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Abstract: This paper presents a design proposal for an electronic throttle control system intended for the experimental light hybrid-

electric vehicle. This vehicle was made in the scope of ongoing student project of developing and creating a light hybrid-electric vehicle as a 

platform for educational and research work. In the present case, ATV/quad-vehicle engine is used, where the throttle command of IC engine 

was originally realized using mechanical linkages and cable. In order to fully exploit hybrid drive potentials, control of both IC engine and 

electric hub motors had to be exerted by using single accelerator pedal. For this purpose, the original IC engine control system had to be 

replaced by an electric motor actuator that uses control signal from accelerator pedal used for electric motors control. The prototype of 

mechanism that converts rotation of electric motor actuator output shaft into linear displacement of the needle valve was also designed and 

produced applying 3D printing technique. 
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1. Introduction 

The aim of Electronic Throttle Control (ETC), alongside 

improving vehicle’s performance, is reducing emissions and 

improving fuel economy. Unlike traditional throttle system that uses 

mechanical linkage between the acceleration pedal and the throttle, 

ETC uses several sensors and actuators for regulating airflow in the 

intake manifold [2]. This project implies a mechatronic approach as 

it was designed as a combination of different engineering fields 

(e.g. mechanics, electronics, and programming). 

A vehicle that was developed through student project, is 

configured as a parallel hybrid with IC engine power on the rear 

axle and two electric hub-motors on the front axle. Such drivetrain 

configuration enables different operating modes. For example, the 

vehicle can be driven using either the IC engine or the electric drive 

independent of each other. Further, these two power sources can 

work simultaneously, whereby two different approaches can be 

distinguished. One of them is the economic mode, where IC engine 

operates around the most efficient energy conversion point, while 

electric motors provide additional torque required for a smooth and 

stable drive or moderate acceleration required by the driver. The 

other one is achieving maximum torque, using full throttle control 

for the IC engine and torque boost provided by the electric drive. 

Finally, regenerative braking can be used to further improve the 

overall fuel economy. Carburetor control is based on the needle 

valve, so that special features of such a system had to be taken into 

account in the scope of the designing process. For this purpose, the 

original IC engine control system had to be replaced by an electric 

motor actuator that uses control signal from accelerator pedal used 

for electric motors control. 

Design of such conversion is the main goal of this work. 

Designing process for the prototype of the mechanism that converts 

the rotation of electric motor actuator output shaft into linear 

displacement of the needle valve will be described. 3D printing 

technique has been utilized in realization of the project. The new 

control system also uses the controller with the appropriate software 

which converts the control signal to the actuator displacement. 

 

 

 

 

 

2. Results and discussion  

There are three types of hybrid drive structures 

 Serial 

 Parallel 

 Split power hybrid drive (has a combination of both  

properties serial and parallel hybrid drives) [3] 

The vehicle described in this paper is constructed as a parallel 

hybrid drive gaining power from two different power sources. Two 

in-wheels electric motors are controlling the front axle and the IC 

engine is controlling the rear axle. By using parallel drive 

configurations those two power sources can work either 

simultaneously or independently. Both current vehicle and 

powertrain components are shown in Figures 1, 2 and 3 [1]. 

Due to having two power sources, this vehicle contains two 

separate acceleration pedals. This configuration is to be improved 

by implementing ETC system that would result with usage of 

conventional, driver-friendly single pedal system and so-called 

throttle-by-wire control. ETC system’s task is to provide an 

electronic connection from the acceleration pedal to a 

microcontroller up to the electric motor actuator, which serves to 

power the excenter mechanism that is directly connected to a 

carburetor.   

 

Fig.1 Current appearance of the vehicle [1] 
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a)                             b) 

Fig. 2 Front axle with in-wheel electric motors and batteries (a) 

and Rear axle with the conventional passenger-car final drive, 

driven by IC engine (b) [1] 

There are various carburetor types, most common ones are with 

the throttle valve, and however, carburetor described in this paper is 

one with the needle valve, which makes it rare in the terms of 

automatisation. The first approach was to model simplified models 

of acceleration pedal and the carburetor which was done in Catia 

V5 Student version (Fig. 3). The idea was to build a gear rack 

mechanism that converts rotary to linear motion, but it was 

eliminated due to printing difficulties. A mechanism that was 

easiest to print, yet equally efficient, was an excenter mechanism 

(Fig. 4). This mechanism only needs to overcome the spring force 

because needle valve configuration is simpler than the throttle valve 

configuration. 

Electric motor actuator, suitable for this type of application was 

a DC servo motor (model micro servo sg90 was used) because of 

it’s a quick response to fast changing input signals. There was no 

need for an additional sensor, like the linear potentiometer, because 

chosen servo motor already has a potentiometer in its housing, 

which acts as a sensor. Servo motor is controlled via PWM signal 

through an Arduino microcontroller and signal gained from the 

servo’s potentiometer is used as a feedback meaning this prototype 

is controlled in a closed loop. Additionally, input signal was 

received from the potentiometer (used as a substitution for the real 

acceleration pedal) which determined acceleration pedal’s position 

by giving the output voltage depending on a pedal’s angle i.e. force 

made while stepping on a pedal. 

 

Fig.3 Simplified models including needle valve carburetor and 

acceleration pedal 

Ultimaker 2 extended 3D printer was used for printing the 

prototype (Fig. 4) using ABS (Acrylonitrile Butadiene Styrene) 

filament and technology named fused filament fabrication (FFF). 

Firstly the filament is extruded, heated to a working temperature 

and then forced through the heated nozzle, which diameter is 

smaller then 1 mm. While nozzle stays fixed, printer’s platform 

beneath the nozzle is moving in X/Y/Z directions, allowing fresh 

layers to fuze on top of the previous, cooled ones. All together, 

aproximate time for printing the protoype was around four hours. 

 

Fig. 4 3D printed excenter mechanism 

 

3. Conclusion 

Comparison of the working principles between the throttle and a 

needle valve results with the conclusion that the needle valve 

mechanism is much simpler meaning it requires simpler control. 

The prototype used in this paper was controlled without any PID 

controller unlike the one in [2], but adding the PID controller could 

be accomplished in future development. Further improvements that 

could be realised are adding more sensors for getting more reliable 

output signals and designing a control logic in Matlab/Simulink by 

using model-based technology. Additional tests could be done, 

based on considering what external impacts could cause unwanted 

mechanism behavior such as excessive vibrations, environmental 

conditions, wear of materials, etc. 
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