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ABSTRACT  

 

The aim of this paper is to develop a plug-in for Rhino3d software’s parametric toolbox 

grasshopper and a parametric tool for generating B-screw propeller. The tool will 

provide us with 3d geometry and various characteristic curves for propeller from the 

basic principal particulars e.g. Blade Number, Diameter, Blade Area Ratio and Pitch 

automatically. Here we also illustrated the benefits of our solution which is integrated 

with the most popular 3d modelling software in marine industry, Rhino3d, with other 3rd 

party solution like PropCAD or OpenProp. Grasshopper is quite intuitive parametric 

package which can be used in various ways to calculate design particulars. It can be 

employed in hydrostatics calculations, weight calculations, floor optimization etc. The 

developed plug-in will be an open source solution so that if anyone interested can 

developed tool for different objectives. This work would also inspire people to use this 

free tool instead of purchasing costly solutions.  

 

Keywords: Propeller Geometry, Grasshopper, Parametric tool, Optimization, 

Rhinoceros.  

 

1.0 INTRODUCTION 

 

A moving ship’s speed comes from the thrust generated by propeller. Propellers are 

designed to absorb minimum power and to give maximum efficiency, minimum 

cavitation and minimum hull vibration characteristics. Designing a propeller is a daunting 

task. The requirements vary with particular ships. Also for a slight change in parameters, 

a thorough repetition of calculations is required. This requires time and it is difficult to do 

in working in a tight schedule. A parametric solution would be a good candidate to solve 

this issue.  Now there is a multitude of design software and packages performing each 

individual task. This arises some problems when working in a pipeline. Sometimes the 

file format used in one software isn’t compatible with the other. This puts pressure on a 

designer where he lacks time to be creative instead of sorting the compatibility issues.  

 Parametric design is a process based on algorithmic thinking that enables the 

expression of parameters and rules that, together, define, encode and clarify the 

relationship between design intent and design response. Parametric design help us to 

focus more on the options than to find a static solution. It is the use of algorithms and 

advanced computational techniques not for the sake of drawing shapes, but creating 

formal possibilities. It is not about producing a solution, but the family of possible 

outcomes. Parametric design can help naval architects for testing propeller in off-design 
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operating conditions such as US Navy propeller 4148 [1]. It is the shift from using CAD 

software as a representation tool, to do it as a design tool. It is, altogether, the new 

paradigm. 

  

 Parametric modelling allows re-use of existing products and rapid design 

modification based on the result of engineering analysis. In a feature-based modelling 

system, the level of detail for feature classes is important. It should be decided among 

which level of detail they are form features, functional features, and machining features.  

 

2.0 DEVELOPMENT 

 

The propeller design usually starts with principal particulars of the propeller (diameter, 

mean pitch, blade area). Optimal diameter and suitable pitch is selected based on 

systematic model test done in various testing conditions [2].  For a given thrust demand, 

systematic numerical predication which gives the maximum efficiency can also be 

employed for determining the particulars. Blade area is estimated by the use of statistical 

or empirical data [3]. 

The development process is divided in two parts. First development of plug-in to 

host the tools. Then the tool for propeller generation is developed.   

 

 
Figure 1: Steps for the development process  

 

 
Figure 2: Flow chart of the developed tool 

 

Microsoft Visual Studio (Community Edition) is used to develop the Plug-in for 

Grasshopper. Rhino and Grasshopper SDK library used for the code. The code is 

developed in C#. Rhino Common library as well as grasshopper API is used in preparing 

the plugin. 

Input parameters such as Diameter of the propeller, Pitch of the propeller, Blade 

area ratio, and the number of blades are taken as slider inside the rhino grasshopper. 

Changes in these parameters will change the specification of the generated propeller. 
These parameters then taken as variable in python for further processing. Expanded 

sections are generated for each radial division. And with their corresponding rotation. The 
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code used “for loop” iterating over the data. Projection is taken for each cylindrical 

section. Thus, they form the circular pattern of the blade. This outline is called projected 

outline. The projection is taken by generating cylinder for each radial division then 

calling the projection algorithm in the expanded outline. From the projected outline a 

lofting algorithm is called and the blade is generated. Then it has to duplicated number 

blade times and arrayed radially. This gives the desired propeller geometry. This 

geometry can be later made 3D printable [4] and use in model test.  

