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Study on Thermal Expansion of a V10 Engine Block Used in Shrink-Fit Assembling

Sever-Alexandru HABA, Gheorghe OANCEA*

Abstract: The paper presents how a V10 engine block made of light alloys of aluminium is assembled with the cylinders casings made of grey cast iron alloys. The solution
used in this case is shrink-fit technology. To obtain such an assembly it is required to study the phenomenon of thermal expansion of the bodies with complex geometries
such as an engine block. The only viable solution to study the thermal phenomena for shrink-fit assembling is to use finite element methods for simulating. Five different
cases are presented for the V10 engine block heating and for the optimal case, in which a clamping device is used for its positioning, the thermal expansions are determined.
The final result is a mathematical relation which represents the dependences between the thermal expansions of the V10 engine block and temperatures.
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1 INTRODUCTION

Due to current regulations on minimizing pollutant
emissions, for the internal combustion engines used in
vehicles and stationary equipment, the following
construction features are requested: small displacement,
very high power litres, lightweight, reduced fuel
consumption, widespread use supercharging systems, very
low emissions and reduced materials consumption in the
manufacturing [1]. All these restrictions are dictated by the
market demands and they are found in the construction of
the main component of the internal combustion engine,
respectively engine block.

In order to achieve an engine group with a very low
weight was used constructive solution for assembling an
engine block made from lightweight based on aluminium
alloys with cylinders casings made of grey cast iron alloys.

The solution to obtain a lightweight engine block and
assemble it with cylinders casings made from materials
with high resistance to mechanical stress is widely used in
building single-cylinder engines that equip light vehicles
such as: ATV (All-Terrain Vehicle), motor bikes,
stationary power pumps or electricity generating units [1,
2]. This solution is also widespread in the multi-cylinders
engines fitted to motor vehicles designed for sports
competitions.

The current solution of the multi-cylinders engine
block made of light alloys is widely used in the field of
general-purpose engines: engines for cars, motorcycle,
motor groups stationary power generators or pumps and so
on[l1].

This paper is dedicated to the study of thermal
deformation of an engine block which has to be assembled
with a group of 10-cylinder casings in V normal, using
shrink-fit technology.

2 MANUFACTURING TECHNOLOGIES USED FOR A V10
ENGINE BLOCK

The engine block is the fixed part of the engine group.
It is the fixing base for all the other mechanical components
of the system (engine mechanism and auxiliary systems).
For this reason, the engine block shows a very complex
geometry in 3D space. The modelling can be achieved by
manipulation of solid bodies or by use of the advanced
modelling of complex surfaces using the NURBS surfaces

refining technologies (Non Uniform Rational B-Spline)
[3]. In Fig. 1 is presented the CAD model of an engine
block assembled with 10 cylinders V-angle normal, with
the following specifications:

e spark ignition engines;

o rated speed: 8000 min';

e engine displacement: 1874 cm?;

e maximum power: 375 CP;

e the number of cylinders: 10;

e bore: 70 mm;

e stroke: 48.7 mm;

e star angle of the crankshaft crankpin: 72°.

Using CATIA V5 system [4], the 3D models of the
engine block and the cylinders casings were designed
separately, and then they were assembled. Fig. 2 presents a
cross section through the engine block assembled with the
cylinders casings. In the section the construction details
can be observed, such as: holes for cylinders casings,
channels for oil circulation lubrication system, complex
channels for circulation of liquid cooling equipment, flat
surfaces for positioning the cylinder head gasket, flat
surface for oil pan mount and crankshaft holes.

Figure 1V10 ngine block assembled with cylinders casings

Nowadays the engines are designed according to the
principles of pollution reducing in working and, also, in the
manufacturing process. One of the environmental
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objectives of the cutting process is to eliminate the coolants
[5] or to reduce at minimum the quantity of cooling
lubrication (MQCL) [6, 7] using high speed machining
process and microvideography [8].

