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Abstract: In the present paper, a new trimaran Pure Car Carrier (PCC) is proposed and a feasibility study on 
the ship is carried out. In this study, first, the effective horse power (EHP)/car of the PCC running in still water 
is predicted. By comparing the predicted EHP/car with that of a conventional mono-hull PCC, it is found that 
the trimaran PCC is superior to the conventional mono-hull PCC at rather higher speed. As ship speed increases, 
the reduction of the resistance of the trimaran is bigger. It is also found that at common service speed of PCCs, 
the EHP/car of a small PCC is lower than that of a conventional PCC. 
Secondly, the optimal L/B of a main-hull of the trimaran PCC in still water is determined. The optimal L/B of 
the main-hull varies with ship speed and size because the wave resistance decreases but the frictional resistance 
increases as L/B of the hull increases. As ship size increases, the optimal L/B of the main-hull of the trimaran 
PCC decreases. 
Finally, the increase of the resistance of PCCs running in strong wind is predicted. The results show that drift 
angle and speed reduction of the trimaran PCC are much smaller than the conventional mono-hull PCC because 
of large side force created by three demi-hulls. 
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1 Introduction1 

A Pure Car Carrier (PCC) needs huge parking space but 
smaller displacement since a car is comparatively light for its 
volume. As a result, a PCC has huge structure above 
waterline and shallow draft. These features cause lack of 
stability and serious speed reduction induced by oblique 
sailing caused by strong winds.  
 
To overcome these technical issues, one of the authors has 
proposed a new trimaran PCC (Ikeda and Sone, 2007). The 
trimaran needs little ballast water because of large stability 
created by two side hulls.  
 
In the present study, an effective horse power of the trimaran 
PCC with various length/breadth ratio of a main-hull is 
predicted in still water. Moreover, steady cruising 
performances of the trimaran PCC in strong wind condition 
are predicted. 
 

2 Concept of a new trimaran PCC  

Schematic view of the proposed trimaran PCC is shown in 
Fig.1. The ship has longer side-hulls compared with existing 
and planned high speed trimarans. This is because the 
proposed PCC is not a fast ship, but a medium speed ship. Its 

                                                        
Received date: 2009-12-16. 
*Corresponding author Email: mizobe@marine.osakafu-u.ac.jp 
 

© Harbin Engineering University and Springer-Verlag Berlin Heidelberg 2010 

side-hulls are used to increase stability. As shown in Fig.1 the 
trimaran PCC can efficiently carry cars on very wide decks 
above the bulkhead deck; as a result, the ship’s height is much 
lower than a conventional mono-hull PCC. 
 

 
Fig.1 Proposed trimaran type PCC 

 

3 Reductions of displacement 

In this section, reductions of displacement of the proposed 
trimaran PCC from that of an existing mono-hull PCC with 
the same capacity of cars are evaluated.  
 
For this evaluation, a prediction method of the light weight 
of ships is developed for a mono-hull and a trimaran as 
follows. At first, hull surface area is calculated for hull 
below and above bulkhead deck, respectively. On the basis 
of the area, the weight of hulls is approximately predicted. 
The weight of multiple decks is also included. The weight 
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of equipment of a ship is assumed to be 20% of the total 
hull weight. 
 
Deadweight includes weights of cars, fuel and ballast water. 
The weight of ballast water is assumed to be 75% of the 
weight of cars for a mono-hull PCC and 25% for a trimaran 
PCC. The reduction of weight of ballast water is caused by 
larger stability of the trimaran. 
 
The Flowchart of the computer program for the prediction 
of size, number of decks and displacement are shown in 
Fig.2. Here, NC(1): number of cars, Bm: breadth of the 
main-hull, B: maximum breadth of the ship, Dhull: depth of 
hull below bulkhead deck, t: thickness of steel plate of hull, 
Nc(2): capacity of cars, LW: light weight, DW: dead weight, 
Δ: full load displacement, d: draft and Z: modulus of 
section. 
 

