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Dynamic Deformation Analysis of Cylinder Bore considering Forced Vibration

Dynamic deformation of the cylinder bore during actual engine operation has an important effect on the
combustion gas sealing, oil consumption, friction and so on. The dynamic analysis using the finite element
method is performed to investigate the dynamic deformation of the cylinder bore subjected to forced vibration
under excitation of the combustion gas pressure. However, this analysis requires large computer memory and
tremendous solving time. The pseudo-static analysis can be an alternative to the dynamic analysis at the expense
of accuracy. Dynamic analysis and static analysis results are presented for both closed-deck block and open-deck
block that are respectively combined with the cylinder block, cylinder head, transmission, and oil pan.
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Fig. 1 Cylinder bore deformation
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Fig. 6 Overall radial deformation on the three cross
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Fig. 8 Overall radial deformation of the first cylinder
bore at the plane of (a) 5mm and (b) 40mm below
the top deck : closed-deck cylinder block
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Fig. 9 Overall radial deformation of the first cylinder
bore at the plane of (a) Smm and (b) 40mm below
the top deck: open-deck cylinder block
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Table 1 Radial deformation of the first cylinder bore for
different orders : closed-deck cylinder (unit: 4

m). Bold faces represent the maximum defor

-mation
Deformation order, n
z
1 2 3 4
0 0.776 0.017 0.532 1.178
(0.786) (0.022) (0.510) 1.177)
20 0.487 0.488 0418 0.701
(0.480) | (0.512) | (0.427) | (0.700)
40 0.367 0.678 0.348 0.270
(0374) | (0.662) | (0.304) | (0.242)
60 0.260 0.468 0.179 0.032
(0.279) (0.476) (0.208) (0.065)
80 0.259 0.212 0.072 0.43
0.265) | (0.225) | (0.076) | (0.045)
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Table 2 Radial deformation of the third cylinder bore for
different orders: closed-deck cylinder(unit :

m). Bold faces represent the maximum defor-

Table 4 Radial deformation of the first cylinder bore
for different orders: open-deck cylinder(unit:

m). Bold faces represent the maximum defor-

mation mation
Deformation order, n Deformation order, n
z z
1 2 3 4 1 2 3 4
0 0.608 0.274 0318 1.720 0 3.384 3.930 1.053 0.498
(0.575) (0.293) (0.296) (1.718) (3.440) (3.980) (0.986) (0.504)
20 0358 0.776 0.154 0.889 20 0.027 0.862 0.225 0.003
(0.337) (0.781) 0.171) (0.931) (0.024) (0.8362) (0.245) (0.018)
40 0.338 1.086 0.130 0.275 40 0.092 0.159 0.321 0.013
(0.319) (1.120) 0.129) (0.269) (0.093) (0.218) (0.344) (0.031)
60 0.294 0.742 0.092 0.028 60 0.254 0.072 0.140 0.048
(0.285) (0.775) (0.093) (0.028) (0.261) (0.080) (0.152) (0.032)
30 0.243 0.419 0.062 0.027 30 0.146 0.075 0.043 0.054
(0.236) (0.443) (0.064) (0.029 (0.164) (0.051) (0.045) (0.039)

Table 3 Radial deformation of the fourth cylinder bore
for different orders: closed-deck cylinder(unit:

pm). Bold faces represent the maximum

Table 5 Radial deformation of the third cylinder bore
for different orders: open-deck cylinder(unit: «

m). Bold faces represent the maximum

deformation deformation
Deformation order, »n Deformation order, n
£ 1 2 3 4 z 1 2 3 4
0 0.356 0.046 0.840 1.331 0 0.166 7.530 0.361 0.220
(0389) | (0.062) | (0.819) | (1.230) 0.167) | (7.624) | (0361) | (0.202)
20 0.223 0.523 0.438 0.568 20 0.049 1.341 0.066 0.160
0234) | (0.544) | (0.442) | (0.567) 0.054) | (1411) | (0.066) | (0.161)
40 0.071 0.662 0.332 0.195 40 0.021 0.171 0.038 0.044
(0.067) | (0.695) | (0316) | (0.209) (0.020) | (0232) | (0.038) | (0.050)
60 0.090 0.481 0.145 0.027 60 0.017 0.072 0.024 0.064
0.071) | (0.480) | (0.184) | (0.050) (0.019) | (0.110) | (0.023) | (0.065)
20 0.076 0.244 0.040 0.013 20 0.026 0.029 0.012 0.074
(0.078) | (0.266) | (0.036) | (0.008) 0.027) | (0.007) | (0.010) | (0.073)
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Table 6 Radial deformation of the fourth cylinder bore
for different orders: open-deck cylinder (unit:

pm). Bold faces represent the maximum

deformation
Deformation order, n
z
1 2 3 4

0 4.191 3.073 1.396 0.289
(4.208) (3.106) (1.390) (0.290)

20 0.145 0.572 0.150 0.027
(0.155) (0.601) (0.140) (0.028)

40 0.146 0.120 0.284 0.015
(0.151) (0.143) (0.288) (0.021)

60 0.294 0.132 0.017 0.055
(0.308) (0.130) (0.019) (0.056)

%0 0.200 0.132 0.017 0.044
(0.209) (0.130) (0.019) (0.042)
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