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14 Abstract

16 Search and rescue (SAR) craft have to endure the toughest conditions in order to save lives
at sea. The design, resourcing, operation and support of a SAR fleet requires state-of-the-
2 art technology and an ability to react to and exploit cutting edge research and foment future
23 research agenda. This paper reviews the unique relationships that exist between the Royal
25 National Lifeboat Institution (RNLI) and academia to drive engineering innovations to the

78 forefront of RNLI search and rescue craft and in particular the legacy of the Advanced

30 Technology Partnership.

34 Keywords: RNLI, RNLI ATP, search and rescue craft, lifeboats

39 1.Introduction

41 The Royal National Lifeboat Institution (RNLI) has provided a search and rescue
43 service for the UK and Republic of Ireland since 1824, and it is recognised as being one of
the leading lifeboat organisations in the world. The RNLI provides a lifeboat service around
48 the coast of the United Kingdom and Ireland 24 hours a day and 365 days a year, along with
50 other prevention and lifesaving activities. The RNLI has a fleet of over 400 lifeboats ranging
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from 4.9m to 17m in length operating from over 230 lifeboat stations. The boats are launched
more than 7000 times a year in all weather conditions. The RNLI, as with other search and
rescue organisations, is primarily concerned with saving lives. The boats are expected to be
the ultimate in marine craft safety designed to withstand the loads likely to be experienced
during a service call.

In August 2000, two friends and professional engineering colleagues discussed how
to transfer technology advances between their two organisations for those organisations’
mutual benefit and for dissemination to the wider scientific and industrial communities. They
were passionate that through collaboration and co-operation, industrial innovation could be
fast-tracked by supporting cutting edge research and stimulating new areas of academe.
These two gentlemen were Bob Cripps, the then Engineering Manager at the RNLI, and Ajit
Shenoi, then a senior lecturer in lightweight structures at the University of Southampton. The
seeds were sown for what was to later become, following a succession of undergraduate and
postgraduate projects and ad hoc consultancy, the Advanced Technology Partnership
between the RNLI and the University of Southampton. The ATP was established in 2001 and
subsequently flourished, providing a model for applying and disseminating academic
knowledge from institutions across the UK and beyond to the mission of saving lives at sea’.

This paper reviews firstly the relationship between the RNLI and academia before
reporting on how the RNLI have specifically engaged with the engineering research
community and importantly how the research initiated by the RNLI continues to be cited by

researchers across the international community.
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2.RNLI publication timeline

To generate a timeline of RNLI scholarly references, Harzing’s Publish or Perish was
used to collate all 991 articles from Google Scholar that explicitly refer to the RNL/ and
lifeboat in online documents. Whilst Web of Science is the standard dataset for bibliometric
analysis, it is possible that relevant publications are missed?. Google Scholar is a powerful
resource to gather online scholarly articles but can index low quality sources and artificially
inflate the number of citations®. Google Scholar is therefore used to provide a
comprehensive timeline of publications, but Web of Science will be used for citation
indexing.
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Figure 1 Number of scholarly publications from 1970-2020 identified by RNL/ and lifeboat keyword
search using Google Scholar and collated through Harzing’s Publish or Perish. Overlaid is a
timeline of RNLI key events. 991 publications identified.

Up to the end of 2000, the number of scholarly publications per year were less than 20.
Most of these publications were focussed on the RNLI’s role and its history as a charitable

organisation that exists to save lives at sea.

http://mc.manuscriptcentral.com/JEME



oNOYTULT D WN =

Journal of Engineering for the Maritime Environment Page 4 of 22

As the RNLI fleet expanded from the mid 1980’s, incorporating the Tyne and Mersey
into their fleet by 1990, it was becoming more challenging to meet target displacements with
conventional hull materials; lifeboats were getting heavier due to adoption of new
technologies and requirements for increased operational range. In 1993, the RNLI partnered
the University of Southampton with link funding from the then Department of Trade &
Industry and the Science and Engineering Research Council (DTI/SERC Structural
Composites Link Programme?*) to investigate the use of structural composites for future
RNLI lifeboats. For the RNLI, this was their first funded research relationship in engineering
and initiated international recognition of how their state-of-the-art lifeboats were
underpinned by cutting edge research. In 1995 the first production Severn-class lifeboat
entered service. This was the first lifeboat designed at the outset to be constructed from
advanced polymer composites.

