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Vibration Design and Analysis of Plastic Intake Manifold

Seung-Jin Heo, Chan-Min Kim, Young-Seop Chung
Sun-Suk Lee, Jin-Woo Kim

Abstract

In contrast to the conventional intake manifold of steel or aluminum material, the Ist natural
frequency range of plastic intake manifold becomes very lower to ca. 40Hz.

That causes negative effects on the engine control unit installed inside the throttle body.

Iii this paper, support design concepts to increase the natural frequency range larger than
max. 200Hz are suggested based on the vibration analysis results using finite-element method.
In conclusion, it is shown that the vibration level can be reduced most effectively by the

installation of the neck support bracket between the throttle body and the plenum chamber
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Table 2 Typical properties of plastic

intake manifold

},______ . . Material Plastic
Rear Support Brachet .
Young's Modulus 80
782
kef / mif
\ EG [ ke 1
N Poisson’s Ratio 0.35
Fig. 1 Schematic model of intake manifold Density _ "
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for forced vibration analysis
Table 1 Geometric data of intake manifold
Plenum R Weld | Support | Plenum Head E.GR EGR Throttle
unner .
Chamber Flange | Bracket | Flange | Flange Pipe Adapter Body
Thickness
4 3 3 3 3 3 0.35 4 -
{ mm )
Mass 20
(kg ] ’
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Fig. 3 FE-model of intake manifold for vibration analysis (fine model)

Table 3 FE-model data (fine model)

Element . Element Number of Number of
Material
Group Type Elements Nodes
Plenum . Triangular Shell
Plastic j 2062 1860
Chamber QuadrilateralShell
. Triangular Shell
Runner Plastic . 3819 3582
Quadrilateral Shell
Tri lar Shell
Weld Flange Plastic rlangular sne 1787 1953
Quadrilateral Shell
Throttle )
Plastic Mass 1 1
Body
Support Triangular Shell
Steel ) 510 489
Bracket (front) Quadrilateral Shell
i Triangular Shell
Plenum Flange Plastic . 642 544
Quadrilateral Shell
. Triangular Shell
Head Flange Plastic . 1430 1448
Quadrilateral Shell
Tni lar Shell
EGR Pipe Stainless rangutar she 754 643
Quadrilateral Shell
Triangular Shell
EGR Adapter | Aluminum ane 723 664
Quadrilateral Shell
Total 11708 9938
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(b} 2nd torsional vibration mode (217.2 Hz)

Fig. 4 Vibration mode shapes and natural
frequencies of intake manifold
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Fig. 5 Modal testing stand of plastic
intake manifold
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Typical frequency response analysis results related

to the fixed points at plenum chamber
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Table 4 Summary of frequency response analysis results related to

variations of the fixed points and d.o.f at plenum chamber

Peak
Design Fixed Fixed 1st Natural { 2nd Natural Accel.[G) Allowable Peak
ccel.
t Point D.OF Freq.[Hz) Freq.(Hz) Accel.[G]
Parameter oin req.[Hz req & Mode ccel.
No No 40.2 59.2 8.3, 1Ist 5
v 5 308, 2
1 997 159. .8, 2nd 145
0, 0, 0, " 0
. . XV, Z
Fixed Points | 1620 216.5 259, 1st 148
at Plenum 0, 90, 0,
Chamber X, Y. Z
1,2, 3 233.9 243.7 12, 1st 24
0, 0, 0, ®
X, VY, Z 6
1, 2,3, 4 235.0 309. 76, 1 21
0. 0, 0, o
Fixed D.OF 1, 2,3 Z, @, 54.8 131.3 13.1, 2nd 6.8
at Plenum . 2,3 Y. Z, @, @, 103.6 160.1 42, 2nd 15
Chamber 1. 2.3 XY, Z 233.7 242.4 12, 1st 24
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Fig. 8 Frequency response analysis results related to the suggested
design concepts of support brackets and rib
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