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Abstract: The variable compression ratio (VCR) offers thesjimbty to run the combustion process

efficiency optimal under all load and speed cowdisi, especially in case of high boosted enginds wit
small displacements.

Out of the diversity of VCR engines, two differsolutions are presented in this paper: PSA and
Nissan solutions, which at a glance seem to beypchtse but, as it'll be demonstrated, presentesom
important differences.

In this paper the accent is put only on the kinéesgbarameters supplied by a full calculus with the
analytic method. Microsoft Excel is used for thécalus and for the bi-dimensional graphics. Also,

the simulation of the mechanisms in 3D is performigd CATIA V5R17.
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1. INTRODUCTION

There are many specialists that share the sam@opWariable Compression Ratio is one of the
most promising solutions to reduce gasoline engiie$ consumption, while opening the way to some
other strategies for the future (CAI/HCCaggressive boosting + downsizing etc).

In order to name some of the recent and famouseeeiments in this field, here it is, for
instance, Saab which unveiled its VCR prototyperai 1999 (1.6 L supercharged called SVC - Saab
Variable Compression). The SVC engine delivers K\&8of power and 305 Nm of torque, and provides
more than 30% fuel consumption reduction when caoegpo a conventional naturally aspirated engine
of equivalent power [3, 8]. A bit later, in 2000E¥ Motorentechnik also showed its own interpretatio
of VCR through an A6 Audi, powered by a 1.8 L VCRgme. Thanks to VCR, the FEV engine presents
the same performance than that of a 3.0 L enginkewdducing fuel consumption by 27% [12]. PSA and
Nissan presented also their design of VCR mechainis2001 and 2002 [1, 2]. A pretty much complete
comparative presentation of the VCR solutions igegiin [7]. Here, one can see also the solution
currently in development at University of Piteditis about the Hara VCR mechanism [4, 5].

Out of this diversity of VCR engines, two differestlutions are to be presented in this paper:
PSA and Nissan solutions, which at a glance seetbet@retty close but, as it'll be demonstrated
hereafter, present some important differences [6].

2. THE KINEMATICSANALYSISOF THE PSA AND NISSAN ENGINE MECHANISM S

Both mechanisms — PSA (fig. 2.1, a) and Nissan #ig, a) — have between crankshaft and
con rod a lever which allows to modify the distafiedween the bolt axis and the crankshaft axis,
generating in this way a variable compression ratio

This lever is linked with a straight course actudtr the PSA mechanism and eccentric
actuator for the Nissan mechanism.

In Fig. 2.1, bandFig. 2.2, bare represented the kinematics schemes for thanismns in
which theAB segment is the con rod, tA€M element represents the lever and@iesegment is the
secondary con rod which links the actuator with ltheer. The leve ACM is articulated in its three
points, as follows: in poind with the bigger head of the con rod, in the pdihwith the crankshaft
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and in the poinC with the secondary con rdgD. The points (the main axis of the crankshaft) and
D (the link axis with the actuator) are consider¢atienary during the spin of the crankshatft.
However, the displacement of the poibt realizes the variation of the compression ratio,
independently with the crankshaft rotation.

The con rod's larger head PISTON ACTUATCR
(point A) kinematics depends by the
position of the actuator (poiit). On
a complete mechanism cycle, the
point A describes an unregulated cranksnar
trajectory (in fact is a six degree
equation), relative to the classic nres
engine mechanism in which the point
A describes a circle. The course o
the piston varies depending by the vever
position of the actuator and the resul
of this fact is that those mechanisme
realize a variable engine capacity. a. Structural scheme b. Kinetic scheme
On the other part, when the piston is Fig. 2.1. PSA engine with variable compression ratio
at TDC, the position of the
crankshaft varies.

To analyze the kinematics of the CON ROD
two mechanisms, some
specifications require:

e The mechanism has a unique

movement;

e The dimension of all
elements are known,
including the coordinate of
the points P(XYp) and
D(Xp;Yp); for the Nissan
mechanism is known the

LEVER

ECCENTRIC

position of the point ADIUSTMENT

E(XeYg), point D have a a. Structural scheme b. Kinetic scheme
spin movement around the Fig. 2.2. Nissan engine with variable compression ratio
point E;

» Considering that the motor element is the crankdiE segment) which rotates around the
fixed point P, the angular speedus

* The study of mechanism movement is made withousidening the forces and torques which
produce the movement;

« The kinematics analysis is made during an entirelegyi.e. the period after which the
kinematics parameters will repeat themselves.