Cylinder casing No. 6

Cylinder casing No. 1

Engine block

Figure 2 Section in engine block assembly

To manufacture this type of engine block the following

stages are necessary [1]:

e engine block manufacturing:

- pressure die casting of the semi-finished part using
light alloys of aluminium;

- cutting the necessary surfaces;

e cylinders casings manufacturing:

- centrifugal casting of semi-finished part for cylinders
casings;

- cutting of functional surfaces of the parts.

e assembling of engine block with cylinders
casings:

- achieving the temperature difference between the parts
to be assembled;

- shrink-fitting between the engine block and the
cylinders casings.

In order to optimize the process parameters of shrink-
fit assembling it is necessary to determine the required
temperatures for thermal expansions. For this purpose, the
following equation can be used [9]:

g .
t=1, +Lﬂ.10‘3’ (1)
a-d

where: ¢ is heating temperature, to is environmental
temperature, Smax 1S maximum of negative allowance, j is
clearance for insertion, « is coefficient of linear thermal
expansion and d is common diameter. The equation is used
for parts with simple geometry, cylindrical sleeve type [9].
The calculation of thermal expansion holes in the body of
the engine block (for bodies with complex geometries) was
made using FEA (Finite Element Analysis).

In order to optimize the cost of non-demountable
assembly of the engine block (made of light alloys) with
proper cylinders casings the solution was chosen of
increasing the engine block temperature in an oven and
keeping the cylinders casings temperature at the
environmental level (20 °C) [1].

To achieve prescribed temperature setting for the
engine block, in all its mass, methods are recommended for

determining the temperature without contact based on the
median image filtering methods by infrared spectrum [10].
In other researches a method is implemented in a computer
program which uses a high control volume finite method to
determine thermal deformations [11]. It can be used
measurement method, DIC (Digital Image Correlation),
with no contact, to measure for different shapes, thermal
deformations in very large temperature values [12, 13]. The
measured values can be compared with determined values
in the process of simulation using finite element analysis.

In this study of shrink-fit assembly between the engine
block and cylinders casings was calculated thermal
expansion required at 0.20 mm, the thermal expansion is
useful not to damage the micro-profile contact surfaces of
parts from the permanent jointed.

3 FEA USED FOR THERMAL EXPANSION OF V10
ENGINE BLOCK

Optimal method for determining the temperature of the
engine block to be heated, in order to obtain the necessary
thermal expansion for cylinders casings insertion in their
holes, is the calculation of the necessary hot clearance fit,
followed by modelling of the thermal expansion
phenomenon using FEA method [14].

For the finite element analysis the user has available
several software packages such as: ANSYS [15],
ABAQUS (application included in the simulator package -
developed by Dassault Systems) [16], NASTRAN
(application for multidisciplinary structural analysis -
developed by MSC Software) [17], Autodesk Simulation
(application included in Autodesk products - developed by
Autodesk) [18] and CATIA V5 (internal Analysis &
Simulation Module).

The authors used the CATIA V5 Analysis &
Simulation module for simulations of various case studies,
and for optimal case to study the thermal expansions of
casings holes from the 10 cylinders in V-normal engine
block.

The main parameter that provides a simulation of the
thermal expansion phenomenon as close to reality (Global
Error Rate sensor) is the type of finite element used, as the
simulation performance increase to set a finite element
parabolic shape (nonlinear finite element) or hexahedron
form (available in the latest versions of CATIA
environment) [19]. The modelling process parameters used
in the study are presented in Tab. 1.

Table 1 Parameters used in designing process

Element | Absolute sag, Global error
size, mm % Element type | Method rate, %
10 02 Parabolic (high auto <9
performance)

Fig. 3 presents the user coordinate system. Its position
is on the centre upper surface of cylinder liners with OX
axis oriented in the front of the engine block (the
mechanism of distribution) and with OZ axis is normal to
the surface of the engine block face.
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Figure 3 User defined syste ~UCS

For data extracting resulting in the finite element
simulation are used the local and global sensors available
in CATIA environment and presented in Tab. 2.

Table 2 Local and global sensors
Global sensors
Global Error Rate (imposed value < 9%);
Mass Maximum von Mises

Local sensors

Displacement Vector

Fig. 4 shows the structure of local and global sensors
used for the FEA process and applied to thermal expansion
of complex bodies.

