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STRESS AND DEFORMATION ANALYSIS FOR THE LOWER KNUCKLE 

BRACKET OF FRONT SHOCK ABSORBERS 

Ionel Vier 
1
, Viorel Nicolae, Danut-Gabriel Marinescu, Adrian Rosescu, 

Gheorghe Petrache 

UDC:629.3.01 

 

ABSTRACT: This paper presents a comparative analysis of the stresses and deformations 

for different constructive solutions of lower knuckle bracket of the damper fitting a front 

axle Mac Pherson type. As calculation method we used the Finite Element Method (FEM) 

and as software we used CATIA v5. The analyse was performed under static conditions, 

using forces parallel to the longitudinal and transverse directions of the car. 

 
KEYWORDS: static analysis, shock absorbers, CATIA V5, CAE, FEM 

 

 

NAPONSKO DEFORMAIONA ANALIZA DONJE UŠKE PREDNJEG 

AMORTIZERA 
 

 

REZIME: Rad prikazuje uporednu analizu napona i deformacija za različita konstruktivna 

rešenja donje uške amortizera McPherson-ovog oslanjanjs prednje osovine. Korišćena je 

računska metoda konačnih elemenata (FEM) i programski paket Catia v5 . Analiza je 

urađena u statičkim uslovima gde su sile bile pralelne použnom poprečnom pravcu vozila. 

 

KLJUČNE REČI: statička analiza, amortizer, Catia v5, metoda konačnih elemenata MKE, 

račinarski podržano inženjerstvo 
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Ionel Vier1, Viorel NicolaE, Danut-Gabriel Marinescu, Adrian Rosescu, Gheorghe Petrache 

UDC: 629.3.01 

 INTRODUCTION 

This paper presents a study on the lower knuckle bracket of a shock absorber used 

in a Mac Pherson type front suspension. 

It was studied the influence of the thickness reduction of the bracket’s plate 

material. Its thickness was changed from 3.5 mm to 3 mm. Because the bracket’s shape is 

relatively complex (Figure 1), there were analyzed with priority its deformations in two 

directions, longitudinal and transverse. There were done two types of analysis, one 

performed on a simple piece (Figure 1) and another on the whole assembly (Figure 2). 

The analysis of the the simple piece used rigid elements to simulate the action of 

the force, and for the whole assembly it was properly applied a force to the damper tube. 

Thus for comparison on the two directions (OX and OY - longitudinal and transverse) there 

were applied forces of 1000 N. 

The CATIA V5 software was used for modeling and making the analyse, the 

calculation was carried out in the static regime using the "Generative Structural Analysis" 

module of the software [2]. 

 

 
a) The lower knuckle bracket of the shock 

absorber. 

b) The assembly used for calculation. 

Figure 1. The  CAD 3D models. 

                                                           
1 Ionel VIERU, University of Pitesti, Romania, ionel.vieru@upit.ro 
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THE CALCULATION MODEL 

If the first comparative analysis, for the simple part we loaded the model using 

rigid elements (option "smooth virtual part" of CATIA) from the point of application of 

force to the lower knuckle bracket of the shock absorber for two situations of the piece 

thickness: 3.5 mm and 3.0 mm [1]. 

The forces were applied consecutively on OX and OY directions, and the recessed 

was applied to the mounting holes, as shown in figures 2a and 2b. 

 

 
 

a) The force on the OX direction 

(longitudinal plane) 

b) The force on the OY direction (transversal 

plane) 

Figure 2. The forces applied on the simple element. 

 

The result is a model with a total of 21,507 nodes and a total of 10,793 parabolic 

octree tetrahedron. It was also done an analyse on the shock absorber assembly for the two 

cases (3.5 mm plate thickness and 3 mm plate thickness), using the same load of 1000 N 

size on the two directions (OX and OY) applied at the shock tube end, as shown in Figure 3. 

 

The result is a model with a total of 102,435 nodes and a total of 56,045 octree 

tetrahedron of parabolic type. In both cases, the material properties used in calculation are 

given in Table 1. 
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a) The force on the OX direction 

(longitudinal plane) 

b) The force on the OY direction 

(transversal plane) 

Figure 3. The forces applied on the shock absorber assembly . 

Table 1. The properties of the material. 

Material Steel 

Young's modulus 2e+011N_m2 

Poisson's ratio 0.266 

Density 7860kg_m3 

Coefficient of thermal expansion 1.17e-005_Kdeg 

Yield strength 2.5e+008N_m2 

RESULTS AND CONCLUSIONS 

For each load case there were calculated and analyzed the displacements (δ) and 

additional there were calculated the von Mises stress (σ). 

Table 2 presents the results of calculations for the single part and Table 3 

summarized  the results for the shock absorber assembly. 
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Table 2. The results obtained on the single part. 

Force, [N] 
Part with 3,5 mm thickness Part with 3,0 mm thickness 

δ [mm] σ [MPa] δ [mm] σ [MPa] 

X = 1000  0,55 293 0,71 382 

Y = 1000  0,23 138 0,30 160 

 

Table 3. The results obtained on the shock absorber assembly. 

Force [N] 

Part with 3,5 mm 

thickness 

Part with 3,0 mm 

thickness 

δ [mm] σ [MPa] δ [mm] σ [MPa] 

X = 1000  0,75 212 0,80 246 

Y = 1000  0,56 118 0,55 129 

Figures 4 and 5 present the displacements and the von Mises stress, the force being 

applied by the direction of OX axis. 

 

  
a) Single part b) Shock absorber assembly 

Figure 4. The displacements obtained for the material with 3,0 mm thickness with the force 

applied by the direction of OX axis. 
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a) Shock absorber assembly with 3.5 mm 

thickness 

b) Shock absorber assembly with 3.0 mm 

thickness 

Figure 5. The von Mises stress obtained with the force applied by the direction of 

OX axis. 

 

Analyzing the results presented in Tables 2 and 3, we observe that on the OX axis 

direction the displacements are higher than those on the OY axis direction, in both cases 

analyzed. 

It also finds that even on the single part could be observed differences of 

displacements, especially on the OX axis, the overall differences are much smaller, leading 

to the same values of rigidities for the two variants. 

In conclusion, when using the material with thickness of 3.0 mm it is obtained a 

behavior almost similar with the one obtained when using the material with thickness of 3.5 

mm, corresponding to a mass reduction of about 0.080 kg. This conclusion was practically 

confirmed by the attempts to validate the shock absorber [3]. 
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Editura Universităţii din Piteşti, 2005. 
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CALCULUS AND CONSTRUCTION OF A LASER PLUG 

Dejanu Marcel1, Dascălu Traian, Popa Dinel, Parlac Sebastian, Salamu Gabriela 

UDC: 662.6 

 

ABSTRACT: In the paper are presented the stages that led to the construction of a laser 

plug. This laser plug has the dimensions of a classical spark plug that is used at spark 

ignition engines. The determinations of the optimal pumping characteristics, the length of 

the optical resonator, the pumping energy etc. were realized after a set of experiments 

conducted in a static enclosure. The main characteristics of the laser and optical system were 

determined. The pumping mechanism is made of a laser diode that is coupled to a fiber 

optic. The end of the optical fiber is coupled to a Nd:ZAG crystal through an achromatic 

collimation system, the duration of the laser pulse being of 100 Hz. During the test one 

concluded that the laser functions in the initial parameters of -60°C and 150°C. 

