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ABSTRACT 

 The need for new propeller series is required for a new generation of medium-speed vessel ranging from 18 
to 30 knots. Currently a naval architect and boat designers are still depending on old propeller series such as 

Wageningen B series, KCA series, Newton Rader series, but most of this propeller series are either suited for low 
speed vessels or high speed vessels. Therefore, there is a requirement for a propeller series for medium-speed vessels. 
The existing propeller series as mentioned above i.e. B series, KCA series, and Gawn series are already outdated and 

need some improvement to be suited to a modern medium speed hull form. These old  propeller series are not efficient 
as what a modern propeller required. Nowadays, more ships are using the state-of-the-art propeller, therefore a new 

modern propeller series is needed for modern medium speed vessel with moderate to a high skew for less noise and 
vibration. This is the main reason on why we need for our own new up to date propeller series with a high skew blade 
profile. This propeller are fixed-pitch propellers which have a moderate blade skew and camber. The aim for this 

project is to develop the 3D model and the CAD drawing for 4, 5, 6 and 7 bladed propellers with blade area ratio from 
0.4 to 0.758. The series have a range of pitch diameter ratio from 0.40 to 1.2. Before any modelling can be done in 
PropCAD, the blade thickness of the propeller need to be defined earlier. This estimation of the blade thickness was 

based on Bureau Veritas Class rules on Propeller, NR 467. The blade thickness calculations were done in Matlab. 
Once, the blade thickness was defined using the BV rules, the modelling of the FP series propeller was done in 

PropCAD. The FP series propeller which consisted of 62 propellers then were varied in its pitch diameter ratio, 
expanded area ratio, skew tip angle and rake angle. The 3D model in PropCAD were enhanced in Rhinoceros in order 
to make the propeller as in a solid form. In the PropCAD, the offset tables and the 2D CAD drawings were produced 

and printed out. Once the solid propeller modelling was completed, the 3D printing of a sample of propeller was 
printed. A sample of 6 bladed propellers was 3D printed using PLA or Polylactic Acid plastic material. The sample is 
250 mm in diameter. Overall there were 62 propellers were modelled in Rhinoceros where all the 62 propellers were 

varied in its expanded area ratio and its pitch diameter ratio. 

 

Keywords:  propeller, design, geometry 

 

INTRODUCTION 
In the preliminary design of ships and propellers, it is common to choose propellers using a standard propeller 

series. A propeller series, is a  range of a propeller which were varied in its pitch diameter ratio, expanded blade area 
ratio, number of blades and rake angle. Then this propeller series was open water tested either in a towing tank or in 

a cavitation tunnel. From this open water test, the open water characteristics can be found where the KT-KQ-J chart 
were plotted. To find the optimum propeller for the specific design is by using propeller this open water diagram for 
the said propeller series. Some of the existing propeller series are Wageningen B series, Gawn series, KCA series, AU 

series and Newton-Rader series. All the propeller series mentioned above were developed somewhere around 1940 – 
1962. But somehow, these propeller series are still being used in the preliminary design of ships and propellers.  

The need for new propeller series is required for a new generation of medium-speed vessel ranging from 18 
to 30 knots. Currently a naval architect and boat designers are still depending on old propeller series such as 
Wageningen B series, KCA series, Newton Rader series, but most of this propeller series are either suited for low 

speed vessels or high speed vessels. Therefore, there is a requirement for a propeller series for medium-speed vessels. 
The existing propeller series as mentioned above i.e. B series, KCA series, and Gawn series are already 

outdated and need some improvement to be suited to a modern medium speed hull form. These old propeller series 

are not efficient as what a modern propeller required. Nowadays, more ships are using the state-of-the-art propeller, 
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therefore a new modern propeller series is needed for modern medium speed vessel with moderate to a high skew for 
less noise and vibration. This is the main reason on why we need for our own new up to date propeller series with a 

high skew blade profile. This propeller is a  fixed-pitch propeller which have a moderate blade skew and camber. The 
aim for this project is to develop the 3D model and the CAD drawing for 4, 5, 6 and 7 bladed propellers with blade 
area ratio from 0.4 to 0.758. The series will have a range of pitch diameter ratio from 0.40 to 1.2. 

