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ABSTRACT: The transverse stabilizer bar is the key safety part in the suspension system of automobile. As a typical
component affected by fatigue force, its performance is very important for driver's comfort, safety and handling stability
in driving. Therefore, improving the fatigue performance of the stabilizer bar is very important to extend and reduce the
service time and failure risk of the stabilizer bar. As a mechanical surface strengthening method widely used in industrial
production, shot peening has become an essential process in the production process of stabilizer bar because of its obvious
effect on fatigue life improvement.

The work aims to establish a shot peening model for coupling finite element and discrete element to study the effect
law of shot peening parameters on the residual stress field on inner wall of hollow stabilizer bar. Therefore, 26MnB5
hollow stabilizer bar was taken as the research object. Firstly, the fatigue life of the hollow stabilizer bar was tested. The
results showed that the fourth bend was the part of the stabilizer bar prone to fatigue fracture. The crack initiation point at
the fracture was located in the inner wall of the fourth bend of the stabilizer bar. Therefore, in order to improve the fatigue
life of the stabilizer bar, the inner wall of the stabilizer bar should be strengthened by shot peening, especially the surface
modification of the inner wall at the fourth bend of the stabilizer bar. Stabilizer bar was built based on FEM-DEM
coupling approach shot peening model, with the "first whole, after local" simulation method, first through the stabilizer
bar segment model shot velocity distribution in the fourth bend, then through the fourth bend specific region of the
stabilizer bar model to study the effect of shot peening parameters on the residual stress distribution. The residual stress
distribution of the SP model was verified.

The results showed that the errors between the experimental and the simulated value of residual stress field distribution
was less than 7%, which verified the accuracy of the SP model. With the increment of impact angle of shot, the values of
maximum residual stress and compressive residual stress layer depth also increased, and reached saturation after 60°. Therefore,
in the actual shot peening process, the impact angle of the shot should be greater than 60°. When the shot velocity was 80 m/s
and 100 m/s and the number of shots was 1 : 1, the values of surface residual stress and maximum residual stress were about
=926 MPa and —1 309 MPa, respectively. With the increment of shot coverage, the values of surface residual stress and
maximum residual stress increased but the increment rate slowed down. When the shot coverage was larger than 200%, these
two values kept nearly unchanged. As the coverage continued to increase, it was difficult to produce further plastic deformation,
and the distribution of residual stress tended to be stable along the layer depth. With the increment of shot mass flow, the values
of surface residual stress and maximum residual stress increased first and then decreased, and reached the maximum value at
1.2 kg/min, which was about —649 MPa and —1 049 MPa, respectively. The SP model based on FEM-DEM can well predict the
distribution of residual stress field. The research results provide research ideas and theoretical support for the inner wall SP
process of hollow stabilizer bar.

KEY WORDS: shot peening for hollow stabilizer bar; FEM-DEM coupling simulation; model simplification; SP parameters;

residual stress distribution
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Fig.1 Fatigue test result of hollow stabilizer bar
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Tab.1 Chemical composition of 26MnB5 steel for hollow stabilizer bar!?¥

Chemical element C Si Mn P

S Al N Cr Ti B

Mass faction/% 0.279 0.211 1.23 0.019

0.005 0.049 0 0.121 0.027 0.004




w52k 1M

A, 4. 3T FEM-DEM (1250088 0 FF N BE IS L 05 2040 BT - 413 -

& 2 26MnB5 R RS
Tab.2 Material characteristic parameters of
26MnB5 steel !

E/GPa v pl(kg'm™) A/MPa B/MPa n m C
206 0.3 7 850 1100 1052 1.1 0.35 0.013

F3 BAMHMEBESY
Tab.3 Characteristic parameters of shot material
E/GPa v plkg'm™) &/mm
206 0.27 7 800 0.8
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Fig.2 FEM-DEM coupling model of integral shot peening of stabilizer bar
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Fig.3 Instantaneous state of shot flow of the fourth bend area of stabilizer bar: a) schematic
diagram of shot flow velocity distribution; b) internal section of shot flow
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Fig.4 Schematic diagram of shot velocity distribution at different areas of stabilizer bar: a) the first bend area;
b) the second bend area; c) the third bend area; d) the fourth bend area
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Fig.6 Schematic diagram of shot peening simulation results at the fourth bend of stabilizer bar
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Fig.9 Simulation results of residual stress distribution in depth at the fourth bend of stabilizer
bar under five impact angles of shot: a) x-direction; b) y-direction
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Fig.10 Simulation results of y-direction residual stress
distribution in depth at the fourth bend of stabilizer bar
under five combined velocities of shot
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Fig.11 Simulation results of y-direction residual stress

distribution in depth at the fourth bend of stabilizer bar under
five coverage rates of shot
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distribution in depth at the fourth bend of stabilizer bar
under five shot peening mass flows
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