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The Durability Performance Evaluation of Automotive Components
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Abstract : The evaluation of durability performance in Virtual Testing Laboratory(VTL) is a new concept of vehicle
design, which can reduce the automotive design period and cost. In this study, the multibody dynamics model of a car is
built with a reverse engineering design. Hard points and masses of components are measured by a surface scanning
device and imported into CAD system. In order to simulate the non-linear dynamic behavior of force elements such as
dampers and bushes, components and materials are tested with specialized test equipments. An optimized numerical
model for the damping behavior is used and the hysteresis of bush rubber is considered in the simulation. Loads of
components are calculated in VTL and used in the evaluation of durability performance. In order to verify simulation
results, loads of components in the vehicle are measured and durability tests arc performed.
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Fig. 3 Measurement of hard-points of the vehicle

Fig. 1 Driving test and systems for load signals
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Fig. 4 Virtual vehicle model and boundary conditions for the

simulation
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(a) Damper test (b) Bush test
Fig. 5 Tests for the non-linear behavior of a damper and a
bush

Table 1 Mechanical properties of bushes

Kt Kr Ct
N/mm Nmm/deg | Ns/mm

X 3115.0 6040.0 3.0

Suiggme y 356.4 4259.0 0.3
z 1827.0 3354.0 1.7

X 1368.8 3052.0 20.6

LCAG y 195.7 1040.0 3.8
z 410.7 1885.0 7.2
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The Durability Performance Evaluation of Automotive Components in the Virtual Testing Laboratory

Aom AT A (1)3) o] FAHA =
de AolShn 7 W 45E HhAS(least
square method)ol 2J3ke] 4 sejo] Fahach. 4
Asj melo] 93 Yol A% 4 wAR= Fig,
6(b)ell LIERGE ulet o] g Ao} fA18 AL
o) £8o) F5 AL L 5 AT A (1)) 7t Pe)
44 Table 20] A 3k L)

Foe =0 (u—ay) +ay(u—ay)* +a,(u—ay)° (D
+a, + agutagal+ a; Min(0,2) (u— ag)
+agMin (0,u)(u—a,)?

where u (9, u £ 5

6000

5000 » Meas. Damping Forcel
(EFEAR)

4000 —~&-Peak Damping Force
Z 3000 (B EMAH)
g 2000
2
1000
=
a 0
E
& -1000

—2000

-3000

—4000

-4 -3 -2 -1 0 1 2 3
Damping velocity {m/s)
(a) Polynomial model
6000 ‘
+ Measured }

4000 + Caleylated
Z 2000
: L )
o 0 Ry~
2 ! -
5 e .
& -2000 :
- l

~4000 F—

|
-6000

Damping velocity {m/s)
(b) Optimized numerical model

Fig. 6 Damper models: (a)polynomial; (b)numerical

Table 2 Optimized coefficients in Eq.(1)

N a) a a4 a4 as ag a7 a

Front| 5.9 | 5.4 |-256.4| 7.6 | 540.5 |1561.9(39.8| 4526 | -8.4

Rear | 2.0 |-400.0]|-39.7 |40.4| 332.8 [1417.0] 4.9 |1149.9]-209.3
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Fig. 7 Comparison of the ball joint force Fx between the
simulation and the test under a Belgian braking
50km/h condition
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Fig. 8 Range-pair curves of the simulation and the test under
a belgian braking 50km/h condition
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Table 2 Locations of maximum damage

Part Load Dl;dn?zée Failure location
Front Test 2.52E-03 Ball joint connection
LCA | Simulation | 1.50E-04 Ball joint connection
Rear Test 2.48E-04 Bush connection
L_Arm | Simulation | 8.51E-05 Bush connection
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(b) Damage with the load from the simulation
Fig. 10 Damage distributions in the front lower control arm
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Fig. 11 Damage distributions in the rear lateral arm

Fig. 13 A crack in the lower control arm during the test
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