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Abstract  

 

 

Integration of Inboard Propulsion in Shock Mitigating Membrane Hull Technology 

  

 

Korrey Rotkiske 

  

Principal Advisor: Ronnal Reichard, Ph.D.  

  

  

Membrane Hull Technology is a strength based marine vessel design 

concept that seeks to utilize the in-plane properties of fiber reinforced composites 

to generate a lighter weight vessel with inherent shock mitigation benefits.  MHT 

has been applied on several Naval crafts yet the design features of inboard 

propulsion systems have not been addressed. Inboard propulsion systems are a very 

common form of propulsion used in many types of marine vessels especially larger 

vessels. This thesis seeks to overcome the inboard engine mounting challenges of 

MHT which limits use of this technology in the marine industry.  The fundamental 

design elements of MHT were followed to ensure weight savings and the shock 

mitigation elements of MHT.  An engine platform that is primarily keel supported 
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with composite spring supports connecting to the largest deflection regions of the 

MHT structure was designed and analyzed.  A model without engines was 

subjected to the same loading conditions to further analyze this mounting concept 

and allow direct comparisons.  This enabled the ability to not only test the viability 

of this engine mounting technique in an MHT structure, but to also analyze the 

alteration of hull behavior due to the platform.  Results show that this design 

concept effectively allows the direct mounting of engines to an MHT hull structure 

without the generation of hard points.  Although a viable mounting option for 

inboard engines in an MHT structure, reductions in hull flexibility were observed in 

the aft section of the hull around the engines in a region with low slamming 

frequency.  In the forward section of the vessel where most of the major slamming 

occurs minimal reductions in deflection were observed.  This suggests that this 

mounting concept would not significantly alter the ride quality of the vessel in 

normal operating conditions.  However, when comparing to a traditional hull, a 

significant improvement in structural performance in weight and shock mitigation 

was observed.  The results of this thesis highlight the potential to take advantage of 

this type of structure and to overcome additional challenges with this type of 

marine structure. 
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1 Introduction 

 Membrane Hull Technology (MHT) is a new technology that has proven to 

offer a lighter and higher performance structure for marine vessels.  Application of 

this type of structure is rare and it is seldom used in industry due to some 

challenges it poses in relation to traditional boat building techniques. Current 

marine vessels are designed for extreme rigidity while MHT refocuses design 

strategy to take advantage of the properties of composites.  This leads to a flexible 

lightweight structure with inherent shock benefits.  The implementation of inboard 

propulsion units in MHT marine structures is a particular challenge that has yet to 

be adequately addressed.  If this type of structure is ever to branch out into the 

broad spectra that is the marine industry, both military and recreational, a solution 

to implementing inboard propulsion units is required.  The scope of this thesis is to 

apply MHT to a large recreational vessel and develop a flexible universal engine 

mounting method. 
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1.1  Membrane Hull Technology 

Membrane Hull Technology was originally conceived to provide the US 

Navy with a lighter weight structure option that allowed fully loaded deployment of 

their Rigid Hull Inflatable Boats (RHIBS) without exceeding davit limitations on 

commanding ships.  Structural Composites, Inc (SCI) of Melbourne, Florida 

proposed the concept of MHT to the Navy as an SBIR (Small Business Innovative 

Research) proposal.  Membrane Hull Technology reconsiders traditional FRP (Fiber 

Reinforced Plastic) hull designs to more optimally utilize the inherent properties of 

FRP’s.  Instead of focusing on rigidity, the hull structure was designed to behave as 

a membrane.  In wave slamming scenarios the hull deflects resulting in the absorption 

of energy and a reduction of shock transmission (U.S. Patent No. 8474871 B1).  

Figure 1 depicts a 9m RHIB constructed by SCI utilizing MHT. 

 

   

Figure 1: 9-meter RHIB constructed in MHT 
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SCI has constructed a few other prototypes varying in size. However, all 

prototypes are center console type boats without cabins.  Of the several MHT 

prototypes that exist only one was constructed to accommodate inboard propulsion. 

This prototype consisted of a 7-meter RHIB with a single inboard engine while all 

other prototypes were powered by outboard propulsion units like the vessel 

depicted in figure 1.  While the engine mount design attempted to work within the 

constraints of MHT, it was clear a better approach was needed.  SCI saw weight 

reductions in the 40-60% range for the prototypes they built (Lewit 2011).   

The current MHT prototypes do not address many of the design features 

required for a larger vessel with dual inboard propulsion units and a cabin structure.  

Larger cabin class vessels require inboard engines to be mounted off the center keel 

and above the keel to chine spans where in an MHT structure the greatest 

deflections are experienced.  A mounting method which does not significantly 

interfere with hull deflections and elasticity is paramount to satisfy the 

requirements of cabin class vessels.  Direct mounting atop longitudinal framing is 

not viable in MHT as framing is significantly shorter than in traditional vessel 

construction and would create a significant increase of localized stiffness known as 

hard points. Hard points result in strain concentrations and prevent uniform 

deflections on the large scale required for MHT’s success (Von Bampus 2016).  

This directly contradicts the objectives and benefits of MHT. 
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This thesis focuses on the design of a cabin class vessel hull utilizing MHT 

and addressing the requirement of an inboard engine mounting method. The results 

of this thesis consist of 2 3D models the same vessel hull bottom with and without 

the conceived engine mounting system.  These models will then be expressed in 

finite element analysis (FEA).  FEA results will be used to analyze the structural 

behavior without the engines mounted to directly compare to the behavior after the 

engine mounting method has been implemented to evaluate the effects of the 

mounting method.  The results yield a universal methodology to the 

implementation of inboard propulsion units in MHT vessels in the marine industry. 
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2 Background 

 In the early 1930’s glass fibers were not easily produced and were therefore 

expensive.  It wasn’t until an employee of Owens Glass Company in 1932 

accidently exposed molten glass to a direct blast of compressed air which resulted 

in glass fibers.  This method was explored and developed to create the ability to 

mass produce glass fibers which were quickly implemented into fabrics.  Yet 

plastics were still not at a suitable level to fully capture the benefits of composites.  

The first composite boat was constructed in 1937 by Ray Greene (Marsh 2006).  At 

the time the boating industry, especially smaller crafts, were predominantly custom 

wood structures.  Plastics were not well known or developed and so this early 

composite vessel was unsuccessful as a result of the brittle nature of the plastic 

available at the time.  In the 1940’s another attempt at the construction of a 

composite boat was made by Bason Industries but resulted in the inability to 

demold the structure from its mold due to the unavailability or knowledge of 

release agents.  In 1936 the first polyester resin patent was issued to Dupont which 

ultimately led to the 1942 polyester resin created by American Cyanamid (Marsh 

2006).  This is regarded as the first ancestor of modern resins today and launched 

composites into the marine industry.  Unfortunately, the first mass produced 

composites boats would not be seen until the 1950’s.  WW2 demands limited the 

availability of materials in the 1940’s which hindered the development of 
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composites in the marine industry.  In the 1950’s composite boats began to be mass 

produced.  Vessels could be replicated many times with the same molds and 

construction times were greatly reduced.  This began a new era for the marine 

industry which has blossomed into the current marine industry today (Marsh 2006). 

 

2.1 Composite Materials Definition and History 

Composites in general are materials consisting of combinations of two or 

more materials.  Typically, a composite is comprised of high strength fibers 

embedded in a weaker material known as a matrix.  The matrix function is to 

maintain fiber arrangement and transfer loading to the embedded fibers.  The 

combination of these two constituents results in a material possessing intermediate 

properties in relation to the individual constituents comprising the composite (Gay 

2015).   

