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Present study consists the design method for modular composite hull of a hybrid autonomous underwater vehicle. Step 
 by step method to design the modular composite drybox hull is described and discussed. FEA (Finite Element Analysis) for 
 material  strength  analysis  was  used  to  design  and  estimate  composition  of  each  layer  of  composites  structure.  Overall 
 proposed design method lead to the identification of the most efficient number of layers and acceptable safety factor for the 
 composites drybox. 


[Keywords: Hybrid AUV, Sea Glider, Autonomous Underwater Vehicle, Drybox, Composites.] 


Introduction 


The design for pressure hull and buoyancy structures 
 in  underwater  application  has  widely  made  use  of 
 composites.  Submersibles  have  been  developed  and 
 successfully  used  (remotely)  at  depths  as  great  as 
 5000  ft  (1524  m)  and  hydrostatic  pressures  of  
 2000  psi  (13790kPa),  although  commercial  and 
 manned  structures  have  been  generally  limited  to 
 depth of 1200 ft (366 m)1. 


Compared with general metal material, composites 
 promise some advantages as follows2: 


• Composites  can  provide  a  specific  tensile 
 strength  (ratio  material  strength  to  density)  that 
 is  approximately  four  to  six  times  greater  than 
 steel or aluminum. 


•  Composites can provide a specific modulus (ratio 
 of  material  stiffness  to  density)  that  is  three  and 
 half five times greater than steel or aluminum. 


• The fatigue endurance limit is much higher than 
 that for steel or aluminum. 


• Toughened composites can give impact energies 
 significantly  higher  than  those  of  aluminum 
 alloys. 


• Design  flexibility  is  greater  and  can  allow  for 
 physical  property  directionality  in  part  where 
 desired. 


•  The potential for corrosion is significantly reduced. 


•  Composites  materials  can  eliminate  many  joints 
 and  can  be  fastened  by  simplified  methods,  thus 
 eliminating  both  structural  weakness  and 
 manufacturing cost. 


Materials and Methods 


The  application  of  composites  hull  for  underwater 
 vehicle  has  been  started  several  years  ago  at  the 
 Center  for  Unmanned  System  Studies  (CentrUMS)-
 ITB2.  The  composite  material  has  been  used  to  build 
 the  main  structure  (main  hull  and  floatation)  as  well 
 as for the reinforced sub structure (tools, manipulator) 
 in  CentrUMS-ITB’s  underwater  vehicles.  The 
 example  of  the  composite-based  underwater  vehicle 
 platform in our research center is shown in Figure 1: 


If  compared  with  another  metal  structure,  this 
 structure  tends  to  increase  the  operating  depth  to 
 weight  ratio  more  than  2  times.  The  lesson  learned 
 from  this  experience  is  used  for  the  new  design  of 
 hybrid AUV prototype. 


The  current  practices  for  the  design  of  submarine 
 pressure  hulls  have  been  surveyed  by  MacKay et.al 
 in3.  Combination  of  experimental  and  finite  element 
 modeling  was  identified  as  the  primary  practice  in 
 investigating  shell  structure  under  external  pressure. 


In the survey, it was found that the accuracy of a wide 
range  of  nonlinear  numerical  methods,  including 
axisymmetric finite difference and general shell finite 



(2)element (FE) models to be within approximately 16% 


with  95%  confidence.  Cao  et.al  in4  investigated  a 
 hybrid  ship  hull  made  of  a  steel  truss  and  composite 
 sandwich  skins.  In  the  analyzed  structure,  the  steel 
 truss  was  designed  to  carry  the  bending  loads, 
 whereas  the  composite  skins  were  designed  to  carry 
 shear  and  water  pressure  loads.  It  was  demonstrated 
 that  substantial  yielding  and  residual  deformation  of 
 the steel truss appeared when the model was subjected 
 to loading 36% over the design load. However, under 
 this loading there was no indication of damage in any 
 of  the  composite  sandwich  panels,  nor  in  the  bonds 
 between the panels and the steel truss5. 


The  overall  design  of  Hybrid  AUV  prototype  is 
 illustrated in Figure 2: 


The most common matrix for advanced composites 
 and  for  a  variety  of  demanding  application  is  epoxy. 


Epoxies  have  taken  this  major  role  because  of  their 
 excellent adhesion, strength, low shrinkage, corrosion 
 protection,  processing  versatility,  and  many  other 
 properties2. 


The  dominant  properties  of  composites  if  compared 
 with other common materials were illustrated in Table 1: 


There are different manufacturing methods available 
 for composite material. These include wet layup, resin 
 infusion  and  prepreg.  As  shown  in  Figure  3,  with  the 
 layup  method,  dry  fibers  are  placed  in  the  mould  or 
 master  geometry  and  wet  out  with  the  resin  using  a 
 consolidation roller or brush4. 


This  method  is  very  useful  and  most  applicable  if 
 the geometry is more complex. 


Design methodology 


The  design  specification  of  the  Hybrid  AUV 
 prototype is described in Table 2 below: 


The analysis methods of the composites hull design 
 is  started  by  the  determination  of  the  design 
 requirement objective (DRO). With this DRO, all the 
 loads received by hull can be estimated. 