 

KEYWORDS: laser plug, optical system, laser diode, fiber optics, static enclosure. 

 

PRORAČUN I KONSTRUKCIJA LASERSKOG UPALJAČA 

REZIME: U radu su prikazene faze konstrukcije laserskog upaljača. On ima dimenzije 

klasične svećice koja se koristi kod motora sa paljenjem varnicom. Određivanje optimalne 

karakteristike ubrizgavanja, dužine optičkog rezonatora, potrebna energina pobuđivanja 

medijuma, itd. je realizovana pošto su izvedeni eksperimenti u statičkom okruženju. 

Najvažnija karakteristika laserskog i optičkog sistema je određena. Mehanizam ubrzgavanja 

je napravljen od laserske diode koja je povezana optičkim vlaknima. Kraj optičkog vlakna je 

optičkovlakno povezano sa Nd:ZAG kristalom kroz ahromatski kolimacioni system, trajanje 

laserskog pulsa počinje od 100 Hz. Tokom testa izveden je zaključak da uloga lasera je 

značajna u polaznoj fazi između -60°C i 150°C. 

 

KLJUČNE REČI: laserski upaljač,optički system, laserska diode, optičko vlakno, statički 

uslovi. 
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INTRODUCTION 

The domain of the presented paper is an interdisciplinary domain. For one to make 

an integrated system that can ignite fuel mixtures using a laser pulse one has to unite at least 

two domains of the sciences: the Physics and the Mechanical Engineering. 

The domain of lasers physics began once with the patenting of the first laser device 

(1958). After a first period, the theoretical development of the domain, a second period 

began where laser construction also developed. Even though laser impulse ignition systems 

were never used on a series production many great automotive companies are conducting 

studies regarding laser ignition in heat engines and we are confident that the future of these 

systems is not far from here. As evidence, these kind of systems already have miniature 

dimensions, high reliability and a low production cost. 

The type of lasers developed until now presents a large spectrum of physical and 

operational parameters. If one categorizes laser types, then one will have lasers: with solid, 

liquid or gas active environment. If lasers are categorized by the length wave of the emitted 

radiation, then one will have: infrared lasers, visible lasers, ultraviolet lasers and X rays 

lasers. 

 The process through out atoms are lifted from one energy level to another is called 

pumping. Normally, this kind of process can take place in three different ways:  

- optical pumping, for example, by absorbing the light emitted by a powerful lamp 

or another laser,  

- electrical pumping, for example, by keeping the atoms (molecules) in a radio-

frequency field or by injecting electrical current into an active semiconductor environment, 

- chemical pumping, for example, an exothermic chemical reaction. 

For an efficient pumping, the light emitted by the diode system must be transferred 

into an active environment in a proper manner. There are two types of pumping geometries: 

longitudinal pumping, where the pumping beam enters the laser environment along the 

resonator axis and transversal pumping, where the pumping beam is transferred in the active 

environment through different directions that are perpendicular to the optic resonator axis. 

In the case of longitudinal pumping, the beam emitted by the laser diode has to be 

focalized in the active environment, in a portion of mm 1m 100  .  

In the case of transversal pumping, the active environment, shaped in a bar, plate or 

disc shape, can be operated efficiently with at a high pumping power. There are a lot of 

pumping configurations but we will present two cases that are fitted best with our 

experiment. The first case presents a bar of YAG:Nd  with the diameter of mm 4 , cooled 

through the use of water that runs through the tube that surrounds it, that is radially pumped 

by three or five modules placed into a circular arrangement. The transfer efficiency of this 

one is estimated at %80~ . For one to increase the efficiency, reflectors of the pumping 

radiation are placed around the YAG:Nd  bar, opposing the pumping diodes. This 

arrangement produces W600~ , output power with an optical efficiency of %25~ . A 

second transversal pumping configuration is fir microchip lasers made of a composite 
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material called YAG/YAG:Yb . The thickness of the active environment is of 

m 400200   and it is made of a central zone made of YAG:Yb , at%Yb 10 , having the 

section of mm 2mm 2  surrounded by undoped YAG , the total diameter being of mm 10 . 

The pumping radiation that is introduced through the edge of the microchip is propagated 

through total internal reflection in the undoped area and it is absorbed in the doped area.  

THE LASER PLUG CONSTRUCTION 

LASER PLUG BODY 

Using the theoretically knowledge regarding the pumping diagrams, also based on 

the experiments previously conducted in the lab, one can now move to construct a laser plug 

with the dimensions similar to the one of a classical spark plug.   

The functioning diagram of the experimental montage for the laser plug is 

presented in figure 1 and has the following composure: a Nd:YAG crystal, the S1 surface 

covered with an anti-reflex layer that has a transmitting coefficient of T>0,998 of a length 

wave of λem=1064 nm. 

The S2 surface is covered with anti-reflex at 1064 nm. The Cr4+:YAG crystals 

used in our study have different initial transmitting coefficients, both surfaces S1 and S2 of 

the saturable absorbers crystals, SA are treated for anti-reflex on the length wave of  λ=1064 

nm; a high reflectivity mirror HRM is placed at the entrance of the pumping wave λP and is 

focalized with a lens system L1 and L2. A second crystal with saturable absorbers, SA - 

Cr4+:YAG is situated near the exit of the mirrors system (OCM) or at the edge of surface 

S2 of the Nd:YAG crystal. Under these circumstances, the length of the resonator cannot be 

reduced under 60 mm. 

 

 
Figure 1. Functional scheme of Nd laser spark: YAG/Cr4 +: YAG. 

 

The pumping system is made of a laser diode whose radiation is coupled to a fiber 

optic. The end of the fiber optic is virtually coupled to the Nd:YAG crystal through an 

achromatic collimation system made out of the lenses L1 and L2.  

 

The energy of the laser pulse was determined by using an energy measuring device 

type Laser Probe RJP-445 and the wideness of the pulse was determined using a Thorlabs 

SV 2 photodiode type FC with the reaction time of 0,2 ns.  

 

The functioning of the laser plug was experimentally tested at temperatures 

between 250C and 1500C, and it was concluded that the output performances of the system 

does not modify with the temperature. In the literature [Xiao, G., Lim, J.H., Yang, E., 
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Stryland, V., Bass, M., Weichman, L., IEEE J. Quantum Electron, 1086 (1999)], are 

presented paper where similar pumping systems and laser emission are stable in the range of 

- 600C to +900C.  

A constructive solution with a single-block resonator was used so that can all the 

mechanical adjusting components for adjusting the position of the reflecting surfaces to be 

eliminated (the mirrors from figure 2). Practically, a 10 mm cylindrical active environment 

was used with a composite structure; the active environment and the saturable absorber are 

glued together through high temperature optical diffusion.  

The mechanical design process has as purpose to achieve a mechanical montage 

capable of resisting shocks and mechanical vibrations without modifying its functionality 

and that also can include the laser and the collimation and focalization components into a 

single mechanical ensemble with the maximum length of 7,62 cm.  

The constructive diagram is component explode detailed in figure 2. Finally, a laser 

plug was obtained comparable with the sizes of a classical one, as you can see in the 

pictures from figure 3.  

 

 
 

 
 

Figure 2. The constructive scheme of the laser plug. 

 

Figure 3. Dimensions of laser spark plug versus a classical electrical spark plug. 

