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A study on the structural characteristics and roll behavior
of suspension for the section profile of torsion beam
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ABSTRACT

The kinematic and compliance characteristics of torsion beam axle is structurally
related to the location and section profile of torsion beam and the span from body
mounting point to wheel center. This paper presents the effect of section properties in
torsion beam on the structural characteristics and roll behavior of suspension. The
structural characteristics is on the maximum stress in the welding area of torsion
beam and the roll behavior is on roll steer and roll camber of suspension which are
important for controllability and stability in cornering,

Four factors are used for the section design of torsion beam, which are thickness,
midline length, arc inner radius, and sector half angle, Through the structural and
quasi-static analysis made for six torsion beam axle models, it can be noticed that roll
sleer and the structural durability of suspension are closely related to warping constant
and shear center in section properties of torsion beam,

% 8.7] &8 o] Torsion beam(E %), Shear center(AT%4), Inner pivot point(W)& 3 E4),
Roll center height(E 54 %°]), Roll steer(F ~E]o}), Roll camber(E 7§ ),

Pure torsion(so<= H] &), Warping torsion(HEH 85 )

Nomenclature & : Semi-trailing arm angle
¢ : Roll angle L’ : Effective swing arm length
6 : Twist angle Hprey  Roll center height
L : Midline length
R . Arc inner radius 1.4 =2
y : Sector half angle
K - Torsional constant H7AAAAN FTELS AdFgstHA] 2A
C, : Warping constant 27t sa7stE 718hetd 2 AFEe|dx
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Fig. 1 Roll behavior of torsion beam axle
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Fig. 2 Section profile of torsion beam
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(b) Rear view
Fig.3 Schematic drawing of torsion beam axle
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Fig. 5 Trend of stress in welding area to
K and Cw
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Fig. 6 Schematic model for kinematics of

torsion beam axle
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Tahle 1 Section properties of torsion beams

Properties Notation(unit) Case 1 | Case 2 { Case 3 | Case 4 | Case 5 | Case 6
Thickness t{mm) 45 45 45 6 6 6
Midline length L(mm) 205 205 205 207 207 207

Arc inner radius R{mm) 25 15 15 25 15 15
Sector half angle 7 (deg) 10 20 30 10 20 30
Area Almm?) 927 925 923 1246 1248 1242
MOIx Ix{mm®") 660E5 | 6.82E5 | 652E5 | 8.82E6 | 9.11E6 | B.95E6
MOlz Iz(mm"*) 637E5 | 683E5 | 7.21E5 | 9.I8E5 | 9.13E5 | 9.73E5
Torsional constant K(mm* 6212 6155 6145 14700 14740 14650
Warping constant Cuw(mm®) 1.0SE8 | 2.36E7 | 1.15E7 | 160E8 | 4.36E7 | 240E7
Controid(x.2) CxC (mmmm) 40845, | 40837, | 40833, | 40846, | 40838, | 40834,
164.3 161.8 1585 164.9 162.6 159.2
41020, | 40952, | 40946, | 41021, | 40954, | 40947,
Shear center(x2) SC. (mmmm) | el | om0 | 274 | 269 | 209 | 284

Table 2 Chassis components for kinematics

Component Type Number
Trailing arm mounting Bush 2
S/ABS UPR&Chassis Bush 2

S/ABS LWR&Trailing arm Bush 2
Spring h Stiffness 2

3/ABS Damping force 2

Torsion beam Beam element 1
Torsion beam& Trailing arm Fixed joint 2
Trailing arm Rigid body 2
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