The kinematics calculus is the same for the botines.

The positions of the points, which define the mai$ra configuration depend hy= the angle

between crankshaft and Oy axis.

Settle of point M (3;Ywm) coordinates.

X,, = X, + PM cosa
(2.1)

Yu =Ys + PMsina
It's easy to observe that the M trajectory it isirgle with the center point in PEY 5) and the

radius r = PM. In the diagram, this circle it igabed fora = 0+360°.
Settle of point C(¥Yc) coordinates.



2 2 _ 2 _
X. =X, —CDco arccolevI +CD"-CM +arctgM
2DM [CD Xy = %o 02
2 2 _ 2 _ :
Y. =Y, —CDsin arccolevI +CD°-CM +arctgM
2[DM [CD w = Xp
where DM =/(X, = X,, ¥ + (¥, =, .
Settle of point A(XY,) coordinates.
2 2 _ 2 _
X,=Xc.—ACco arccosAC tCM7 - AM —arcth
2[ACICM Xy = Xc 23)
2 2 _ 2 _ ’
Y, =Y. —ACsin arccosAC tCM” - AM —arctgM
2[ACCM Xy = X

Settle of point B(gYs) coordinates.
Considering that the cylinder axis is the same whih Oy axis, it result the point B abscissa is the
same with point P abscissa. Accordingly with that:

X, = X,
24
Y, =Y, 4/ AR = (X~ X, ] =4

To establish the linear and angular speed andexatiein of the elements the calculus will contaia t
derivation of the point’s coordinates. The anglédécl define the element’s position arei = 1,...,4
(Fig. 2.1, bandFig. 2.2, b:

. Y- —Y, Xy =X Y. =Y
=0+360, ¢, =arcsin~—M @, =arccos—>—— | ¢, =arccos=—=~ 2.5
¢1 ¢2 MC ¢3 CD ¢4 AB ( )

3. NUMERICAL ANALYSISOF THE MECHANISM S

After the entire kinematics calculus was made, raerical analysis of the mechanisms is required. To
obtain that, the dimensions of the mechanisms pteden table 1 are used:

Table 1. Dimensional characteristics of the PSA and Nissagiree

Parameter Engine PSA Engine Nissan
Crank radius, PM [mm] 31 31
Cylinder diameter, D [mm] 79,5 79,5
Con rod’s length, AB [mm] 128 128
AC segment [mm] 160 160
MC segment [mm] 130 130
AM segment [mm] 57 57
Secondary con rod’s length, CD 133 133
[mm]
Eccentric’s value, e [mm] — 10, with 180° rotation
Linear displacement, d [mm] 21 -
Compression ratia, 9.7+14.0 9.7 +14.0
P (Xe:Yrp) (80;75) (70;125)
D(Xp;Yo) / E(%:Ye) (210; 221+242) (200;15)

The aim that the dimensions were equally choseto isealize a right analysis between the two
mechanisms. Also, the compression ratio is the gameoth engines. After this analysis the evolatio



of the compression ratio, the piston stroke and ehgine capacity for these engines may be
established.
a) Positions analysis

Both engines have compression ratios between @1714r0. InFig. 3.1 are designed a few
overlapped positions in the case= 9.7.

From Fig. 3.1, for the same position of the crank PM, it can dasily seen that the
displacement of the two pistons (PSA in red colwt &lissan in blue color) it is not identically. The
reason for that is happening is the different ttajees of the point C, concave for PSA and corfeex
Nissan mechanism. Fig. 3.2is designed the evolution of the displacementHertwo pistons during
a kinematics cycle, and iRig. 3.3 it is designed the difference between PSA andadigsstons
displacements, considering that the engines woitksextreme compression ratios, i.e. 9.7 and 14.0.
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Fig. 3.1. Superposition of the two mechanisms for 9.7
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Fig. 3.3. The variation of difference between pistons disphaents
The maximum postponement is obtainedder 244 °and the value is 5.937 mrAig. 3.1, d.
At the PSA |40 il = —
mechanism, the actuato
pushes  downward  theas 380 | g ——
secondary con rod along 2 | E
mm, increasing the| 40 oo | 5
volumetric compression

ratio from 9.7 to 14.0Kig.

3.4). In the Nissan case, th
eccentric  realize  180°
rotation pushing downward
the secondary con rod alon
a distance equal to double ¢

eccentricity, i.e. 20 mm
(e=10 mm), resulting| o
£,=14.0 Fig. 2.4).