 
Fig.2 Flowchart to decide principal particulars of a ship 

 

As input data, number of cars, NC(1) is given. To determine 
the shape of the trimaran, LPP, Bm, B, Dhull, and t are changed 
systematically. Using these data, capacity of cars, light 
weight, dead weight and full load displacement are 
calculated. Then if calculated capacity of cars coincides 
with the number of cars input as an initial value, and draft 
and modulus of section are sufficient, the results are shown 
as the final output. 
 
In the calculations, the following assumptions for the 
trimaran are made. 
1) Prismatic coefficient of the main-hull is 0.6. 
2) The length/breadth ratio of the side-hull is 20. 
3) Length of side-hulls is 70% of Lpp. 
4) Depth of side-hull below bulkhead deck is 70% of that of 
the main-hull. 
5) The displacement of a side-hull is 2.5% of total full load 
displacement of the ship. 
6) Midship coefficient of the main-hull is 0.975. 
For mono-hulls, Lpp /B and Cp are assumed to be 6 and 0.6 
respectively. 
 
In Fig.3, obtained light weight (a), dead weight (b), and full 
load displacement (c) are shown for a mono-hull PCC and a 
trimaran. These ships are selected ones from the calculated 
results. Because of the light weight (a), a trimaran is lighter 
than a mono-hull with the same capacity of cars because the 
steel plate of a trimaran is thinner than that of a mono-hull. 
Fig3(b) shows that dead weight of a trimaran is lighter than 
a mono-hull because of large reduction of ballast water. 
Fig(c) demonstrates that the full load displacement of a 
trimaran is lighter than that of a mono-hull in capacity of 
cars above 2000. 
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Fig.3 Comparison of light weight (a), dead weight (b) and full 

load displacement (c) between a mono-hull PCC and a 
trimaran one 

 

4 Reduction of resistance of a new trimaran 
PCC 

Evaluation of resistance of the proposed trimaran PCC is 
carried out. For the comparison, the resistance of a 
mono-hull is also calculated. 
 
Frictional resistance is calculated by using Shoenherr’s 
formula, and residual resistance is calculated for a 
mono-hull and the main-hull of a trimaran by using Taylor 
chart. Since the side-hulls are very slender (L/B=20), the 
wave resistance of them is ignored. Using the predicted 
resistance of ships, effective horse powers (EHP) of the 
ships are calculated. 
 
As an example of the predicted EHP, the results for a 
smaller PCC with a 1000-car capacity are shown in Fig.4 in 
terms of EHP per car. We can see that EHP of a trimaran is 
lower than that of a mono-hull in the speed region above 18 
knots, and the reduction of EHP rapidly increases with 
advance speed. 
 

 
Fig.4 Calculated EHP/car of 1000-car PCCs 

 
The EHP/car of a trimaran significantly depends on L/B of the 
main hull or capacity of cars. The predicted result of the 
EHP/car at speeds of 20, 24 and 28 knots are shown in 
Figs.5~7. 
 
In Fig.5, at 20 knots, with the same speed as an existing 
mono-hull PCC, the EHP/car of a trimaran is lower than that 
of a mono-hull in capacity of cars, 1000~2000, the EHP/car 
of a trimaran and a mono-hull is almost the same for ships 
above 3000-car. The reduction of the EHP/car appears more 

remarkably as speed increases, as shown in Figs.6~7.  
 
In Fig.8, the length/breadth ratios (L/B) of the main-hull of a 
trimaran and a mono-hull at 20 knots are shown. The 
calculated results suggest that for larger trimaran PCCs like 
6000 cars of capacity, smaller L/B is better in respect of 
resistance in still water; on the other hand, larger L/B is better 
for a smaller trimaran like 1000 cars. 
 

 
Fig.5 Calculated EHP/car of ships with a capacity of 

1000~6000 cars at 20 kn 
 

 
Fig.6 Calculated EHP/car of ships with a capacity of 

1000~6000 cars at 24 kn 
 

 
Fig.7 Calculated EHP/car of ships with a capacity of 

1000~6000 cars at 28 kn 
 

 
Fig.8 The length/breadth ratio of main-hull of a trimaran 

PCC and that of mono-hull at 20 kn 
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5 Reduction of resistance in strong wind 

In this section, the prediction of steady cruising 
performances of a trimaran PCC and a mono-hull PCC 
under strong wind is carried out. 
 
