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Abstract: In this article, the authors describe the development process of a custom internal combustion engine (ICE) for a vehicle competing 

in the Shell Eco-marathon. The engine will be designed to replace the Honda GX35 previously used in the vehicle. The new engine has to 

comply with competition regulations and improve the overall fuel efficiency of the vehicle. An engine test stand was developed for measuring 

the power and brake-specific fuel consumption (BSFC) of small IC engines which allowed tests to be carried out on the GX35 to collect data 

for the design. Based on the data obtained from the tests and the information gathered from educational materials, a suitable IC engine will 

be later developed. 
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1. Introduction

The aim of the project is to design a custom internal combustion 

engine for a vehicle participating in the Shell Eco-marathon. The 

engine must comply with the regulations of the competition and 

improve the energy efficiency of the vehicle. The custom engine is 

a further development of the currently used Honda GX35 and will 

be more in line with the basic principles and purpose of the vehicle. 

This article will focus specifically on gathering the information 

needed for the design. 

The research described in this article is being carried out as part 

of a student project at the TTK University of Applied Sciences. The 

project team is working on the development of an ICE eco-vehicle 

for the Shell Eco-marathon competition series. The goal of the 

competition is to build a vehicle that is as energy efficient as 

possible. Competitors are given one litre of fuel to cover as much 

distance as possible. The series takes place on famous circuits 

around the world and is divided into three major regions: America, 

Europe-Africa and Asia and the Middle East.  

The vehicles participating in the Shell Eco-marathon are divided 

into two main classes, UrbanConcept and Prototype (Fig 1). The 

vehicle being built by the TTK team is in the Prototype class. In this 

class, the aim is to maximise fuel efficiency by any means 

necessary and everything else, including driver comfort, is 

secondary. The vehicles are usually three-wheeled, light and have 

an elongated aerodynamic shape. The current official world record 

for the Prototype class is 3,771 kilometres per litre of gasoline. [1] 

Fig. 1 Prototype class competition vehicle. 

Until now, the vehicle of the TTK team has been powered by a 

Honda GX35 engine. It is a 35.8 cm3 four-stroke, air-cooled 

gasoline engine, mainly intended for use on trimmers, brushcutters, 

cultivators, water pumps and various construction and industrial 

equipment. Thanks to its simple design, compactness and a suitable 

displacement, the engine is widely used by teams in the Eco-

marathon series. [2] 

Before starting development on the new engine, the project 

team made significant modifications to the GX35 (Fig 2). Amongst 

other things, a new exhaust system was manufactured, a fuel 

injection system with a programmable electronic control unit (ECU) 

MaxxECU MINI was added, along with the corresponding sensors 

and components, and an electric starter was attached to the engine. 

Fig. 2 Honda GX35, the previous engine of the vehicle. 

When designing a new engine, it is essential to ensure that it 

complies with all Shell Eco-marathon competition regulations and 

requirements. The following are the competition rules for engines 

and transmission systems [3]: 

1) There are no restrictions on the type and design of internal

combustion engines, but they must run on the fuel provided by the 

Organizers and must not consume engine oil (two-stroke engines 

are not permitted). 

Teams using internal combustion engines can choose between 

three fuels: 

a) Shell FuelSave unleaded gasoline with an octane rating of 95,

b) Shell FuelSave diesel,

c) Ethanol E100 (denatured);

2) Carburettor engines are prohibited (fuel injection systems

are mandatory); 

3) The engine must have an electric starter; manual starting of

the engine is prohibited. The starter must not contribute to the 

forward propulsion of the vehicle in any way; 

4) All vehicles with internal combustion engines must have a

clutch system; 

5) If a centrifugal/automatic clutch is used, the engine speed

generated by the starter must be lower than the speed at which the 

clutch engages; 

6) The intake manifold must not contain or allow the

accumulation of fuel or crankcase gases. Crankcase gases must not 

be directed into the intake system and must be collected in a 

container for environmental protection purposes. The use of air 

filters in the intake system is prohibited; 

7) The vacuum generated in the intake system must not be

used for external devices/components; 

8) The environmental impact of all vehicles (exhaust smoke,

odor, and noise levels) must be within reasonable limits. 

In addition to the competition rules, one of the most important 

design requirements is the compactness of the engine, which would 

allow the vehicle to use a single-stage transmission. 
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2. IC Engine Test Methodology Development 

Before design work could begin, it was first necessary to collect 

relevant and usable data. For this purpose, a test methodology was 

developed for testing and comparing small IC engines. 

