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Durability Design of a Passenger Car Front Aluminum Sub-frame using
Virtual Testing Method

Jinsuk Nam*, Hangwoo Shin", Gyoojae Choi’"

Abstract

Durability performance evaluation of automotive components is very important and time consuming task. In this paper,
to reduce vehicle component development time and cost virtual testing simulation technology is used to evaluate durability
performance of a passenger car front aluminum sub-frame. Multibody dynamics based vehicle model and virtual test
simulation model of a half car road simulator are validated by comparisons between rig test results and simulation results.
Durability life prediction of the sub-frame is carried out using the model with road load data of proving ground which
can evaluate accelerated durability life. We found that the durability performance of the sub-frame is sufficient and it can

be predicted within short time compared to rig test time.

Key Words : Durability life prediction(t]-5="8 <ll=), Virtual test simulation(” M43 Al E#©]4), Front aluminum sub-frame(
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Fig. 1 Durability test methods of automotive components
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Fig. 2 Durability test using virtual testing technology
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Fig. 4 Passenger car front aluminum sub-frame

Fig. 5 CAD model of a passenger car front aluminum sub-frame
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Table 1 Specification of a test vehicle
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Item Description
) Front MacPherson strut type
Suspension type —
Rear Multi link type
CVW 1,415kg
Wheel base 2,795mm
Overall length 4,820mm x 1,835mm x 1,470mm

Fig. 6 Half car road simulator test

Fig. 7 Front chassis module equipped with the sub-frame
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Fig. 8 Modeling of a front chassis module

Fig. 9 Flexible aluminum sub-frame
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Time(s)

Fig. 11 Comparison of a RH wheel center displacement

(b) Strain measurement system

Fig. 12 Strain measurement system of the sub-frame
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Table 2 Input data and boundary condition for multibody
dynamic and fatigue analysis

Analysis type Input data Boundary condition

- material property
- hard point

Multibody dynamic| - force element(spring,

analysis S/W damping, bushing) - body fixed
(ADAMS) - joint type
- flexible sub-frame
mode shape

- material property

- sub-frame CAD data
- dynamic stress history
- S-N curve

Fatigue analysis
SIW
(Fe-Fatigue)

- no constraints

TR Tr——
7 | —subframe_STRESS.node_47238_VON_MISES|
4 - subframe_STRESS node_10699_VON_MISES|

L L ]

Pressure (newton/mm*2)

Length (mm)

Time (sec)

Fig. 14 Virtual test simulation of the front chassis module
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Fig. 15 Typical dynamic stress history of the sub-frame

Fig.

16 Durability life prediction plots of the sub-frame
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Table 3 Durability life prediction results of the sub-frame

Node No. Damage Life repeats
36974 1.48x10°7 6.757x10*
36977 9.327x10°° 1.072x10°
35923 4.065%10°° 2.460x10°
36976 2371x10° 4.218x10°
36558 1.845x10° 5.420x10°
35948 1.747x10° 5.723x10°
19932 7.672x107 1.303x10°

Table 4 Durability life of the sub-frame with T4 heat treatment

Node No. Damage Life repeats
36974 2.477x10” 4.037x10°
36977 1.733x10” 5.769x10°
35923 8.317x10™ 1.202x10’
36976 5.426x10™ 1.843x10°
36558 4.200x10™ 2.381x10°
35948 4.051x10™° 2.468x10°
19932 2.173x10™ 4.601x10’

Table 5 Durability life of the sub-frame with T6 heat treatment

Node No. Damage Life repeats
36974 3.462x10° 2.888x10"
36977 2.710x10° 3.690x10°
35923 1.460x10” 6.850x10°
36976 1.069x10” 9.356x10"
36558 8.707x10™ 1.149x10°
35948 8.102x10™ 1.234x10°
19932 5.282x10™ 1.893x10°
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Fig. 17 Shortest durability life changes according to the heat

treatment methods
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