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Abstract- The pre-stressing force of bolts maintains the efficiency of the gasket sealing between the cylinder head and the
cylinder block. Therefore, the applied approach of the pre-stressing force is significant for the calculation of the
numerical simulation. Montgomery provided six different kinds of approaches to describe the pre-stressing force of the
bolts. By using the analytical element of the ANSYS software combined with the curve of the pressure versus the
displacement obtained from the experiment
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1. INTRODUCTION

The main idea of this analysis is to introduce the pre-tension element into the simulation of the bolted assembly with
the other components. Compared with the traditional method, the pre-tension element has many advantages over the
method of controlling the raising and lowering of the temperature. Owing to the complicated engine structure and the
lack of experimental data on engine performance, especially of the cylinder head, there is little literature vailable that
fully discusses the structural analysis of the cylinder head. In this report, the commercial FEM software, ANSYS, is
introduced into the numerical simulation of the structural analysis(3,14)

1.Gasket Function :A cylinder head gasket is required to affect a seal between the cylinder head and block of a
gasoline or diesel engine. It is an integral component of the engine and is required to perform many functions at the
same time during engine operation. The head gasket must maintain the seal around the combustion chamber at peak
operating temperature and pressure

2.Gasket Design :Every application requires a unique cylinder head gasket design to meet the specific
performance needs of the engine. The materials and designs used are a result of testing and engineering various
metals, composites and chemicals into a gasket that is intended to maintain the necessary sealing capabilities for the
life of the engine.

The most widely used materials are as follows:
[ Steel and stainless steel of various grades and forms.
(] Fibre based composite materials.

Graphite in various densities

3. Gasket Analysis :Both the design and the development of the automobile engine are complicated processes. To
acquire the best performance of an engine in any operating condition, including harsh natural environments, many
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analytical tools and experimental methods are used to find the optimum parameters for engine design. However,
numerous measured results point out that the gas escaping from the engine not only affects the output efficiency of
the horsepower substantially, but also pollutes the environment(1,4)

4. Thermal stresses:Due to the analyses of the operating conditions for the engine, both the hot assembly and the
hot firing are included in this research. Hence, the heat transfer analysis concerning the cylinder head must be carried
out prior to the structural analysis. According to the principle of conservation of energy, the heat condition equation in
the material can be expressed as

2 =2 2

a-T =T n T 0
L 2 5 = M
o< vy dz~

Where T is the temperature. The temperature distribution in the material can be obtained with appropriate
boundary conditions. From the generalized Hooke’s law, the strain components of the element including the thermal
strains are listed as follows:

&y = [0y — v(gy + 6;)]/E + AT,
[6y — v(o: + 0x)]/E + 2AT,

&7 =lo; — v(ox + ay)l/E + aAT,
Txy = v/ G,
Yyz = Tyz/ G,
Yoxr = T:.U"IG,

where _ is the normal stress, _ is the normal strain, E is the Young’s modulus of elasticity, v is the Poisson’s ratio,
is the coefficient of thermal expansion, _T is the incremental temperature, G is the shear modulus, is the shear stress,
and _ is the shear strain. After further calculation, the distribution of the contact pressure on the gasket and the
strain/stress deformation of the entire structure can be obtained..(3,8)

II. FINITE ELEMENT MODELS AND ANALYSIS PROCEDURE

To establish the analytical methodology of the cylinder head in respect to the structure, the line style of a gasoline
engine, having 4 cylinders and 4 strokes, is adopted in this research. The Pro/E model provided by China Engine
Corporation for investigating the efficiency of gasket sealing is displayed in below figure. For the convenience of
the observation of the distribution of contact pressure on the gasket, only 1 cylinder head is considered in this study.
It must be noted that the procedure as described above has other advantages, including: (a) reduction of the
complications of boundary conditions considered in the analytic processes, (b) economizing on the element counts
of the finite element analysis. In other words, the computed time can be shortened substantially

Volume 2 Issue 3 — June 2013 283 ISSN: 2319-1058



International Journal of Innovations in Engineering and Technology

Fig. 1. Top view of 2.0 L cylinder head

Inlet valve Exhaust valve

Fig. 2. The relative dimensions of the 2.0 L 2nd cylinder head (mm
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Table 1
Matenial properties of each component of the structural analyses

Young's modulus (Gpa) Potsson’s 1atio CTE (ppm°C) k (Wim-2C)

Exhaust valve (214N) 215 0.290 168 153

Inlet valve (EN32) i 0.290 130 234
Cylinder head (Al alloy) it 0.330 240 1772
Cylinder block (Al alloy) it 0.330 240 1772
Liner (Cast iron) 107 0.295 117 0.0391
Bolt (SCM 435) 205 0.29 112 NA

Gasket Multielastic 0.29 32 1968E-4

Gasket-Behaviour of Engine CEC GS1
(Drawing No.: 12_CE_01_20264_101)
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Fig. 3. The relation between pressure and compression in the gasket.

And the part of the exhaust valve. Moreover, the distances between the central line of the combustion chamber and
the location of the bolts are not identical. Table 1 lists the material properties of each component of the structural
analyses in this research. The main body of the cylinder head and the block are made of aluminum alloy (JIS H
5302, 1990). The material of the exhaust valve is steel (214N, 1960). The inlet valve is made of a new steel
developed since 1960 (EN52, 1970). The pre-stressed bolts are made of carbon-steel material (SCM 435). At the
same time, the internal part of the gasket is in contact with different components having dissimilar material
characteristic Fig3(1,14)
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Fig.4The gas pressure of the engine at different cycle durations at specific operation speeds.

