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Design and Preparation of Titanium Alloy Springs for Automotive Vehicles
Yang Haiying®, Zhao Liang?, Ying Yang®, Cao Zuhan®, Guo Dizi’, Li Lei*
(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Western Metal Materials Co., Ltd., Xi’an 710201, China)

Abstract: Replacing steel springs with titanium alloy springs can reduce weight by 40%-60% when applied to
suspension springs. Titanium alloy springs have good corrosion resistance and damping performance, which not only
increase the mileage, but also make the vehicles more controllable and comfortable. Through an example of suspension

springs used in racing cars, this paper will provide a detailed introduction to design and prepare TB9 titanium alloy
spring. The calculated helix angle of TB9 titanium alloy suspension spring is 9.45< which exceeds the range of steel
spring design standards. So the design equations for titanium alloy spring have been revised here. In addition, the
influence of temperature on the TB9 titanium alloy spring rate is investigated. With the increase of temperature, the

TB9 titanium alloy spring rate decreases gradually.
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Table 1 Design parameters of front suspension spring

Parameter Value
Design load/N 4838.5
Spring rate/N mm™* 76
Jounce height/mm 96.24
Design height/mm 146.5
Rebound height/mm 189
Gap between circles at jounce height/mm =3
Outer diameter of main cylinder/mm 50
Diameter of envelope/mm <110
Diameter of docking port/mm >T77
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Table 2 Parameters of TB9 titanium alloy front suspension spring

Ho/mm Da/mm d/mm n n'

210.2 107.6 14.8 3.95 5.70
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Table 3 Chemical composition of TB9 titanium alloy bar

Ti Al 'V Cr Zr Mo Fe 0 N H

Bal. 354 8.18 6.08 4.13 4.01 0.05 0.097 0.01 0.0011
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Table 4 Mechanical properties of TB9 titanium alloy bar

Rmw/MPa Rpo.2/MPa A% Z/% E/GPa
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Fig.1 Microstructures of TB9 titanium alloy bar: (a) solid solution
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Fig.2 TB9 titanium alloy springs before and after heat treatment
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Fig.3 Curves of tensile strength and elastic modulus of TB9

titanium alloy bars vs. temperature
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Fig.4 Stroke-load curves of TB9 titanium alloy

spring at different temperatures
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Fig.5 Rate of TB9 titanium alloy spring vs. temperature
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