A sample of 6 bladed propellers was 3D printed using PLA or Polylactic Acid plastic material. The sample 
is at 250 mm in diameter. 

In a preliminary design of ships and propellers, it is common to choose propellers using a standard propeller 
series. A propeller series, is a  range of a propeller which were varied in its pitch diameter ratio, expanded blade area 

ratio, number of blades and rake angle. To find the optimum propeller for the specific design is by using propeller 
open water diagram for the said propeller series. 

This Wageningen B series is the most extensive and widely used propeller series as reported by Carlton 
(2018). The extent of the propeller series is shown in Table 1. The B series are from 2 bladed to 7 bladed propellers. 

The blade area ratios are from 0.30 to 1.05. The pitch diameter ratios are from 0.5 to 1.4.  

Table 1 The range of the Wageningen B series 

 

Propeller B-Series, or best known as Wageningen, is a  propeller often used specifically for the form of ship 
merchant. The B-Series propeller's shape is very basic. The B series propeller blade section consist of aerofoil and 
segmental section. The aerofoils blade section starts from 0.2R at ends at radius fraction 0.5R. The segmental section 
starts from 0.6R to 1.0R. This can be seen in the general plan of B5-screw series showing the blade section profile for 

B5.45, B5.60, B5.75 and B5.105 in Figure 1. The newly developed FP series propeller was based on the Wageningen 
B series propeller and BB series section profiles. 

 

Figure 1 The general plan of B5-screw propeller series (Carlton, 2018) 

The Wageningen B-series has a moderate skew of 13.7 degree. In the FP series, this skew angle was increased 
to 41 to 45.1 degrees. Therefore, making the FP series as a high skew propeller series. The pitch distribution of the B 

series is at full pitch from 0.60R to 1.0R, but only 80% pitch for radius fraction 0.2R to 0.5R. The FP series pitch 
distribution followed exactly as the B series propeller. The hub ratio of the B series is at 0.169.  

The AU series was developed in Japan by Yazaki (1962). This propeller series is almost similar to the 
Wageningen B-series. The development of this Au-outline type propeller is the result of "AU type Aerofoil". This 
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propeller series is complementary to the Wageningen B-series in several ways, but it has not achieved the universal 
success of the B-series outside of Japan.  

 

Figure 2 The section and profile of the AU 4-70 series (Yazaki and Takahashi, 1969) 

The propeller blade varied from 4 blades to 7 blades. The expanded blade area ratio extended from 0.40 to 
0.758. The pitch diameter ratios were varied from 0.4 to 1.2. The rake angle is set at 0 degree and 10 degrees. The hub 

ratio is at 0.180. The newly developed FP series followed the range of the AU series except for the 5 bladed propeller 
where the expanded area ratio is changed from 0.65 to 0.75. The section profile of the AU series is shown in Figure 
2. The section used aerofoil section from 0.2R to 0.5R.  The segmental section is used at radius fraction 0.6R to 1.0R. 

The Au series also has a moderate skew at 13.8 degree similar to the Wageningen B series. The details of the AU 
series, can be found in Carlton (2018).  

The Gawn series was developed by Gawn (1952). Gawn (1952) tested a series of 37 three bladed propellers 
covering range of pitch diameter ratios from 0.4 to 2.0. The blade area ratios cover a range from 0.2 to 1.1. The Gawn 

propeller was tested at 503 mm in diameter. The illustration of the Gawn series propeller is shown in Figure 3. The 
Gawn series has a uniform face pitch, segmental blade parts, constant blade thickness ratio, namely 0.060, and a boss 

diameter of 0.2D for each of the propellers. The propeller did not have any skew and did not have any rake. The blade 
section is segmental as described earlier. The maximum thickness location is at 50% of the chord length.  

 

Figure 3 Blade outline of the Gawn series (Carlton, 2018) 

The details of this Gawn series can be found in Carlton (2018). As this propeller is outdated and suitable for 
high speed vessel, none of the geometry of the Gawn series is chosen for the FP series propeller.  