The main parameter to be compared in the context of this 

project is the brake specific fuel consumption (BSFC) of the 

engines. BSFC is a parameter that indicates the efficiency of an 

internal combustion engine in producing power from the fuel 

burned. The unit of BSFC is kilograms per joule (kg/J), the lower 

the value, the more efficient the engine. BSFC is expressed by the 

formula [4]:  

 

  BSFC =  ṁ / P ,  (1) 

where ṁ – fuel mass flow rate, kg/s; 

  P – effective (brake) engine power, W. 

  

Usually however, units of grams per second (g/s) and kilowatts 

(kW) are used in this context, which gives BSFC a unit of grams per 

kilowatt-hour (g/kWh). [4] 

The engine output power is derived from the engine speed and 

the corresponding torque and can be calculated using the following 

formula [5]:  

 

  P = 2 * π * M * n ,  (2) 

where n – engine speed, r/min;  

  M – effective (brake) engine torque, Nm. 

 

Therefore, to test and compare engines, it is necessary to measure 

the mechanical power and, at the same time, the amount of fuel 

consumed by the engine. This makes it possible to map the brake 

specific fuel consumption of the engine, which is the main basis for 

comparisons. 

 

In order to measure the torque and mechanical power of the 

engine at different speeds, a suitable dynamometer had to be 

created. For this purpose, several methods based on different 

principles, such as electrical and hydraulic, were tested during 

development. 

The finalized dynamometer is based on the Lucas-Nülle 

CO3636-6X electric motor test system. The test stand consists of a 

digital controller, a 4.2 kW servo motor, and ActiveServo software. 

The servo motor, which acts as a brake for the IC engine, can be 

controlled manually or via software. It is possible to program the 

speed or torque of the servo, either statically or dynamically, 

according to the user’s specifications. [6] 

 

  
Fig 3. Left - L-N CO3636-6X [6], right - finalized engine test-stand.  

 

In addition to measuring engine power and torque, it is also 

necessary to know the corresponding fuel consumption. It was 

decided that the engine’s electronic control unit was to be used to 

measure this. 

The MaxxECU MINI programmable ECU used in the vehicle 

provides essentially unlimited access to all possible information 

related to the sensors and actuators used in the vehicle. Amongst 

other values, it is possible to know the duration of the time that the 

fuel injector has stayed open, i.e. the time during which fuel exits 

the fuel system and enters the engine combustion chamber. 

Knowing the size of the injector (the amount of fuel flowing out of 

the injector per minute) expressed in cm3/min, it is possible to 

calculate the theoretical amount of fuel injected.  

However, it should be noted that the actual size of the injector 

may differ to some extent from the nominal size. There is also a 

delay in fuel injectors called injector dead time which depends on 

several factors such as battery voltage and fuel system pressure. 

In order to determine the fuel consumption during engine 

operation using the control unit, thorough tests were carried out to 

calibrate the vehicle's fuel system and to measure the actual size of 

the injector and the injector dead time. The tests consisted of 

mapping the characteristics of the injector at different input 

voltages. Using pulse width modulation, the injector was switched 

to operate at different pulse widths for a fixed time, after which the 

mass of the collected fuel was weighed. 

To find the injector dead time, the pulse width and the 

corresponding mass of one injection were plotted on a coordinate 

system, where the pulse width is the y-value and the fuel mass per 

injection is the corresponding x-value. If a line is drawn, which is 

the approximation function of the points, then the shift value 

(marked red in the graph) of this function is the injector dead time 

(Fig. 4).  

 

 
Fig 4. Fuel injector test result at 12V. 

 

The data obtained from the fuel system calibration was entered 

into the control unit and the fuel consumption calculation was 

programmed in the software. As a result, the ECU log records the 

mass of fuel consumed during engine operation (Fig. 5)  

 

  
Fig 5. Left - ECU log with fuel data, right – dyno test data. 

 

By combining the fuel consumption with data obtained from the 

dynamometer, it is possible to test engines and map their power and 

torque curves together with BSFC (Fig. 9). 

3. Engine Testing - Data Collection 

After developing the test methodology, tests were conducted on 

the vehicle's GX35 engine to get an overview of the current 

situation, identify the engine's bottlenecks, and find possible areas 

for development. Various modifications were made to the engine 

with the aim of improving its performance and efficiency. The data 

obtained from the tests and the conclusions drawn from them will 

be used as input for the design of the new engine.  

Honda has published both the torque and power curves for the 

GX35. The corresponding values have been measured in 

accordance with the SAE J1349 standard. The engine's maximum 

power is 1 kW at a speed of 7000 rpm. The maximum torque is 1.6 

Nm at 5500 rpm. Less data is provided on fuel efficiency, only the 

consumption at maximum power is given, 0.71 L/h at 7000 rpm [2]. 

INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD" WEB ISSN 2534-8493; PRINT ISSN 2367-8399

109 YEAR X, ISSUE 3, P.P. 108-111 (2025)



Chalmers Vera Team, a team participating in the Shell Eco-

marathon, commissioned a study on the fuel efficiency of the 

Honda GX35 from Semcon. The study mapped the BSFC of the 

engine at different speeds. The results of these tests showed that the 

GX35 achieves its best fuel efficiency at a speed of approximately 

4200 rpm, with a BSFC of approximately 380 g/kWh (Fig 6). [7]  

 

 

Fig 6. GX35 test data from online sources.[2][7] 

 

Since the TTK team now had the necessary capabilities, new tests 

were carried out on an unused GX35 engine, which was first run in 

according to the manufacturer's recommendations. Testing took 

place over a period of three weeks. A total of about 50 different 

engine configurations were tested. 

First, the standard configuration of the GX35 was tested (Fig. 7).   

 

Fig 7. GX35 base configuration test data from the new test stand. 
 

While analysing the results, it was concluded that the engine 

power curve matched Honda's graph, but the absolute value of the 

output parameters differed slightly from the manufacturer’s data. 

The maximum power of the engine was measured at 708.19 W. The 

lower result is probably explained by the losses occurring in the 

transmission between the engine and the servo motor. 

Using the base configuration with a carburettor, the team was 

unable to obtain real-time data on fuel consumption, which is why 

BSFC is not shown in the graph. By adding an injection system to 

the base configuration, it was also possible to map the fuel 

consumption, which was measured to be 478.83 g/kWh at 

approximately 4000 rpm. 

After testing the stock configuration, several different 

modifications were made to the GX35 with the aim of improving 

engine performance and increasing fuel efficiency. 

 

Fig 8. Modifications made to the engine. Top left – custom exhaust vs stock 

GX35. Top right – GX35 stock con rod vs custom. Bottom left – stock 

camshaft vs machined. Bottom right – GX35 cut open for examination. 

Due to the design of the GX35, the physical modifications that 

could be made to the engine were limited, but there were still some 

aspects that could be improved. 

The most significant modifications were increasing the engine 

compression ratio, manufacturing a new exhaust system, and 

remachining the profile of the camshaft (Fig. 8). 

 

Fig 9. Comprehensive data from the tests. 

 

The most economical configuration of the tests yielded a 

minimum brake specific fuel consumption of 388.83 g/kWh and a 

power output of 982.36 W. Compared to the base configuration, this 

represented a 19% improvement in both power and efficiency (Fig. 

9). In this test, the compression ratio of the engine was increased 

from 8:1 to 10.5:1 and a new exhaust system was used. 

In the most powerful configuration, the maximum power of the 

engine was measured at 1298.5 W, which is an 83.4% increase 

compared to the first test (708 W), an almost a twofold increase in 

engine performance (Fig. 9). Although this configuration is not 

reasonable for an eco-vehicle due to high fuel consumption and 

impractical engine speed, the test showed that the various 

components of the engine have a significant safety factor and could 

also be used in a somewhat larger engine. 

4. Design of the New Engine - Engine Parameters 

Based on the data obtained from tests and the information 

gathered from educational materials, automotive handbooks and 

reports made by competing teams, a suitable internal combustion 

engine will be designed. The engine will be made up of both custom 

manufactured parts and components reused from the Honda GX35. 

The engine will be of the same type as the GX35 used until 

now. Thus, the new engine will also be a four-stroke, single-

cylinder, air-cooled, overhead cam gasoline engine. It is not 

reasonable to change the engine type (fuel, operating cycle), as the 

development has focused entirely on such gasoline engines. Several 

components used in the new engine are selected from the GX35, as 

the manufacture of some of them is not possible with the 

university's equipment or is unreasonably complicated. In addition, 

the design of certain subassemblies is a much more time-consuming 

process that requires more thorough analysis than the available time 

allows. 

Before the physical design of the engine can begin, the design 

parameters that affect the performance characteristics of the engine 

must be determined. This is based on the objectives of the 

competition, vehicle-related restrictions, previously conducted tests, 

and data collected from various sources. The most important 

parameters are the cylinder bore, piston stroke, compression ratio, 

and connecting rod length. 

First, the cylinder bore and piston diameter for the engine were 

selected. This was determined by the technological limitations of 

the project team. Namely, it is difficult to manufacture custom 

piston rings in the laboratory conditions. It was decided that it 

would be reasonable to use the existing GX35 pistons and piston 

rings. The cylinder bore of the new engine is therefore 39 mm. 
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The main factor in selecting the piston stroke length was the 

bore/stroke ratio, which is one of the important parameters used to 

characterize piston engines. The Chalmers Vera Team report 

concluded that teams participating in the Eco-marathon series use 

varying stroke ratios in their engines. However, it was noted that 

short-stroke engines are rarely used and, in most cases, a long-

stroke ratio or a square engine is preferred, with the ratio varying 

between 0.5 and 1. [8] 

Because of the characteristics of the vehicle, it is important that the 

power curve of the new engine is shifted towards the lower revs. 

