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ABSTRACT

With the definite-element analysis software, adhdénensional definite-element analysis has beermeca
out to the gasoline engine piston. Considering tinermal boundary condition, the stress and the
deformation distribution conditions of the pistomder the coupling effect of the thermal load and
explosion pressure have been calculated, thus gimyvireference for design improvement. Results show
that, the main cause of the piston safety, thepideformation and the great stress is the temperado it

is feasible to further decrease the piston tempezatith structure optimization.
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1. INTRODUCTION

As a kind of thermal power machine, the
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2. FINITEELEMENT MODEL

7 W
2.1 Geometrical M odel ] Aun’él%ﬁ
The finite element analysis to the piston is to AN A —
establish the reasonable and accurate finite efemen
model first, thus carrying out analysis by marking
cell grids to obtain the accurate results finally.
According to the structural symmetry of the piston,
in order to be convenient for calculation and
decrease workload, cut the established piston model
to maintain 1/4 and then import the model to the
finite element software for the finite element
analysis to the piston according to the fine irtegf
between the modeling software and the finite
element analysis software. During the importing
process, some details have been omitted, such as
the chamfer and the snap ring of the piston pin etc
The geometrical model for the piston is as shown i8. THERMAL LOAD ANALYSISTO THE

Figure2: Mesh Generation For The Piston

Figure 1.

Figure 1: Geometrical Model For The Piston

2.2 Physical Properties of the M aterial

Table 1: Parameters Of The Piston Material

PISTON

3.1 Fundamental of Thermal Analysis

The stable thermal load means that the
temperature field of the piston remains unchanged
during the working process of the piston and that
the heat flowing from the gas to through the piston
top equals that discharged from the ring zone, the
skirt and the cooling chamber of the piston etee Th
heat of the gas and the piston top mostly come from
heat convection of the gas and the piston top, the
heat transfer within the piston abides by Fourier
Law and no heat can occur within the piston itself,
so the thermal analysis to the piston is a stable
thermal analysis to the problem without any
internal heat source.

Fourier Law is the basis for the heat conduction
theory, and the vector expression for the Fourier
Law is:

Parameters

Values of the parameters g=-kxgradT (1)

Piston material

Aluminum alloy

Whereg—heat flux, which is a the vector in
w/m?;

Poisson ratio 0.32 . -
k—the heat conduction coefficient of the
Blastic modulus of the piston 70GPa material treated as the constantwfm(K);
Material density 2700kg / m® gradT — the temperature gradient, also
Conductivity factor 160w/(m’* [K) a vector, in°’C/m.
Coefficient of thermal expansion 21x10°°m/ K Where, the negative sign means that the

direction of q is always opposite to that grfadT .

2.3 Mesh Generation

In the mathematical field theory, it is very
convenient for Equation (1) to utilizes vector

During the mesh generation for the piston modely essions for the gradient and divergence to

based on experiences and with several trials, the,qce the differential equation for heat conductio
eight-node hexahedron cell SOLID70 is selected igq the component expressions are:

this paper. Figure 2 shows the final finite element
model after mesh generation for the piston.
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oT field is a plane problem and the heat conduction
q,= -k Xa— equation can be simplified as:
X 2 2
ay=—kx T (e E A ©
y ay Yy
p (2) After long-term heat exchange, the temperature
q,= -k x_T will no longer change with the time, thus getting:
z
% 29 _ar_,
q,= —kx— ot ot
on This kind of temperature field which does not
where, n—the exterior normal direction vector change with the time is the stable temperaturd.fiel
of the object at any boundary. With Equation (6), the heat conduction equation
From Equation (2) we can get that when the&an be simplified as:
direction of the gradient compone’%{{ is opposite aT? N aT? N aT? 0 )

2 2 2
to x-axial and‘;—T is negative, q, is positive, ox” oy- o0z _
indicating that X th direct ith The heat conduction equation establishes the
n _|ca g that g, |sT|r_1 _e same |re§ |on_ Wi _X' relationship of the temperature with the time and
axial; or else, Whe'% is in the same direction with space, but there are indefinite solutions for thath
x-axial, gx is negative indicating that the heatfl conduction equation; in order to determine the
is in the opposite direction to x-axial. unique solution for the differential equation oéth
Based on the fundamental of heat transfer argplid, the boundary condition and the initial
abiding by the law of conservation of energy, weeondition must considered when understanding the
can get that the differential equation for solichhe actual temperature distribution with the solidtte

conduction is as follows: general description, we collectively call the
2 2 P boundary condition and the initial condition as the

O_T:a oT +0T +6T +£ (3) definite condition and simultaneously solve the

ot x> ay* 09z2°| cp differential equation for heat conduction, thus
obtaining the temperature distribution within the

Where, @ —the heat conduction coefficient, )
solid.