The KCA series was developed by Gawn and Burrill (1957). Gawn and Burrill (1957) tested a series of 30 
three bladed propellers covering range of pitch diameter ratios from 0.6 to 2.0. From 1950 to 1955, the detailed 
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research period consisted of over 3000 propeller measurements and some 1600 photos in patterns of cavitation. At the 
University of Newcastle upon Tyne, England, this propeller sequence was tested in the cavitation tunnel. As the 

cavitation tunnel was used and subsequently, the propeller array, rather than the towing tank, was a variety of different 
cavitation numbers have been tested. The blade area ratios cover a range from 0.5 to 1.1. The KCA series propeller 
was tested at 406 mm or 16 inches in diameter. The illustration of the KCA series propeller is shown in Figure 4.  

 

Figure 4 KCA blade outline (Carlton, 2018) 

 

The KCA series has segmental section at each radius fraction. This series did not have any skew. This series 
had a uniform face pitch, segmental sections over the outer half of the blade, and in the inner half. The flat faces of 
the segmental sections were lifted at the leading and trailing edges. The KCA series did not have any rake. The hub 
ratio is at 0.20. As this propeller design is more suited for a high-speed or naval craft, the profile and the section shape 

are not chosen for the FP series. The details of this KCA series can be found in Carlton (2018). 

The Newton-Rader propeller series was developed by Newton and Rader (1961). They tested the propeller 
series in a cavitation tunnel. The series was tested in a comparatively small collection of 12, three-bladed propellers 
designed for high-speed craft propulsion. The Newton-Rader propeller series was designed to have pitch ratios 

between 1.04 and 2.08 and blade area ratios between 0.48 and 0.95. The extent of this propeller series are listed in 
Table 2. The profile, the transverse view and the section of the Newton-Rader series propeller is shown in Figure 5.  

Table 2 Extent of the Newton Rader series 
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Figure 5 Newton Rader series blade form 

The propeller series, had a diameter of 254 mm (10 in.). The propeller series has a constant face pitch ratio 
of 1.2 and a blade area ratio of 0.750. This propeller has a non-linear blade thickness distribution with a blade thickness 
fraction of 0.06. The blade sector structure was based on a = 1.0 mean line of the NACA with a superimposed quasi-
elliptic thickness form. The series was constructed in such a way that the series propellers could have the same 

distribution of camber ratio as the parent propeller. As this propeller design is more suited for a high-speed or naval 
craft similar to the Gawn and KCA series, the profile and the section shape are not chosen for the FP series. The details 
of this Newton-Rader propeller series can be found in Carlton (2018) and Newton and Rader (1961).   

 

PROBLEM STATEMENT 

The existing propeller series are already outdated and need some improvement for modern medium speed 
hull-form. The Wageningen B series, Gawn series, KCA series are old series that maybe not that efficient as what the 
modern propeller required. With the introduction of the energy efficient design index or EEDI, an improvement of the 
propeller design in reducing fuel consumption is required. Thus, this is a  driving force for the development of new 

propeller series. A new modern propeller series is needed for modern medium speed vessel with moderate to high 
skew (for less noise and vibration). Therefore, a  new modern propeller series is needed for modern medium speed 
vessel. In this project, the geometry of the newly designed propeller is developed. 

General, EEDI is the Energy Efficiency Design Index for new ships has indeed been made mandatory. EEDI 
is a rule made for all newly designed ships by the International Maritime Organisation or the IMO, which must meet 
the EEDI index, otherwise the ship would not be authorised. EEDI is a measure of how much engine power is used 
by each emitted pollutant gas. 

One measure in getting the EEDI improved is by getting an efficient propeller. Therefore, in this project, it 
is the aim is to develop an up-to-date propeller to cater the needs for modern vessels. 