5.1 Ship motion equation 
The coordination is represented in Fig.9. Steady navigating 
will persist when there are no rates of change of the ship 
motion parameters: the longitudinal, lateral and yaw 
velocities with respect to the center of gravity of the ship 

rvu �,, . The conditions of steady cruising reduce the terms to 
the three mathematical equations as follows: 

0,0,0 === NYX 　　　　

        (1) 

Here, X, Y and N are the longitudinal and lateral forces, and 
yaw moment, respectively, as defined in Fig.9. These 
equations will be solved for the steady advance speed of a 
ship, drift and rudder angles, V, β and δ, respectively, for 
different wind speeds, UW, and direction, χ. 
 

 
 Fig.9 Coordinate systems and definitions of forces and  
      Moment 
 
5.2 External loads experienced on ship 
The external forces shown in the left hand side of the Eq(1) 
are assumed as follows: 

H P R A

H R A

H R A

X X X X X

Y Y Y Y
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= + + +
= + +
= + +

            (2) 

In the Eq(2), the subscript “H” symbolizes ship hull, “P” 
propeller, “R” rudder and “A” wind.  
 
5.2.1 Hull hydrodynamic loads 
The longitudinal and lateral forces, and yaw moment acting 
on hulls are expressed as follows: 
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The superscript ’ refers to non-dimensional quantities as 
follows: 
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The function f(β) is gained by oblique towing test as 

follows: 
( ) 1 0.7173 for mono-hullf β β= +       (5) 

( ) 1 2.1112 for trimaranf β β= +        (6) 

The lateral force and yaw moment coefficients are estimated 
by the following approximate formula proposed by Kijima et 
al. (1990): 
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5.2.2 Propeller and rudder loads 
The propeller thrust is assumed to be constant. The rudder 
forces and moments are calculated by the formulae proposed 
by Kijima et al. (1990) as follows: 
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              (8) 

The normal rudder force FN is defined in terms of the rudder 
aspect ratio and the effective speed of water flow over rudder. 
 
5.2.3 Wind loads 
The longitudinal force, lateral force and yaw moment 
coefficients are defined in non-dimensional forms as follows: 
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Here, ρA: density of air, U: the relative wind velocity, LOA: 
length overall, AF: the frontal projected area, AL: the lateral 
projected area.  
 
The wind force and moment coefficients of a trimaran PCC 
are measured by a wind tunnel experiment using a model ship, 
and the wind load coefficients of a mono-hull PCC is 
estimated by using formula proposed by Fujiwara et 
al.(2006). 
 
5.3 Calculated condition 
For the prediction, 6000-car PCCs of mono-hull and trimaran 
types are selected as shown in Table 1, and shapes of both 
PCCs are shown in Fig.10. 
 

 
 
Fig.10 Front and side profiles of (a) mono-hull PCC and (b) 

trimaran PCC. 
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Table 1 Principal particulars of the trimaran PCC and   
the mono-hull PCC 

items mono-hull trimaran 

LOA / m 198 185 

LPP / m 192 180 

B / m 32 30 

d / m 8.44 7.56 

Lside / m  126 

Bside / m  6.3 

dside / m  1.56 

AF / m
2 927 1090 

AL / m
2 5 700 3 338 

 
Fig.11 shows the predicted resistance XH0 in calm water at 
β=0. The measured wind force of the trimaran and estimated 
ones of the mono-hull are shown in Figs.12~14. 
 