THE PUMPING SYSTEM 

In figure 4 is presented the pumping and transmitting device to the plug of the 

pumping laser pulse. The equipments are fixed on a special laboratory surface table that 

Laser plug 

Spark 

plug 

Plasma 
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assures modularly montage procedures, according to the necessities of the experiment. All 

illustrations, photos, graphics, etc. must be embedded as Figures into the document. 

Separate graphic files are not accepted. Line art must be professionally drawn and photos 

must be high quality with adequate contrast.  
The research must proceed with the specification of the proper characteristics for 

the use of equipments in the automotive domain. In figure 4 one can identify the following 

components: (1) the power supply of the laser diode; (2) the pumping ensemble of diodes; 

(3) the optical transmitting system of the laser pulse to the fiber optics; (4) fiber optics; (5) 

laser plug. 

 

 

  
 

Figure 4. The components of the system of the pumping laser pulse beam. 

THE UNFOLDING OF THE LASER PLUG IGITION EXPERIMENTS 

GENERALITIES 

In this stage of the experiments some research were conducted considering 

initiating the ignition of a methane-air fuel mixture having different concentrations ( 6%, 

8%, 10% synthetic methane – air) by using the two ignition systems: a - the classical spark 

plug ignition; and b - the laser plug ignition.  

During the experiments different parameters of the burning process were 

determined, such as: peak pressure, the variation of pressure through time, flame front 

propagation velocity, all of this conducted for different initial pressures and different values 

of the laser pulse energy. 

Finally, one proceeds to a comparative analysis of the laser ignition with the 

classical spark plug ignition of the fuel mixture. 

 

2 
4 

3 

4 

1 

5 

4 
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DESCRIBING THE EXPERIMENTAL BENCH 

The experimental montage used for the experiments is described in figure 5 where:  

R

CH 4

R
4

R5

SACTRG BAT 12V

CFR

PC

FD

E

LASER MIN

TP
BJ

PVID

PCP

LXEN

M 2 M 1

F

FOP

BJL FLN

 
Figure 5. The scheme of the experimental bench with laser plug. 

 
LASER MIN - is a miniature laser with a solid body Nd:YAG, pumped with laser 

diodes that are passively commuted with Cr4+:YAG” (Nd:YAG/Cr4+:YAG; BJL- is a laser 

spark plug that focalizes the laser pulse inside the static chamber and starts the burning 

process of the fuel mixture; LXEN - is a XENON lamp that assure the illumination of the 

burning phenomenon's from inside the chamber, in order to assure perfect view for the 

images recorded in shadowgraph method; FD - is the photodiode with a role of commanding 

the trigger system; E - is the screen for capturing the light signal, the light signal is 

recognized by the photodiode; CFR - is a rapid filming video camera; F - the protection 

filter for protecting the radiation incidence with λ=1064 nm in the camera; PC - is the 

computer with a software dedicated to process the images transmitted by the rapid filming 

video camera (CFR); FOP - is the optical fiber that transmits the laser pulse from the emitter 

to the plug; FLN - is the surface that assures the montage of the laser plug on the static 

chamber; PCP-TP - is the measuring and recording equipment for pressure variations.  

The experimental bench is presented in figure 6 where: (1) is the static chamber; 

(2) is the rapid filming video camera; (3) is the XENON lamp; (4) - is the contrivance that 

assures the montage of the laser plug on the static chamber; (5) is the laser plug; (6) is the 

pressure regulator; (7) is the optical fiber that transmits the laser pulse from the emitter to 

the plug.  
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Figure 6. The physical experimental bench of the laser plug ignition system. 

 

In order to apply the "shadowgraph" method for capturing images of the flame 

front propagation process, a xenon illuminating lamp was used. The Xenon lamp facilitates 

the illumination of the burning phenomenon's from inside the chamber, in order to assure a 

perfect view for the images recorded in shadowgraph method. A photodiode commands the 

beginning of the recording process when the burning process is initialized. The images are 

recorded with a rapid filming video camera type “PHOTRON – FASTCAM 1024 PCI”. The 

recordings were taken at a velocity of 3000 frames/second at a resolution of 512 x 512 

pixels. The images are captured by a data acquisition system under the form of photographs 

of the expanding flame front that are then processed by a PC dedicated to this kind of 

operation. 

DESCRIBING THE EXPERIMENTAL RESULTS 

Have been carried out experiments of ignition the methane-air fuel mixture burning 

process for three types of concentration of methane in synthetically air and for different 

types of initial pressure from the combustion chamber, as it is presented:  

- for conventional spark plug ignition at initial pressures of  6%, 8% and 10% CH4-

air, 

- for laser plug ignition at initial pressures of  6%, 8% and 10% CH4-air.  

 

In figures 7 and 8 are comparatively presented the flame front propagation velocity 

for all the experimental cases. In figure 9 are presented the photographs of the flame front 

Data acquisition 

3 

4 

5 

6 

2 

4 1 

Gas hose 

Vacuum pump 
6 % 1

0% 

8%  

CH4 – air tanks  
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evolution for the methane-air concentrations: 8% concentration - Pi = 5 bar, 8% 

concentration - Pi = 5,5 bar, laser ignition. 

Methane air mixture 10%
Methane air mixture 8%

Methane air mixture 8% - Conventional spark plug

Methane air mixture 10% - Conventional spark plug

Laser ignition Nd:YAG/Cr   :YAG 0,8ns
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Figure 7. The flame front velocity variation 

depending on the initial pressure of the 

comparative fuel mixture - ignited with 

conventional and laser plug. 

Figure 8. The flame front velocity variation 

depending on the initial pressure of the fuel 

mixture, in the case of laser ignition. 

 

Figure 9. The evolution through time of the flame front for the methane-air mixture with the 

following characteristics: 8% concentration - Pi = 5 bar; 8% concentration - Pi = 5,5 bar ; 

laser ignition. 

 

In figure 10 one presents the evolution of the flame front propagation for the 

methane-air fuel mixture with the following concentrations: 8% concentration - Pi = 4 bar; 

8% concentration - Pi = 5,5 bar ; conventional electrical plug ignition. 
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Figure10. The evolution of the flame front propagation for the methane-air fuel mixture with 

the following concentrations: 8% concentration - Pi = 4bar; 8% concentration - Pi = 

5,5bar; electrical spark ignition. 

 

In figure 11 it is presented the graph that describes the maximum pressure variation 

that is obtained in the combustion chamber depending on the initial pressure for a fuel 

mixture of 8% methane-air. 

 

 
Figure 11. Maximum pressure evolution depending on the initial pressure. 

 

CONCLUSIONS THAT RESULTED FROM THE EXPERIMENTS 

From the experiments conducted in this stage of the research one concluded the 

following things: the laser plug type Nd:YAG/Cr4+:YAG, having the characteristics: 1ns 

pulse duration, pulse frequency of 5 Hz, the energy of 3 mJ, the wavelength of  λ = 1064 
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nm, can ignite methane-air fuel mixtures for different concentrations and initial pressures in 

the combustion chamber. 

It was proven experimentally that the ensemble laser emitter - laser plug is stable at 

temperatures in the range of -600 to + 1500C. 

The laser pulse emission equipment can be made at real sizes, so it could be 

mounted on a vehicle, without any technical difficulties. 

The laser plug can be made out of a case identical with the one of a spark plug so 

that it can be mounted on the engine without any other modifications. 