The sharp increase in scholarly publications related to the RNLI and its activities really
came from the start of the 2000’s, increasing on average by around 7 publications/year until
a peak in 2016 of around 120 publications. The rapid increase of publications may be
linked to the use of the Worldwide Web from the mid 1990’s allowing for more RNLI-related
scholarly sources to be stored and accessed electronically. But there are also clear
increases and diversification of RNLI activities in the early 2000’s including the formation of
the beach lifeguard and flood rescue services, both initiating new research areas in
academia® 6. The Advanced Technology Partnership at Southampton was also officially
started in 2001, consolidating burgeoning academic links in engineering already initiated at
Newcastle’-® and Southampton* 1912 to support the move to composite lifeboats. In 2010,
the RNLI ATP’s breadth was expanded to include Southampton’s Centre of Operational

Research, Management Sciences & Information Systems (CORMSIS). This expansion
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reflected the RNLI’s increasing need to engage management science and operational
research in supporting the RNLI's engineering department’3. By engaging with academia
and supporting a programme of PhD scholars through the RNLI ATP at Southampton and

more recently with Newcastle and Bristol, dissemination of applied research was secured.

3.RNLI research areas

It is possible to see the nature of these publications, what their focus is and how they
are related by using a bibliometric analysis tool, in this case VOSviewer'. To facilitate this
analysis, a Web of Science search using the terms RNL/I or Royal National Lifeboat
Institution allows a more focussed collection of articles, detailing author-supplied and Web
of Science-indexed keywords, as well as citation information. The Web of Science core
collection covers over 76 million journal articles, conference proceedings, book chapters,
notes, reviews and news items. The bibliometric tool, VOSviewer, uses natural language
computation to analyse the relationship between the 26 articles found, using in this instance
124 terms identified to have some co-occurrence between articles. VOSviewer generated
14 clusters from the 124 co-occurring terms; clusters in this instance we can interpret as
topics. Figure 2 provides a visualisation of the cluster relationships and the links between
clusters. Not all terms in a cluster are visible and either the highest linked or a
representative term (alphabetically sorted) is visible. The separation of the clusters in the
visualisation shows the connection strength between the clusters or topics. Clearly areas
relating to social, management and risk, key principles underpinning the RNLI vision and

values, have the highest number of publications and the most links.
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Figure 2 RNLI or Royal National Lifeboat Institution keyword in Web of Science core collection

I
2015

publications since 1970. Legend details average year that cluster terms were published.

Table 1 provides more details on the 14 clusters and the co-occurring terms. The most
linked clusters seen in Fig 2 are clusters 1-4 and 6, relating to the more social, management
and risk terms: human and organisation. Clusters 5 and 7 are highly linked: these tie more
to the efficiency and assessment of the most recognisable RNLI engineering asset: the
lifeboat. The remaining clusters have no co-occurring terms between them but closer
inspection shows they represent scientific investigations into beach safety and accident
reporting (clusters 10-12) and four remaining clusters (8, 9, 13 & 14) supporting the
engineering assets. The most recent publications centre around cluster 13 with the use of

numerical modelling and CFD and cluster 3 where dangerous work is the strongest co-

occurring term in publications associated with the RNLI.
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Table 1: 14 Clusters made up of 124 co-occurring terms from 26 scientific RNLI-referenced articles from
Web of Science since 1970. Terms in bold represent the most highly linked. Dark grey shaded clusters
constitute terms associated with RNLI vision and values around the human and organisation; light grey
and unshaded clusters constitute terms associated with the RNLI assets: lifeboats, their sustainability and
engineering support.