 Early examples of man-made composites were utilized by ancients in the 

form of straw-reinforced clay bricks and plant fiber reinforced pottery to increase 

the resistance to cracking in early ceramics.  Nature offers some examples of 

composites with wood and bone which both possess fibrous components embedded 

in a biologically created matrix.  Modern composites commonly take on the forms 

of fiber reinforced polymers (FRP) and steel rebar reinforced concrete (Gibson 

2016).  Material in fiber form offers the maximum tensile performance of a 
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material but is not a useful structural material itself as it is incapable of accepting 

loading conditions outside of tension or maintaining shape and fiber arrangement 

(Gibson 2016).  The utilization of fibers structurally depends greatly on the method 

of containing the fibers and unifying them into a composite.   

 Laminates can consist of multiple layers of fibrous fabrics of varying 

directionality and fiber content.  Each layer within a laminate is referred to as a ply 

and consists of a layer of many fiber bundles with uniform direction or woven into 

fabric that is embedded in a matrix.  Due to the nature of these types of composites, 

fibers can be arranged to best handle the loading conditions of the overall laminate.  

This presents a material that can be designed around the needs of its use and 

optimized greatly to offer excellent mechanical performance at a reduced weight.  

The construction of a laminate is conducted on a mold surface in which the dry 

fabrics easily conform to and the matrix is added as a liquid which saturates the 

fabric.  Once the matrix material fully cures the result is a rigid composite that 

maintains the shape of the mold it was laminated on.  This has led to the increased 

popularity in the marine industry where the complex shapes of boats can be easily 

and seamlessly generated with composites and replicated many times with the same 

mold (Greene 1999).
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2.2 Properties and Behavior of Fiberglass 

E-Glass fiberglass is the most common type of composite utilized in the 

marine industry. E-glass is an electronics grade glass fiber commonly used in 

electrical applications and widely used as fiber reinforcements.  It is renowned for 

its high strength relative to its weight, excellent resistance to water degradation, 

and low cost (Greene 1999).  Fiberglass is classified as a subset of anisotropic 

materials known as 2D-orthotropic. Properties can vary greatly in 3 axes depending 

on fiber arrangement.  While fiberglass possesses excellent specific strength, it is a 

relatively low modulus, flexible, and low compressive strength material.  This 

results in a material with excellent in-plane tensile properties.  

 As a result of anisotropy, composites are rather complex in their behavior.  

Stress does not uniformly distribute throughout a laminate and varies ply-by-ply 

depending on loading conditions and fiber orientation (Gibson 2016).  Plies with 

fibers arranged in the direction of loading carry most of the stress of the laminate. 

Fibers oriented perpendicular to loading will carry little stress and do not contribute 

significantly to the bearing of the applied load.  Plies with fiber orientation at an 

angle other than zero degrees relative to loading contribute reduced load bearing. 

This makes analyzing stress difficult since the overall stress of the laminate does 

not directly express the stresses each ply is undergoing.  Understanding loading 

conditions and how they propagate through a composite structure is critical in 

designing a laminate that satisfies the stresses the structure will undergo.  
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 FRP composites typically behave linear elastically under loading conditions 

until failure and do not exhibit plastic or non-linear behavior (Greene 1999).  Yield 

strength in the case of composites represents the ultimate strength of the material.  

Due to linear elastic behavior, laminate failure can be more easily predicted by 

strain.  Unlike stress in composites, strain is well behaved throughout the plies of a 

laminate regardless of fiber orientations.   Fiberglass typically has a strain-to-

failure of 2-2.5% (Lewit 2015).  Observing strain greater than 2.5% in fiberglass 

upon analysis is typically an indicator of failure.  

2.3 Membrane Definition and Behavior 

A membrane is defined as a thin and flexible material with the sole purpose 

of forming a barrier. Membranes have little bending stiffness properties and will 

deflect when subjected to out-of-plane loading.  Similar to fibers discussed in 

Section 2.1, membranes are only capable of accepting in-plane loading.  A 

membrane fixed around its perimeter and subjected to out-of-plane loading will 

deflect until the membrane can accept the load as an in-plane tensile load.  Uniform 

pressures acting on a membrane cause high stress regions in the center of the 

membrane away from the perimeter supports.  Stress reduces as it propagates 

outward from the center of the membrane and distributes uniformly until it is 

transferred into the perimeter supports.  Due to its thin nature and low bending 

stiffness a membrane structure will default to in-plane loading when undergoing 

loading (Gay 2015). 
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2.4 Traditional Marine Structure VS MHT 

In traditional vessel structures there are typically two large section stringers 

that span the length of the boat with a considerable span between them.  The 

laminate of the hull traditionally will either consisting of a cored composite 

laminate or a thick solid laminate to generate the needed panel flexural stiffness for 

this design (Greene 1999).  Little to no deflection is expected in this configuration. 

This results in a heavy, rigid, and expensive structure since much more material is 

needed in this type of design.  

 Marine gel coat, the exterior coating used on composite boats, typically has 

a strain-to-failure of approximately 1%.  This is less than half the limitations of 

fiberglass.  This presents a severe limitation in marine vessel structural design as 

the gel coat commonly constrains the required stiffness of the entire structure rather 

than the actual materials comprising the structure itself (Lewit 2019).  Therefore, 

deflection is greatly limited, and extreme rigidity is preferred to prevent gel coat 

cracking. 

 To overcome the limitations of standard marine gel coats a “Strain Tunable” 

coating system known as Co-Cure was developed by SCI (Lewit 2012).  Co-Cure 

coatings allows marine vessels to be designed to the limits of the primary structural 

materials they are made from without the limitations of traditional gel coats.  Co-

Cure’s strain-to-failure can be “tuned” to a designer’s specifications and possesses 
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strain capabilities exceeding the underlying composites (Lewit 2015).  Traditional 

gel coats would not be appropriate on an MHT structure as deflections and 

resulting strains exceed their mechanical properties.  The utilization and 

development of Co-Cure is paramount to the success of MHT structures. 

 In a membrane hull structure, there are substantially more beams and 

stringers but at a significantly smaller section size resulting in smaller spans 

between structural framing, thus creating an overall less rigid structure (Lewit, 

2012).  Due to the smaller spans, hull laminates can be much thinner and lighter 

and act more like a membrane to keep water out rather than a stiffener to the 

structure.  In a traditional hull, spans are large which requires a substantial hull 

laminate thickness to generate adequate flexural stiffness to meet low deflection 

standards.  As deflection is only limited by stress in MHT, panels deflect locally 

and along a globalized region of the hull with longitudinal stringers and transverse 

beams as the only restrictive element to this deflection.   Therefore, stringers and 

beams take on the responsibility of maintaining and comprising the primary 

stiffness of the structure.  

As a result of the membrane structure being flexible there is an inherent 

benefit of shock damping since the large deflections increase temporal and spatial 

distance of slamming loads which reduces peak energy intensity transmitted to the 

craft and occupants.  Upon wave impact an MHT hull responds by deflecting in the 
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spans between the keel and chines resulting in large elastic energy absorption.  In 

addition to the global structure being flexible, the individual panels between 

reinforcements also deflect which adds further to the shock benefits since even 

more energy is spent in the elastic deflection of the structural elements rather than 

purely transmitted in the stiff traditional design (Lewit 2012).  Allowing deflection 

in an MHT hull greatly reduces the stress that the structural elements experience 

which reduces the amount of reinforcement needed.  Figures 2 and 3 illustrate the 

MHT structure compared with a more traditional hull structure. 