The fiber optics permits the laser pulse to be transmitted from the emission 

equipment to the laser plug, on any distance, just by avoiding the accentuated angularly 

strangling condition. As a result, the emission equipment can be mounted inside the vehicle 

from where the laser pulse can be transmitted through fiber optics to the laser plugs mounted 

on the engine, without any other technical difficulties or special ensembles. 

After a relatively small number of pulses the lenses from inside the chamber are 

covered with smoke, process that diminishes the energy of the discharge pulse. Solving this 

inconvenient represents a major research direction that will shape the future of the laser 

plugs on the internal combustion engines from the product series. 

The conducted experiments proves the opportunity for creating and perfecting laser 

equipments that could be tested in real functioning conditions, on an engine and on a 

vehicle. 
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EMISSION CHARACTERISTICS OF A DIESEL ENGINE USING BIODIESEL 

PRODUCED FROM RAPESEED OIL 
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UDC: 621.43 

 

ABSTRACT: The paper discusses the influence of rapeseed oil on the engine emission 

characteristics. The treated engine is an industrial vehicle diesel engine with an injection M 

system. The considered fuels are various mixtures composed of conventional mineral diesel 

and rapeseed oil. The engine characteristics are obtained by numerical and experimental 

procedures. Various engine operating regimes are considered. Besides of the fuel 

composition, the injection pressure, in-cylinder gas pressure, ignition delay, and other 

engine working condition are varied and analysed. Consequently, the heat release rate, 

exhaust gas temperature, harmful emissions, specific fuel consumption, engine power 

spectra, and other engine performances are determined. Special attention is devoted to 

NOX-emissions due to the lower cylinder temperatures caused by several biofuel 

influencing factors. 

 

KEYWORDS: Biodiesel, NOX Emission 

 

KARAKTERISTIKE EMISIJE DIZEL MOTORA KOJI KORISTI BIODIZEL 

DOBIJEN OD ULJANE REPICE 

 

REZIME: U radu je predstavljen uticaj uljane repice na karakteristiku emisije motora. 

Korišćen je industrijski dizel motor sa M sistemom za ubrizgavanje. Korišćena goriva su 

različite mešavine konvencionalnih mineralnih dizela biodizela od uljane repice. 

Karakteristike motora dobijene su računskim i eksperimentalnim putem. Posmatrani su 

različiti režimi rad motora. Pored smeše goriva, pritiska ubrizgavanja, pritiska gasa u 

cilindru, kašnjenja paljenja varirani su i drugi radni uslovi. Istovremeno su određivani i 

analizirani: brzina oslobađanja toplote, temperatura izduvnih gasova, emissija štetnih 

gasova, specifična potrošnja goriva, spektar snage motora i ostale performanse motora. 

Posebna pažnja je posvećena emisiji azotoksida nastalu smanjenjem temperature u cilindru 

što je rezultat nekoliko uticajnih faktora bio goriva. 
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 INTRODUCTION 

To reduce harmful diesel engine emissions many experimental and numerical 

investigations related to the control of the injection and combustion processes have been 

done. To fulfill strongest emissions regulations many kinds of alternative fuels have been 

investigated. 

The most frequently investigated parameters are related to the injection rate, 

injection timing, injection duration, injection pressure, start of combustion, in-cylinder gas 

pressure and temperature, and heat release rate. NOX emissions are significantly affected by 

injection timing and injection pressure [1]. Advanced injection timing and higher injection 

pressure result in higher in-cylinder gas temperatures. Soot emissions reduce as the injection 

pressure is increased and the minimum values are reached in case of advanced injection 

timing which improves the soot oxidation [1]. A strong relationship of the air/fuel ratio and 

in-cylinder gas temperature with NOX and soot emissions is reported [2]. To improve 

combustion and reduce harmful emissions of diesel engines, various oxygenates may be 

added to mineral diesel. The ignition delay influences the combustion process strongly [3, 

4]. 

Biofuels may offer an opportunity to reduce some of the harmful emissions without 

expensive engine modifications. Biodiesel is a very promising fuel because it is a sulfur-

free, non-toxic, oxygenated, renewable, and more than 90% biodiesel can be biodegradable 

within 3 weeks. Biodiesel has higher cetane number than mineral diesel, no aromatics, 

almost no sulfur, and contains more oxygen by weight. 

Biodiesel distinguish higher density, viscosity, surface tension, sound velocity, and 

bulk modulus of elasticity. This affects the fuelling, injection timing, and fuel spray and 

consequently the emission characteristics [5]. The advantages of the biodiesel are shorter 

ignition delay due to a higher cetane number and an enhanced combustion process caused 

by oxygen in the biodiesel. On the other hand, the disadvantages of the biodiesel are higher 

kinematic viscosity and surface tension. 

Biodiesel has lower heating value than mineral diesel and causes some loss of 

power. Therefore, it is necessary to increase the fuel amount to be injected into the 

combustion chamber. This will cause longer injection duration due to change in the injection 

timing. Higher cetane number corresponds to shorter ignition delay and advances the 

combustion timing [4].  

In this paper the influence of biodiesel from rapeseed oil on combustion 

characteristics of bus diesel engine with M injection system is considered. Some important 

engine characteristics are determined by experiment and by numerical simulation. The 

objective is to identify as much as possible the dependences among fuel properties, the most 

important injection and combustion characteristics, harmful engine emissions, and other 

engine performances. Special attention is devoted to dependences among injection timing, 

in-cylinder gas temperature and NOX emission. 
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EXPERIMENTAL WORK AND NUMERICAL COMPARISON 

The schematic diagram of the engine test bed is presented in Fig. Error! Reference 

source not found.. The test bed consists of an engine and electro-dynamometer Zöllner A-

350AC, 300kW, air flow rate meter RMG, fuel consumption dynamic measuring system 

AVL, UHC analyser Ratfisch, NOx chemoluminiscent analyzer Thermoelectron, O2 

analyzer Programmelectronic, CO analyzer Maihak, and smoke meter AVL. Using a data 

acquisition system the instantaneous injection pressure and needle lift, the instantaneous in-

cylinder gas pressure, the temperatures of fuel, ambient air, intake air, cooling water at 

inflow and outflow of the engine, oil pressure and temperature, and the temperature exhaust 

gases are measured also.  

 

 
Figure 1 The engine test bed scheme. 

 
The tested engine is a bus diesel engine MAN D 2566 MUM with a mechanically 

controlled fuel injection system. The engine has completed 500 000 km and has undergone 

general renovation. The direct injection M system is a kind of an injection combustion 

system. The M system does not distribute the fuel in the air initially, but sprays it with a 

single-hole nozzle onto the wall of a spherical combustion chamber, where it spreads to 

form a thin film. The fuel is injected in the direction of a high-speed air swirl. LabVIEW 

software platform is used to build the computer applications for data acquisition, data 

analyses and control algorithms. These applications are used to control the operation of the 

multifunction card and for data logging and post-processing. 

The measurements and computations of engine characteristics are performed at 

various engine operating regimes. The comparison is done for all tested fuels at several 

operating regimes at full load, especially at the peak torque and rated conditions. 

To check the accuracy of the numerical simulation used for our engine model, 

presented in Fig. Error! Reference source not found., the in-cylinder gas pressure, the engine 

power and the effective specific fuel consumption are measured at various engine operating 

regimes.  
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Accurate and efficient numerical analysis is a key factor for successful 

determination of combustion characteristics and their improvements. For the steady state 

performance prediction of diesel engines, there are several commercial packages that are 

widely accepted, rigorously tested, and verified. Efficient use of such software requires fine 

tuning of parameters and proper choice of available options. For the experiment approval in 

the presented case the AVL BOOST v2009.1 and the sub-models are used. 