 



VOL 11, NO. 2, 2020 MARINE FRONTIER@UNIKL MIMET ISSN: 2180-4907 

94 

 

RESEARCH METHODOLOGY 

Before any modelling can be done in PropCAD, the blade thickness of the propeller need to be defined earlier. 
This estimation of the blade thickness was based on Bureau Veritas Class rules on Propeller, NR 467 (Bureau Veritas, 

2020). Once, the blade thickness is defined using the BV rules, the modelling of the FP series propeller can be done 
in PropCAD. The FP series propeller which consisted of 62 propellers then were varied in its pitch diameter ratio, 
expanded area ratio, skew tip angle and rake angle.  

 The 3D model in PropCAD were enhanced in Rhinoceros in order to make the propeller as in a solid form. 
In the PropCAD, the offset tables and the 2D CAD drawings were produced and printed out. Once the solid propeller 
modelling was completed, the 3D printing of a sample of propeller was printed. 

Development of FP series propeller 

The range of the newly developed MIMET FP series were based on the AU series range (Carlton, 2012) 
which consist of 4 to 7 blades propeller. The pitch diameter ratios were varied for 0.4 to 1.2. The expanded area ratios 
were varied from 0.4 to 0.758. The skew at the tip was set at 0.15. The boss ratio was set at 0.15. The rake angle is 

also varied at two positive rake at 0 degree and 10 degrees. The details of the FP series range are listed in Table 3. 
These variations were used in the modeling of the surface in PropCAD. These values will be the input in the editing 

the section data. The identification of the FP propeller series is designated as XZ_BARXX_PDXX, where the first 
term is the number of blade, the second is the expanded area ratio, and the third is the pitch diameter ratio.  

Table 3 The range of MIMET FP series. 

 

Modelling the FP series in PropCAD 

The steps for modelling the FP series in PropCAD is shown in a flow chart as in Figure 7. The steps in 
modelling the surface of the propeller blade, starts with editing the section data. The first input data to be keyed-in is 
the diameter of the propeller. Then the expanded area ratios of the propeller were keyed-in in the section data according 

to Table 3. Then the rake angle and the expanded skew at the tip over D were keyed-in in the section data. Once all 
the data were keyed-in, all these changes are accepted by clicking the ‘build’ button and also the ‘refresh’ button.  

The next step is to edit the hub data. The key-in values that are needed in the hub data are (1) the hub length 
(2) the forward hub diameter (3) mid hub diameter (4) Aft hub diameter (5) Shaft diameter (6) Shaft taper (7) the root 

radius and (8) the location of the propeller axis.  

The principal data for instance (1) the diameter (2) nominal pitch and (3) number of blades were keyed-in in 
the prop summary table at the main menu screen.  To add thickness to the blade section which were pre-calculated 
using BV rules on propeller, were added in the ‘Prop Builder’ where the thickness rule was selected as ‘User’. The 

radius fraction r/R was change to 0.25 with the correct thickness. More explanation on how the blade thickness was 
calculated is explained in section 4.2. An example of a complete propeller built in PropCAD is shown in Figure 8. 
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Figure 7 The flow chart of the modelling the 3D model in PropCAD 

 

Figure 8 3D view FP series propeller in Propcad software 
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RESULTS AND DISCUSSION 

Blade thickness calculation using Bureau Veritas Classification Rules. 

The blade thickness is required to be at a  certain thickness as to provide some structural strength to the 
propeller blade. The blade thickness for the FP series propeller were determined using the NR467 classification rules 
from Bureau Veritas (2020). There are six calculations that are described in Bureau Veritas (2020) which are (1) blade 

thickness at 0.25R (2) blade thickness at 0.60R (3) blade thickness at 0.25R for propeller having skew more than 25 
degrees but less than 50 degrees. (4) blade thickness at 0.60R for propeller having skew more than 25 degrees but less 

than 50 degrees (5) blade thickness at 0.9R for propeller having skew more than 25 degrees but less than 50 degrees. 
(6) the radius at the blade root.  

The maximum thickness at 0.25 R in mm for a solid propeller is not to be less than what is obtained in 
Equation 1.  

                                       (Equation 1) 

The equation 1 is taken from NR467 classification rules, Bureau Veritas (2020) (pg. 183), where:  

F is the material factor as indicated in Table 4. 

Ρ is ρ = D/H. 