S
a=—,inm/s: , ,
co 3.2 Thermal Stress Analysisto the Piston

c— the specific heat at constant pressure of thehThe temperature field anajyss to the piston is as
material, treated as a constantlifikg [°C ; shown in Figure 3 and Figure 4. Through the
analysis, we can get that the temperature field

G — the internal heat source intensity of th&jisinution is basically reasonable. Then carry ou

material, inW /m?®. a thermal stress analysis according to the
If the solid is in the adiabatic condition: temperature field of the piston. In the thermagstr
0T2 9T? 09T? analysis, it is necessary to convert thermal units
5 + 5 + > = 0 within ANSYS to structural units and thermal units
ox® oy 0z of solid 70 to structural units of solid45. After

The the temperature rise of the solid in thiconversion, the thermal stress analysis can be
condition is called the adiabatic temperature risesarried out .

written asé, and from Equation (3) we can get: During the thermal stress analysis, it is necessary
96 to make sure that no rigid body displacement will
-_—=— (4) occur to the model. So it is necessary to carry out
ot pc constraint to the piston in every direction, and th
With Equation (4), the heat conduction equatiorgonstraint applied cannot bring in additional
can be expressed as: mechanical load. The applied temperature load
T2 aT? aT2] 06 oT 5 during the thermal stress analysis is the temperatu
[axz + a2 + azz}Lat_at: (®) load when the result for the temperature field
y automatically converts to nodes.

If no change occurs to the temperature in z Because the mode is 1/4 model, it is necessary to

direction, which means thaj , the temperature apply the symmetry constraint to sections XZ and
YZ, constrain the displacement in Z direction and

R
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considering the actual condition, apply constraint

Z direction within the piston pin boss. With the
application of the aforesaid loads, carry out the
thermal stress analysis to the 1/4 model of the
piston with the definite-element software, thus
obtaining the thermal stress distribution nephogram

sz (ave)

SMK =.139E409

of the model, as shown in Figure 4.
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Figure3: Temperature Field At The External Surface Of

The Piston
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Figure4: Temperature Field Within The Piston
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Figure 6: Thermal ress Nephogram Within The Piston
In The Direction Of Z-Axial

The stress distribution nephogram of the piston
in the direction of A-axial is as shown in Figuies
and 6. Seen from the figure, the maximum stress for
the piston is 139MPa and the part with rapid change
of the stress occurs within the oil hole. The r@aso
for this phenomenon is that the oil hole chamfer is
omitted in the import procedure of the model, thus
causing the stress concentration. The allowable
stress of the piston is greater than the maximum
stress applied to the piston in the direction of Z-
axial. Besides, in actual condition, the existeate
the rounded corner will further decrease the stress
value, thus mitigating the stress, so that the alver
stress distribution of the piston is reasonable.

3.3 Thermal Defor mation Analysisto the Piston
Thermal deformation of the piston occurring in
the temperature load is as shown in Figure 6.

Jow 12 2012
14:26:18

STER=1

S0 =-.951E-04

s T sepos

Figure 7: Thermal Deformation Of The Piston

Seen from Figure 7, the maximum deformation
occurs at the edge of the piston top which is free
from constraint, with the value of 0.166mm. Seen
from the figure, the deformation from the pistop to
surface to the skirt and from the interior of the
piston to the exterior is decreased gradually. This
in consistency to the temperature field of thequist
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indicating that different expansion deformationlwil Known from Figure 8, the deformation at the
occur to the same material in differentcenter of the piston top is maximundecreasing
temperatures. gradually from the interior to the exterior, becaus
the maximum explosion pressure of the mechanical
load acts on the piston top with the maximum
deformation of 0.0342mm and the head style of the
piston after being deformed will not cause the
piston interfered within the cylinder, thus
preventing from affecting the normal operation of
the engine. Thus the deformation of the piston is
inimum with the maximum explosion pressure, S0
) ; _ hat the piston will not get damaged. From Figure 9
great, during the vv_orkmg process It can causetgreg,  gyress concentration parts of the piston are
impact to the entire combustl_on engine and th8istributed within the piston pin boss and the poin
ge_nerateq stress and_ de_format|on will _mfluence tr\?/here the pin boss contacts the inner cylindem wit
fatigue _I'fe and rellablllt_y of the_ piston. Th_e the maximum stress in the forward direction is
mechanlc.al load to the piston durmg_ the Work'nQLGﬁMPa. The stress concentration occurs because
process includes: the working medium pressur8is;p|acement constraint is applied to this partsth