 

        
 

3.0 OUTPUT 

 

For the output of propeller, the design input is given to the program. They are Blade 

Number, Diameter, Pitch and Blade Area Ratio. These number can be taken from other 

designed ship of existing routes or can estimated with design calculations initially and 

develop further through analysis and simulations. These inputs have to put in such slider 

in the grasshopper platform which will view the real time change in data and 3d geometry. 

The output is given in the rhino viewport. There are two versions. One shows the 

propeller drawings with expanded, projected and developed outlines as well as profile 

view and rake. The other shows the 3d geometry.  

The propeller geometry can be updated in any given time thus make it easier for 

optimization techniques. With finite element method and modern computational power, 

blade strength analysis can be done to determine weak points and excess materials [5] and 

if need any changes in the parameters will produce new propeller geometry.  

Several design variations have been developed for testing accuracy of the 

program. As it is a parametric tool, the variations are acquired with just adjusting the 

slider. Four propeller is generated with drawing and 3d geometry in very short time. 

Which is a great improvement in the process. 

 

Table 1: Propeller Model 1    

 

Properties Value 

Diameter 4.0 

Pitch 4 

BAR .55 

Blade Number 3 
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Table 2: Propeller Model 2 

 
Properties Value 

Diameter 5.0 

Pitch 4 

BAR .65 

Blade Number 4 

 

          
 

 

Table 3: Propeller Model 3    

 
Properties Value 

Diameter 4.0 

Pitch 5 

BAR .80 

Blade Number 5 

 

     
 

 

Table 4: Propeller Model 4 

 
Properties Value 

Diameter 7.0 

Pitch 6 

BAR .90 

Blade Number 6 
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4.0 DISCUSSION 

 

With the designed propeller three charts can be made for analysis. These are Theoretical 

Expanded Area Ratio vs Design Expanded Area Ratio, Theoretical Developed Area Ratio 

vs Design Developed Area Ratio, and Theoretical Projected Area Ratio vs Design 

Projected Area Ratio.  

 

 
 

Figure 1: Theoretical EAR vs Drawing EAR 

 

Charts have been drawn by taking the data from design and the calculation data 

from the theory. From the charts, it is shown that for expanded area ratios the less the 

number of blades the greater the accuracy as for the developed area ratio. But for the 

projected area ratio, the greater the blade number the more accurate it becomes. For EAR 

we calculated from the drawing outline then the DAR is calculated with the equations: 
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Then we calculated the projected area ratio from the equations: 
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Figure 1: Theoretical DAR vs Drawing DAR 

 

 
 

Figure 1: Theoretical PAR vs Drawing PAR 

 

It can also be seen that our accuracy with the theoretical data is very good. The 

cause of some deviance is the NURBS algorithm which does not provide seamless 

accuracy. What we used in our program is developed for simple surfaces not a 

complicated surface like propeller. With improved algorithm, this deviancy can be 

managed. 
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5.0 CONCLUSION 

 

This thesis paper only presents a method for generating Wagningen B series propeller. To 

run the program, the required software is Rhinocerous CAD and grasshopper. The 

program is written in python. The input parameters are taken as slider which makes it 

easier to modify and visualize the updated geometry. 3D model of the propeller is shown 

in rhino 3d’s panel. The plug in developed can also host other program as the developer 

wish to develop. The integration is simplified. The plug in is developed in C# 

programming language. 

There are some limitations that can be addressed for this thesis. The scope this 

presented thesis program is limited to only Wageningen series propeller. It cannot be used 

for other propeller or using lifting line method for calculating design constants for screw 

propeller. Further development can be done to include other series in the plugin. Also, the 

3d geometry is produced is not a solid surface. For prototype development, it cannot be 

used directly. It needs to be removed of naked edges and converted to solid object for 3d 

printing. Also before taking it to other simulation platform such as ANSYS or OpenFoam, 

it needs much cleanup as it’s only a polysurface model.   We need to take it in CFD 

packages and regenerate solids for simulation again with the exported surface. Further 

development can be done to output the geo as solid to directly integrate with CFD 

packages. Another big issue is that it’s a third-party program for Rhino. So, to use it 

several things needs to be installed. The process is not seamless. A new approach can be 

taken for the program which could access the tool directly in rhino through rhino script.  
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