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

Young-Gun Kim. Sok-Chu Park

Abstract

Recently  to develop  an automobile  with  better prosperities, many
rescarches 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 analvsis by the Substructure Synthesis
Mcthod and execute the exciting test for the engine model, and observe
the coincidences of two results to confirm the reliabilitv of the analvzing
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 Lo 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(

R K0 e RS A O S B A A

Y R, ») it i .7 ) oF Ll &k X T A~
DA ”H ((} et o UH Y Ryl



242 Bl B St %2088

1. e. 0 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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Fig. 2 FEM model of the engine block with 13 sub-structures



R 250088
BB RS KB Ik H2

246

3 Mo AR
= 9 o Mo
I I o0 C &
ok 8 3
4o S % X =
: I R 2 ST
g e odp ¥ M B o N
R ﬂp ot ;oL ‘Llu 0_ ) . % =
. s Tz oF Jo o ) Huru 7 ) o
= N S O CR S L oofr N N
Sy, T B N B S <
RSN, o — F
Stenas) g g m B g o Eﬁ &R w A g 1w
SRR O g 0 <
\a = s 2 M OE F Ak mW g 2 X oF
Py 'S B E g R R
K»mw‘mam&«m%w - Ls2 = & N ™ W oV % BE p 2 S
......... NN, <5 g5 —~ - = o= ;  —
= © 32 ] o OISy
MW JE & o m JJ_lu - jny o = T B R 1@ =)
E N o § R o ok T Ly oz g
5 : m ”O = ) b ) R = ! - O ™
@) s 10' ol L ‘U_JWI
= S o o uR M l + oA o= IR o8
s g = = ) of-
© g = RN o Moo T e H " g -
— < s © Ny o ® K T o2l oo g | o))
xQ m.o TTT T T T T m m Y ﬂb M.OI ZM ‘_MAE ° " M.._ 0 = Ea
KRR N o= e T . ) ] ~ L 0 oF 3 - oo
Yy > 5 B ((EO(PR U I S
J‘UWWN@@%»A«P“\%&Q r.m m M " 4 D\ )eoueieTaddY .m (3 ‘OI %T X M M.M _IT CT EO
a sseya (Ngs /u ! o —_ — O =
P g owmLE ;thow@yﬂw
S - ) - P gE W
= 88| . ol ok F . & 7 « 0 o
] N | lq,of%o_adﬂ s N
e © ) W._ 35 g Cva) T X T g _Z_.#
e, 8% 1= RErmx g
Ky, o o T L3 = T E Rwe Mo
N “mw«wwsuﬁ.«» 2 = = = o
P Q0 2 5 o = wow N e
MN&M%%»W&%EW &~ = gf - = © WK oF a B ol T
RN & : o W ~ M P o 2 o i
SRR . & ) ® o = N He m S
o -8 N I~ X X )
{ g S < e * n MS T X o) Ko X o
0 o 5 L Moo T T~ iy
..... : b L2 < o) o N oo T oo W Ho <
............. S g . ~— . —_—
S avav e m ) .Gl.b — m wa_ ) . HL .\ﬂlv e \_l_n.,vﬂ &.0 er
O <3 R I T = N
© , et & e © IR ol o
_ g N A o7
— T g S = o = B Gl
N 3 s = & o o T
o0 g " gs m S ° ok KNe
' " mnm_;l " (N/§/%)22UR33TR20Y



5 Lo 1o s [T " - (R - =
Gt of) o ¢b el it al Maio] aby

] A

BRI

ghell qhed gl

47

e I e R S R St S o U i A N b1

Fioo o T 70 20l s il b aalan Al e el Ao
[T

SR R e o N B T SN R R I R4 R IR IS IR ST
e T S L IS

O pnfal Sl QEAPA L A ¢l 0 vheb )

Table 1

ISR

Tabic

oned.

Her. no.

The natural frequencies before maodification for various initial thickness

(Hz)
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Comcidence  of natural frequencies  for various  initial  thickness  and
numbers of natural frequeney used for modification {(Hz)
‘ | mitial  thick. omm mnitial - thick. 6mm
S T - Y
1 S ] 0 |
o2 0382 039.0 H3RR H 8.5 038.2 5384
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Table 3 Reduction of weights after modification for various initial thickness (kg)

origin initial thick. 5mm initial thick. 6mm

(8mm) 1 2 4 1 2 4

weight

modified places 246 154 154 154 185 185 185

after modi. - 178 189 21.1 20.1 205 21.7
decreased _ 6.8 57 36 45 4.1 3.0
(%) (27.6) (23.3) (145) (18.4) (16.8) (12.0)

unmodified places 155 155 155 155 155 155 1556

total 40.1 333 343 36.5 355 36.0 37.1
(%) ) (17.0) | (14.4) 9.0) (11.4) | (10.3) (7.4)
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Table T The natural frequencies betfore maodification for various initial thickness (Hz)
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Table 2 Coincidence of natural  frequencies  for various  initial  thickness  and

ner. no,

numbers of natural frequencey used for modification (Hz)

; imtial - thick., omm 1 mitial - thick. 6mm
ord. SN [ e e ‘ s s
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Table 3 Reduction of weights after modification for various initial thickness (kg)

‘ origin initial thick. 5mm initial thick. 6mm
weight
(8mm) 1 2 4 1 2 4
modified places 24.6 15.4 154 154 185 185 185
after modi. - 17.8 18.9 21.1 20.1 205 21.7
decreased B 6.8 57 36 45 4.1 3.0
(%) (276) (23.3) (14.5) (18.4) (16.8) (12.0)
unmodified places 155 155 155 155 155 155 155
total 40.1 33.3 34.3 36.5 355 36.0 37.1
(%) (=) (17.0) (14.4) (9.0) (11.4) (10.3) (7.4)
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Fig. 5 FRF in case of 1 natural frequency fitted
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Table 6 Coincidence of natural  frequencies for various initial thickness and
numbers of natural frequency used for modification (Hz)
N r‘ - initial thick. HSmm | mitial thick. 6mm |
ord. 3mm - -
] 2 3 3} 1 2 3 S|
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Fig. 10 FRF in case of 1 natural frequency fitted for mountings installed
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Fig. 11 FRF in case of 2 natural frequencies fitted for mountings installed
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Fig. 14 Thickness distribution after modification of fitting 4 natural

frequencies at initial 6mm
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