Cluster (# terms) 5 Highest Linked Terms

5 (11 terms) Design, economic impact, efficiency, environment, green tribology, performance, recycled plastics, scroll

expander, small-scale combined heat and power (chp)

7 (9 terms) composite structures, damage evaluation, friction mechanisms, inspection techniques, lifeboats, marine, repairs,
stress analysis, wear mechanisms

8 (7 terms) Additives, analytical ferrography, cylinder liner, marine lubricants, nmr (nuclear magnetic resonance)
spectroscopy, spectroscopy, tribology testing

9 (5 terms) advanced composites, finite element analysis (fea), marine structural adhesives, non destructive evaluation

(nde), tee-joints

13 (5 terms) CFD tools, experimental fluid dynamics, numerical model testing, towing tank, virtual towing tank

14 (4 terms) full size, model scale, rigid inflatable boats, seakeeping

Figure 2 and Table 1 clearly show that as a charity with volunteer lifeboat crews
operating in potentially dangerous conditions, they provide rich material for case studies in
social and management sciences (83 of 124 terms). But the RNLI also has a wide

engagement with the engineering science community through actively supported research,
6

http://mc.manuscriptcentral.com/JEME



oNOYTULT D WN =

Journal of Engineering for the Maritime Environment Page 8 of 22

initiated through the RNLI’s engineering teams over the years, including Bob Cripps'5-17,
Steve Austen'8-20 and Holly Phillips?'-23. The focus of this research is centred in the UK as
indicated by the network of RNLI-associated researchers that have been cited in
engineering fora, Figure 3 (Harzing’s Publish or Perish and Google Scholar). Using
VOSviewer, four principal institutions are reflected by the author affiliations: Bournemouth

University, Newcastle University, University of Bristol and the University of Southampton.
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Figure 3 Network of authors: cited engineering texts referencing RNLI or Royal National Lifeboat
Institution. Authors are broadly clustered by institution: University of Southampton (red & orange);
Newcastle University (blue); Bournemouth University (green); RNLI (centre red & orange);
University of Bristol (pink). Google Scholar search (1970-2020) using Harzing’s Publish or Perish.
52 out of 1599 authors are identified and presented based on connection to RNLI engineering staff:
Cripps, Austen or Phillips.

By identifying the authors linked to RNLI research, it is possible to see implied
institutional strength. Table 2 describes in more detail the 5 highest characteristic terms
associated with RNLI-research authors from each institution (ranking is based on ‘total link
strength’, the number of times a term co-occurs between documents in the data set). For

the RNLI, Bournemouth University (BU) is used mainly for tribology research. Here,
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tribology research focussed predominantly on the challenge for the RNLI to better

understand the launch slipway interactions with the lifeboats?* and also on lifeboat engine

oNOYTULT D WN =

wear reduction 2527, Broadly defining labels for the clusters, Newcastle University (NU) and
10 the University of Southampton (UoS) concentrated predominantly on the lifeboats
themselves: Newcastle focussing on RNLI’s interests in safety”- 9, vessel response and load
15 characterisation?®-32, and Southampton on high performance composites* 10-12.33-35 fleet life
17 extension8. 33,36, 37 and human factors38-42. With Professor Trask having moved from
Southampton to the University of Bristol (UoB), the RNLI have broadened their composites
2 research to include more recent developments in 3D printed thermoplastic sandwich

24 cores43 44,
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Table 2: Perceived institutional strengths based on most cited authors for research undertaken with the
RNLI. 5 highest linked terms presented. All publications of authors in engineering science having
association with the RNLI have been collated from Web of Science.