 

 

 

 

  



 

13 

 

  

Figure 3: MHT Hull Structure 

Figure 2: Traditional Hull Structure 

https://www.boatdesign.net/threads/ski-boat-stringer-sole-replacement.20668/ 
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Figure 4: Watertight Flexible Connection Bulkhead 

2.5 Progress of Non-rigid Connections to MHT Hulls 

A study conducted in 2016 by Erica Von Bampus focused on formulating a 

method of creating a watertight bulkhead for MHT hull structures.  This study 

yielded a successful method of connecting bulkheads to an MHT hull structure 

without the generation of hard points. With traditional vessels rigidity, direct 

connection of engine room bulkheads between hull and deck structures is 

permitted.  However, in MHT structures this not possible due to the excessive 

deflections experienced by the vessel’s hull structure.  Von Bampus utilized 

elliptical composite “springs” to overcome this challenge and create a non-rigid, 

watertight connection between a bulkhead and an MHT hull structure. Von 

Bampus’s model setup is shown in the figure below.  The composite spring is the 

portion colored yellow, the bulkhead is colored blue, and the transverse stringer is 

colored green.   
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The transverse beam that the spring was connected to was made taller than 

the other transverse beams in order to offer clearance for the spring to deflect 

without colliding with the longitudinal stringers.  Failure criteria in this scenario 

was determined to be when the deflection of the spring beam exceeded the height 

difference of the taller transverse beam and collided with the longitudinal stringers. 

Von Bampus’s bulkhead was rigidly connected to the deck structure above which 

held the spring in place and allowed the deflection of the hull without imposing 

significant loading to the bulkhead above. The dimensions of the elliptical 

composite spring used in this study was 4 inches wide by 1.25 inches tall. Results 

showed that the spring connection to the MHT hull allowed uniform deflection of 

the hull around the connection location without significant effects to the behavior 

of the hull or the generation of strain concentrations that would result from the 

creation of hard points (Von Bampus 2016).  However, performance and structural 

behavior as a result of spring connection was not evaluated in this study.  
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A test was later conducted on the elliptical composite springs by 

undergraduate student Brady Powers of Florida Institute of Technology.  Powers 

constructed composite spring beams of various dimensions to validate the behavior 

of Von Bampus’s composite spring beams and found that the dimensions of 4 

inches by 1.25 inches for the elliptical springs was too small and transmitted more 

loading than previously expected.  These springs did not fully recover from 

extensive deflections as Von Bampus’s model showed.  The results of this set of 

tests showed that a 7-inch-wide by 3-inch-tall elliptical composite spring was able 

to recover from larger deflections and reduce the added stiffness of the spring on 

the attached structure more effectively then the smaller springs used in Von 

Bampus’s study (Powers 2017).  
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3 Theory 

3.1 Craft and Engine Description and Selection   

 A 42-feet Regal Sport Coupe was used as the basis for this design and 

calculations.  Regal is a performance yacht manufacturer that freely advertises 

vessel specifications and agreed to provide drawings for this study.  Accessibility to 

vessel specifications was needed in order to calculate design loads and select 

appropriate engines.  This vessel is a cabin class yacht which comes standard with 

twin pod inboard propulsion units.  A vessel weight of 22,300 pounds was 

estimated by taking the vessels standard dry weight of 20,500 pounds and adding 

the approximate weight of fuel and water.  This weight is likely conservatively high 

as it does not factor the weight savings from converting vessels structure to MHT. 

The length and classification of this vessel make it a good representation of a 

standard inboard vessel.   
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The RSC42 is illustrated in the figure below.  Full manufacturers specifications are 

provided in Appendix B for the Regal 42 Sport Coupe. 

 

 

 

 

 

 

 

 

 For the purpose of this study traditional inboards were selected to replace 

the stock propulsion units.  This was necessary because the stock engine units in 

the RSC42 are pod drive type marine inboard units and do not represent the typical 

propulsion unit found in this type of vessel.  The Volvo-Penta D6-435 diesel 

marine inboard was selected due to the similarity of power and size to the stock 

engines of the RSC42.  The D6-435 has a dry weight of 1541 pounds which was 

estimated to be approximately 1600 pounds wet.  This weight was utilized to 

Figure 5: Regal Sport Coupe 42 

 https://worldsportsboats.com/2010/12/09/the-eagle-has-landed-in-the-new-regal-

42-sport-coupe/ 
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determine the engine design loads.  The Volvo-Penta D6-435 is depicted in the 

figure below. 

  

Figure 6:Volvo-Penta D6-435 Marine Diesel Inboard 
https://www.volvopenta.com/marinecommercial/en-en/products/propulsion-mc/ranges/inboard-shaft-

propulsion-mc/d6-435/specification.html 
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3.2 Determining Design Loads 

Design Loads are specific to vessel purpose, type, and size.   Large ships are 

subjected to significant global bending which lead to dominant in-plane loading as 

the primary concern in their design.  Small crafts do not undergo such extensive 

global bending as ships and are primarily subjected to localized out-of-plane 

loading as their dominant loading condition.  These localized out-of-plane loads 

result from hydrostatic pressure, hydrodynamic loading, and point loads.  

Hydrostatic pressure occurs because of the displacement of water and is responsible 

for the buoyant forces that maintain floatation.  Hydrodynamic loading is a direct 

result of wave slamming events that occur during vessel operation and are often 

responsible for most of the larger loads that the structure may undergo.  Point loads 

result from a multitude of sources and are commonly found as engine, hauling, 

towing, mooring, and running gear loads (Greene 1999). 

 The calculation of the maximum design pressure for the vessels hull was 

performed according to the Simplified Method for Determining Structural Design-

Limit Pressures on High Performance Marine Vehicles developed by Allen and 

Jones (Allen et. Al, 1978). This method analyzes hydrodynamic loading as a 

function of an impact reference area which is related to hull form, size, and 

displacement and yields a static equivalent design pressure.  Impact reference area 
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is the area upon which the slamming force acts upon in a worst-case scenario and 

its size determines the magnitude of pressure the hull will experience in this 

scenario. The equation for impact reference area for Vee-shaped planning hulls is 

illustrated below. 

𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1: 𝐼𝑚𝑝𝑎𝑐𝑡 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝐴𝑟𝑒𝑎 = 25 ∗
𝐹𝑢𝑙𝑙 𝐿𝑜𝑎𝑑 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝐿𝑜𝑎𝑑𝑒𝑑 𝐷𝑟𝑎𝑓𝑡
∗ (144) 

The full load displacement of the vessel was estimated to be 22,300 pounds.  The 

full load draft of the vessel is 3.42 feet according to Regals vessel specifications.   
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 The average pressure over the impact reference area was found utilizing the 

equation below. 

Equation 2: 𝐴𝑣𝑔. 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =
(𝐼𝑚𝑝𝑎𝑐𝑡 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟∗𝐹𝑢𝑙𝑙 𝐿𝑜𝑎𝑑 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡)

𝐼𝑚𝑝𝑎𝑐𝑡 𝑅𝑒𝑓.𝐴𝑟𝑒𝑎
∗ (2240) 𝑝𝑠𝑖  

The value of average pressure over impact reference area is used to estimate the 

maximum pressure over the impact reference area.  The impact load factor was 

obtained from Allen and Jones reference chart below which contain the load factor 

results from their experiments with vessel modeling. 

 

 

 

Figure 7: Allen and Jones Impact Load factor reference Chart 
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The RSC42 is a planing hull with a displacement of approximately 10 long 

tons.  The impact load factor was found from the reference chart to be 5.  This 

value was input in Equation 2 to find the average pressure over impact reference 

area.  The maximum pressure over the impact reference area was then calculated by 

dividing the average pressure over the impact reference area by 0.14 which is the 

ratio of the design pressure and maximum pressure found in the Allen and Jones 

experiments. 