In the case of the local sensors, used to determine the
thermal expansion of cylinder liner holes (casing hole 1 ...
casing hole 10), the following stages are used: insert the
strain sensor type Displacement Vector for cylinder casing
hole 1 - BOTTOM circular section (using only components
Cl & C2 - OX and OY axes corresponding components
extracted by UCS user definable) and insert the strain
sensor type Displacement Vector for cylinder casing hole
1 - TOP circular section (using only components C1 & C2
- OX and OY axes corresponding components extracted by
UCS user definable).

® Environment.1

4 Deformed mesh.1
“>¢- Translational displacement vector.1
! Sensors.1
Global Error Rate (%)
ot Displacement Vector - Cylinder Casing Pocket - 1 bottom
“*-4t Displacement Vector - Cylinder Casing Pocket - 1 top
¢. Displacement Vector - Cylinder Casing Pocket - 2 bottom

¢. Displacement Vector - Cylinder Casing Pocket - 2 top

st

Figure 4 Local sensors for thermal expansion of cyIider oles

" Reaction.2 - Thermal expansion )
Reaction |
Source 221 slecion -

Sources:
Anabysis Manager\Finite Elerment Model. I\Displacement Vector - Cylinder Casing Pocket - 1 bottorn\Displacement Wector

T R r— =

parameter : Length
Aetion
@ Knowledgewsre action (O VB action
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Message("Resultant of Thermal expansion = *, 1000%2*min{ Finite Element Model 1\Displacement Vector - Cylinder Casing Pocket -
ocket - 3 top\Displacement Vector, Finite Element Model 1\Displacement Yector - Cylinder Casing Pocket - § bottom\Displaceme
placernent Vector)," [mm]")

« m [

Edit action...

@ 0k | 9 Cncel

Figure 6 Information about minimum value

Figure 7 Information about resultant value of thermal expansion

In order to optimize the processing of data obtained on
the value and position of the minimum thermal expansion
two reactions were created. Reaction 1 (shown in Fig. 5)
which is used to determine the number of the cylinder
casing holes where there is the minimal expansion and
shows the relative position (TOP or BOTTOM position)
and reaction 2 (shown in Fig. 6) used for determining the
minimum value of the thermal expansion with the
following expression:
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Th_exp =10° x 2xMin(Thy > Thy o -0, )

where: Th_exp is value of the thermal expansion processed,

Thiyop > Thigoy s - are the local thermal expansions of

cylinder holes (TOP and BOTTOM sections).

In Fig. 7 is shown the dialog box for a thermal load
value of 330 °C, (the fixing case of the engine block is
isostatic). It can be seen that at this temperature cylinder
casing hole exceeds the minimum thermal expansion
required for assembly, thus the heating level was taken to
a lower value.

4 THERMAL EXPANSION OF STUDIED V10 ENGINE
BLOCK IN DIFFERENT CASES

In order to relieve major influence on how to grip the
workpiece during the heating process of the thermal
expansion five cases were considered.

In the first case the part is fixed using three contact
faces: Front, Rear and Bottom (Fig. 8) and in the second
case the part is fixed with a single contact face, fixing that
occurs by sitting front part corresponding contact area with
the engine oil panel (Fig. 9).

The third case supposes that the part is fixed by only
one contact face, respectively along the threaded bolts in
the holes screws the oil pan mounting. This case
corresponds to the real situation of the engine group
operating (Fig. 10).

Figure 8 Case 1 - three fixing faces

Figure 9 Case 2 - one fixing face

In the fourth case the part is in isostatic mode, this is
only one theoretical solution, thus in the CATIA system
one point in the part structure is immobilized,
automatically determined by the finite element modelling
software in an optimal position (see Fig. 9) [20].

