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Abstract

: A core material of automotive engine is now replaced by non-ferrous material to reduce weight. Therefore, durability

issues could emerge to obtain a robustly designed engine structure. Engine assembly analysis is quite a complicated task due to the

enormous size of the FE model and the involvement of inherent nonlinear behavior. The assembly consists of an engine block, a
cylinder head, a head gasket and head bolts. An assembled engine model allows the appropriate boundary conditions on each
other. A systematic methodology enables effective analysis of the head/block/gasket system for the complete range of engine
assembly and engine operating load conditions. Nonlinear gasket behavior, temperature-dependent material properties, elastic-
plastic material behavior, contact with friction, head bolt assembly torque, thermal loads and peak cylinder pressure were

considered to represent the accurate behavior of engine assembly. The efficient tools of commercial finite element code ABAQUS

including the gasket element and Pre_tension section contribute greatly to this complex and CPU intensive analysis.
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Blue square:
constrained in engine
vertical direction

Yellow circle:
constrained in engine
horizontal direction

Fig. 1 Displacement boundary condition in engine assembly analysis

Fig. 2 Components of engine assembly model (From the top, crank
case, cylinder head, head gasket, head bolt, valve seat insert,
valve guide)



Table 1 Load conditions in engine assembly analysis

Load Value
Head bolt pre-load 30 kN / bolt
Valve seat press-fFit 42.25 pm (radial)
Valve guide press-fit 18 pm (radial)
Max gas pressure 80 bar
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Fig. 3 Analysis types in the engine assembly structural analysis
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Post-Processing
Head:

-valve bridge stress
-cam bore/tower
-valve seat contact

Block/Head Geometry Contact Areas
-CAD data -block to gasket
-head to gasket

-block to liner pressure

3D FEA Model Block:
-engine block/liner/girdle -bore distortion
-cylinder head/valve seat -main bearing alignment

e
-head bolt ABAQUS || _cylinder wall stress
-gasket INPUT FILE Gasket:
-sealing contact pressure

Processing  Post-Processing

Physical Test
Design
Iteration

Pre-Processing
i I
Material Properties Loads & B.C.
-block properties at room temp. -symmetry B.C. on cut faces
-head properties at high temp. -bolt clamping load
-thermal load
-combustion load
-cool down

Gasket Pressure Closure [~
Curves

-fire ring embossment
-fire ring stopper
-gasket body

Fig. 4 Procedures of engine assembly FE analysis

Block/Head/Gasket Assembly
-Block-Girdle (Contact)
-Block-Liner (Contact)
-Valve seat (Press-fit)

1
1. Head Bolt Clamping 1.1 Peak Combustion Pressure
Assemble Block/Head/Gasket |_,| at Cold condition
-Crush the gasket fire ring -Gasket sealing worst loading condition
-Solve contact with friction -Head lift

2. Thermal Load
-Max HP running condition
-Metal Temp.

i

3. Engine Combustion Load

-Assembly + Thermal + Peak Combustion Pressure
i

‘4. Engine Shut Off

-Unloading of Thermal & Peak Combustion Pressure

1
5. Thermal Shock Test
-Engine temp. drop to -40°F

Fig. 5 Loading sequence of engine assembly model
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Fig. 6 Head bolt spring representation with serial spring connections
of head, gasket, and block
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-Cold Assembly
— -Hot running
Engine
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Fig. 7 Engine block FE analysis flow chart
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-Valve seat press fit

: -Bolt clamp
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Fig. 8 Cylinder head FE analysis flow chart
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Fig. 10 Engine head gasket FE analysis flow chart

Fig. 11 Contour plots of contact pressure of the head gasket
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Bore-1: Assembly+Firing #1 Bore-2: Assembly+Firing #2

Bore-3: Assembly+Firing #3 Bore-4: Assembly+Firing #4

Fig. 12 Distorted shape of cylinder bore at assembled and firing state
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