 

 
Figure 2 The engine model for numerical simulation 

 

In-cylinder pressure is tested for both tested fuels at various operating regimes. Fig. 

Error! Reference source not found. show the comparison of the in-cylinder gas pressures, 

obtained numerically (AVL BOOST) and experimentally at rated condition by using B100 

fuel and at peak torque condition when D2 fuel is used. A good agreement in the in-cylinder 

gas pressures at shows that the numerical simulation model is suitable to analyze the 

influence of B100 on combustion parameters. A similar agreement between experiment and 

numerical simulation was also obtained for engine power and effective specific fuel 

consumption. 
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 Figure 3 In-cylinder gas pressure at rated and peak torque conditions. 

 

RESULTS AND DISCUSSION 

To analyze the influence of fuel properties on bus diesel engine characteristics, the 

most important injection and combustion characteristics, obtained with B100 and D2, are 

compared and discussed in this chapter.  

In-cylinder pressure is tested for both tested fuels at various operating regimes. Fig. 

Error! Reference source not found. show the comparison of the in-cylinder gas pressures, 

obtained numerically (AVL BOOST) and experimentally at rated condition by using B100 

fuel and at peak torque condition when D2 fuel is used. A good agreement in the in-cylinder 

gas pressures at shows that the numerical simulation model is suitable to analyze the 

influence of B100 on combustion parameters. A similar agreement between experiment and 

numerical simulation was also obtained for engine power and effective specific fuel 

consumption. 

 
Figure 4 Effective power and torque, injected fuel mass and specific fuel 

consumption and brake thermal efficiency at full load conditions (numerical simulation). 

0

100

200

300

400

500

600

700

800

900

0

20

40

60

80

100

120

140

160

180

1000 1200 1400 1600 1800 2000 2200

T
o

rq
u
e
 (

N
m

)
S

p
e
c
if

ic
 f

u
e
l c

o
n
s
u
m

p
ti
o

n
 (
g

/k
W

h
)

P
o

w
e
r 
(k

W
)

Engine speed (rpm)

D2

B100

Power

Torque

Specif ic fuel 
consumption

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

1000 1400 1800 2200

B
ra

k
e
 t

h
e
rm

a
l 

e
ff

ic
ie

n
c
y
 (
%

)

Engine speed (rpm)

0

10

20

30

40

50

60

70

80

90

100

110

330 340 350 360 370 380 390 400 410

In
-c

y
lin

d
e
r 

p
re

s
s
u
re

 (
b

a
r)

Crankshaf t angle (oCA)

NS

EXP

B100
Rated

0

10

20

30

40

50

60

70

80

90

100

110

330 340 350 360 370 380 390 400 410

In
-c

y
lin

d
e
r 

p
re

s
s
u
re

 (
b

a
r)

Crankshaf t angle (oCA)

NS

EXP

D2
Peak torque



Emission characteristics of a diesel engine using biodiesel produced from rapeseed  

Volume 39, Number 4, 2013 

 

33 

Engine performance and harmful emissions are measured at various engine 

regimes. From the Fig. 4 the good agreement between numerical and experimental results is 

evident. B100 has lower effective power and torque by about 10 % and higher effective 

specific fuel consumption. The obvious reason is the lower heating value of B100. 

Because the obtained power at the same operating regime is not the same for B100 

and D2, the relative emissions are compared. Fig. Error! Reference source not found. 

presents the comparison of NOX, HC, CO, and smoke relative emissions, obtained 

experimentally. When B100 is used, NOX and HC relative emissions are higher; meanwhile 

CO and smoke relative emissions are lower. The differences of NOX relative emission 

between B100 and D2 are smaller at lower engine speeds. 
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Figure 5 Relative emissions at full load conditions (experiment) 

 

It is obvious that NOX relative emission generally increases with higher engine 

speed. This is partially due to the gas flow motion within cylinder under higher engine speed 

that leads to faster mixing between fuel and air and a shorter ignition delay. The reaction 

time of each engine cycle is reduced causing an earlier and higher in-cylinder gas 

temperature peak. By using B100 this effect is even more evident.  

CONCLUSIONS 

The influence of biodiesel produced from rapeseed oil (B100) on a bus diesel 

engine with direct fuel injection M system is investigated. By doing experiments and 

numerical simulation the relationships between fuel properties and engine emissions are 

analyzed. 

 

 Higher density, viscosity, velocity of sound and bulk modulus of elasticity of B100 and 

lower vapor content in high pressure injection system cause the advanced injection 

timing and higher injection pressure.  

 The advanced injection timing causes the increase of the in-cylinder gas pressure, 

in-cylinder gas temperature, and an earlier rise of the heat release rate.  

 The higher injection pressure, higher oxygen content and other fuel properties of B100 

results in lower smoke and CO emissions and in a slightly higher HC emission. The 

conditions in the cylinder during the first part of injection and combustion process 
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influence to a great extent the NOX formation. The results show that earlier appearance 

of temperature and heat release rate maximums prolongs the period with conditions 

favourable for NOX formation.  

 

Thus, the higher NOX emission is a consequence of advanced injection and 

combustion process and of higher in-cylinder gas temperature at the beginning of 

combustion. The timing at which the maximum in-cylinder gas temperatures and heat 

release rates occur proved to be more important than the magnitude of the maximum 

temperature and maximum heat release rate.  
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ABSTRACT:  Reducing fuel consumption is a prime objective in the automotive industry in 

order to meet legal and customer demands due to the increasing price of oil. Variable valve 

actuation offers many opportunities for improving the spark ignition engine’s performance 

in areas such as fuel economy and pollutant emissions. 

This study presents a variable intake valve lift (ViVL) mechanism, used to enhance fuel 

economy in the area of idle operation and low part loads, which are the ones most frequently 

encountered in a vehicle’s operation time. Currently, this mechanism is self-regulated thanks 

to a hydro-mechanical system and allows a continuous intake valve lift variation during 

engine operation. 

Our studies revealed that the ability to control valve lift does indeed offer the ability to 

control intake air mass but also has the added benefit that it improves the fuel-air mixing 

process and controls air motion. This is particularly important at idle and low part loads 

when low lifts are to be used for improving the fuel economy or for achieving the required 

power. 

The paper focuses on the experimental results obtained when approaching idle operation 

with different configurations of the intake valve timing system. Results indicating the 

potential of the ViVL system for fuel economy improvement, as well as results regarding 

the in-cylinder pressure evolution are presented in this paper. 

Last but not least, the paper also presents a so-called Sleep&Start strategy, which can be 

seen as an alternative to the Stop&Start micro-hybridization solution. In other words, once a 

ViVL system has been installed on an engine, it should be used in every possible way in 

order to obtain a high benefits/cost ratio. 

 

KEYWORDS: fuel economy, variable intake valve lift, combustion, idle operation 
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INTRODUCTION 

As an energy source, from the standpoint of power density, stored energy and 

autonomy, the internal combustion engine still remains today an appropriate and attractive 

solution for ensuring mobility. Engines have improved dramatically over the past two 

decades, and they will continue to improve [18]. The current scientific developments 

described in [21] suggest that there could be 6–15% improvements in internal combustion 

fuel efficiency in the coming decade, although the filters required to meet emission 

legislation reduce these gains. 

