles can easily be installed. 
 Simple and quick construction with minimal specialist tooling. 

3.2 Specification Fulfilment 

Requirement Solution 



 

24 
 

Cruise speed of 1ms-1 With the specified 180N buoyant force 
provided by the variable buoyancy sub-
system, the total L/D is such that on a 
10deg glide path the sub will cruise at 
1ms-1 (Appendix IV). 

Weight under 20kg (Complete 450kg sub) Sub-assembly weight is 2.7kg. Total 
weight for two assemblies is 5.4kg 
(Appendix IV) 

6 week mission time With a shallow glide angle the variable 
buoyancy use is minimised. Using a mix 
of gliding and propeller, a 6 week 
mission time is achieved (15). 

‘Wing span’ of submarine to fit van ~2m By detaching the wings, Drop’s width is 
under 2m.  

Operate on South-Coast; 40m depth, 4knot 
(2ms-1) currents, 25ft maximum wave 
height, tidal range 2m. 

When possible, the glider will use the 
currents to its advantage by means of a 
current map. If the glider is overcome 
by currents the propellers can take 
over. 

A glider depth of 40m is achieved using 
a shallow (10deg) glide angle. 

Depth adjustable The gliding system will work at depths 
deeper than 40m and it would in fact be 
preferable. 

Prototype cost under £500 (£300 material 
cost) 

Cost is £92 for one assembly. Complete 
sub-system total is £184. 

Constructed from materials resistant to 
salt water corrosion 

Through use of CES Edupack during 
material selection all materials were 
ensured to have ‘excellent’ fresh and 
salt water properties. 
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4. Conclusions and Further Work 

4.1 Small Blended Section 

Considering the hull creates more than the required L/D ratio, the design could be 
refined back to that of a blended-body. By blending the propeller housing into the hull 
using a small fibre glass section, the smooth hydrofoil shape of the hull would be 
enhanced. 

To ensure the stability currently created by the detachable wing section, the blend 
would need to protrude out enough to create a small fin shape, the shape created 
around the prop housing may be enough for this. A mock-up of this idea is shown in 
Figure 19. 

 

 

Figure 19 Blended ducting mock-up 
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4.2 Deeper Gliding and Energy Recovery 

Increasing the operating depth would improve the efficiency of the glider by increasing 
the time between cycles and, variable buoyancy use. Another benefit of deeper gliding is 
potential to recover energy on the decent, through reverse use of the variable buoyancy 
system. 

(3) suggests this as one potential improvement in current gliders; ‘an advanced 
buoyancy engine would bleed oil back inside the pressure hull through a generator 
during a descending glide which would let us recover the PρV work increments’ 

4.3 Conclusion 

The design presented will theoretically follow the desired gliding profile, however, as 
with all other underwater gliders, real-world testing is required to refine and tweak the 
design. Data required includes actual hydrodynamic coefficients of the hull and wing, 
complete system centre of buoyancy, rate of change/moment created by buoyancy 
system and necessary angle of attack for the wing.  

The idea originally presented in 2.2.2, that the hull creates enough lift to create the 
necessary gliding forces, could in fact make the wing sub-system redundant. If from 
hydrodynamic test data this does indeed prove to be the case, the blended thrusters 
design (4.1), would be a sensible progression in the design. Actuated stability fins may 
still be a necessity with this idea. 

The proposed control system is adapted from existing gliders. Computational modelling 
of the system would be necessary to refine the design. 
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Appendix I Supporting Blended-Wing Data 

Wing Drag Relation to Reynolds Number 

 

Figure 20Variation in maximum aerofoil section lift-drag ratio with Reynolds Number (5) 

GliderCalcs.xls 
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Optimum Hull Angle 

 

Appendix II Propeller Duct Covers 

Concept 

 

Figure 21 Propeller cover concept. Sections of the hull are cut away and formed into flaps, which are 
then actuated by a linear actuator. 