Institution

Cluster (# terms)

Terms

University of

1 (63 terms)
2 (62 terms)

strength; polymer; impact damage; impact; performance

self-healing; damage; repair; self-repair; system

rstl 3 (53 terms) delamination; behavior; resistance; design; fracture toughness
4 (28 terms) bone; particles; nacre; model; mechanical properties
5 (28 terms) origami; hydrogels; actuation; movement; ionoprinting
6 (19 terms) shape; thickness; polymers; fabrication; composite morphing
7 (13 terms) thermoplastic polyurethane; cellular structures; additive manufacturing; functional grading; foams
8 (11 terms) fracture; tibial fractures; strain; stiffness; screw number
9 (8 terms) mech-props; comp mats; computed tomography; velocity impact damage; toughened epoxies
10 (7 terms) joints; specimens; mechanisms; frp; disbond
Bournemouth | 1 (84 terms) Friction; wear; ionic liquids; mechanism; steel
University 2 (31 terms) behavior; tribological properties; lubricant additive; lubricant; modified tio2 nanoparticle
3 (25 terms) antiwear performance; tribofilm formation; phosphonium; imidazolium; biodegradability
4 (24 terms) wear behavior; alloy; resistance; laser cladding; composite
5 (21 terms) mechanical-properties; contact; deterioration; solid-state nmr; seizure
6 (15 terms) growth; vickers indentation; spherical indentation; solids; simulations
7 (14 terms) thermophysical properties; tension; surface free-energy; physical-properties; corrosion
8 (11 terms) silicon nitride; surface strength; rolling contact; rolling contact fatigue; residual stress
9 (10 terms) sustainability; small-scale chp; scroll expander; recycled plastics; lifeboats
10 (4 terms) wear scar diameter; tribotesting; optical profilometry; astm d4172
11 (3 terms) surface analysis; spectra; boundary lubrication
Newcastle 1 (19 terms) ultimate strength; nonlinear finite element analysis; buckling; progressive collapse; aluminium
University 2 (16 terms) u’'water radiated noise; propeller cavitation noise; exp hydrodynamics; research vessel; prediction

University of

Southampton

3 (8 terms)

4 (7 terms)

5 (5 terms)

6 (5 terms)

7 (3 terms)

8 (3 terms)

1 (91 terms)
2 (43 terms)
3 (41 terms)
4 (41 terms)
5 (33 terms)
6 (29 terms)
7 (27 terms)
8 (26 terms)
9 (23 terms)
10 (22 terms)
11 (15 terms)
12 (12 terms)
13 (9 terms)

wake simulation; wake screen; tests; streamline tracing; particle image velocimetry (piv)

model tests; u'water radiated noise; renewable energy; leading-edge tubercle; hydro performance
spectra; sonic project; propeller cavitation; full scale measurements; correlation method
cavitation; systematic propeller tests; round robin noise tests; inclined shaft effect; propeller
propeller cavitation erosion; propeller blade coating; cavitation erosion measurement

rov; launch & recovery system; hydrodynamic

behavior; damage; strength; design; delamination

fatigue; reliability; pitting corrosion; stress; ultimate strength

composite; digital image correlation; thermography; temperature; optimization

thermoelastic stress analysis (tsa); spate; composite materials; stress-analysis; calibration
performance; resistance; systems; bio-inspired; models

vibration; shells; plates; finite-element; stability

composites; frp; shear; fiber-reinforced composites; failure criteria

prediction; simulation; phenomenological models; laminated plates; residual-stress

flow; part; large-eddy simulation; transition; resin

model; growth; system; damage mechanics; transverse cracking

polymer; mechanical properties; digital image correlation (dic); through thickness; thermoplastic
sea; identification; whole body vibration; system identification (si); support vector machine