For quite some time, CO2 emissions and their impact on the greenhouse effect have 

become a topic of debate [18]. In the late 1990s, the European, Japanese and Korean 

automotive manufacturers (ACEA, JAMA and KAMA) adopted a voluntary commitment to 

reduce average CO2 emissions from new passenger cars sold to 140 g/km by 2008 with a 

view to reaching the EU target of 120 g/km by 2012 [18, 25]. In 2007, the European 

Commission underlined that progress had been made towards the 140 g/km target by 2008 

but that the Community objective of 120 g CO2/km would not be met by 2012 in the 

absence of additional measures. Therefore, in 2009, the EU laid down CO2 emission 

performance standards through Regulation (EC) No 443/2009 [24]. This regulation 

stipulates that each OEM in the industry needs to achieve an average of 130 g CO2/km by 

2015 and 95 g CO2/km by 2020 or face a punitive fine for exceeding the limits [23, 24]. 

Historically, engine selection for light vehicles consists in choosing either the spark 

ignition engine (SIE) or the compression ignition engine (CIE). While the diesel engine has 

made enormous progress in recent years and features good fuel economy, the gasoline 

engine still lags behind from this point of view. Of the two technologies, SIE is however the 

most likely to attract investment over the next decade. Already, many radical technical 

solutions (e.g. gasoline direct injection - GDI, variable valve actuation - VVA, variable 

compression ratio - VCR, Downsizing, Atkinson-Miller cycle) have been lately revealed 

and some have been applied in mass production [2, 3, 5, 8, 12, 13, 15, 16, 17, 21, 22]. 

Their purpose is to eliminate the inefficiencies that for the past century have largely 

been accepted as inevitable. 

During most of its life, a passenger car engine is run under low loads and speeds. It 

is known that load reduction in SIE is traditionally accomplished by introducing additional 

losses during the intake stroke by means of a throttle plate. In these operating points, the 

overall engine efficiency decreases from the peak values (already not very high) to values 

that are dramatically lower (sometime even below 10%). An obvious conclusion would be 

to look for technical solutions able to offer better efficiency, such as throttle-free actuation, 

for instance. 

Nowadays, two methods are being intensively investigated in order to obtain 

unthrottled operation: GDI, featuring load control by means of lean burn possibilities (see 

[22] or Mitsubishi GDI, VW FSI or Mercedes CGI), and VVA [2, 3, 5, 7, 8, 9, 10, 11, 12, 

13, 15, 16, 17]. Both techniques promise a significant improvement in fuel economy. 
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However, only VVA still allows the use of the less expensive conventional exhaust gas after 

treatment (TWC), whereas lean GDI needs the more expensive extra treatment of nitrogen 

oxide (deNOx). 

For some time there has been growing interest in throttle-less operation by means 

of VVA. Many scientific studies have been published on this subject, epitomized by BMW’s 

Valvetronic-Vanos system, still the only continuously VVA system in mass production 

since 2001, able to offer throttle-less engine load control. According to papers [3, 16], a 

15% fuel economy improvement was obtained on NEDC with a 1.8 litre engine.  

Given this context, the paper presents a variable intake valve lift (ViVL) 

mechanism, used to enhance fuel consumption in the idle and low part loads operation [6, 7, 

8, 9, 10, 11]. This mechanism is currently self-regulated thanks to a hydro-mechanical 

system, which is the subject of a French patent [19], and allows a continuous intake valve 

lift variation during engine operation, making throttle-less operation possible [9].  

This study presents the initial experimental results obtained within the framework 

of several research contracts financed by the Romanian Council for Scientific Research 

(CNCSIS) and the French Agency for Research (OSEO-ANVAR) [9, 10, 11]. 

1. MECHANISM DESCRIPTION AND OPERATION 

As can be seen from figure 1, the system comprises a side mounted camshaft and 

overhead valves, featuring a classical push-rod/rocker type mechanism. Spark ignition 

engines with the camshaft in the engine block (i.e. “push-rod engines”) are still being built 

in the USA and are in use in even larger quantities throughout the world. This layout is low-

end in design and can be produced at low cost [17]. 

 

Minimum intake valve lift  
Maximum intake valve lift 

Figure 1 The ViVL mechanism 
 

The mechanism presented hereafter (figure 1) is able to adjust the intake valve lift 

thanks to an assembly consisting of an oscillating follower and a translational skate. The 

skate’s position on the follower is adjusted with the help of a connecting rod and a control 

lever, so that every intake valve lift (iVL) can be achieved continuously between minimum 

and maximum values during operation. The control lever’s position is given by a hydraulic 

cylinder, fed with oil from the engine’s main oil gallery [5, 6, 7, 8, 9, 10, 11, 19]. 

The results of the intake valve displacement calculus as a function of cam rotation 

angle for different positions of the control lever are shown in figure 2. The ViVL 

mechanism also leads to variable valve overlap and opening duration through the thermal 

clearance, which induces a lost motion. A hydraulic lash adjuster could no doubt be used in 
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order to avoid having a non-controlled parameter, which is altered by the engine 

temperature, thus complicating the problem. 

 

 

 

a. variable valve opening duration b. variable valve overlap 

Figure 2 Intake valve displacement 

 

The maximum intake valve law was imposed so as to be the same as the baseline 

engine from which this prototype originated, meaning that the goal is not to alter the engine 

operation at WOT but to improve it at low part loads and speeds. In the particular situation 

of using this ViVL mechanism, the unknown was the intake cam profile able to provide the 

maximum iVL mentioned above. An analytical synthesis was therefore performed. 

Afterwards, the partial intake valve laws corresponding to the part loads were obtained [6]. 

For the minimum iVL encountered at idle operation, the mechanism was designed to 

function if necessary at near-zero value. In this study, the minimum lift was set at 1 mm as it 

is stated in [16] that in most parts of the european driving cycle, the valve lift is below 1.5 

mm and that a lift of 4 mm is reached only briefly in the higher speed part. 

 

Mechanically speaking, ViVL provides some advantages particularly in the 

operating area corresponding to urban traffic (i.e. the most frequently encountered operation 

during the vehicle’s lifetime): 

 the lower the valve lift, the lower the spring force i.e. less energy is consumed 

to compress the springs; 

 the lower the valve lift, the lower the energy lost to overcome the friction 

between the valve stems and their guides; 

 the lower the valve lift, the lower the equivalent mass and force at the cam 

level (figure 3) [6].  

 

These three features mean improved mechanical efficiency and engine reliability. 

As concerns the latter, figure 4 presents the variation in equivalent mass at the cam 

level with the intake valve lift. 
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Figure 3 

Equivalent mass on the 

cam level 

Figure 4 Equivalent mass at the cam level vs. intake 

valve law 

 

Hence, it can be seen that at WOT the equivalent mass in the ViVL situation is 

equal to that of the standard system (i.e. without ViVL), while in the operating area specific 

to an urban driving cycle, the ViVL system provides much smaller values for the equivalent 

mass. 

TEST BENCH RESULTS 

The study was conducted on a 1.4 L, 4-cylinder in-line (77 mm stroke, 76 mm bore 

and geometric compression ratio 9), port-injected, spark ignition engine, which was 

equipped for acquiring the instantaneous in-cylinder pressure. Data acquisition and analysis 

of cycle-related parameters were performed with AVL Indimodul Hardware and AVL 

Concerto software. Engine testing was conducted over 200 complete engine cycles for each 

operating point. A p-V diagram displayed in real time was used to visually monitor 

combustion quality, which was judged statistically with the CoV of IMEP. 

