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The paper focuses on the design, construction and testing of a propeller system for a modelled offshore vessel. It 

will discuss the construction of the hull of a vessel using steel, design calculations and selection of the propeller 

system which was powered by battery and electric motor. The experimental testing of the vessel propulsion 

system was conducted in a 3-meter by 3-meter water reservoir with a depth of about 5-meter to mimic a real-life 

environment. The results of the tests are satisfactory. The contribution of this work is the practically 

demonstrating of ship movements in water using a propeller system powered by battery and electric motor in 

order to enhance pedagogy teachings in Nigeria/West Africa. Further work will focus on the development of a 

controller system to aid maneuverability for the modelled vessel. 
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I. INTRODUCTION  

Ship propulsion is of importance to ship movement and maneuverability. In the last century much work 

has been done and published in the field of propulsion [1, 2] with focus ranging from control of 

propulsion system [3, 4], to propulsion performance [5], and more recently, on performance 

optimization of propulsion [6] and development of innovative propellers [7]. 

In this paper, our focus is to develop a propeller system for a modeled vessel. This will involve applying 

basic rules/principle of design (i.e., which is to ensure safety, simplicity and functional ability of the 

system). The work also includes fabrication and construction of the ship hull structure, shaft, and 

propeller so that the system can be experimentally tested in a lab environment. This will be useful in 

practically demonstration of ships movement in water. 

The paper is organized into 6 sections comprising of the introduction, design, construction and 

experimental testing and conclusion sections. The introduction section provides an overview on 

propulsion system and basic concepts is provided in the methodology section. This is followed by the 

design section which describes the design process and calculations with the aid of charts to generate 

propeller characteristics/curve which was modified to match the prime mover. The next section 

described the construction of the vessel from steel sheet, while the experimental testing followed it.  

The final section in the paper is the conclusion section. 

 

II. METHODOOLOGY 
 

A propulsion system is used to provide thrust to a ship/flight system to overcome resistance. There are 

various types of propulsion system, such as vertical-axis (or cycloidal), nozzle, jet, fixed pitch, 

controllable-pitch, contra-rotating propellers and they all have their individual advantages and 

disadvantages. Our focus is on controllable-pitch propeller (with a 3-blade screw propeller). For a 

detailed discussion on Marine propulsion, the reader is referred to the literature [1, 2]. 

There are two main methods used in the design of a propeller. The first method is based upon Charts 

giving the results of open-water test on a series of model propellers such as pitch ratio, blade area 

ratio, number of blades and section shapes.  The second method is based on the Circulation theory. It 
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leads to a detailed design of the propeller and is specifically useful for the design of heavily loaded 

propeller, liable to cavitation. 

 

We used the design based on Charts for this work. It is important to state that Computer design 

approach using Computation Fluid dynamics could also be used for propeller design.  

A transmission system consists of the shaft, the bearings and the propeller and it transmits power from 

the prime mover (engine) to the propeller to thrust the ship. The propeller comprises of a boss securing 

the tail shaft with blades of helical form attached to it. The propeller in operation screws or thrust its 

way via the water by giving momentum to the column of water passing through it. Fig. 1 illustrates the 

schematics of a propulsion system.  

 

Fig. 2 and 3 show the fabricated screw propeller and propeller shaft coupling (with bearings) 

respectively. 

 

 
 

Fig, 1: Propulsion system 

 

 
 

Fig. 2: Picture of the propeller 

 

III. DESIGN 

 

The design and construction of a ship is in general expected to satisfy safety, economic, technical and 

operational requirements. The structural and architectural arrangement of the hull results from the 

proper consideration of these factors. 
 

In the design and construction of a ship, the most fundamental requirement is to achieve adequate 

floatation of the ship under the desired loading conditions and the possibility to be moved from one 

location to another. 
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A secondary consideration is to achieve efficient operational characteristics such as having minimal 

resistance to the motion of the ship under varying sea conditions. Other factors such as durability, 

habitability and maintainability etc. are also considered and the final dimension is expected to conform 

to the numerous criteria that governed its design and construction. 

 

 
 

Fig. 3: Propeller shaft coupling 

 

For this work, the Taylor’s series B charts SNAME [2] are used. The charts for the Propeller power 

coefficient, BP, – Propeller pitch/Diameter ratio coordinates are presented in [8]. Using the charts, the 

contours of propeller efficiency circulation, Г and Propeller speed coefficients, δ Parameters were 

obtained. The design calculations are also reported extensively in [8]. 

 

From the calculations, the values of Speed, n in RPM were used to get the corresponding values of 

Propeller power coefficient, BP, that were used in estimating the values of the advance co-efficient (δ) 

and the Pitch diameter (P/D) ratio for a given blade number and blade area ratio. With this, we 

generate a table by varying the speed, n from 300 RPM to 410 RPM at an increment of 10RPM so as 

to generate propeller characteristics/curves (Table 1 and Fig. 4). 
 

Based on the variation of n we obtain Table 1: 
 

TABLE 1: PROPELLER CHARACTERISTICS 
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Figure 4: Engine/Propeller Curve 

 

A. Selection of Propeller 

The aim of the propeller selection is to choose the propeller with maximum possible diameter. For 

optimum propeller efficiency, a maximum propeller diameter of 1.48 is chosen and set as a limit. 

Results deduced from the two graphs above indicates that the main propulsion engine will supply 

power output of 166kw (222 B.H.P) to propel the vessel at the given service speed, (corresponding 

speed is 310 rpm) - for it to operate at its optimum efficiency. The design calculation procedures take 

the same form as in the previous case are documented in [8].  