 
Fig.11 Predicted resistance XH0 in calm water at β=0 

 

 
Fig.12 Longitudinal wind force coefficients of mono-hull PCC 

and trimaran PCC 
 

 
Fig.13 Lateral wind force coefficients of mono-hull PCC and 

trimaran PCC 
 

 
Fig.14 Yaw wind moment coefficients of mono-hull PCC and 

trimaran PCC 
 
5.4 Calculated results 
The calculated results for the drift angle, rudder angle and 
steady advance speed of the ship, β, δ and V in strong winds 
are shown in Figs.15~17. The true wind velocity UW is set to 
20 m/s. The direction of the true wind χ is also set from 0 to 
180 degrees for every 30 degrees. 
 

 
Fig.15 Calculated results of drift angles for mono-hull PCC 

and trimaran PCC. 
 

 
Fig.16 Calculated results of rudder angles for mono-hull PCC 

and trimaran PCC. 
 

 
Fig.17 Calculated results of ship speed loss for mono-hull 

PCC and trimaran PCC. 
 
As shown in Fig.15, in all wind directions, the drift angles of 
the trimaran are smaller than those of the mono-hull. The 
maximum drift angle of the trimaran is 4deg, although that of 
mono-hull is about 8 deg. in 60 deg. of wind direction. 
 
The calculated results of rudder angles, shown in Fig.16, 
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demonstrate that rudder angles of the trimaran are smaller 
than those of the mono-hull in all wind directions. 
 
As shown in Fig.17, in almost all wind directions, the ship 
speed losses of the trimaran are smaller than those of the 
mono-hull. This good performance of the trimaran is caused 
because the drift and rudder angles of the trimaran are smaller 
than that of the mono-hull as previously mentioned.  
 

6 Conclusions 

In the present study, size and displacement, effective horse 
power/car and performance of a trimaran PCC in strong wind 
are investigated. The following conclusions have been 
obtained. 
1) The displacement of a trimaran PCC can be reduced 
compared with a mono-hull one because of reduction of 
ballast water and hull plate thickness. 
2) The EHP/car of a trimaran PCC is smaller than that of a 
mono-hull PCC. 
3) The L/B of the main-hull of a trimaran whose resistance is 
10~14 at least for a 1000-car capacity, 6 for a 6000-car 
capacity at 20 knots. 
4) The drift and rudder angle of a trimaran PCC is much 
smaller than that of a mono-hull one.  
5) The speed loss of a trimaran PCC is smaller than that of a 
mono-hull PCC. 

References 

Fujiwara T, Ueno M, Ikeda Y (2006a). Cruising performance of a 
large passenger ship in heavy sea. Proceedings of the Sixteenth 
International Offshore and Polar Engineering Conference. The 
International Society of Offshore and Polar Engineers, San 
Francisco, USA, 304-311. 

Fujiwara T, Ueno M, Ikeda Y (2006b). Cruising performance of 
ships with large superstructures in heavy sea -2nd report: 
Added resistance induced by wind and waves, and optimum 
ship routing-. Journal of the Japan Society of Naval Architects 
and Ocean Engineers, 3, 147-153. 

Ikeda Y, Sone T (2007). A concept design of a new trimaran PCC. 
Conference Proceedings of the Japan Society of Naval 
Architects and Ocean Engineers, 4, 1-4. 

Kijima K, Katsuno T, Nakiri Y (1990). On the manoeuvring 
performance of a ship with the parameter of loading condition. 
Journal of the Society of Naval Architects of Japan, 168, 
141-148. 

Momoki T, Onishi S, Katayama T (2009). A study on wind 
pressure characteristics of ships with large superstructures. 
Proceedings of the Nineteenth International Offshore and 
Polar Engineering Conference. The International Society of 
Offshore and Polar Engineers, Osaka, Japan, 563-569. 

 

 

Tatsuhiro Mizobe was born in 1985. He is a 
student of Osaka Prefecture University. His 
current research interests include trimaran type 
pure car carrier. 

 

 

Yasunori Nihei was born in 1979. He is an 
assistant professor of Osaka Prefecture 
University. His current research interests 
include new concept ship and renewable 
energy like wind turbine. 

 

 

Yoshiho Ikeda was born in 1950. He is a 
professor of Osaka Prefecture University. His 
current research interests include next 
generation ship, high speed craft, economics 
and passenger ship. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


