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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract

Because of the the complexity of the phenomena and different operating modes of the spark ignition engine, used in vehicle 
propulsion, it was prepared a simulation, in order to optimise its co-operation with the vehicle, using a theoretical model, 
developed by the authors. The proposed model addresses to the intake and compression processes, considered to have a major 
importance, influencing the evolution of the engine operating cycle and implicitly, the overall performance. This paper, through 
the developed model, leads to the achievement of functions that emphasise the variation of the pressure and temperature of the 
fresh load at the end of the intake process, together with the engine load modification, at different engine speed values in the 
operating range. The calculation expressions of the pressure and temperature at the end of the intake process are also developed, 
depending on the engine load. The main results obtained derive from the performed simulation on the modification of the 
parameters that characterize the intake and compression processes for the spark ignition engine.
© 2018 The Authors. Published by Elsevier B.V.
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1. Introduction

Considering the complexity of the phenomena and the multitude of the operating modes of the spark ignition 
engines, used in the propulsion of the motor vehicles, in order to optimize its co-operation with the vehicle, a 
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In a second phase, the influence of the pressure pr was emphasised, introducing a variation between the 
following limits: 𝑝𝑝𝑟𝑟 = (1,20 ÷ 1,25) ∙ 𝑝𝑝0, defined previously and mantained this time the pressure pa constant.

These influences are ilustrated in Fig. 1a and b. Thus, it is observed that the filling efficiency ηv increases 
together with the pressure pa. Changing this pressure in the specific range of the spark ignition engines leads to a 
variation of the filling coefficient between 0,75 and 0,95, representing about 26%, higher rated speed engines being 
more disadvantaged in this respect than those with lower rated speed.

The unfluence of the residual gasses pressure value, by its effect, is manifested in an opposite manner. Increasing 
the pressure pr of the higher speed engines cause an average reduction of 0,65% of the filling efficiency. 

In this brief analysis it is clear that the influence of pressure pa on the intake process, exerted by the filling 
coefficient is more important than that of the pressure pr.

(a) (b)

Fig. 1. (a) Variation of the filling coefficient dependent on pressure pa; (b) Variation of the filling coefficient dependent on pressure pr.

The proposed model describes the evolution of the intake pressure pa variation, in the same time with the engine 
load modification. For this purpose, one of the calculation expression of the intake pressure pa, reccomended by 
many authors, is being addapted, introducing nevertheless the modification of the filling coefficient, dependent on 
the engine load, expressed by the load coefficient χ:

𝑝𝑝𝑎𝑎(𝜒𝜒) = 𝛷𝛷0 ∙ 𝑇𝑇𝑎𝑎 ∙ (1 − 𝜀𝜀−1) ∙ �1 − 𝜑𝜑𝑝𝑝𝑝𝑝 + 𝛾𝛾𝑟𝑟� ∙ 𝜂𝜂𝑣𝑣 (4)

In this equation, ϕpu quantifies the influence of an additional cylinder filling, commonly named the post-filling 
degree, and γr represents the residual gasses coefficient, being a direct criterion for assessing the degree of cleaning 
of the cylinder by the residual gases.

The supplementary filling is appreciated, as the technical literature indicates, by the relative amount of fresh 
mixture which goes into the cylinder after BDC, representing a ratio between the quantity of fresh mixture in kmol, 
ΔMa and the total quantity of fresh load retained in the cylinder during the entire intake process, Ma. The degree of 
additional filling, ϕpu, can be expressed in this case by the following ratio:

𝜑𝜑𝑝𝑝𝑝𝑝 = ∆𝑀𝑀𝑎𝑎
𝑀𝑀𝑎𝑎

= 𝑀𝑀𝑎𝑎−𝑀𝑀𝑎𝑎𝑆𝑆
𝑀𝑀𝑎𝑎

= 1 − 𝑀𝑀𝑎𝑎𝑆𝑆
𝑀𝑀𝑎𝑎

(5)

Mas representing the number of kmol of fresh load which goes into the cylinder exclusively in the intake stroke. 
Depending of the status between the two quantities of fluid, the post-filling degree, ϕpu, can be positive or negative.  