H is the mean pitch of propeller, in m. When H is not known, the pitch at 0.7 radius from the propeller axis 
H0,7 may be used instead of H. 

D is the propeller diameter, in m. 

MT is the continuous transmitted torque, in kN.m; where not indicated, the value given by the following 
formula may be assumed for MT: MT = 9.5 (P/N). 

P is the maximum continuous power of propulsion machinery, in kW.  

N is the rotational speed of the propeller, in rev/min.  

δ is the density of blade material, in kg/dm 3, as indicated in Table 4.  

B is the developed area ratio.  

H is the rake, in mm.  

L is the expanded width of blade section at 0.25 radius from propeller axis, in mm. 

The maximum thickness at 0.6 R in mm for a solid propeller is not to be less than what is obtained in Equation 2. 

                                  (Equation 2) 

where:  

ρ0.6 is D/H0.6  

H0.6 is the pitch at 0.6 radius from the propeller axis, in m  

l0.6 is the expanded width of blade section at 0.6 radius from propeller axis, in mm. 

The maximum thickness at 0.25 R in mm for a solid propeller having skew angles between 25o and 50o, is 
not to be less than what is obtained in Equation 3. 
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                                                                                  (Equation 3) 

The maximum thickness at 0.6 R in mm for a solid propeller having skew angles between 25o and 50o is not 
to be less than what is obtained in Equation 4. 

                                                                        (Equation 4) 

The maximum thickness at 0.9 R in mm for a solid propeller having skew angles between 25o and 50o is not 
to be less than what is obtained in Equation 5. 

                                                                                 (Equation 5) 

The radius at the blade root can be calculated using the formula as obtained in Equation 6. 

Radius of blade root = ¾ × t0.25                                                                                                                                                        (Equation 6)                               

where:  

tS-0.25 is the maximum thickness, in mm, of skewed propeller blade at the section at 0.25 is the radius from 
the propeller axis. 

t0.25 is the maximum thickness, in mm, of normal shape propeller blade at the section at 0.25 radius from the 
propeller axis. 

tS-0.6 is the maximum thickness, in mm, of skewed propeller blade at the section at 0.6 radius from the 
propeller axis. 

t0.6 is the maximum thickness, in mm, of normal shape propeller blade at the section at 0.6 radius from the 
propeller axis, obtained by the formula in [2.2.1] 

tS-0.9 is the maximum thickness, in mm, of skewed propeller blade at the section at 0.9 radius from the 
propeller axis.  

 .is the skew angle ט

The values for the maximum torque mt and the shaft speed  N were obtained from Mustaffa Kamal (2016). 
These values were based on the powering of a medium-speed wave-piercing catamaran. These input data are listed in 
Appendix 1. All the input data listed in Appendix 1 are in full scale. The scale ratio is 1:13.6. The propeller diameter 
D, mean pitch of propeller H, rake angle h were varied in 62 propellers. The expanded width of blade section at 0.6 

radius from propeller axis I_06, the expanded width of blade section at 0.25 I, and the pitch radius from the propeller 
axis at 0.6 H_06 need to be taken to be calculated for the results in this project. The skew angle v for the propeller was 
taken from PropCAD. 

  The data to be include in a blade thickness calculation is the material factor f, the minimum tensile strength 
of blade material Rm, density of blade material δ, where Nickel-Manganese Bronze was chosen for the FP series 
propeller to fulfil the suitable strength for the modern speed vessels. All the values mentioned above is shown in Table 
4. 

Table 4 Normally used materials for propeller blades and hub (Bureau Veritas, 2020). 
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Calculation of Blade Thickness using Matlab 

The calculations of the blade thickness as mentioned earlier were programmed in Matlab. All the 
programming was done using the editor in Matlab using the m file format. This is to make the repetitive calculation 

easier and without any human error in the calculation. From the propeller diameter in full scale must be converted into 
model scale by using the formula λ=DS/DM. Second, calculate the mean pitch of the propeller and with the design 
speed of the catamaran for the modern speed vessel.  