thermoelastic stress-analysis; textile composites; outlier analysis; location; lamb waves
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1
2
3 .
. 4.RNLI research impact
6 By tracking the citations of those publications associated with RNLI engineering
7
8 research, it is possible to determine the impact the RNLI has had on the scientific
9
1? community and the reach of their engineering influence.
12 . . . e . . . , . .
13 Using Web of Science to collate all identifiable engineering articles written in association
14
15 with the RNLI (the reference section contains a list of authors), it is possible to see, using
16
1273 VOSviewer, the extent to which those articles have been cited, the publication’s relevance
19 . . @ TR I .
20 and longevity and the citation ‘connectivity’. Figure 4 shows the citation connectivity by
21
22 examining the co-occurrence of terms in the citations’ titles, abstracts and keywords (review
23
24 articles and self citations have been removed). In order to remove the effect of an article’s
25
;? age having had more time to gain citations, VOSviewer non-dimensionalises article citations
28
29 against the total number of citations for all articles in the dataset for that year in question'.
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52 Figure 4 922 co-occurring keywords between all citations of RNLI engineering publications (Web of
53 Science 1970-2020). The focus of international attention very much centres around historic
>4 research on sandwich composites, damage tolerance and life prediction methodologies. Legend
55 details a cluster’s average number of citations, normalised against age. Bright yellow clusters
56 indicate rapidly developing areas of impact in tribology and additive manufacturing.
57
=8 10
59
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The largest academic impact is usually correlated to scientific fields that have obvious
cross sector appeal. Many of the citations therefore refer to the RNLI ATP’s research on
composites, sandwich composites and life prediction methodologies. The yellow clusters
indicate that there is a rapidly increasing impact of work undertaken at Bournemouth
University in tribology?® 2745 and at the University of Bristol with their recent advances in
additive manufacturing (3D printing) as applied to novel energy absorbing sandwich cores
43,44 Table 3 provides more detail on the engineering top 10 research areas 46-5 citing
RNLI-associated publications (review articles and authors citing their own work are de-

selected in order to show the breadth of RNLI impact).

11
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Table 3: Top 10 articles based on normalised-by-age citing of RNLI-associated engineering
research undertaken at UoB, BU, NU, UoS and example corresponding research area or term
(VOSviewer bibliometrics from Web of Science search of citations of all RNLI-associated
engineering authors at UoB, BU, NU and UoS; review papers & self-citations omitted; 1970-2020).

Term Citing article (# citations); and the RNLI-associated article being cited (# citations)

crash Yu, X,, Pan, L., Chen, J., Zhang, X., & Wei, P. (2019). Experimental and numerical study on the energy
worthiness absorption abilities of trabecular—-honeycomb biomimetic structures inspired by beetle elytra. J Mat Sci,
design 54(3), 2193-2204. (10);
Bates, S. R., Farrow, |. R., & Trask, R. S. (2016). 3D printed polyurethane honeycombs for repeated
tailored energy absorption. Materials & Design, 112, 172-183. (45

collapse Sharma, N, Gibson, RF & Ayorinde, EO, Fatigue of Foam and Honeycomb Core Composite Sandwich
mechanisms Structures: A Tutorial, J Sand Struct, 8(4), pp263-319, 2006 (38);
Clark, SD, Shenoi, RA & Allen, HG, Modeling the Fatigue Behavior of Sandwich Beams under Monotonic,
2-step and Block Loading Regimes , Comp Sci &Tech, 59(4): 471-486, 1999 (33

borate esters Sharma, V., Dorr, N., Erdemir, A., & Aswath, P. B. (2019). Antiwear properties of binary ashless blend of
phosphonium ionic liquids and borate esters in partially formulated oil (No Zn). Tribol. Letters, 67(2), 42. (7)
Anand, M, Hadfield, M, Viesca, JL, Thomas, B, Battez, AH, Austen, S (2015), lonic liquids as tribological
performance improving additive for in-service and used fully-formulated diesel engine lubricants, Wear,
doi:10.1016/j.wear.2015.01.055, 334-5:67-74 (38

Dai, J., & Hahn, H. T. Flexural behavior of sandwich beams fabricated by vacuum-assisted resin transfer
molding. Comp Struc ,61(3), 247-253, 2003, (54).