The last step in the Allen and Jones method is the calculation of the 

equivalent uniform static design pressure or simply the vessels hull design pressure.  

The equation for the design pressure is shown below in equation 3. 

Equation 3: 𝐷𝑒𝑠𝑖𝑔𝑛 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 𝐹 ∗ 𝐾𝐷 ∗ 𝑃𝑀 𝑝𝑠𝑖 

The variable F represents the longitudinal pressure distribution factor which ranges 

from 0 to 1 depending on hull type.  Hull form greatly influences how pressure is 

distributed on the hull surface.  In the case of Vee-shaped planing hulls the value of 

F is 1. 

 The variable KD represents the pressure reduction coefficient which is 

yielded from Allen and Jones experimental data.  The design area of 1000 square 

inches for panels was used from Allen and Jones reference tables and divided by 
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the impact reference area to obtain an area ratio of 0.09 to be input into the chart 

below to obtain the pressure reduction coefficient. 

 

 

 

 

 

 

 

 

 

 

 From the reduction reference chart, a value of 0.3 was estimated for the 

pressure reduction coefficient.  The values of pressure reduction coefficient, 

maximum pressure over impact reference area, and the pressure distribution factor 

were input into Equation 3.  A hull design pressure of 11.4 psi was yielded as the 

result of this process and rounded to 11.5 for the design process. 

  

Figure 8: Allen and Jones Pressure reduction Reference Chart 
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The determination of engine loads was established using Newton’s first law 

of physics.  The equation of this law is illustrated below. 

Equation 4: 𝐹𝑜𝑟𝑐𝑒 = 𝑀𝑎𝑠𝑠 ∗ 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛  

 An engine weight of 1600 lbs was used and an acceleration of 5G’s was 

applied based on SCI’s experimental results which found that 5G accelerations in 

an MHT vessel equate to 15G on a traditionally built vessel (Hagan 2019). The 

force yielded was then distributed evenly over the area of the engine mounting 

pads.  This resulted in a design pressure of 40 psi for the engine mount locations on 

the side where the hull design pressure was applied.  The same method was used to 

generate a 1G load case for the opposite side of the engine platform to the applied 

hull design pressure.  This load amounted to 10.5 psi at the engine mounting pads 

and represents the constant static pressure imposed on the structure. 

3.3 Panel Preliminary Design 

 A preliminary design of the hull shell was performed to approximate 

laminate thickness and generate initial laminate schedules.  An initial deflection 

parameter was set to be 1 inch per every 50 inches of span to allow an initial 

estimation of required laminate thickness (Greene 1999).  This deflection allowable 

is commonly used in the marine industry and provided a reasonable starting point 

for laminate estimates.  Engine mount spacing was obtained from Volvo Penta 
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specifications illustrated in Appendix B and found to be 22.6 inches.  This value 

was than divided by two to obtain the center-to-center spacing of 11.3 inches for 

the longitudinal hull stiffeners.  Transverse beams were initially estimated to have 

36-inches spacing. Typical transverse beam spacing for hull stiffeners is often 

around 1-meter, so this value was a reasonable initial assumption.  The panel was 

modeled as a beam of 1-inch width and an assumed value of 2 msi for fiberglass 

was used for modulus in order to solve for thickness. The required thickness 

according to these calculations was 0.26 inches of the hull panel laminate to satisfy 

the deflection parameters.   
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3.4 Beams and Stringer Preliminary Design 

Similar to panel design in Section 3.5, hull beams and stringers were 

preliminarily designed to obtain initial estimates of laminate thicknesses.  Beams of 

standard size were selected from Compsys’s website.  Compsys is a manufacturer 

of composite reinforcement preforms across multiple industries including the 

marine industry.  The beams selected were the TR4030 model.  The TR4030 

dimensions and components are illustrated below.

Figure 9: Standard Compsys, Inc TR4030 Beam 
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This beam size was used for both the transverse beams and longitudinal 

stringers.  Laminate thicknesses were calculated for each part of the beams through 

the design methods for a single skin stiffener as shown in Marine Composites. This 

method follows the practices of basic Mechanics of Materials.  Two types of 

reinforcement were added to the beam’s top surfaces.  Caps were reinforced with 

unidirectional fabrics to match expected stress states under loaded conditions.  

Overlays are biaxial +45/-45-degree fabrics added to the entire beam surface from 

tab to tab.  Overlays reinforce beam side walls and aid in the containment of the 

unidirectional cap plies.  Laminate thicknesses were modified to meet the same 

deflection parameters as the panels. 

3.5 Material Choices 

The materials selected in this study were all common materials utilized in 

the marine industry except for gel coat.  This was an important factor in material 

selection since the object of this research is to overcome an industry challenge of 

MHT which could encourage greater utilization of this vessel type in the marine 

industry.  Co-Cure Advanced Marine Coating was selected due to high elongation 

capabilities making it the only gel coat feasible to use on an MHT vessel.  E-glass 

fiberglass fabrics were selected since it is the industry standard material for 

composite vessels.   
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 Material properties were obtained from Vectorply, a manufacturer of 

reinforcing fabrics.  Vectorply’s website was used to obtain the properties of the 

laminated fabrics which were input into the finite element models. Random 

chopped strand mat (CSM) was used on the outer shell to prevent printing of the 

directional fabrics through the gel coat.  Unidirectional fabrics were used in the 

caps of beams where in-plane loads are dominant and in areas where the stress state 

differs greatly by direction.  Two different types of biaxial fabric types were 

selected.  These are fabrics consisting of 2 plies of directional fabric each with its 

own axes. Fabrics designated “LTM” by Vectorply are fabrics with 2 directional 

plies stitched to a layer of CSM.  These fabrics directional fibers face in 0 and 90 

degrees and possess equal fiber content in both directions.  The “LTM” fabrics 

were used as the primary laminates of the hull panels and engine platforms since 

their fiber orientation is correctly oriented for the stress states at those locations.  

Fabrics designated “BXM” by Vectorply are fabrics with 2 directional plies 

stitched to a layer of CSM.  These fabrics directional fibers face in +45 and -45 

degrees and possess equal fiber content in both directions.  The “BXM” type 

fabrics were used in the vertical side walls of beams, stringers, and the engine 

platform wings where the stress states are dominated by shear.  Listed in the table 

below are the materials used in this study.  Material properties were obtained 

through tests conducted by Vectorply.  These laminate properties were used in the 

finite element models of this study.  
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Table 1: Laminate Properties 

 

3.6 Engine Mounting Platform with Composite Springs 

The success of Von Bampus’s watertight bulkhead inspired the repurpose of 

composite springs for the application of engine mounts. The concept was 

developed around the behavior of MHT and the conditions surrounding the Von 

Bampus study.  In MHT, deflection occurs between the keel and chine.  The keel 

and chine are sections of relatively high rigidity even in MHT and provide the only 

areas that offer the capability to rigidly connect to the hull without greatly changing 

the behavior of the hull. In the case of engine mounting, rigidity is important to 

maintain alignment with the propeller shaft and to be able to withstand the 

rotational effects of propulsion.  

Laminate Properties 

Material ID Ex (msi) Ey (psi) Gxy (ksi) Density (oz./in3) Poisson Ratio 

E-LM1810 2.66 1.17 490 0.91 0.255 

E-LTM3610 2.27 2.27 450 0.93 0.141 

E-BXM1708 1.86 1.86 410 0.92 0.211 

E-M0010 1.07 1.07 410 0.85 0.304 

E-BXM 2408 1.97 1.97 370 0.93 0.197 

E-BX2400 2.57 2.57 360 0.98 0.197 
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It is important to acknowledge that the success of Von Bampus study is 

based partially on the fact that the bulkhead top was rigidly connected to the deck 

structure above the hull.  In this scenario the bulkhead does not subject any loading 

on the hull structure beneath it.  The hull deflects towards the bulkhead and the 

composite spring prevents the collision of the bulkhead and transverse beam while 

maintaining a watertight seal.  Utilizing spring beams in a scenario where loading 

comes from both the hull and the above structure is particularly challenging 

because the loading from the above structure would be transmitted through the 

composite spring into the hull and effect the behavior and stress state of the hull. 