The transmitted torque and the shaft speed of propeller were taken from Mustaffa Kamal (2016) (pg.100) 
(pg.119) for the calculation of the maximum thickness of blade. The values from the thickness at 0.25R in full scale 
must be converted back into model scale. There blade thickness was then calculated according to equation 1 to 
equation 6 as shown earlier. The expanded width of blade section at 0.6R was taken from PropCAD. The code of the 

Matlab programme is shown as the followings: 

 
clc 
clear 
%% input data - All the inputs shall be in full scale 
 
f   = 7.9;   % Material factor as indicated in Table 4 
D   = 3.4;   % Propeller diameter in m 
H   = 3.4;   % Mean pitch of propeller, in m. When H is not known, the pitch at 0,7 radius 
    % from the propeller axis H0,7 may be used instead of H 
Mt   = 80;   % Continuous transmitted torque, in kN.m; 
delta   = 8.3;   % Density of blade material, in kg/dm3, as indicated in Tab 3 
B   = 0.40;   % Developed area ratio 
I   = 581.264;  % Expanded width of blade section at 0,25 radius from propeller axis, in mm 
N   = 150;   % Rotational speed of the propeller, in rev/min 
h   = 299;   % Rake, in mm 
z   = 5;   % Number of blades 
Rm   = 440;   % Minimum tensile strength of blade material,in N/mm2. 
v   = 45.1;   % Skew angle in degree 
lamda   = 13.6;   % Scale ratio, Ds / Dm 
H_06   = 3.4;   % Pitch at 0,6 radius from the propeller axis, in m 
I_06   = 758.472;  % Expanded width of blade section at 0,6 radius from propeller axis, in mm. 
 
%% Rules Calculation for max blade thickness at radius fraction r0.25, r0.6 and r0.9 
 
P_D_070  = H / D; 
P_D_060  = H_06 / D; 
rho   = D / H; 
rho_06   = D / H_06; 
 
t_025  = 3.2*(f*(((1.5*10^6*rho*Mt) + (51*delta*(D/100)^3*B*I*N^2*h))/(I*z*Rm)))̂ 0.5;  
ts_025  = t_025 * (0.92 + (0.0032*v)); 
t_06  = 1.9*(f*(((1.5*10^6*rho_06*Mt) + (18.4*delta*(D/100)̂ 3*B*I*N^2*h))/(I_06*z*Rm)))^0.5; 
ts_06  = t_06 * (0.74 + (0.0129*v)-(0.0001*v^2)); 
ts_09  = t_06 * (0.35 + (0.0015*v)); 
 
%% Converting to model scale 
ts_025_model   = ts_025 / lamda; 
ts_06_model   = ts_06 / lamda; 
ts_09_model   = ts_09 / lamda; 
min_radius_root  = (3/4)* ts_025_model 
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% Displaying the results 
fprintf ('Thickness at 0.25R (in mm, model scale) =') 
disp (ts_025_model) 
fprintf ('Thickness at 0.60R (in mm, model scale) =') 
disp (ts_06_model) 
fprintf ('Thickness at 0.90R (in mm, model scale) =') 
disp (ts_09_model) 
fprintf ('Min. root radius (in mm, model scale) =') 
disp (min_radius_root) 

The Matlab programme starts with clearing the data and screen by using the command ‘clc’ and ‘clear’. The 
second step is the defining the input data as defined and shown in Appendix 1. The third major step is the calculation 

using the BV rules as defined in Equation 1 until Equation 6.  

The next step in the programme is the conversion of full-scale blade thickness to model scale blade thickness. 
Therefore, the scale ratio is needed as an input at the beginning of the programme. Then the final step is to print all 
the results in the command window. The results of the blade thickness calculation using Matlab are shown in Appendix 

2. Even though the blade thickness at 0.25R varied from 7.4 mm to 14 mm, only one blade thickness was chosen for 
the building of the 62 FP series propellers. The chosen thickness at 0.25R is at 14.88 mm. 