Clark, SD, Shenoi, RA & Allen, HG, Modeling the Fatigue Behavior of Sandwich Beams under Monotonic,
2-step and Block Loading Regimes , Comp Sci &Tech, 59(4): 471-486, 1999 (33

composite Chemami, A., Bey, K., Gilgert, J., & Azari, Z. (2012). Behaviour of composite sandwich foam-laminated

sandwich glass/epoxy under solicitation static and fatigue. Comp Part B, 43(3), 1178-1184. (15)
Shenoi, RA, Clark SD & Allen, HG, Fatigue Behaviour of Polymer Composite Sandwich Beams, J Comp
Mat, 29(18), pp2423-2445, 1995 (40)

aLaser Engineered Net Shaping; "WVacuum Assisted Resin Transfer Moulding

Table 3 highlights two points: Ajit Shenoi and co-workers author most of the top cited

publications associated with RNLI engineering research'®-'2, This clearly emphasises the
importance of the early desire of Bob Cripps and Ajit Shenoi to undertake research for the
benefit of the RNLI and produce research output that would benefit the composites community

as a whole. Secondly, the need to understand (sandwich) composite fatigue remains a fertile

12
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area of research. With the increasing use of composites across industry sectors in the 1990’s,
the scientific knowledge then being generated by the RNLI research at Southampton had
immediate relevance. After 20 years and a growing confidence built through familiarity of
designing and operating a composite fleet, the RNLI's need for fundamental material
knowledge evolved into research into the lifeboat by treating it as an integrated system, and
research into composites centred instead around strategies for life extension and sustainable
assets'9 20, 56, 57 The future looks exciting with some of the most recent work in RNLI-
associated research in tribology?” and additive manufacturing*® already generating
considerable impact in the scientific community.

The RNLI has recently published ‘Our Watch’ %8, its strategic intent up to 2024, and a
view to beyond. It is acknowledged that the way the RNLI delivers its lifesaving, water safety
and fundraising activities will change over time as technology and methods of communication
emerge rapidly. Consequently, it will be vital for the RNLI to maintain and continue its
relationship with academia and other industry partners to enable it to meet these challenges

now and in the future.

5.Summary

The RNLUI’s interest in composite engineering for their fleet and the need to understand
their lifeboats’ condition after being subjected to extremely challenging, persistent and tough
environmental loads, finds much resonance with the scientific community looking at similar
challenges in sectors from aerospace to renewable energy. It is evident that the scientific
community and wider industry benefit from partnerships and collaboration of academia with
the RNLI. But if recent research explorations between the RNLI and academia, not just in
engineering but across all disciplines, are to create the largest scientific impact, this work

must be disseminated through the most wide reaching of scholarly mechanisms. In this way
13
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recent trends in the number of scientific publications post 2016 (see Figure 1) can be

revitalised. There is an appetite for research outcomes associated with the RNLI, and the

oNOYTULT D WN =

open dissemination of this must be assured. This was the original philosophy behind Bob
10 Cripps’ and Ajit Shenoi’s initiative in advanced technology partnerships, a philosophy of
collaboration, collegiality and dissemination. It has had significant impact both for the RNLI
15 and for the institutions and their researchers, present and past, excited by the challenge of
17 engineering lifesaving craft in the maritime environment and it is a legacy that should be
cherished. It is fitting also to acknowledge the foresight of the RNLI's founder, Sir William
2 Hillary, who in 1824 understood that new technology could help more people and this vision

24 will no doubt continue well beyond the RNLI's 200th anniversary.

52 Plate 1. Signing of the Advanced Technology Partnership between the RNLI and the University of
53 Southampton, 2001. From left to right: (back) Prof Ajit Shenoi (UoS), Prof Geraint Price (Head of the
54 School of Engineering Sciences, UoS), Mr Andrew Freemantle (Chief Executive, RNLI), Prof Bob

55 Cripps (RNLI); (front) Mr Peter Nicholson (Chairman of the RNLI), Professor Sir Howard Newby

56 (Vice chancellor at the University of Southampton).
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