Therefore, the design focus of the engine platform was stiffness. 

 

 The engine platform, shown above, relies upon a keel beam for stiffness, 

represented in light purple.  Placing a large beam over the keel offers a source of 

rigidity in a location farthest away from the maximum deflection areas. Composite 

wings stem off the sides of the keel beam (red) and are cushioned by spring beams 

Figure 10: Engine Mounting Platform 
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(yellow).  The spring beams have 1-inch spacers below them in order to raise them 

above the hull beams and stringers to allow free deflection of the springs.  This 

platform design is focused on forcing load paths to the keel beam and minimizing 

load transfer to the spring beams.  The engine loads must transfer from the platform 

through the wings and into the keel beam in order to ensure that an engine induced 

load is not significantly transmitted through the spring beams and into the hull 

frames or shell. The spring beams purpose is to offer stability to the platform, 

prevent collision between the wings and the hull beams, and offer minimal support 

to the engine platform such that membrane behavior is still seen in the hull 

structure. 

 

  

Figure 11: Engine Platform Top-Down View 
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The figure above depicts a top-down view of the engine platform.  The gray 

rectangular boxes illustrate the engine mount pad area that come standard on the 

D6-435 engine.  Beneath the pads there are 2 composite beams that will transfer the 

engine loads to the wing elements.  Beam tabs (dark purple) were set to overlap at 

the bolt holes to increase laminate thickness and prevent hole placement over beam 

centers.   
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4 Methodology 

 A comparison of two FEA models of the same vessel was conducted in this 

study. Model 1 consisted of the RSC42 hull converted to an MHT structure.  Model 

2 utilized the same laminate schedules as model 1 for the hull shell, longitudinal 

stringers, transverse beams, with the exception of the transverse beams beneath the 

composite springs. Model 2 was generated by adding the engine platform into 

model 1.  Minor alterations to model 1’s structural layout were made to 

accommodate the engine platforms keel beam and the addition of the composite 

springs.  The matching baseline structural elements and laminate schedules of the 

two models allowed a side-by-side comparison to examine the effects the engine 

platform had on the behavior of the structure in model 2 compared to the behavior 

of model 1.   
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4.1 Vessel Reconfiguration  

The RSC42 structure was reconfigured as an MHT structure in model 1 of 

this study.  Model 2 was reconfigured from model 1 to accommodate for traditional 

inboard propulsion units.  The RSC42 original engine locations were shifted forward 

from the original vessel layout to accommodate the clearance required for propeller 

shafts.  Exact placement of the engine location was not critical for the purpose of this 

study. This study focuses on the interaction between the hull bottom of an MHT 

vessel and the proposed engine mounting system.  The 3D models were simplified 

and reduced to the hull bottom to isolate the region of interest containing the engine 

locations.  Models 1 and 2 are shown below. 

  

Figure 12: Model 1 Layout 
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4.2 Constructing the Models 

Solidworks computer aided drawings software was used to create the primary 2D 

surface model which both models originated from. Original structural elements 

were removed from the hull to reduce the hull to the outer shell.  Transverse beams 

and longitudinal stingers were added at the predetermined locations.  Surfaces 

breaks were carefully generated to designate locations of different laminate 

schedules.  Surfaces were also broken at intersection locations between structural 

elements. Due to the curvature of the hull, longitudinal stringer spacing varied 

slightly but had an average spacing of 6.8 inches from edge to edge.  Transverse 

beams were consistently spaced at 36 inches. The engine platform was constructed 

within the original surface model to ensure proper attachment to the structure.  The 

Figure 13: Model 2 Layout 
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top surface of the platform was raised to accommodate the space required by the 

engines.  The spring beams and spring spacers were added atop the aligned 

transverse beams and the platform surface was connected to the top of the spring 

beams. 

 Construction of the finite element models was conducted by importing the 

surface model into FEMAP analysis software.  Meshing of all surfaces was 

generated using 2D quad elements.  Both models used elements sized at 0.5 inches 

by 0.5 inches. Elements were sized by length of perimeter curves.  This allowed 

nodes to align and generate a clean mesh between surfaces. Model 1 after meshing 

contained 341,121 elements and 332,296 nodes.  Model 2 after meshing contained 

415,852 elements and 404,526 nodes. 

 After meshing, surface and element normal were examined and corrected. 

All coincident nodes were merged. Surface normal are important because they 

determine the directionality of applied loads on surfaces.  This ensured that loads 

applied to surfaces would be facing in the appropriate direction.  Element normal 

are critical to ensure the stacking sequence of the laminates is in the proper 

direction.  Laminates are constructed outward from element normal direction.  

Elements were then assigned material orientations.  Material orientations dictate the 

direction that the materials are applied to the elements.  Lastly, layups of materials 
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and properties were generated and applied to the elements according to laminate 

schedule. 

4.3 Hull and Beam Laminates 

This section includes tables of the hull laminates used in the FEM models.  

Material properties from Vectorply are tested in fiber direction so material direction 

was specified in the model layups to ensure proper fiber orientation.  Laminate 

schedules for hull base, longitudinal stringers, and transverse beams were identical 

in both models.  The laminate schedule of the transverse beams in model 2 below 

the composite springs were modified from the original transverse beam laminate 

schedule. 

Table 2: Hull Base Laminate Schedule 

 

 

 

 

 

 

 

Hull Base 

Ply # Material Angle 

1 E-M0010 0 

2 E-M0010 0 

3 E-LTM3610 0 

4 E-LTM3610 0 
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Table 3: Longitudinal/Transverse Beam Laminate Schedule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Spring Transverse Beam Laminate Schedule 

  

Longitudinal Beams/Transverse Beams 

Ply # Material Angle Type 

1 E-BXM2400 45 Overlay 

2 E-LM1810 0 Cap 

3 E-LM1810 0 Cap 

4 E-BXM2408 45 Overlay 

5 E-LM1810 0 Cap 

6 E-LM1810 0 Cap 

7 E-BXM2408 45 Overlay 

Model 2 Spring Transverse Beams 

Ply # Material Angle Type 

1 E-BX2400 0 Overlay 

2 E-BXM2408 0 Overlay 
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4.4 Model 1 and 2 Constraints 

 

Model 1 and 2 constraints are illustrated in the figure above.  Both models 

were constrained equivalently to ensure fair comparison between them. Translation 

in the Z direction was constrained around the entire perimeter of the hull. The hull 

sides which consist of the transom corners to the bow vertex were constrained from 

translation in the Y direction. X translation was constrained in the transom which 

also resulted in the constraint of rotation about Z. 