Figure11 Case 4 - isostatic restraint

Figure 12 Case 5 - optimal case

In the fifth case, the part is fixed in a technological
clamping system used in the CNC manufacturing process
(Fig. 12). The part is immobilized by the following
procedures: Rear, Front and Bottom surfaces which are
connected with the clamping device with "fastened
Connection" restraint and the clamping device is
immobilized along the contact surface with the processing
machine table by "Clamp restraint". In this way, for heating
process of the engine block, the virtual model
corresponding to the technology used in the manufacturing
process is implemented. It is followed by the automated
assembling of the 10 cylinder casing at the standard
ambient temperature, which is 20 °C.
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Thermal expansion = f(construction solutions,
thermal expansion: .20 [mm)] )

B Temperature [°C]
&00.00

s00.00 1
400.00
200,00 1
200.00 1
100,00 1 .
000+ - . : -

Casel Case 2 Case d Case d Case s
Figure 13 Thermal expansions - comparison between all cases

Following successive load model with different values
of the temperature was obtained a series of values of
thermal expansion resulting in proper cylinder casing
mounting holes; the comparison of the obtained results is
presented in the graphic form in Fig. 13. It shows that cases
1, 2, 3 required temperatures that exceed the point of
changing the mechanical property of the light alloys of
aluminium and case 4 is a theoretical one. It requires a
temperature for which the thermal expansion does not fulfil
the conditions necessary to achieve shrink-fit technology
(is excessively low temperature). Case 5 represents the real
situation, and it is the appropriate solution for the shrink-
fit assembling.

5 THERMAL EXPANSION OF ENGINE BLOCK FIXED IN A
TECHNOLOGICAL CLAMPING DEVICE

The final stage of the FEA procedure for thermal
expansion phenomenon, applied to the engine block
mounted in the clamping device, is to determine the values
of cylinder casing holes deformations for different
temperatures at which the studied system is loaded.

Fig. 14 shows the deformed shape of the cylinder block
assembly/clamping device. It can be easily seen that the
maximum deformation occurs in the central part heated to
achieve optimal heat shrink-fit assembling at 230°C.

The process parameters used in this complex case are
presented in Tab. 3.

Table 3 Parameters used in FEA process

Engine block Clamping device Global
Element | Absolute | Element | Absolute | Element type error
size, mm | sag, % |size, mm | sag, % rate, %

9 02 15 02 Parabolic (high <9

performance)

The mesh resolution for the engine block structure was
set at a lower value than the clamping device in order to
ensure an optimal processing time without affecting the
accuracy of modelling physical phenomena.

Following the FEA simulation, the reaction dedicated
to establish the position to the minimum thermal expansion
reveals that the minimum required thermal expansion is
obtained in the hole of cylinder casing number 3, at the
upper section of the hole. This area is detailed in Fig. 15.

Minimum ol Thermal
expansion

Figure 15 Hole cylinder 3 section - plane analysis

The area with the lowest thermal expansion coincides
with the area where it starts placing the cylinder casing in
corresponding hole from engine block. For this reason it is
very important that heat clearance made after increasing
the comprehensive part temperature (in this case the engine
block) to ensure an assembly without damaging the
surfaces micro-profile, that will maintain in optimal
immobilization condition of the cylinder casing during the
normal operation in the internal combustion engine
assembly.

In order to generate the graph variation of the
dependences between the thermal expansions of the
assembly which consists of the engine block and clamping
device, and heating temperatures, a total of nine FEM
simulations were made. The temperatures values were in
the range 190 + 270 °C with a step value assigned to 10 °C.
The obtained data were mathematically modelled and the
studied phenomenon is materialized by the following
equation:

d=0.1517-e"0%7, (3)

where: ¢ (°C) is the temperature and d (mm) is the thermal
expansion. It can be observed that the overall dependence
of thermal expansion and heating temperature describes an
exponential form.
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Figure 16 Thermal expansion diagram for case 5

6 CONCLUSION

The paper presents simulation of the thermal
expansion of a V10 engine block which is used in the
shrink-fit technology with cylinders casings.

In order to create a finite element analysis
corresponding to the real physical phenomenon of thermal
expansion, it is necessary to use the model of the part to be
simulated, mounted in proper clamping devices. The
simulation of the influence of clamping device is
developed with FEM tools in accordance with the
technological steps used to obtain the final internal surfaces
of engine cylinders casings (influence of thermal
phenomena on the cylinder surface quality). The final
result is a mathematical relation which models the
phenomenon of thermal expansions. It allows calculating
the thermal expansion for a specified temperature and for
implementing in different software tools.
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