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Abstract : Maintaining adequate sealing in engine cylinder head is a crucial factor in engine design. Failure of engine

operations occurs mainly owing to the leaking by decreased sealing pressure. Reliability-robustness concept is applied

to the engine cylinder head system. Deterministic way to obtain engineering solution in CAE industry may not consider

the effects of noises and disturbances experienced during operation. However, analytical reliability-robustness concept

may make possible to reduce the sensitivity of system with noise factors. Influences of design factors including noise

factors would be predicted in analytical way. Optimized design may be obtained by shrinking variability and shifting to

design target. Three-dimensional finite element analyses have been performed to apply analytical reliability-robustness

concept.
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Fig. 7 FEA gasket model for simulation
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Table 1 Design range of control factor and disturbance range
of noise factor

Control factor Design range
Parameter| Parameter Lower | Upper Level Base line
No. description | bound | bound value
1 Clinderhead |, |y 51 g | 71 (Gpa)

stiffness
o | Cylinderblock | o F 5115 | 71GRa
stiffness
Head deck
3 thickness 0.7 1.3 18 | 10 (mm)
Head water
4 jacket roof 0.85 1.6 18 | 71(GPa)
stiffness
Block outside
5 wall stiffness 0.85 1.6 18 | 71(GPa)
Block valley
6 side wall 0.85 1.6 18 | 71(GPa)
stiffness
Counterbore
. 1 4
7 depth 0.5 5 3 0(mm)
Gasket stopper
8 height 1.0 1.67 3 10.12(mm)
9 Saweut o | yes | 2 1
between bores
lant fl
10 Coolant flow 0 ) 6 50(%)
path
Noise factor Disturbance range
Parameter| Parameter Lower | Upper Level Base line
No. description | bound | bound value
Liner protrusion| -0.02 | 0.02
! /Recession | (mm) | (mm) 3 0(mm)
2 Head bolt load | 0.6 1.0 18 60(kN)
Deck face 0 0.02
2
3 flatness (mm) | (mm) O(mm)
4 Clinder |20 1 104 | 9 [1350MPa)
pressure

= Table 29} 7o) A3t} CDOE WE# 2~ z+
zko] Z-g-oll thate] AlE o] S 333 2 IKline
load)E Fig. 8o YEFNATE. 18] 31 Bore, HPOF,
Water Jacketoll 4] 71 vb-2 A 5}5(line load) = S74
stttk 715 2 d(baseline model), 18 case 2] Al &2
ol A& | w3l oAl E E] hot-firing 2] 734 --o1]
M B R ve dskss Bl A7 AN
o1}, £3] cold-firing®] 7 -F-oll = BE caseoll A &
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Robust Design Study of Engine Cylinder Head

Table 2 CDOE Matrix for simulation runs

Run A B C D E F G H 1 J K L M N
1 1.27 1.07 0.91 1.00 0.91 1.12 0.5 1.25 yes 0.4 -0.02 | 0.69 0.00 0.81
2 1.05 1.27 1.23 0.96 1.60 1.30 1.0 1.67 no 2.0 0.02 0.84 0.02 0.89
3 1.03 1.03 0.74 0.91 1.06 0.97 1.0 1.25 no 0.0 0 0.76 0.02 0.74
4 1.23 1.09 1.27 1.18 0.85 1.06 0.5 1.00 no 1.6 0 0.67 0.02 0.93
5 1.28 1.11 1.30 1.04 1.04 1.04 1.5 1.25 yes 1.2 0 0.98 0.02 0.78
6 1.02 1.22 1.02 1.36 1.12 1.60 0.5 1.25 no 0.8 0.02 0.95 0.00 0.85
7 1.12 1.16 0.81 1.24 1.00 0.91 1.5 1.00 yes 0.8 -0.02 | 091 0.00 0.78
8 1.30 1.05 1.09 1.60 0.94 0.89 1.0 1.67 no 1.6 0.02 0.62 0.00 1.04
9 1.22 1.25 0.84 0.85 1.24 1.48 1.5 1.67 no 1.2 0 0.81 0.00 0.74
10 1.09 1.12 1.20 1.48 0.87 0.94 1.5 1.67 no 0.8 -0.02 | 0.72 0.02 0.89
11 1.20 1.30 1.05 1.54 1.54 1.54 1.0 1.67 yes 2.0 -0.02 | 0.86 0.00 1.00
12 1.25 1.23 0.77 1.42 1.48 1.36 1.5 1.00 no 2.0 -0.02 | 0.88 0.02 0.93
13 1.07 1.20 1.10 0.97 1.36 1.42 1.5 1.00 yes 1.2 0.02 0.65 0.00 0.96
14 1.18 1.02 0.70 1.30 0.89 0.85 1.0 1.25 yes 1.6 0 0.60 0.02 0.96
15 1.11 1.00 0.95 1.06 0.97 0.87 1.0 1.67 yes 0.5 0.02 1.00 0.00 0.85
16 1.16 1.28 0.98 0.87 1.30 1.24 0.5 1.00 yes 0.0 0.02 0.74 0.02 0.81
17 1.00 1.14 1.16 1.12 1.18 1.18 0.5 1.25 yes 0.0 -0.02 | 0.93 0.02 1.00
18 1.14 1.18 0.88 0.89 1.42 1.00 0.5 1.00 no 0.4 0 0.79 0.00 1.04

A: Cylinder Head Stiffness ratio, B: Cylinder Block Stiffness ratio, C: Head Deck Thickness ratio, D: Head Water Jacket Roof Stiffness ratio, E:
Block Outside Wall Stiffness ratio, F: Block Valley Side Wall Stiffness ratio, G: Counterbore Depth ratio, H: Gasket Stopper Height ratio, I: Saw Cut
Between Bores, J: Coolant Flow Path from intake side ratio, K: Liner Protrusion/Recession(mm), L: Head Bolt Load ratio, M: Deck Face Flatness
(mm), N: Cylinder Pressure ratio
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