  

Figure 14: Model 1 and 2 Constraints 
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4.5 Model 1 Load Cases 

 

4.5.1 Model 1 Load Case 1 

 

Figure 15: Model 1 Load Case 1 

 

Load case 1 was a pressure of 11.5 psi applied to the two largest central 

panels with the greatest unsupported area.  This load case represents a slamming 

event focused on the two largest unsupported panels and therefore is the worst-case 

scenario for the hull panels.  This load is also applied in the bow region where most 

slamming occurs and in a region of the structure away from the engine locations to 

analyze hull behavior in that region. 
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4.5.2 Model 1 Load Case 2 and 3 

 

Figure 16: Model 1 Load Case 2 

Figure 17: Model 1 Load Case 3 

Load case 2 and 3 for model 1 is the 11.5 psi design pressure applied to the 

panels in the regions directly below the engine locations.  These load cases were 

symmetric about the X-axis. This load case represents a slamming event at the 

panels below the starboard and port engine. 
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4.5.3 Model 1 Load Case 4 and 5 

 

Figure 18: Model 1 Load Case 4 

 

Figure 19: Model 1 Load Case 5 

Load case 4 and 5 for model 1 is the 11.5 psi design pressure applied to the 

panels in the region directly forward of the starboard and port engine location.  

These load cases represent the slamming event at the panels forward of the engine 

regions. 
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4.5.4 Model 1 Load Case 6 and 7 

Figure 20: Model 1 Load Case 6 

Figure 21: Model 1 Load Case 7 

Load case 6 and 7 for model 1 is the 11.5 psi design pressure applied to the 

panels in the region directly aft of the starboard and port engine location.  This load 

case represents the occurrence of a slamming event at the panels just aft of the 

engine regions. 
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4.6 Model 2 Load Cases 

Model 2 Load Cases 1-7 were applied in the same manner as model 1 load 

cases 1-7 for the hull regions. In model 2 engine loads were applied to the engine 

platform at the location of the mounting pads. Mounting pads were assigned the 40-

psi engine load to simulate the 5G acceleration force generated on the engine 

during a slamming event. This was applied to the side of the engine platform that 

the hull pressure was assigned.  The opposite side mounting pads were loaded with 

the 10.5 psi pressure load generated in the 1G static engine conditions. 

Figure 22: Starboard Engine Mount Locations 

Figure 23: Port Engine Mount Locations 
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4.7 Load Case Summary Tables 

This section is a summary for quick reference to all load cases for both models 

which are compiled in the tables below. 

Table 5: Model 1 Load Case Summary 

Model 1 Load Case Table 

LC # Location Hull Pressure (psi) 

1 Bow Panels 11.5 

2 Starboard Engine Panels 11.5 

3 Port Engine Panels 11.5 

4 Starboard Forward Engine Panels 11.5 

5 Port Forward Engine Panels 11.5 

6 Starboard Aft Engine Panels 11.5 

7 Port Aft Engine Panels 11.5 

 

Table 6: Model 2 Load Case Summary 

Model 2 Load Case Table 
LC # Location Hull Pressure 

(psi) 

Starboard 

Engine 

Load (psi) 

Port 

Engine 

Load (psi) 

1 Bow Panels 11.5 10.5 10.5 

2 
Starboard Engine 

Panels 
11.5 40 10.5 

3 Port Engine Panels 11.5 10.5 40 

4 
Starboard Forward 

Engine Panels 
11.5 40 10.5 

5 
Port Forward Engine 

Panels 
11.5 10.5 40 

6 
Starboard Aft Engine 

Panels 
11.5 40 10.5 

7 Port Aft Engine Panels 11.5 10.5 40 
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4.8 Failure Criterion 

Two forms of failure criteria were considered in the results of both finite 

element models.  As MHT is based on a strength focused design ideology, 

deflection limits for model 1 were not established.  Instead strains were analyzed to 

ensure strength of plies were not exceeded. For both models, strains exceeding 

2.5% was considered to be a failure of that ply.  Designs were carefully generated 

to prevent strains in excess of 2.5%.  Model 2 also had the added failure criteria 

based on deflection in the composite springs.  In this scenario springs were not 

permitted to deflect greater than 1-inch since this would result in the collision of 

the springs with the longitudinal stringers. 
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5 FEA Results 

This section presents the results of both model 1 and 2 finite element 

models.  Results are presented side by side to encourage direct comparison of the 

structural behaviors of each model under the same loading conditions.  For 

consolidation, results for maximum principle strains were enveloped in each load 

case to include the maximum strains at each location regardless of ply.  The process 

of enveloping combines the maximum principal strains of each ply at all locations 

on the structure and selects the largest value at each location.  Analyzing enveloped 

results will reveal the maximum principal strain at each location without noting the 

specific ply it is present in. This allows the quick examination of strains to insure 

2.5% strain was not exceeded in any ply. Results of model 2 are depicted without 

the engine platform present. The engine platform was visually removed to more 

clearly illustrate the hull responses.  All analysis performed on model 2 was 

conducted with the engine platform present.  Although it is not always visible in the 

following results, results reflect the hull responses with the platform structure 

present.  Images of the full model 2 deflections are found in Appendix A.  Results 

for strain are formatted to display red if 2.5% strain is exceeded. The deflection 

results for the composite springs are formatted to display red if 1-inch deflection 

was exceeded. 
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5.1 Load Case 1 Hull Responses 

 

Total translation of model 1 for load case 1 was 0.96 inches.  Model 2 

demonstrated a 0.93 inches total translation under the same loading conditions. 

This is a 3% reduction of deflection from model 1 to model 2.  

Figure 24: Model 1 Load Case 1 Deflection 

Figure 25: Model 2 Load Case 1 Deflection 
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The images above illustrate the max strains of each ply for all laminates for 

load case 1 in both models.  Model 1 max strain was in the transverse caps at 0.97%. 

Model 2 max strain was present at the same location at a value of 0.96%. 

Figure 26: Model 2 Load Case 1 Enveloped Max Strains 

Figure 27: Model 1 Load Case 1 Enveloped Max Strains 
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5.2 Load Case 2 Hull Responses 

Figure 28: Model 1 Load Case 2 Deflection 

Figure 29: Model 2 Load Case 2 Deflection 

Total translation of model 1 for load case 2 was 1.76 inches.  Model 2 

demonstrated a 1.1 inches total translation under the same loading conditions. This 

is a 44% reduction of deflection from model 1 to model 2. 
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 Figure 30: Model 1 Load Case 2 Enveloped Max Strains 

Figure 31: Model 2 Load Case 2 Enveloped Max Strains 

 

The images above illustrate the max strains of each ply for all laminates for 

load case 2 in both models.  Model 1 max strain was in the transverse caps at 

1.39%. Model 2 max strain was present at the same location at a value of 1.92%. 
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5.3 Load Case 3 Hull Responses  

Figure 32: Model 1 Load Case 3 Deflection 

 

Figure 33: Model 2 Load Case 3 Deflection 

 

 Total translation of model 1 for load case 3 was 1.76 inches.  Model 2 

demonstrated a 1.1 inches total translation under the same loading conditions. This 

is a 44% reduction of deflection from model 1 to model 2. 
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Figure 34: Model 1 Load Case 3 Enveloped Max Strains 

 

Figure 35: Model 2 Load Case 3 Enveloped Max Strains 

 

 The images above illustrate the max strains of each ply for all laminates for 

load case 2 in both models.  Model 1 max strain was in the transverse caps at 

1.39%. Model 2 max strain was present at the same location at a value of 1.91%.  
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5.4 Load Case 4 Hull Responses 

 

Figure 36: Model 1 Load Case 4 Deflection 

 

Figure 37: Model 2 Load Case 4 Deflection 

 

Total translation of model 1 for load case 4 was 1.68 inches.  Model 2 

demonstrated a 1.2 inches total translation under the same loading conditions. This 

is a 29% reduction of deflection from model 1 to model 2.  
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Figure 38: Model 1 Load Case 4 Enveloped Max Strain 

 

Figure 39: Model 2 Load Case 4 Enveloped Max Strain  

 

The images above illustrate the max strains of each ply for all laminates for 

load case 2 in both models.  Model 1 max strain was in the transverse caps at 

1.36%. Model 2 max strain was present at the same location at a value of 2%.  
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5.5 Load Case 5 Hull Responses 

 

Figure 40: Model 1 Load Case 5 Deflection 

 

Figure 41: Model 2 Load Case 5 Deflection 

 

Total translation of model 1 for load case 5 was 1.68 inches.  Model 2 

demonstrated a 1.19 inches total translation under the same loading conditions. 