The mounting and arrangement of the hull on fully 
 assembled  vehicle  is  illustrated  in  Fig.  4  and  Fig.  5, 
 respectively. 


After  the  composition  of  the  composites  has  been 
 determined,  including  properties  of  each  layer 
 material, the Cosmos Works Finite Element Analysis 
 (FEA)  software  was  used  for  the  structural  analysis. 


The  purpose  of  the  analysis  is  to  predict  the  overall 
 performance  of  the  hull  construction  under  the 
 pressure  at  the  operating  depth  environment.  The 
 pressure acting on an immersed structure depends on 
 the depth according to the expression [5]. 


P=C1*H +C2*H2    … (1) 


Where: 


P = Pressure (MPa) 


H  =  Immersion  Depth  (m)Where  C1  is  Equal  to  
 0.01 MPa/m and C2 equal to 0.05 x 10-6 Mpa/m2


For  3000  m  operating  depth,  the  hydrostatic 
 pressure working on the structure is: 


P=0.01 * 3000 +[ 0.05 x (10)^-6*(3000)^2] 


 = 30 +1.5 x(10)^-2 = 30.015 Mpa 
  =300.15 bar 


Table 1 Comparison of hull materials[3]. 


Fig. 1 Composites structures used for ITB mini ROV Hull. 


Fig. 2The overall dimension of Hybrid AUV. 



(3)By  using  the  FEA  software,  the  deformation  and 
 stress  distribution  on  each  layer  of  composite  can  be 
 analyzed. If in the analysis some stress over the limit 
 or undesired deformation is found, the design iteration 
 is  performed  to  obtain  best  results  (minimum  layer 
 and maximum strength). 


The step by step of this analysis is described as the 
 following.  The  geometry  of  the  hull  is  first 
 determined  as  shown  in  Figure  6.  The  ply 
 configuration,  study  and  material  properties  are 
 detailed in Table 2-4, respectively. 


Figure 6. The geometry information of the modular composites hull of Hybrid AUV. 


Fig. 3 Wet layup method [4]. 


Figure 4. The modular composites hull arrangement of the hybrid 
 AUV 


Figure 5. The modular composites hull with components inside of 
 the hybrid AUV. 


Table 2  Technical specification of CentrUMS-ITB Hybrid AUV prototype 
 Dimension (L x W x H)  2700 mm x 1200 mm x 203 mm 


Speed   Max . 4 knot 


Weight on Air  50 Kgf 


Power estimation  1.5 Hp 


Operating Depth  3000 Meters sea water 


Endurance  10 Hrs 


Propulsion & Control  1 Hp Electric Thruster & Bouyancy Engine 
 Payload  Obstacle Avoidance sonar, Acoustic modem, CTD,  


Iridium Satellite Communication (on surface) 
Table 2-Ply configuration-contd 



(4)Table 3 Study Properties 


The fixture definition as a part of the finite element 
 analysis is shown in Figure 7 while the load definition 
 in Figure 8. 


The  next  step  for  the  finite  element  analysis 
 methods is meshing. This method divides the volume 
 geometry structure into small elements the equation of 


which can be solved in relation to each other. The mesh 
 condition  properties  are  shown  in  the  Table  5  and  the 
 meshing results visualization is displayed in Figure 9. 


Results and Discussion 


With  the  post  processing  function  of  the  finite 
 element  analysis,  some  result  and  performance 
 prediction of this composites hull can be displayed as 
 in  Figure 10  as  stress  distribution plot,  Figure 11 as 


Table 4 Material Properties 


Fig. 7 Fixture definition. 


Fig. 8Load Definition


Fig. 9Meshing Results. 


Fig. 10 Study Results (Stress Plot). 


Table 5Mesh condition 



(5)deformation  plot  and  Figure  12  as  safety  factor 
 distribution plot in the entire model composites hull. 


In  order  to  validate  the  specimen  design  prior  to 
 manufacturing  and  building  the  first  prototype,  a 
 testing  facility  to  make  sure  the  satisfaction  of  the 
 load requirement is needed. 


The facility to meet all the requirement is pressure 
 chamber.  The  design  of  this  pressure  chamber  is 
 shown in Figure 13. 


The  material  properties  of  this  pressure  chamber 
 are described in Table 6. 


Conclusion 


All methods that involved on this series of analysis 
 for  composites  hull  showed  promising  results.  With 
 some  iteration  on  number  and  direction  of  layer,  it 
 was finally found that the most efficient composition 
 for the  composites  hull  is the  one  with  the  following 
 features: 


• 20 layers with orientation shown on Table 2. 


• The maximum safety of factor is : 2.07 


Some activities to improve the quality of composite 
 material will be conducted for further future works: 


• Vacuum Bagging methods will be introduced to 
 increase  the  homogeneous  composition  by 
 matrix  and  reinforcement.  Below  will  be 
 illustrated the method of vacuum bagging. 


• The  implementation  of  standard  quality  control 
 of cured composite assembly. 
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Fig. 11Study Results (Deformation Plot).


Fig. 12Study Results (Safety factor).


Table 6 The material properties for pressure chamber. 


Fig. 13 Pressure chamber testing facility. 
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