Comparing the two| so-

engines working, result thg
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value being 3.287 mm, far = 254°. Also, once increased the compression fatiboth engines, the
courses of the pistons decrease, {&ale 3. The position of TDC and BDC varies with compiess
ratio, without maintaining a constant distance leetavthem. According with that, the pistons courses
varies with compression ratio.



Table 2. Influence of compression ratio variation on pistwurse.

Nissan engine PSA engine
& =97 S =85.854 mm S = 88.845 mm
ey =14.0 S =80.606 mm S =81.376 mm
According with (3.1), in this case results the wgier capacity varies (s@able 3.
2
v, =P g 3.1)
4
Table 3. Influence of compression ratio variation on cylindapacity.
Nissan engine PSA engine
&, =9.7 \s = 85.854 cm Vs = 88.845 cm
e, =14.0 \s = 80.606 cm Vs=81.376 cm

Considering that the engine has 4 cylinders, reshé# engine capacity (s&€able 4

Table 4. The influence of compression ratio variation onieagapacity.

Nissan engine PSA engine
g, = 9.7 \, = 1704.687 crh V, = 1764.083 crh
g = 14.0 \{ = 1600.475 crh V, = 1615.775 crh

b) Definition to the burn chamber capacity.
The compression ratio can be calculated with:

7D2
V. V. 1>
g, === =1+-S =1+ (3.2)
Vmin Vk Vl +V2

Like any internal combustion engine, the VCR engirlurning chamber is composed by two sub-
volumes:
1. The volume of the burning chamber from cylinderdy&4, which is constant both on classic
engines and PSA and Nissan engines;
2. The volume of the burning chamber from cylindér, which is variable for VCR engines in
distinction with classic engines where this voluseonstant too.
From relation 3.2 result that the compression ré¢ipends simultaneous by two variables: the variabl
piston course S and the variable volume V
The variation of burning chamber from the cylinder, PSA and Nissan engines, it is explained by
variation of TDC with compression ratio.
Another determination is that the position TDC &81dC are variables with compression rati€ig(

3.5.
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Fig. 3.5. The variation of TDC and BDC with compression rdtioNissan and PSA engines



Analyzing the two evolutions results:
- Both TDC and BDC positions are strongly moved commggwith classic engine (in which the
TDC position is 0°, and the BDC position is 180°);
- For PSA engine it can be notice a large variatibB@C position, unlike the Nissan engine
where this position is almost constant;
It is well known the fact that in the dead centesifions, the piston speed is zero. This fact ocan b
verified by analyzing the piston speed graphicsoAthe postponement of the dead center positions o
piston results fronfrig. 3.2for e, = 9.7 and:, = 14.0.

4. ENGINESKINEMATICSSTUDY USING CATIA V5 SOFTWARE
The component parts of the engines were schemasigrked withPart Designmodule abiding by

base dimensions. The assembly was madegembly Desigmodule and the graphics were made in
DMU Kinematicsmodule Fig. 4.1andFig. 4.2

At

Fig. 4.1. Nissan engine — 3D vigw Fig. 4.2. PSA engine — 3D view

In Fig. 4.3...4.8are presented the diagrams for kinematics parametging CATIA V5
software. There are no differences comparing todhalts obtained with the analytical method.

drical 111 ength

|
Fig. 4.3. PSApiston displacement evolution, Fig. 4.4. Nissan piston displacement evolution,
&=14, n = 4000 rpm &=14, n = 4000 rpm



Fig. 4.5. PSA piston speed evolution, Fig. 4.6. Nissanpiston speed evolution,
&=14, n = 4000 rpm &=14, n = 4000 rpm

Fig. 4.7. PSApiston acceleration evolution, FiQ. 4.8. Nissan piston acceleration evolution,
&=14, n = 4000 rot/min &=14, n = 4000 rot/min

5. CONCLUSIONS

The position of TDC and BDC varies with compressiatio, without maintaining a constant
distance between them. According with that, théopis strokes varies with compression ratio. It also
results a variable volume for the burning room cham

After the 3D simulation with CATIA, the results alited with analytic calculus were
confirmed, and so, the analytic method was verified certified.

Although in this paper it is not broach the dynasrof the two mechanisms, we can appreciate
that the PSA and Nissan engines with variable cesgion ratio represents inefficient solution
because it use additionally parts. As a resulsgheew elements involve additional moving mass,
inertia forces and, of course, new joints and itadle friction. Also, the movement of these newtgpar
is not uniform and therefore the balance of theggnes is difficult to achieve.
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