This is a 29% reduction of deflection from model 1 to model 2. 
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Figure 42: Model 1 Load Case 5 Enveloped Max Strain 

 

Figure 43: Model 2 Load Case 5 Enveloped Max Strain 

 

The images above illustrate the max strains of each ply for all laminates for 

load case 2 in both models.  Model 1 max strain was in the transverse caps at 

1.35%. Model 2 max strain was present at the same location at a value of 1.86%. 
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5.6 Load Case 6 Hull Responses 

 

Figure 44: Model 1 Load Case 6 Deflection 

 

Figure 45: Model 2 Load Case 6 Deflection 

 

Total translation of model 1 for load case 6 was 1.75 inches.  Model 2 

demonstrated a 1.2 inches total translation under the same loading conditions. This 

is a 29% reduction of deflection from model 1 to model 2.  
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Figure 46: Model 1 Load Case 6 Enveloped Max Strain 

 

Figure 47: Model 2 Load Case 6 Enveloped Max Strains 

 

The images above illustrate the max strains of each ply for all laminates for 

load case 6 in both models.  Model 1 max strain was located in the transverse caps 

at 1.37%. Model 2 max strain was present at the same location at a value of 1.87%. 
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5.7 Load Case 7 Hull Responses 

 

Figure 48: Model 1 Load Case 7 Deflection 

 

Figure 49: Model 2 Load Case 7 Deflection 

 

Total translation of model 1 for load case 6 was 1.75 inches.  Model 2 

demonstrated a 1.23 inches total translation under the same loading conditions. 

This is a 29% reduction of deflection from model 1 to model 2.  
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Figure 50: Model 1 Load Case 7 Enveloped Max Strain 

 

Figure 51: Model 2 Load Case 7 Enveloped Max Strain 

The images above illustrate the max strains of each ply for all laminates for 

load case 7 in both models.  Model 1 max strain was in the transverse caps at 

1.37%. Model 2 max strain was present at the same location at a value of 1.87%.  
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5.8 Spring Responses 

5.8.1 Load Case 1 Spring Responses 

Figure 52: Spring Deflection from Load Case 1-Max 0.33 inches 

Figure 53: Spring Strains from Load Case 1 - Max .18% 

Figure 52 and 53 illustrate the maximum deflection and maximum principal 

strain experienced in the composite springs resulting from load case 1.  The 

maximum deflection of 0.33 inches was present in the spring closest to the applied 

load and is shown in Figure 54.  The maximum strain found in this spring was 

0.18% and is depicted in Figure 53. 
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5.8.2 Load Case 2 Spring Responses 

Figure 54: Spring Deflection from Load Case 2 - Max 0.86 inches 

Figure 55: Spring Strains from Load Case 2 - Max 0.96% 

Figures 54 and 55 show the maximum deflection and strain experienced in 

the composite springs in model 2 resulting from load case 2.  Maximum deflection 

in the spring is shown in Figure 54 and was 0.86 inches.  Maximum principle strain 

illustrated in Figure 55 was 0.96%.  
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5.8.3 Load Case 3 Spring Responses 

Figure 56: Spring Deflection from Load Case 3 - Max 0.854 inches 

Figure 57: Spring Strains from Load Case 3 - Max 0.89% 

Figures 56 and 57 show the maximum deflection and strain experienced in 

the composite springs in model 2 resulting from load case 3.  Maximum deflection 

in the spring is shown in Figure 56 and was 0.85 inches.  Maximum principle strain 

illustrated in Figure 57 was 0.89%.  
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5.8.4 Load Case 4 Spring Responses 

Figure 58: Spring Deflection from Load Case 4 - Max 0.94 inches 

Figure 59: Spring Strains from Load Case 4 - Max 1.1% 

Figures 58 and 59 show the maximum deflection and strain experienced in 

the composite springs in model 2 resulting from load case 4.  Maximum deflection 

in the spring is shown in Figure 58 and was 0.94 inches.  Maximum principle strain 

illustrated in Figure 59 was 1.1%.  
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5.8.5 Load Case 5 Spring Responses 

Figure 60: Spring Deflection from Load Case 5 - Max 0.927 inches 

Figure 61: Spring Strains from Load Case 5 - Max 0.96% 

Figures 60 and 61 show the maximum deflection and strain experienced in 

the composite springs in model 2 resulting from load case 5.  Maximum deflection 

in the spring is shown in Figure 60 and was 0.93 inches.  Maximum principle strain 

illustrated in Figure 61 was 0.96%.  
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5.8.6 Load Case 6 Spring Responses 

Figure 62: Spring Deflection from Load Case 6 - Max 0.866 inches 

Figure 63: Spring Strains from Load Case 6 - Max 1% 

Figures 62 and 63 show the maximum deflection and strain experienced in 

the composite springs in model 2 resulting from load case 6.  Maximum deflection 

in the spring is shown in Figure 62 and was 0.87 inches.  Maximum principle strain 

illustrated in Figure 63 was 1%.  
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5.8.7 Load Case 7 Spring Responses 

Figure 64: Spring Deflection from Load Case 7 - Max 0.876 inches 

Figure 65: Spring Strains from Load Case 7 - Max 0.97% 

Figures 64 and 65 show the maximum deflection and strain experienced in 

the composite springs in model 2 resulting from load case 7.  Maximum deflection 

in the spring is shown in Figure 64 and was 0.88 inches.  Maximum principle strain 

illustrated in Figure 65 was 0.97%. 
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5.9 FEA Results Summary 

Table 7: Results Summary Table 

 

Table 8: Model 2 Spring Results Summary Table 

  

FEA Results Summary 

Model LC # Max Deflection (in) Max Strain % 

1 1 0.96 0.97 

2 1 0.93 0.96 

1 2 1.76 1.39 

2 2 1.1 1.92 

1 3 1.76 1.39 

2 3 1.1 1.91 

1 4 1.68 1.36 

2 4 1.2 1.86 

1 5 1.68 1.35 

2 5 1.19 1.86 

1 6 1.75 1.37 

2 6 1.2 1.87 

1 7 1.75 1.37 

2 7 1.23 1.87 

Model 2 Spring FEA Results Summary 

LC # Max Deflection (in) Max Strain % 

1 0.33 0.18 

2 0.86 0.96 

3 0.85 0.89 

4 0.94 1.1 

5 0.93 0.96 

6 0.87 1 

7 0.88 0.97 
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6 Discussion 

The behavior of the hull experienced significant changes in the two models.  

When comparing load case 1, which was applied on the two largest panels in the 

bow region, this effect was minimal as only a 3% reduction of deflection was 

observed in model 2 versus model 1.  Maximum strains in model 2 were greater 

than in model 1 yet strains in both cases were well below the 2.5% limit.  Both hull 

responses from models 1 and 2 engaged areas of the hull larger than the area the 

load was applied to.  This suggests that both models are behaving appropriately as 

MHT structures. 