Therefore, it was decided that the stroke had to be lengthened. At 

the same time, it had to be considered that an increase in the piston 

stroke would also increase the engine's displacement. However, 

increasing the engine's size and performance is not infinitely 

beneficial, because above a certain point, it becomes excessive and 

less efficient for the vehicle. As a compromise, a piston stroke of 39 

mm was chosen for the new engine, in which case the stroke ratio is 

1 and the engine is square. 

Another crucial parameter in terms of engine efficiency is the 

compression ratio. Tests showed that increasing the compression 

ratio of the GX35 from the original 8:1 to 10.5:1 significantly 

improved engine performance and fuel efficiency. The compression 

ratio of gasoline engines used in the competition is usually quite 

high, reaching up to 14:1. However, as the compression ratio 

increases, the increase in efficiency is not infinite. Additionally, 

very high compression ratios can cause negative effects, such as 

detonation, in which case the air-fuel mixture ignites uncontrollably 

before the spark plug fires. To avoid this, a more conservative 

compression ratio of 12:1 was initially selected for the engine. 

Since the new engine will be designed to be more easily modified 

than the GX35, the compression ratio can be increased or decreased 

later as needed, for example by changing the thickness of the 

cylinder head gasket. 

A computational model of the kinematics and dynamics of the 

crankshaft mechanism was created to select the length of the 

connecting rod and the subsequent rod to stroke ratio. The model 

was used to compare the effect of different con rod lengths on 

piston acceleration and piston side force at a fixed engine power. 

Using the model, it was noted that extending the connecting rod by 

even a relatively small amount noticeably reduces the piston thrust 

force on the cylinder wall. Therefore, it was decided to select the 

largest possible rod to stroke ratio for the engine, i.e., the 

connecting rod length was determined by the design limitations of 

the vehicle chassis. It was found that the maximum connecting rod 

length that leaves sufficient space under the upper cover of the 

vehicle is 150 mm. With a piston stroke of 39 mm, the rod to stroke 

ratio is 3.85. 

The following table (Table 1) summarises the selected design 

parameters of the new engine. For comparison, the corresponding 

dimensions of the Honda GX35 are shown alongside. 

Table 1: Main parameters of the GX35 and the new engine. 

Parameter 
Honda 

GX35 

Custom 

Engine 

Cylinder bore (mm) 39 39 

Stroke (mm) 30 39 

Displacement (cm3) 35,84 46,59 

Bore to stroke ratio 1,3 1 

Compression ratio 8:1 12:1 

Combustion chamber volume (cm3) 5,12 4,24 

Connecting rod length (mm) 51 150 

Rod to stroke ratio 1,7 3,85 

5. Results and Discussion 

The aim of the research was to gather data for the design of a 

custom internal combustion engine for a vehicle participating in the 

Shell Eco-marathon. The engine must comply with the rules of the 

competition, increase the energy efficiency of the vehicle and 

eliminate the shortcomings caused by the unsuitability of the 

previously used Honda GX35 engine. 

The research was divided into three main parts.  

First, a test methodology was developed for testing and comparing 

small internal combustion engines, using brake specific fuel 

consumption as the comparable parameter. For this purpose, a 

suitable test stand was created, which can be used to measure the 

output parameters of IC engines. While measuring engine power, it 

was also necessary to determine the amount of fuel consumed. This 

was done using the engine's electronic control unit together with the 

data obtained while calibrating the fuel system. 

Tests were then carried out on the vehicle's old engine, the Honda 

GX35, to map the current status of the project and collect data 

needed for the design. During the tests, several different 

modifications were made to the GX35 with the aim of increasing its 

fuel efficiency. The most economical configuration of the modified 

engine ultimately showed a nearly 19% reduction in BSFC and the 

most powerful configuration showed an approximately 85% 

increase in power. 

Based on the data obtained from the tests and the information 

collected from educational materials, the main design parameters of 

the new engine were chosen. Although the new engine will reuse 

some components from the GX35, it will significantly differ from 

that engine. The chosen parameters are the basis for the physical 

design which will be described in a future article. 

The research and development discussed in this article can be 

considered successful. The engine test methodology development 

along with the tests carried out on the GX35 are of crucial 

significance to both the design of the engine and the future 

development of the project as well as educational work related to 

the subject. 
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