  

AoA Cl Cd Cm Drag Lift L/D D/L Required BouyancyRequired Lift

0 0.01763 0 7.4046 0 0 0 0 0

5 0.638 0.02032 -0.025 8.5344 267.96 31.3976378 0.03184953 226.426847 225.565224

10 1.232 0.03238 -0.049 13.5996 517.44 38.0481779 0.02628247 142.815204 140.645521

15 1.67 0.05717 -0.069 24.0114 701.4 29.2111247 0.03423353 136.046403 131.410734

20 1.725 0.17001 -0.066 71.4042 724.5 10.146462 0.09855652 241.518523 226.953174

25 1.69 0.28903 -0.065 121.3926 709.8 5.8471439 0.17102367 313.74082 284.345748

30 1.537 0.42776 -0.069 179.6592 645.54 3.59313634 0.27830839 381.7184 330.577831

35 1.329 0.59209 -0.071 248.6778 558.18 2.24459119 0.44551543 453.083118 371.143962

40 1.127 0.79856 -0.072 335.3952 473.34 1.41129032 0.70857143 539.206411 413.056075
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Calculations 
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Specified Linear Actuator 

 

 

Power Usage 

24V*2.2A = 48W. On at peak of glide = every 480s. Stroke takes 1.5s. 

(1.5*48*1008*60*60)/((460+30)*60*60*1000) = 0.148kWh 
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Appendix III Glide Path Length 

 

Figure 22 Glide path length calculation 

Appendix IV Supporting Detachable Fin Data 

Required Thickness Calculation 
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GliderCalcs.xls 

 

Mount Bolt Size 
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Mount Moment Forces 

 

Strain Required in Tabs 
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Wing Merit Indices Derivation 
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Tabs Merit Indices Derivation 

 

Ashby Charts 

 

Figure 23 First merit selection (wing material) 
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Figure 24 Second merit selection (wing material) 

 

Figure 25 Merit selection (tab material) 

Total Volume and Mass 

Density and mass data obtained from CES Edupack and Solid Edge 

 

  

PN Description Material Volume (m^3) Density (kgm^3) Mass (kg) Qty Total Mass (kg)

Wing CFRP 6.00E-04 1.50E+03 0.9 1 0.9

Box Section Aluminium 3.20E-04 2.60E+03 0.832 2 1.664

Housing Mount Aluminium 1.72E-05 2.60E+03 0.04472 2 0.08944

M5x10 Bolt S-Steal 3.87E-07 0.003 4 0.012

M5x45 Bolt S-Steal 1.07E-06 0.008 4 0.032

Tab ABS 7.70E-06 1.02E+03 0.008 1 0.008

Thumb Tab ABS 1.37E-05 1.02E+03 0.013 1 0.013

9.60E-04 2.71844
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Cost Breakdown 

 

Eco-Audit 

  1 Wing CFRP, epoxy matrix (isotropic) Virgin (0%) Autoclave molding 0.9 Landfill 

  1 Mount Aluminum alloys Virgin (0%) Forging, rolling 1 Recycle 

  1 Tabs Acrylonitrile butadiene styrene (ABS) Virgin (0%) Polymer molding 0.02 Landfill 

 

 

 

 

  

Component/Material Supplier Code Price (£) Qty Total (£) Notes

Wing

300mm x 500mm x 6mm Carbon Sheet Carbonology 46 1 46

Mount

1000x40 Aluminium Square Box Section Wootton Industries Limited 35 1 35

500x20 Aluminium Square Box Section Wootton Industries Limited 8 1 8

M5x10 ssteal socket cap RS 304-4586 0.3374 4 1.3496 16.87 for 50

M5x45 ssteal bolt RS 304-4570 0.3374 4 1.3496

M5 steel thin washer RS 527-397 0.0078 4 0.0312 1.95 for 250

Tabs

ABS pellet form University 2.12/kg 0.093kg 0.19 certain amout of waste expected

Sub-Assembly Total 91.9204
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Appendix V Glider Parameter Matrixes 

 

Figure 26 Glider parameter matrixes (3) 
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Appendix VI Engineering Drawings 


