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The Optimization Design of Engine Cradle using Hydroforming
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Abstract

An engine cradle is a quite important structural assembly for supporting the engine, suspension and
steering parts of vehicle and absorbing the vibrations during the drive and the shock in the car crash. Recently,
the engine cradle having structural stiffness enough to support the surrounding parts and absorbing the shock
of collision has been widely used. The hydroforming technology may cause many advantages to automotive
applications in terms of better structural integrity of parts, reduction of production cost, weight reduction,
material saving, reduction in the number of joining processes and improvement of reliability. We focus on
increasing the durability and the dynamic performance of engine cradle. For realizing this objective, several
optimization design techniques such as shape, size, and topology optimization are performed. This
optimization scheme based on the sensitivity can provide distinguished performance improvement in using

hydroforming.
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Fig. 2 The vertical loading applied in engine cradle
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Fig. 3 Part sensitivity of engine cradle
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Fig. 4 Thickness distribution of assembled engine cradle

Table 1 Comparison of performance between original and
optimized model using size optimization

Weight Weight 4
a
(original) (optimized) °
22.3Kg 21.3Kg 4.5 %
Maximum Stress Maximum Stress
. . FdE
(original) (optimized)
299 MPa 289 MPa 3.3%
Flrs-t I.:requency Flrs-t F.requency BT
(original) (optimized)
86.7 Hz 96 Hz 10.7 %
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Fig. 5 Bead position of engine cradle

Table 2 Comparison of performance between original and

optimized model using size and topology optimization
Maximum Stress Maximum Stress
Ria
(original) (optimized)
299 MPa 234 MPa 22%
First Frequency First Frequency BT
(original) (optimized)
86.7 Hz 96 Hz 10.7 %

A=A e Hl=E AP N 5, HE 24
2 9 Ful4= Table 2 o] Fojdth, &
2 , s e 10%

AXANEE skl AHAA JFE ¢
= Ul A8 FAleln. 53] <1zl egk 7k
g2 AYEs S5 FA =F3A717] Wil
A s d5chs fagEe v <
Stk & glnk A T s TIie A
AT AR YE g gl AR, e 54
aA Usla e of WHE ARt

Aol stgolds agste]l HEFHEIAS
Dynamic Fatigue 7]® ¥} FF2jol] W& 3] 3
Tl 4] PSD(Power Spectral Density) Function =
o]-&3}= Vibration Fatigue 7] 2% & 4 Stt.
Z ol E9°], Dynamic Fatigue 312 A, AAFAIZE
2 goigk dolggo R s, afR= 7§k A
A WAHAE e ALEE sk Modal Transi
ent 3fA 7S A&sta A= AAod. =AE,
o

AN WA el gtk o] e
$4, BN e SalA zte] SEEIE
; g EEEER L)

T8 fq7PgAe - ¢ A= Fig. 6 °f
Foldh S AEAAE G mEe] e i
T 8 W FrolAnt, HAstE sfolmm i
ARARES] HF+HS tief 13 ¥ Afo] 2R 3
FEE & ok

= 5

wA a1y sojof & Aot aflErs A
g Ao R, G A7 B2e A
FS7tel oM Fdd 4 fle gelvh & AT
A= HAAAE AagE] 1/ ETFE F
g el SAFo=N 7|EEA ] 313
HAEA A=E Bl Bkt

AddAadEe] 493 TGS Frstrlol o
A zbzbel S ekl tid FAde Bkl Rk
. ZE(FAEE) sheol tE Aol 7 WA
BG7rE o], skl E e 3y AAE F

[€)
gaholth Fig. 72 XA ES dHAHAA 7H
gt 9128 veEbdth Fig. 8 Y ool A
BAR S WE JhEE 2L e 34
Ao FAFIG7E 320Hzel A 380HzE 3|9 A
AZE fen, A& SH3err & Fom v}
Heg ol & 4 Ul

_\_ |

—

)

i

. @) TR e

Fig. 7 Excitation position and direction at input point
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