 

The 2D CAD drawing  

The 2D CAD drawing was obtained from the PropCAD software. This was achieved by saving the current 
PropCAD file to an AutoCAD drawing file in a .dwg format. Initially the PropCAD 2D view is available in the 

PropCAD software itself as shown in Figure 9, but for further documentation, the file is needed to be converted to an 
AutoCAD file. The 2D drawing consists of three views which are (1) the profile view (2) the transverse view and (3) 
the expanded view. Apart from that the radius fraction r/R from 0.2R to 1.0R, the maximum blade thickness t at each 

radius fraction, the local pitch p at each radius fraction, the local radius r, local skew at each radius fraction and 
expanded width or section chord length at each radius fraction.  

The propeller particulars were also included in the 2D CAD drawing such as rotation direction, number of 
blades, full diameter, nominal pitch, expanded area ratio, rake aft, skew, material type, density, design power, design 

RPM and the thickness rules used.  

 

Figure 9 CAD view of FP series propeller 
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The offset table of the FP series. 

The offset table was obtained from the PropCAD software. This was achieved by exporting the current 
PropCAD file to a PropCAD offset file in a off format. In the beginning of the offset table, the particulars such as the 

chord, the maximum thickness, the skew, the pitch, the pitch angle and the rake angle at each radius fraction are listed 
as in Table 5. Then, the offsets are shown in three ways, (1) 2D offsets (2) 3D XYZ offsets, (3) 3D radial offsets. In 
the beginning of the table of offsets, the particulars of the section data are shown as listed in Table 5. The columns in 

table 5 are (1) the radius fraction, (2) the local radius, (3) the chord or the expanded width, (4) the maximum thickness 

(5) the skew length (6) pitch (7) the pitch angle and (8) the rake angle.  

In the 2D offsets table, the coordinates x, y at the back and the coordinate x, y at the face are listed from the 
leading edge LE to the trailing edge TE. In between the LE and TE, there are stations from 2.5, 5. 10 to 95 as shown 

in Figure 10. 

 

Figure 10 Blade Section Stations 

In the 3D XYZ offsets table, the coordinates of x, y and z for radius fraction 0.2R to 1.0R are listed. This 
coordinate system is using the three dimensional cartersian coordinates system. In the 3D radial offsets table, the 

cylindrical coordinates of r, θ, φ were used to represent the coordinates of the blade surface. The illustration of the 
Cartesian coordinate system is shown in Figure 11 (a) and the illustration of the cylindrical coordinate system is shown 

in Figure 11 (b). An example of the coordinated being applied to a propeller blade is shown in Figure 12. The examples 

are shown for FP propeller 4Z_BAR040_PD10 to 7Z_BAR055_PD080_RA0 in Figure 17. 

 

Figure 11 (a) The Cartesian coordinate system and (b) the cylindrical coordinate system 

 

Figure 12 The 3D XYZ coordinates at a propeller blade. 
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Table 5 Table of section particulars 

 

 

Modelling the FP series in Rhinoceros. 

 To make the propeller is solid form, further modelling is needed in order to close all the gaps in between the 

propeller blade surfaces. The improvements to be made are (1) closing the trailing edge gaps (2) closing the tip gaps 
(3) making radius fillet at blade root (4) arraying the number of blades (5) trimming the inner surface of the blade 
palm in the hub and (6) joining all surfaces. The details of the steps in making a solid propeller in Rhinoceros is shown 

in Figure 13.  

 

Figure 13 Modelling FP Series in Rhinoceros 3D 
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Figure 14 (a) The making of root fillet and (b) the closing of the trailing edge of the blade in Rhinoceros 

 

Figure 15 The completed solid propeller after polar arraying and joining all the blade surface and hub together. 

 

Figure 16 The examples of completed FP series 
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An example of making the root fillet and closing the trailing edge in Rhinoceros is shown in Figure 14 (a) 
and (b). The completed solid 3D propeller is shown in Figure 15. The complete solid file is then saved in a 3dm format. 

Six examples of a completed and rendered FP propeller series for 4Z_BAR040_PD10, 5Z_BAR075_PD10_RA0, 
5Z_BAR050_PD10_RA0, 6Z_BAR070_PD050_RA0, 7Z_BAR0758_PD080_RA0 and 7Z_BAR055_PD080_RA0 

are shown in Figure 16. 