 In the case of load cases 2 and 3 the largest reduction in maximum 

deflection was observed to be 44% in model 2 compared to model 1.  Load cases 1 

and 2 were scenarios where the applied load was directly below the engine platform 

on either side.  In this scenario both composite springs are fully engaged in the hull 

response and impose the greatest resistance to deflection on the hull.  This 

prevented the hull from translating to the extent of model 1 under the same load 

conditions.  As a result, maximum strain values were increased in model 2 but were 

less than the 2.5% limit. Regardless, model 2 still demonstrated the characteristic 

behavior of an MHT structure. 
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 Load Cases 4 and 5 were applied to the forward regions of the port and 

starboard engine platform springs.  In this scenario a 29% reduction of deflection 

was experienced as a result of the engine platform in model 2 compared to model 1.  

Translation was again restricted by the composite springs and resulted in larger 

strain values for model 2.   

 Load cases 6 and 7 were applied to the aft regions of the port and starboard 

engine platform springs.  Similarly, to load cases 4 and 5 there was a 29% 

reduction in deflection in the model 2 hull compared to model 1. Results for load 

cases 6 and 7 were very similar to load cases 4 and 5 and did not appear to be 

greatly influenced by the proximity to transom constraints. 

 All maximum strains occurred at the intersections of the longitudinal and 

transverse caps.  At these locations the cap plies of the transverse beams span from 

the keel to chine overlapping the longitudinal caps at the intersects of the beams.  

As these plies are continuous, strains would not likely concentrate at these locations 

and would be distributed through the cap overlaps without such high concentration 

effects.  This is an error generated by the modeling process which was not able to 

determine that plies were continuous through all the surfaces that made up the caps. 

Therefore, strain values in the results are likely artificially high.  Regardless, these 

values were still within strain limits. 
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 The results for the composite springs reveal that the deflection maximum of 

1 inch was not exceeded in any load case and that all max strain values were within 

acceptable range and actually quite low.  This leaves the impression that further 

optimization could be performed but was not to add further resistance to fatigue as 

these springs will likely experience a significant amount of cyclic loading.  The 

springs effectively offered support and stability to the engine platform without 

creating hardpoints that prevent the globalized deflections of the MHT structure.  

The springs reduced deflections in all load cases and as a result strains were 

increased in all load cases.  This was due to the resistance to translation the springs 

imposed on the hull structure which greatly reduced the engaged areas of the hull 

around the platform.  

 Following the American Bureau of Shipping Guide for Building and 

Classing High Speed Naval Craft the RSC42 in its traditional configuration would 

likely exhibit max deflections of less than 0.2 inches in any span (2002).  The MHT 

version with the engine platform in this study demonstrated max deflections that 

were roughly 5 times greater than what would be expect from its traditional design.  

This suggests that although the engine platform reduced hull deflections and 

engaged smaller areas of the hull which reduced shock mitigation, the overall 

performance would significantly improve with this conversion from the traditional 

structure. 
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7 Conclusion 

The results of the finite element models show that a keel mounted engine 

platform with spring connections to the hull framing is a viable mounting technique 

for MHT hull structures.  The composite springs proved to be able to support the 

engine platform without the generation of hard points or strain concentrations. Hull 

deflections around the engine platform were reduced considerably and engaged a 

much smaller region of the hull structure. This resulted in larger strains since 

loading was concentrated on a smaller area of the hull.  Both models distributed 

loads to much greater areas then the applied load areas which indicated MHT 

behavior in both models.  Deflection uniformity remained consistent in both 

models under all load cases which further supports that the composite springs do 

not prevent large deflections.  Instead they simply reduce the deflections of the 

MHT structure. As a result of the reduction of deflection a reduction of shock 

mitigation benefits can also be expected since the spatial and temporal distances of 

the slamming event would be lessened with the engine platform present.   

 Although shock mitigation was reduced when comparing the hull behavior 

of the empty hull to the hull with the engine platform, a substantial improvement in 

ride quality is expected when compared to the original traditional construction of 

the RSC42 hull.  Deflections were at least 5 times greater than what could be 

expected from the traditional structure.  This suggests that the engaged area of the 

hull and shock mitigation capabilites would be far greater than what could be 
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expected in the traditional hull.  Model 1 illustrated the behavior of the RSC42 hull 

structure as an MHT structure and was used to analyze the cost of the proposed 

engine mounting platform concept only.  Model 1 layout is not a viable option 

when inboard propulsion units are required for a marine vessel.  In reality this type 

of vessel would always have inboard propulsion units and model 2 represents the 

only possible configuration of this type of vessel as an MHT structure currently in 

existence. 

Slamming events occur naturally at the forward regions of hull bottom with 

much greater frequency than in the mid to aft section where the engines are located.  

Therefore, in typical conditions the reduction in shock mitigation would not be 

easily observable since hull behavior in the forward region was preserved within 

3% of deflection of the hull without engines. The results of this thesis reveal that a 

keel mounted platform with spring connections to hull beams can offer a viable 

solution to inboard engine integration for MHT structures with increased 

performance compared to traditional construction. 
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7.1 Future Recommendations 

The next step for the expansion of this hull mounting technique would be to 

construct a prototype of the platform and hull to compare to the FEA results found 

in this study.  Performing this test could validate the design or highlight factors not 

taken into consideration in this study.  This mounting concept could also be used 

for other types of mounting in MHT vessels such as fuel tanks, generators, and 

water tanks.  Pre-existing MHT vessels could be potentially outfitted with this 

mounting technique for a trial with fuel tanks and a comparison of the before and 

after performance could expose the performance costs that this platform has on an 

MHT structure in terms of shock mitigation.  Adding additional springs in sequence 

could allow greater deflections of the hull structure to potentially limit the 

reduction of globalization effects.  Lastly, reconsidering the platform design to 

partially suspend from the deck structure with spring connections to the hull could 

potentially greatly reduce the engine loads being transferred into the hull structure 

and allow close to normal behavior seen in the empty hull without anything 

mounted to it. 
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9 Appendix A – Full Model 2 Deflection Results 

 

Figure 66: Full Model 2 Load Case 1 Deflection 

 

 

Figure 67: Full Model 2 Load Case 2 Deflection 
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Figure 68: Full Model 2 Load Case 3 Deflection 

 

 

Figure 69: Full Model 2 Load Case 4 Deflection 
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Figure 70: Full Model 2 Load Case 5 Deflection 

 

 

Figure 71: Full Model 2 Load Case 6 Deflection 
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Figure 72: Full Model 2 Load Case 7 Deflection 
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10 Appendix B – Vessel and Engine Specifications  

10.1 Regal Sport Coupe Manufacturers Specifications 

 

Table 9: RSC42 Manufacturers Specifications 

 

 

 

 

 

 

 

 

(http://www.regalboats.com/model/42sc-sportcoupe/specs/) 

 

  

  

Regal Sport Coupe 42 Specifications 

Length Overall 42' 4'' 

Beam 13' 

Draft 41" 

Deadrise 18" 

Dry Weight 20,500 lbs 

Overall Height 12' 10" 

Bridge Clearance 12' 4" 

Fuel Capacity 276 gal 

Fresh Water Capacity 70 gal 

Waste Tank Capacity 40 gal 

Engine Power 600 hp 

http://www.regalboats.com/model/42sc-sportcoupe/specs/
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10.2 Volvo-Penta D6-435 Engine Specifications and Dimensions 

 

Figure 73: Engine Data 

 

 

 

Figure 74: Engine Dimensions 

 

https://www.volvopenta.com/marinecommercial/en-en/products/propulsion-mc/ranges/inboard-shaft-propulsion-mc/d6-

435/specification.html 

https://www.volvopenta.com/marinecommercial/en-en/products/propulsion-mc/ranges/inboard-shaft-propulsion-mc/d6-435/specification.html
https://www.volvopenta.com/marinecommercial/en-en/products/propulsion-mc/ranges/inboard-shaft-propulsion-mc/d6-435/specification.html