The parameters of the engine’s injection and ignition management system were 

also modified in order to optimize the engine operation according to the new intake valve 

lift. Mapping, data acquisition and analysis were performed with INCA software. 

Calibration of a standard engine management system is not an easy task and it 

already involves considerable engineering resources. Adding a new technology to a standard 

engine, such as the ViVL mechanism presented above, will introduce a greater level of 

complexity when addressing engine calibration. This is because of the additional degrees of 

freedom these systems come with. For example, an engine mapping, containing 2 main 

maps (one for the injection time map and the other one for the spark advance map) x 225 

operating points, with 10 iVL will give 4500 points to analyze. 

This paper presents the very first results of the attempt to optimize at stoichiometric 

value (λ = 1) the idle operation of the prototype engine with the new intake valve lift 

employed, i.e. the minimum one. It was decided to start with idle operation as this is where 

the maximum percentage improvement in fuel economy due to the use of low lifts is 

expected. All the tests were performed with the throttle plate closed, idle speed being 

achieved by correspondingly actuating the idle motor valve. 
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The reasons for not trying to approach idle with throttle-free operation are 

presented below. When considering gas exchange processes in the spark ignition engine, the 

goal is to conduct them so that the pumping losses are lower. As stated above, VVA could 

help in this direction (see the throttle-less load control). However, putting this idea into 

practice is quite challenging, especially at idle operation. For example, applying the strategy 

presented in figure 2 could ensure throttle-less load control but, as is also shown hereafter, it 

is accomplished at the expense of greater pumping losses, as the peak value of the intake 

valve lift needs to be quite low (<< 1 mm). In March 2006 [9], the prototype presented in 

figure 1 was able to operate unthrottled with a maximum intake valve lift of 0.5 mm but 

with an air excess of 1.6 (lean mixture); this means that to ensure stoichiometric operation, 

less air should be allowed to be drawn into the cylinder, which can be achieved by reducing 

even further the valve lift. If this strategy is chosen, pumping losses will increase even more. 

A VVA strategy suited for unthrottled operation at part loads and that ensures 

smaller pumping losses consists in lowering the intake valve lift (not as much as before) 

with a highly restrained opening duration and in closing the intake valve very early. This is 

what BMW is doing thanks to its Valvetronic - BiVanos mechanism [2, 3, 16]. The problem 

with such a strategy is that once the intake valve closes, an expansion occurs during the rest 

of the intake stroke, which lowers the temperature (sometimes even to the limit of 

condensing the fuel) and diminishes the intake charge energy [3]. Greater velocity means 

greater energy, which accelerates combustion, and at idle operation, this phenomenon is 

very important as combustion stability is the key issue here. In order to avoid these 

phenomena, BMW operates at idle with late intake valve opening (LIVO) and a valve lift, 

which falls at 0.37 mm. This results in flow velocities approaching the speed of sound with 

a favourable effect on combustion. However, the pumping losses are greater than those 

obtained with the classical throttled engine, according to [3]. 

Therefore, one idea to emerge from this literature review is that even though 

minimal pumping losses should be one of the goals, this must not be done while impairing 

other aspects such as mixing process, charge kinetic energy prior to spark etc. 

Thus, in this paper, two comparative situations were xperimentally explored: 850 

rpm idle operation at maximum iVL vs. 850 rpm idle operation at minimum iVL, both at the 

same spark advance (12 CAD). For the minimum iVL, two other values for the spark 

advance (27 and 29 CAD) were subsequently tested in order to improve the engine 

operation even further. 

 
Figure 5 Fuel consumption results 
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Fuel consumption is shown in figure 5. Different reasons underpin these results, 

such as improvement of the fuel-air mixing process and air motion as the valve lift lowers. 

Moreover, as stated before, the energy to overcome the friction between the valve stems and 

their guides and the energy necessary to compress the valve springs decrease considerably 

as the lift lowers (e.g. between the maximum lift of 9 mm and the minimum one of 1 mm, 

the reduction in the energy necessary to compress the valve springs falls by almost 92 %). In 

order to differentiate between these two phenomena (the energetic one over the mechanical 

one), figure 9 presents eloquent results. 

Increasing the spark advance from 12 to 27 or 29 CAD causes a further reduction 

in fuel consumption due to combustion, which occurs more around TDC. 

In order to observe this in greater detail, figure 6, a and b shows typical indicated 

diagrams for the cases mentioned above. As the 27 CAD spark advance situation (the black 

dotted line in figure 6, a) is close to the 29 CAD spark advance situation (the black 

continuous line in figure 6, a), it was discarded from figure 6, b. 

It can be seen that lowering the iVL leads to an increase in the pumping losses 

(figure 6, b). In fact, at 12 CAD spark advance, PMEP increased by about 5.8 % when 

running at idle with minimum iVL compared with the maximum lift. However, as seen in 

figure 5, there is a non-negligible fuel economy benefit in the minimum lift situation even in 

spite of increased pumping, meaning that the intensified flow speed underneath the intake 

valve (thus, the improved mixing process) and the reduced mechanical energy needed to 

compress the valve springs at lower lifts have strong effects upon the fuel consumption. 

 

  
a. pressure over CA b. LOG p – LOG V diagram 

Figure 6 Indicated diagrams at 850 rpm idle operation 
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Figure 7 Engine filling efficiency 

 

 
 

Figure 8 Pressure rise evolution over the CA 

 
The effect of increasing PMEP can also be observed when analyzing the engine 

filling efficiency, which falls from 22.4 % at maximum iVL to 18.4 % at minimum iVL, 

both at the same 12 CAD spark advance (figure 7).  

The peak pressure (figure 6, a) and, especially, the maximum pressure rise (figure 

8) also increased significantly when using minimum lift, proving once again the virtues of a 

better mixing process and air motion.  On the other hand, the two peaks of the pressure rise 

recorded at minimum valve lift with 12 CAD (blue curve in figure 8) indicate a small spark 

advance (combustion begins too late – see figures 9, 10 and table 1). Increasing the spark 

advance from 12 to 29 CAD, for instance, eliminated the two peaks mentioned before (black 

curve in figure 8). 
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Another advantage of operating with low lifts at idle operation is the reduction in 

the cyclic dispersion: CoV of IMEP decreased from 8.8 % to 5.4 % when passing from 

maximum to minimum lift at 12 CAD spark ignition advance and to 3.5 % at minimum lift 

and 29 CAD. This is also due to the reduction in the amount of internal EGR as the valve 

overlap decreases when the intake valve lift is lowered (figure 2, b).  

 

 
Figure 9 Heat release and rate of heat release evolutions 

Figure 9 presents the heat release and rate of heat release evolution for the above-

mentioned cases. Due to the difficulties in evaluating the convective coefficient, thermal 

losses to the engine walls were not considered, which means that the real end of combustion 

(EOC) cannot be found. 

In figure 9, EOC is the moment when the zero value of the rate of heat release 

occurs. Conversely, the start of combustion (SOC) is conventionally taken as the moment 

when 5% mass burnt fraction takes place. 

Figure 9 shows that with minimum lift, the heat release rate increases, which means 

that the main contributor to the fuel consumption reduction presented in figure 5 is the 

improvement in the air-fuel mixing process and air motion through lowering the valve lift.   