Thus, at higher engine loads and speeds, ussualy 𝜑𝜑𝑝𝑝𝑝𝑝 > 0, because 𝑀𝑀𝑎𝑎 > 𝑀𝑀𝑎𝑎𝑆𝑆, and for lower engine loads and 
speeds, 𝜑𝜑𝑝𝑝𝑝𝑝 < 0. The existence of the post-filling and in the end its consideration in this model is justified by the 
fact that in the TDC, altought the velocity of the pyston, wp = 0, the speed of the fresh load has high values (the 
speed through the intake manifold is about 100 [m/s], and through the intake valve gate is about 270 [m/s]). Thus, 
when the intake valve closes after the BDC, since the difference between the pressure from the intake manifold and 
the pressure from the cylinder is considerable, the fresh load can enter into the cylinder, although the piston already 
moves in the compression stroke [2]. On the other hand, Fig. 2a shows the variation of the fresh load amount which 
goes into the cylinder and the variation of the filling efficiency, both dependent on the angle α of the engine 
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simulation was carried out, based on a theoretical model, developed by the authors of this paper, considering the 
major importance processes in the engine operating cycle, such as the intake and compression. This model takes into 
account the fact that till now, the technical literature does not reveal a unitary treatment of the propulsion engine 
behavior at different regimes, with a clear indication of the evolution and modification of characteristics energy 
parameters, such as effective power, torque and fuel consumption.

2. Analysis and modeling of the spark ignition engine intake process

The pressure at the end of the intake stroke, currently denoted with pa, influences the cylinder filling and thereby 
the performances of the engine itself [1].

Currently, according to the technical literature, the pressure pa, depending on the environmental pressure p0,
varies between the following references limits:

𝑝𝑝𝑎𝑎 = (0,81 ÷ 0,96) ∙ 𝑝𝑝0 (1)

The pressure pa [bar] values vary when the defined operating mode is modified, as already known, mainly 
through the engine load and speed. For the spark ignition engine, the load setting is obtained by changing the shutter 
position, representing  a quantitative setting. 

In turn, the filling coefficient or the degree of filling, often referred by many authors yield of filling or volumetric 
yield, is defined, according to the technical literature, as the ratio of the amount of fresh load actually retained in the 
engine cylinder, under the condition of a filling with gas-dynamic and thermal losses. This represents the quantity 
that fills the volume Vs, having the parameters pa < p0 and Ta > T0 , denoted with Ga and G0, representing the 
quantity of the fresh load which can be retained in the engine cylinder, under conditions of an optimal filling, for 
example if the volume Vs will be filled, having the parameters p0 and T0. The parameter Ta represents the 
temperature of the fresh load at the end of the intake process [2].

The filling coefficient it’s an important indicator of quantitative appreciation of the admission process efficiency. 
In order to analytically estimate of the degree of filling, there are, as already known, several expressions, 
recommended by various authors, but more often the simple form is preffered:  

𝜂𝜂𝑣𝑣 = 1
𝜀𝜀−1

∙ 𝑝𝑝𝑎𝑎
𝑝𝑝0
∙ �𝜀𝜀 − 𝑝𝑝𝑟𝑟

𝑝𝑝𝑎𝑎
� (2)

In this expression, Ɛ represents the engine compression volumetric ratio, mostly denoted as compression ratio, 
defined, as known, as the ratio between the maximum volume of the cylinder, corresponding by the volume 
delimited by the piston position on BDC (bottom dead center) and the combustion chamber volume, delimited by 
the pyston position on TDC (top dead center). The value of the compression ratio Ɛ depends on the engine type and 
influences its efficiency and its performance [3].

Pressure pr signifies the pressure of the residual gases, The residual gases represents the amount of burned gases 
which cannot be discharged from the cylinder at the end of the exhaust process, obviously affecting the intake 
process in several paths. It was experimentally proved that in case of the spark ignition engines, pressure pr varies 
between the following limits, defined according to pressure p0 [bar]:

𝑝𝑝𝑟𝑟 = (1,20 ÷ 1,25) ∙ 𝑝𝑝0 (3)

As can be seen from the expression (2), for a defined constructive-energetic formula of a propulsion engine, the 
filling coefficient is influenced by the intake pressure pa and and the pressure of the residual gases, pr [bar].

Thus, in this paper, for a constructive formula, characterised by a compression ratio of Ɛ=10.2, which 
corresponds to many current spark ignition engines construction, some different influences on the intake process 
were analysed. 

In a first step, it was emphasised the influence of pressure pa, accepting a variation of the pressure pa =
(0,81÷0,96)· p0, pr being mantained constant. Lower intake pressure values correspond to high engine speed values.
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