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Summary

With customer needs becoming diversified more and more, further reductions in cost and period
required for products development are of very importance in order to supply products satisfying
such needs to customers timely at reasonable cost. Computer-aided engineering (CAE) simulation is
an essential enabler for the development of durability as one of basic vehicle requirements, therefore
we had studied the possibility of estimating the fatigue life of a vehicle structure such as body and
chassis by means of CAE simulation, which has proceeded toward practical use.

This report describes three approaches-1) converting a road profile on the proving ground into
computer input data for geometrical modeling, 2) calculating the forces transmitted to each
structure by road stimulation; and 3) calculating the stress produced on the vehicle structure by
force transmission-to doing the CAE simulations of durability tests, which were conventionally
physical tests on the proving ground with actual market roads assumed, and introduces a method of

estimating the fatigue life of the vehicle structure.
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Physical Durability Test and Fatigue Life Evaluation
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U How to Simulate on the Computer ?

Necessary Techniques

(1 Road Profile Digitization
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i{ Digitized Road Profile

@ Calculation of Load from Road Profile

L Calculated Load

@) Structure Stress Calculation

Calculated Stress

Realization of Fatigue Life Estimation

Stress-Histgram
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Fig.1 How to Simulate Physical Evaluation on
the Computer
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Ms : Body Mass, XB : Body Displacement

Ms : Suspension Mass , Xs : Suspension Displacement
MT : Tire Mass, XT : Tire Displacement

Fsp: Force on Suspension, Xo : Calculated Road Profile

K': Suspension Spring Rate, C: Suspension Damping Rate
k : Tire Stiffness, c : Tire Damping Rate
<

J

Motion Equation
Mxp = k(xg=xp)+e(xgxp—k(x—xp)—c(xrx0)

MS;{S = K(XB_X5)+ C(XB_Xs)_k(XS_XT)_C(XS_XT)

MB;(.B = _K(XB_XS)_C(X.B_X.S)

Solution

Ms?(Mys™+2cs+2K) . Mys™estk

 Mys*+2cs+2k .
(cs+k)? (cs+k)? S

= « Fo, +
O (cs+k)2 SP

Fig.2 Modeling for Road Profile Back-calculation
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Actual Road Profile
Calculated Road Profile

e

Horizontal
Fig.3 Comparison Result with Actual Road Profile

Vertical

Vehicle A
Vehicle B
Vehicle C

Vertical
—

Horizontal
Fig.4 Validation of Calculated Road Profiles Conformity
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Load Simulation Model by "ADAMS" (inc. Tires)
Vehicle Informations

. - Vehicle Mass
<«— - Inertia Characteristics

- Suspension Spring Rate
- Suspension Bushing Rate

Calculated Road Profile
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Transferred Load Calculation Result on Each Part
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Fig.5 Transferred Load Calculation Method
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Experiment
Simulation

Acceleration

Time
Fig.6 Validation Result of Acceleration

Experiment
Simulation

Load

Time
Fig.7 Validation Result of Simulated Load
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Stress Pre-analysis for "Unit-Load"
FE Model

Unit Load

X

Calculated Load Results (Time History Data)
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Generation of Stress Time History Data
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Fig.8 Time History Stress Generation Method
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Fig.9 Validation Result of Simulated Stress
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Predicted Fatigue Life

Actual Fatigue Life
Fig.10 Validation Result of Predicted Fatigue Life

Actual Fatigue Life of Base Vehicle
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Fatigue Life Ratio in Simulation
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New Vehicle
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Base Vehicle

Fig.11 Compensation Concept of Fatigue Life Estimation
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Actual Fatigue Life
Fig.12 Compensated Result
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