To better assess combustion in the 3 cases considered, some more information is 

given in figure 10 and table 1. 

Thus, when analyzing maximum iVL vs. minimum iVL at the same 12 CAD spark 

advance, it can be seen that the crank angle duration of all the combustion phases decreases, 

causing a better fuel economy, as seen in figure 5. As before, reducing the amount of 

internal EGR when lowering the intake valve lift is responsible for a more stable and faster 

combustion. When increasing the spark advance at the same minimum iVL, the combustion 

phase durations increase, which perhaps indicates a non-optimal value for the spark 

advance, though the fuel consumption still decreased (figure 5). Obviously, in order to 

clarify these aspects, there is a need for a more refined parametric study to determine the 

optimum spark advance for this particular operation. 
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Figure 10 CAD at which some predefined per cent of energy is converted (5, 10, 50 

and 90 %)  

 
Table 1 Combustion phases’ duration 

Combustion phases 

Max. Intake Valve 

Lift 
Min. Intake Valve Lift 

Spark Advance = 12 

CAD 

Spark Advance = 12 

CAD 

Spark Advance = 29 

CAD 

Ignition point – SOC 23.5 20.5 27.8 

Ignition point – αpmax 42.3 41 48 

αpmax – EOC 52 28.9 32.1 

SOC – EOC  70.8 49.5 52.3 

SLEEP&START STRATEGY 

Idle operation is a prominent feature of real world driving, especially in congested 

city traffic. For vehicle homologation, standardised driving cycles are used. For instance, 

figure 11 presents the first portion of the NEDC/NMVEG cycle, corresponding to the urban 

driving cycle (UDC). This consists of four identical parts, which are said to represent city 

driving in Europe, having a total period of 240 seconds of idling (i.e. 31% of UDC total 

time). 
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Figure 11 The UDC from the NEDC 

In order to save fuel and thus to cut CO2 emissions, currently the Stop&Start 

function is usually implemented on vehicles [1, 4, 14, 20, 21]. According to papers [1, 20, 

21], a 5 to 10% potential in fuel economy on UDC can be attributed to this function. 

The Stop&Start function marks the very first step toward hybridisation and is 

relatively straightforward. However, when implementing it on a vehicle some issues arise, 

which are briefly summarized below: 

 the need for additional electric motors able to ensure HVAC within the stop phases; 

 the need for a battery monitoring system, as SoC and SoH are the key issues in this area 

[10]; 

 the need to monitor the vacuum within the vehicle’s assisted-braking system; 

 the need to take into account the engine cool down during the stop phase; 

 the need to have acceptable re-start times and vehicle acceleration from zero kmph. 
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Figure 12 Fuel consumption reduction 

obtained by Sleep&Start strategy 

In order to avoid the above problems, a so-called Sleep&Start strategy could be 

used, i.e. once an internal combustion engine features a ViVL system, the use of very low 

idle speeds could be envisaged the moment the vehicle has come to a stop. 
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In other words, once a ViVL system has been installed on an engine, it should be 

used in every possible way in order to obtain a high benefits/cost ratio. 

The experiments on this particular matter showed that when idling at 470 rpm, at 1 

mm intake valve lift and stoichiometric value, an almost 60% reduction was recorded with 

respect to the situation at 850 rpm and maximum intake valve lift (figure 12). The idle speed 

of 470 rpm was found to be the lowest limit at which proper cooling and lubrication were 

still possible using the same water and oil pumps as the standard engine. In fact, even 

though speeds lower than this could be obtained due to the low iVL, it seems they were 

insufficient to ensure a minimum water flow for the cooling needs of the engine. 

If this strategy is applied only on the UDC, then 24.6 g of fuel is saved with respect 

to the standard situation illustrated in red in figure 12 (see the relation below): 

g6.24
6.3

)26.063.0(240
FC

6.3

]h/Kg)[CC(]s[time_Idle
]g[FC

Gain

Start&Sleep_hidle_dardtans_hUDC

Gain









 

If one takes as a reference the fuel consumption obtained on a UDC by a typical 5-

door, C-class vehicle, which has a conventional 1.4 liter, 4-cylinder port-injected spark 

ignition engine, 75 hp and a 5-speed manual transmission with a kerb weight of 1130 kg, i.e. 

277 grams of fuel, then the Sleep&Start strategy accounts for an 8.8% fuel reduction. 

Within the context presented by this paper, the Sleep&Start strategy presents a 

certain interest in order to yield even greater fuel economy benefits from the ViVL 

mechanism. 

3. CONCLUSIONS AND FUTURE WORK 

In comparison with other solutions that might be considered as alternative 

automotive energy sources, the internal combustion engine still remains the most convenient 

option, and research efforts are currently being directed toward achieving increased 

efficiency throughout the entire automotive engine operating range. 

In more than a century of spark ignition engine development, complete automatic 

regulation of air-fuel ratio and spark advance have been accomplished. Nowadays, taking 

into account the wide variety of the automotive engine’s working regimes, the only way to 

obtain lower consumption and pollution is to provide the engine with automatic control 

systems such as the one presented in this paper. From this point of view, VVA offers many 

opportunities for improving the engine’s performance in areas such as fuel economy and 

emissions, and it seems will become a must-have on gasoline engines. 

This paper has presented the initial experimental results obtained when 

approaching idle operation with different configurations of the intake valve timing system. 

These results revealed an improvement in fuel economy at idle operation of around 20% in 

spite of an increased pumping work. As stated, this gain in fuel economy was mainly 

generated by an increased airflow velocity of the fresh mixture into the cylinders, causing an 

improvement in the fuel-air mixing process and, in the end, better combustion. Thus, one 

could say this is the most significant element in the equation of fuel consumption reduction 

at idle operation. 

Moreover, additional work is still to be performed in order to ascertain the full 

potential of ViVL for fuel economy, such as more refined parametric studies in order to map 

the injection and ignition management system for each iVL from the whole operating engine 

field. 
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ABBREVIATIONS 

ACEA – Association des Constructeurs Européens d’Automobiles; 

AQX – crank angle at which the rate of heat release is maximal; 

CA – crank angle; 

CAD – crank angle degrees; 

CGI – charge guided injection; 

CIE – compression ignition engine; 

Ch – hourly fuel consumption, [Kg/h] 

d – skate’s displacement on the oscillating follower, [mm] 

EC – European Commission; 

EGR – exhaust gas recirculation; 

EOC – end of combustion; 

EU – European Union; 

FC_gain – fuel consumption gain, [g] 

FSI – fuel stratified injection; 

GDI – gasoline direct injection; 

HR – heat release; 

HVAC – heating-ventilation and air-conditioning; 

IMEP – indicated mean effective pressure; 

iVL – intake valve lift, [mm]; 

JAMA – Japanese Automobile Manufacturers’ Association; 

KAMA – Korean Automobile Manufacturers’ Association; 

MBF – mass burnt fraction; 

meq – equivalent mass at the cam level, [g] 

NEDC – New European Driving Cycle; 

OEM – original equipment manufacturers; 

PMEP – pumping mean effective pressure; 

SIE – spark ignition engine; 

SoC – state of charge; 

SoH – state of health; 

TDC – top dead center; 

TWC – three way catalyst; 

UDC – urban driving cycle; 

VCR – variable compression ratio; 

ViVL – variable intake valve lift; 

VVA – variable valve actuation; 

WOT – wide open throttle. 
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