\t/)wthm the cy_Imdfer, thef pr:stqn |qert|a ;Orcelathethe stress is changed sharply and in the meantime,
earing reaction force of the interior surfacet® t .\, ., ,nqeqd corner treatment is carried out during

pin boss hole and the lateral pressure of the. gkiirt the import procedure of the model; in the actual

th?. dmaxtlrr]num explotslcm p_retssu_re W'Fh'n thec ndition, the stress within the piston structuit w
cylinder, the pressure to the piston is maximum angly soaiier. thus the piston is safe.

the force to and the deformation of the piston is

maximum, so it is of great importance to analyze h hanical I Vs
the piston intensity at this moment. 4.2 Thermo-Mechanical Coupling AnalysisTo

The Piston

During operation, the piston will be affected not
only by the high-pressure gas pressure, the inertia
force caused by high-speed reciprocating motions,
the lateral pressure, friction forces and effedts o
other mechanical loads, but also by the effechef t
thermal load caused by high-temperature gases.
Although the thermal load and mechanical load are
two kinds of different loads acting on the piston,
they will both affect the reliability and enduransle
the operation of the piston. Deformation occurs to
the piston under the effect of the thermal load and
the piston deformation will affect the transfer of
heat, the thermal stress and the mechanical stress,
— AN so it is necessary to integrate the dual functibn o
—— i 2 2 the thermal stress and the mechanical stress of the

piston to carry out coupling analysis and solvaso

to better reflect the stress field distribution and
deformation condition of the piston in the openatio
condition.

4. THERMAL LOAD AND MECHANICAL
LOAD COUPLING ANALYSISTO THE
PISTON

4.1 M echanical load analysisto the piston
In the gas pressure which is subjected to period
change, the mechanical load to the piston is real

530E-05

Figure 8:

TIE-1
sz

The Piston In The Direction Of Z- Axial
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ot somTros AN distribution and the deformation condition for each
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Figure 10: Thermo-Mechanical Coupling Stress
Nephogram Of The Piston

part of the piston. The maximum thermal stress of
the piston is 139MPa and the maximum mechanical
stress is 16.6MPa. The maximum deformation
under the effect of the thermal stress is 0.166mm
and the maximum deformation under the effect of
the mechanical stress is 0.0324mm. With the
thermo-mechanical coupling analysis, we can get
that the maximum of the stress to the piston is
62.2MPa, the maximum deformation is 0.132mm,
and the stress and deformation are both within the
allowable range, so the piston is safe. The
deformation and the stress of the piston are mainly
determined by the temperature, so it is necessary t
decrease the piston temperature through structure
improvement, e.g. by using the combined piston

MY =-.111E-03
SMX =.132E-03

[1]

Figure 11: Thermo-Mechani

cal Coupling Displacement
Nephogram Of The Piston In The Direction Of Z-Axial
2

From figure 10, we can get the thermo‘[ ]
mechanical coupling condition of the piston an
that the stress concentration occurs at the pjsiton
boss and the ribbed plate, with the maximum valt
in the forward direction of 62.2MPa, which is
250MPa smaller than the allowable stress of tf
piston, so the piston is safe. But with the combline
effect of the thermal load and mechanical load, tt[3;
thermal load plays the main role.

From Figure 10, we can get that with the
combined effect of thermo-mechanical coupling
the maximum deformation of the piston occurs ¢
the piston top with the maximum value of
0.132mm. In comparison with the displacemer
deformation of the piston with the individual effec [4]
of the mechanical load and thermal load, with th
combine effect of the temperature and mechanic
load, the maximum deformation is mainly cause
by deformation due to thermal expansion, and tt
temperature plays the main role. The deformation
this time is rather small, causing no damage to tl
piston.

5. CONCLUSION

[5]

With the thermal stress and the mechanical stress
analysis to the piston, we can get the stress

916

with small heat conduction coefficient and large
heat conduction coefficient of the skirt and inner
cylinder.
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