3D printing of the FP series propeller. 

A sample for display was made using 3D printer. The printing was outsourced to LZ 3D Printing Malaysia. 

The cost of the printing is at RM59 where the rate is at RM0.20 per gram. The total weight of the propeller is 210 
grams without the base support. This was cheaper than other 3D printing company, where AA3D Printing & 
Engineering rate is at RM0.70 per gram where the total cost is at RM210.00. The 3D printer is the ‘Fused Deposition 

Modelling (FDM) type printer. The material used for the propeller 3D printing is Polyactic Acid Plastic or PLA. The 
PLA material chosen is PLA Black. The propeller was printed in model scale where the diameter of the model scale 

propeller is at 250 mm.  

 

Figure 17 (a) Setting of 3D printing using STL file (b) infill ratio (c) The layer thickness of 0.2 mm (d) complete 

printed propeller 

 

Figure 18 The 3D printing process (a) the support base is printed (b) printing in progress (c) completed printed 

propeller (d) propeller removed from the support base. 
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The setting of the 3D printer is with 20% infill and 0.2 mm layer height. The 20% infill layer means that in 
the solid propeller, contained 20% PLA material and the rest of 80% are air cavity. The source file for the 3D printer 

is in STL format, therefore in Rhinoceros the 3dm file format need to be converted into STL file format before the 
printing process. This can be achieved by saving as the 3dm file into a STL file. The setting using the STL file is 
shown in Figure 17 (a), where the infill ratio can be seen in Figure 17 (b). The layer thickness of 0.2 mm can be seen 

in Figure 17 (c). Then complete printed propeller can be seen in Figure 17 (d). The actual printing is shown in Figure 
18, where in Figure 18 (a) the base is printed, in Figure 18 (b) and (c) the propeller is printed on the base that was 

printed earlier. In Figure 18 (d) the complete printed propeller is shown. The whole printing was done in 28 hours. A 
further polishing and finishing are required to smoothen the propeller surface to an acceptable level for display 

purposes. 

 

CONCLUSION AND RECOMMENDATION 

The development of the MIMET FP series is presented. As a result of that, a new propeller series for medium 

speed vessel were developed in this project. 

This report presents the 3D model and the CAD drawing development for 4, 5, 6 and 7 bladed propellers 
with blade area ratio from 0.4 to 0.758 which range from 0.4 to 1.2 of pitch diameter ratio. This project existed, 
because the existing propeller series such as Wageningen B series, Gawn series, KCA series and Newton-Rader series 

are already outdated. This project is meant for the development of propeller series for the modern medium speed 
vessels. With the old series propeller, there are maybe not efficient as what the modern propeller needed. Therefore, 
in this project the FP series is designed to minimize noise and vibration by using moderate to high skew angle. This 

project has developed the geometry of the new propeller series with high skew was discussed earlier in chapter 4. This 
project has achieved its objectives by building a modelling of surface in PropCAD and making the propeller into a 

solid form in Rhinoceros. The offsets data was also produced using PropCAD. Later this table offsets can be used for 
3D manufacturing. The offset tables include the chord, pitch diameter ratio, maximum thickness for the propeller 
series. But prior to that, the blade thickness was calculated according to NR467 classification rules from Bureau 

Veritas, 2020 for strength purposes. A sample of a 3D printed model propeller with a diameter of 250 mm is printed. 
However, the propeller need to be sanded and polished for a high quality finish. Finally, the outcomes of the FP series 
propeller have been achieved to fulfil the need of the requirements for highly skewed propeller. Overall there were 62 

propellers were modelled in Rhinoceros where all the 62 propellers were varied in its expanded area ratio and its pitch 
diameter ratio. 
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APPENDIX 

Appendix 1: Input Data for BV Rules Blade Thickness Calculation 
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Appendix 1: Cont..Input Data for BV Rules Blade Thickness Calculation 
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Appendix 2 Blade Thickness Calculation Results 
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Appendix 2 cont., Blade Thickness Calculation Results 

 

 


