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ABSTRACT 
 
 One of the most important systems of the ship is the interaction between ship, machinery and propeller. Another 
aspect which influences the hydrodynamics design of ship is the need to ensure not only good smooth – water 
performance but also that under average service conditions at the sea the ship shall not suffer from excessive 
motions, wetness on deck, losing more speed than necessary in bad weather. In rough weather the ship’s resistance 
will be changed by the actions of the waves and the wind, which result in change of the load on the propeller and 
usually a reduction of the propeller efficiency. The marine engineering study made here is in relation to the 
multipurpose inter insular cargo vessel of 3000 DWT, CARAKA JAYA III design concept. For the purpose of the 
design layout of the power plant for CARAKA JAYA III, it is necessary to make route plan for this ship. In this case 
two routes are made, one for West Indonesia, and one for East Indonesia. The results of the calculation of  the 
added resistance for CARAKA JAYA III is 0.3 % to 18 %  higher than resistance at design condition for sea state 
with Beaufort 1 to 4 and 38 % to 68 % higher than resistance at design condition for sea state with Beaufort 5 to 6. 
The propeller load diagram for CARAKA JAYA III shows that with the wind a head of Beaufort 5, the resistance 
increase by the factor fRS = 1.35 and maximum ship speed VS = 13 kn, the maximum propeller revolution nPSX = 120 
RPM, and the maximum propeller power PPSX = 1526 kW. With a head wind of Beaufort 6 the, resistance increase 
by the factor fRS = 1.66 at a maximum speed VS = 12.4 kn., the maximum propeller revolution nPSX = 115 RPM and 
the maximum propeller power PPSX = 1477 kW. Therefore the selecting power of engine should have PPMC = 1800 
kW, engine revolution nMCR = 600 RPM, and a maximum engine revolution nMAX = 636 RPM.  In this paper a 
method will be shown to pre-calculate the propeller load and the engine load in heavy weather conditions. With 
these values, the design conditions for the propeller and main engine can be made clearer for Caraka Jaya III ship.  
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1. INTRODUCTION 

The power increase in heavy weather is caused 
by an increase of resistance. The resistance increase 
in waves has been the subject of the number of 
interesting analytical and experimental studies. 
Theoretical studies of the problem have been carried 
out by Haverlock [4], Kreitner [5], Maruo [6], Jan 
Olaf  [7], Lai Trung Tho [ 8], Zhi Shu et al [13] and a 
number others. However, those calculation methods 
which gave full consideration to the physics of this 
phenomenon have not been widely used in technical 
practice, because of the great mathematical 
difficulties involved. That is why a number of 
practical techniques have been developed, which use 
certain simplifying assumptions, thus facilitating the 
determination of the value of the added resistance 
due to the waves. Among such practical techniques, 

suggestions have been made by Gerritsma and Beakelman 
[1], Grossmann [2] and also by Xiaobo Yan [11].  

Voyage reports show that with a headwind of Beaufort 
8 the overall resistance of fully-loaded dry cargo 
containership increases by the factor fRS = 3.1 and for a 
refer containership with almost no containers on deck the 
resistance goes up by the factor fRS = 2.35, Grosmaann [3]. 
The recorded values of power increase factor fPS = 4.45 on 
a stormy trip against wind force Beaufort 9 for 24 hour of 
containership Norasia Samantha, Grossmann [2]. 
 
2. EQUATION OF ADDED RESISTANCE  
 
     The added resistance according to the  measured data 
ship voyage at open ship (Pacific, Atlantic and India 
Ocean) of 13 difference ship by Xiabo Yan [10], based on 
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the result of this investigation the added resistance 
RAW for open sea  equation is derived : 
 

  25.0
0 WAW VBLCseaopenR                        (1) 

 
The result of regression analysis by Xiabo Yan the 
value of Co is 0.116. 

 
The equation of the added resistance in Indonesia 

Sea, the sea state Indonesia's water is restricted water 
with low significant wave height at the same wind 
speed for open sea. The equation of added resistance 
for Indonesia Sea becomes: 
 

  154.25.0043.0 WAW VBLsearestrictedR      (2) 

  
Equation (2) is general equation which can be used to 
calculate the added resistance in irregular waves of a 
ship in any kind of restricted water in Indonesia Sea, 
Yusuf Siahaya [12]. The equation of the added 
resistance in irregular wave base on an extended 
Schifrin Method [9]    as follows: 
 

      σAW

 .

.

Δ   3   

 
The equation (3) can be used to calculated the added 
resistance in all sea are as, where the spectrum is 
known 
 
3. CASE STUDIES 
 

     To calculate the added resistance in irregular 
waves in Indonesia Sea, CARAKA JAYA III (CJ III) 
is chosen as an example for investigation. CJ III is a 
multipurpose inter insular for semi container ship of 
115 TEU. The principal particulars of CJ III as 
follows: 
 

 
Length    Overall (m), LOA                        = 98 

Length between perpendicular (m),   LPP = 92 

Breadth moulded (m)  ,B                      =16.5 

Draft moulded (m) , T                           = 5 

Dead weight (tonne)                        =3242 
 
  
All calculation for CJ III is made for a fixed   
propeller design condition: 
 

Ship speed           VSO =  12.5 kn 
Resistance            RSO =  111 kN 
Effective power    PE  =  713 kW 

4. PROPELLER CHARACTERISTIC OF CJ III 
    AT DESIGN CONDITION 
 
    Using the Wageningen B-Series [10] computer program 
at Institut fur Shiffskraftanlagen Technische Universitat 
Berlin (TUB) the diagram of the KT – factor as a function 
of the P/D and advance number J can be determined, and 
the diagram shown the maximum propeller open water 
efficiency,  will be obtained when KTO/JO

2 is tangent to 
curve, therefore the values of KTO, P/D, and JO for CJ III 
can be found from the following diagram, 
 
 JO = 0.6590   KTO = 0.137              = 0.6600    
 
 P/D = 0.95     KTO/JO

2 = 0.3994 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Figure 1: KT factor versus P/D and J 
 
The propeller characteristic CJ III in open water can be 
expressed as polynomials with the advance coefficient J. 
 
KTS = 0.3960-0.2020J-0.2125J2 + 0.0378J3        (4)    
 
KQS = 0.2578-0.2497J-.0.1666J2 -0.0423J3        (5) 

 
5. THE ADDED RESISTANCE OF CJ III 

ACCORDING TO EQUATION OF RESTRICTED 
WATER IN INDONESIA SEA 

 
      A method will be shown pre-calculate the propeller 
load and the engine load due to sea and wind condition. 
Calculation of the resistance increase fRS and the power 
increase fPS for added resistance due to heavy weather in 
Indonesia's seawater.  
Total resistance due to weather condition: 
 

SOXAWSS RRR                                                                                        (6) 
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