 

B. Propeller - Main Engine Matching 

For an engine that best suits the propeller to be selected it is often convenient to present the layout 

diagram on a logarithmic co-ordinate such as log power/log R.P.M. This enables us to obtain the 

nominal curve on a linearized form, thereby making the work easier. With the relationship that exists 

between power and speed, we obtained the power for our speed range of speed, n, which is between 

250 – 350 rpm. Thus, the propeller curve was determined. 

The powers obtained were in the range of 80 – 110% of the design speed (310 R.P.M), i.e., 248 R.P.M 

to 341 R.P.M is required to obtain the propeller curve. 

We obtained the propeller curve (Table 2 and Figure 5) based on the following speed range in 

RPM:248, 257, 266, 275, 284, 293, 302, 311, 320, 329, 338. 

C. Selection of Main Engine 

The selection of the propelling unit (main engine) is based principally on its agreement with the 

propeller other factors that are considered include the engine’s reliability in service, its operational and 

maintenance cost. 

The main factors that are going to be considered in this selection are: 

- Specific fuel oil consumption for service power on diesel 

- Power required at specific speed 

- Weight of machinery  

- Reliability and cost of maintenance 

- Noise and vibration 
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TABLE 2: MODIFIED PROPELLER CHARACTERISTICS DATA 
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Fig. 4: Engine-Propeller Match for selected Engine 

And above all the engine whose data gives a curve at about 10 – 15% below point of maximum power, 

(i.e. acceptable sea margin). 

 

Based on these factors, and after critical analysis using tables and values read from graphs, for three 

different engines, the third engines having power capabilities of 162 – 262 kw and R.P.M was found to 

be having acceptable margin for a successful engine propeller matching. 

 

Therefore, 3306TA caterpillar engine [9] was chosen, and its main/relevant data is given in Table 3. 

 

TABLE 3: PRELIMINARY ENGINE DATA [9] 

 
IV. CONSTRUCTION 

The propulsion system consists of the hull, and the mechanisms for propulsion. The hull is basically the 

body structure of the ship/vessel that is in contact with water. 

 

The hull was constructed by first, itemizing the required dimensions of the vessel (model) from 

normalizing the final design parameters data based on the available portable prime mover in Nigeria. 
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This also necessitated a need for it to be electrically powered by a battery. At the end of the iteration 

process, bearing in mind of the basic design principle of safety, simplicity and function-ability, the data 

of the model vessel is given in Table 4. 

 

After specifying the dimensions, a 2mm thick mild steel sheet, was cut into the desired pieces using 

oxy-acetylene torch. A frame (structure) that divides the vessel into compartments (transverse and 

longitudinal) was first welded in place. This frame serve as beams and pillars that supports the sheets 

when they are welded together to withstand all types of load. The keel of the vessel was welded in 

place, with its location at the basement of the ship. 

 

TABLE 4: MODELLED OFFSHORE SERVICE VESSEL DATA 

 
The frame takes the curvature (shape) of the bow (forward) and stern (back side) of the ship. The 

metal sheets were tagged in position to the frames, and with the aid of clamps, the required angles 

were gotten. The sheets were fully welded to its respective frame. The heights and curvatures at the 

bow and stern were checked, the bottom of the vessel was checked for leakage. The vessel was then 

taken to a pool and tested for stability. 

 

The propulsion system consists of 24-volts powered D.C. motor connected to a shaft (propeller 

shaft)through a system flywheel to reduce the speed that is eventually delivered to the propeller. The 

propeller shaft, which is a 20mm, solid shaft, was turned out on a lathe machine, which the front-end 

fitting into the flywheel, and the end section, having a coupling for the propeller blade (3 – blades). Fig. 

6 and 7 show the propeller blade and shaft diagram respectively. 

 
 

Fig. 6: Propeller Blade 

 



 Olatunbosun O. Ajayi et al. “International Journal of Innovation Engineering and Science Research” 

 

 

Volume 6 Issue 2 May-June 
2022 

 

15|P a g e  

 
Fig. 7: Propeller Shaft 

 

A bedding (support) was constructed to carry the propulsion system from amidship (middle of the ship) 

where the engine (motor) is located to the aft of the ship. A 27.5mm hole was bored at the bottom end 

of the ship where the propeller shaft protrudes out to link the propeller blade via a hollow shaft that has 

oil seals at both ends to prevent leakage of water into the vessel when the propeller is moving. 

 

The electric motor is connected to two dc batteries (12V, 26amps each), one located at port side, the 

other at starboard side, amidship. The other end of the motor is connected to a control mini-panel and 

a switch with three bottoms, one for forward, backward movement and stop. 

 

V. EXPERIMENTAL TESTING 

The vessel was lowered into a pool of water, 5 m deep with length and breadth of 3m by 3m, for 

experimental testing (Fig. 8). 

 

The switch was engaged in the forward direction, and the motor started, propelled the shaft, and 

eventually rotated the propeller, which eventually moved the vessel forward. 

 

 
 

Fig. 8: Modelled Vessel during Experimental Testing 
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The vessel moved backward when the reverse switch was actuated, and it was stopped when the stop 

button was pressed. Thus, the experimental testing of the designed and constructed propulsion system 

of a modelled offshore service vessel achieved the desired results. 

 

VI. CONCLUSION 

The results of the experimental tests are satisfactory. Based on the results, we have practically 

demonstrated ship movements in water using a low-cost propeller system powered by battery and 

electric motor. This contribution to knowledge will enhance pedagogy teachings in the field of marine 

propulsion and control in Nigeria/West Africa countries.  

 

Further work will focus on the development of a controller system to aid maneuverability for the 

modelled vessel. 
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