III. EXPERIMENT AND RESULT

The location of the weakest contact pressure on the gasket is used to investigate the efficiency of the gasket sealing.
The analytical results under different operating processes of the engine will be discussed in detail
The weakest contact pressure on the gasket at different magnitudes of the pre-stressing force(cold assembly)
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Raised portion
of inner ring

The discussion of the Y-axial stress for both the main body of the cylinder head and the gasket(cold assembly)
(a)Isotropic view. (b) Isotrophic view(meshed). (c) Isotrophic view. (d) Isotrophic view (meshed)

The gasket sealing of the automobile in a motionless state is considered to be purely without any other external
loading. Therefore, the maximum source of loading in this case is the pre-stressing of the bolts. In addition, the
magnitude of pre-stressing the bolts with regards to dissimilar styles of engine structure and stroke volume is not
identical. For this reason, the parametric analysis for the pre-stressing of bolts is implemented. The results reveal
that the weakest contact pressure on the gasket appears at the raised location of the inner ring between two adjacent
combustion chambers (Fig. 9). This situation results from the fact that the distance between the bolts and the
foregoing location on the gasket is the greatest. Moreover, the maximum contact pressure on the surface of the
gasket at the inlet part is slightly different from the exhaust part by virtue of the structural asymmetry[1,12]
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IV.CONCLUSION

In this paper, the structural analyses of a cylinder head under various loading conditions are accomplished by means
of the numerical simulation of finite element analysis. The main results combined with each analysis concerning the
different operating processes of the engine can be separated into two parts as follow. First, the capacity of gasket
sealing mainly depends upon the pre-stressing of the bolts, which are the source of the maximum external loading on
the inner structure of the cylinder head. In addition, the location of the weakest contact pressure on the raised portion
of the gasket can be transferred as a result of the effect of thermal stress/strain. In this investigation the analytical
results indicate that the thermal stresses provide a positive support for the efficiency of gasket sealing. However,
because of the opposite direction to the pre-stressing applied to the bolts, under the operating conditions with gas,
the pressure will increase the possibility of gas escaping. Therefore, an effective method was proposed to enhance
the sealing capacity of the gasket by increasing the magnitude of the assembly force without exceeding the material
strength of each component in the engine structure. At the same time, the structure of the gasket in the region of the
worst sealing can be improved in the early stages of design. This is especially true for the raised portion

REFERENCES

[1]  B. Corona, M. Nakano, H. Pérez, “Adaptive Watermarking Algorithm for Binary Image Watermarks”, Lecture Notes in Computer Science,
Springer, pp. 207-215, 2004.

[2] A. A.Reddy and B. N. Chatterji, "A new wavelet based logo-watermarking scheme," Pattern Recognition Letters, vol. 26, pp. 1019-1027,
2005.

[3] P. S. Huang, C. S. Chiang, C. P. Chang, and T. M. Tu, "Robust spatial watermarking technique for colour images via direct saturation
adjustment,” Vision, Image and Signal Processing, IEE Proceedings -, vol. 152, pp. 561-574, 2005.

[4] F. Gonzalez and J. Hernandez, " A tutorial on Digital Watermarking ", In IEEE annual Carnahan conference on security technology, Spain,
1999.

[5] D. Kunder, "Multi-resolution Digital Watermarking Algorithms and Implications for Multimedia Signals", Ph.D. thesis, university of
Toronto, Canada, 2001.

[6] J. Eggers, J. Su and B. Girod," Robustness of a Blind Image Watermarking Scheme", Proc. IEEE Int. Conf. on Image Proc., Vancouver,
2000.

[71 Barni M., Bartolini F., Piva A., Multichannel watermarking of color images, IEEE Transaction on Circuits and Systems of Video
Technology 12(3) (2002) 142-156.

[8] Kundur D., Hatzinakos D., Towards robust logo watermarking using multiresolution image fusion, IEEE Transcations on Multimedia 6
(2004) 185-197.

[9] C.S.Lu, H.Y.M Liao, “Multipurpose watermarking for image authentication and protection,” IEEE Transaction on Image Processing, vol.
10, pp. 1579-1592, Oct. 2001.

[10] L. Ghouti, A. Bouridane, M.K. Ibrahim, and S. Boussakta, “Digital image watermarking using balanced multiwavelets”, I[EEE Trans. Signal
Process., 2006, Vol. 54, No. 4, pp. 1519-1536.

[11] P. Tay and J. Havlicek, "Image Watermarking Using Wavelets", in Proceedings of the 2002 IEEE, pp. 11.258 — 11.261, 2002.

[12] P. Kumswat, Ki. Attakitmongcol and A. Striaew, "A New Approach for Optimization in Image Watermarking by Using Genetic
Algorithms", IEEE Transactions on Signal Processing, Vol. 53, No. 12, pp. 4707-4719, December, 2005.

[13] H. Daren, L. Jifuen,H. Jiwu, and L. Hongmei, "A DWT-Based Image Watermarking Algorithm", in Proceedings of the IEEE International
Conference on Multimedia and Expo, pp. 429-432, 2001.

[14] C. Hsu and J. Wu, "Multi-resolution Watermarking for Digital Images", IEEE Transactions on Circuits and Systems- I1, Vol. 45, No. 8, pp.
1097-1101, August 1998.

[15] R. Mehul, "Discrete Wavelet Transform Based Multiple Watermarking Scheme", in Proceedings of the 2003 IEEE TENCON, pp. 935-938,
2003.

Volume 2 Issue 3 — June 2013 288 ISSN: 2319-1058



