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A Study on the Weight Minimization of an Automobile Engine
Block by the Optimum Structural Modification

Sok-Chu Park, Young-Gun Kim and Sung-Woo Kim

ABSTRACT

Recently to develop an automobile with better prosperities, many researches and investments
have been executed. In this paper we intend to improve the automobile properties by reducing
the weights of the engine without changing the dynamic characteristics .

At first we perform the vibration analysis by the Substructure Synthesis Method and
execute the exciting test for the engine model, and observe the coincidences of two results to
confirm the reliability of the analyzing tools used.

The weight minimization is performed by the Sensitivities of the Natural frequencies of the
engine block. To decrease the engine weight ideally, the parts of the sensitivity zero are to be
cut mainly, and the changing quantity of natural frequency by the cut is to be recovered by
the structural modification for the parts with the good sensitivity.

But, as actually the mathematical solution for the homogeneous problem( i. e. O object
function) do not exist, we hereby redesign the block with much thinner thickness and recover
the natural frequencies and natural modes to original structure’s by the sensitivity analysis.
And the Frequency Response Functions(FRF) are to be observed for the interesting points.

In this analysis, the original thickness of the engine model has 8 mm of thickness, and the
thickness redesigned is 5 mm and 6 mm. And we are to try to recover the 1, 2, 4, and 5
lower natural frequencies interested.
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Fig. 1 The engine block model
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Table 1 The natural frequencies before modification for
various initial thickness (Hz)
ord.
thiok. 1 2 3 4 5 6
" 8 539.2] 667.2| 778.2| 864.0{ 928.3] 1051.4
_ bm 490.0] 562.4| 712.2| 817. 5] 868.5 1025.7
5mm 486.2) 5619 692.1 776, QJ 881.4| 972.2

Table 2 Coincidence of natural frequencies for various
initial thickness and numbers of natural

frequency used for modification (Hz)
initial thick. 5mn | initial thick. 6mm
ord. 8mm - I ——
1 2 4 1 2 4
1 539.2| 538.2| 539.0| 538.8| 548.5| 538.2| 538.4
2 567.2| 568.4| 568.5| 567.9] 568.0| 568.0| 567.9
7777777 3 778.2 769.8, 778.0| 777.6, 769.8| 776.8| 777.0
B 4 . 864.0} 858.0; 857.6 857.4] 858.1 858,6 858.4
5 ' opsa| w38 o197 9.4 w2.1| e22.1] 927.5
o 6 1051.4 '1049.3 1067.1) 1052, 1 7 1069.4| 1072.9{ 1051.4
i;;r no. - 13 21 130 13 12 15

Table 3 Reduction of weights after modification for

various initial thickness (kg)
origin| initial thick. 5mm | initial thick. 6mm
waight -
(8mm) 1 2 4 T2 4
|
modi fied !
24.6 15.4| 15.4] 15.4] 18.5] 18.5| 18.5
places .
after modi. - 17.81 18.9; 21.1] 20.1} 20.5 21.7
" decreased j 6.8 | 5.7 | 3.6 | 4.5 | 4.1 | 3.0
) (27.6)((23.3) | (14.5)](18.4)1(16.8) | (12.0)
unmodi fied
15.5 15.5{ 15.5| 15.5| 155! 15,5 15.5
places
total 40.1 | 33.3 | 3.3 | 3.5 | 355 | 8.0 | 37.1
(%) (-) 1(17.0)|(14.4) | (9.0) [(11.4)1(10.3) | (7.4)
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Fig. 6 FRF in case of 1 natural frequency fitted
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Table 4 Mount stiffnessess (N/mm)
stiffness
node ke ky k.
15, 28, &7. 77 0. 1136404 0.284E+03 0.167E+03

Accelerance (m/s7N)
°
3

—  without mountings
,,,,,,, with mountings
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T
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Fig. 9 Comparison of FRF with mountings and without
mountings

Table 5 The natural frequencies after mountings
installed (Hz)

rd.
thick>
8mm | 3.8 | 6.0

1 2 3 4 5 6 7 8 9 10

11.6 |110.9(553.5/572.3/780.1864.2/928.3} 1051.8

6mm | 4.4 | 6.0 | 13.4 1122.7|518.2|563.7|724.8{851.6|898.3| 1026.0

5mm | 5.0 | 6.6 | 13.7 |130.1}512.4/562.8/714.8/802.9)881.8| 1004.8

0

\

INVVANNN

NPTy,

RN

Yokl
i
AN
LAV
IRV

Nk

Y

g
ROXA

%
AY;

%
N
4%
5
X

AR

%y
LD

)

Wy,

2
Kk
%

NY
%%
N

i m‘-"‘
i

2.

Vo,

3N

4‘
Y
)
&
59
R
NS
)

AN

-330 -



-180
10.00

sseug

-;vaﬂl.
SN
NAANANARAN
oA
0 AVAYATAVANAY. < (WY,
Al
LK

572.32 Hz

a
o
-
(N/E/u)edunzeTas0Y

TR
MU
_mmmm&mmn#i

PANYVININAN
22995 %%,

T
1000.00

600.00

~ o o

¥ ana,
1%
LA

5

NN

499599
SAANNY

!

1200.00

800.00

T

400.00

1251.75 Hz

928.30 Hz

Fig. 10 The natural modes of engine block model for

Frequency (Hz)
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Table 6 Coincidence of natural frequencies for various
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Fig. 13 FRF in case of 3 natural frequencies fitted
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1.4

1.6

1.7

1.8

initial thick. Sem

15.4; 15.4/ 15.4| 15.4| 18.5 18.5

22.2| 22.4| 22.2| 23.0| 22.9| 23.1| 23.2| 23.4
258 22 1.6
(10.2){(9.1)|(7.8) [ (6.5) |(6.9)}|(6.4)| (5.8)|(4.8)

15.5| 16.5| 15.5| 15.5| 156.5| 15.5| 15.5| 15.5

7.6 |37.8|37.6/38.5(38.4(38.5/38.7;38.9

(6.1) |(5.6)[(4.8)[(4.0)|(4.2)|(3.9)|(3.5){(3.0)
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