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A Study on Structural Design of Torsion Beam Rear Suspension
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Abstract : Structural design of the torsion beam rear suspension is investigated by calculating warping of the torsion
beam. Since the longitudinal displacement in the cross section of the torsion beam due to torsional moment causes
normal stress across the beam restrained from outside at both ends, the profile of torsion beam needs to be designed
considering the warping. Warping function of the beam is derived with the parameters of cross section for the arbitrary
shapes of torsion beam profiles assuming thin-walled open section. From comparing the warping calculated for two
different beam profiles, the design method for the torsion beam in the view point of low stress is discussed. It is shown
that the gusset used to reinforce the torsion beam can be optimized in accordance with warping shape. The method to
fix the end point of the gusset is proposed to minimize the stress concentrated on the end point of the gusset produced
during torsional moment. The result from finite element analysis shows the stress is minimized when the height of
gusset end point is coincident with the point where warping of the beam is minimized.

Key words : Torsion beam rear suspension(2A%W 3F &7}73A]), Torsion beam(EAH]), Warping(H ),
Structural design(~-3=/d A)), Finite element analysis(-} % 8.4 3 43)

Nomenclature M, torsional moment
m  :section length of torsion beam profile 6  :angle of twist per unit length
l : length of straight portion of torsion beam profile r :distance from tangent to axis of rotation
R : arc radius of torsion beam profile $ . angular displacement of arc
%  : center angle of torsion beam profile @ :warping
t : torsion beam thickness @; : warping function

e : shear center — . i
@;s :average value of warping function
G : shear modulus
J : torsion constant
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Fig. 2 Section of a torsion beam
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Fig. 3 Warping at cross section of arbitrary shape
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Fig. 4 Warping at cross section of torsion beam
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Fig. 6 Warping ratio vs. section length
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Fig. 7 Gusset design

ol £k = 2 3% 2

AN = ot I X wet g FE 27 e
& ekol Hlof 9133 Alikoll A of & o= vt nhat
A RAA - X E Fig. 7 (b)oll A<} 2ol A=
12,24, 36,48, 60 mm ¢l 571X 2] A 9-<)) &) f-5ta
Tyttt BAFAe] dol= 180mm=
LAt FA = 4mmojch,

Fig. 8- A=36mm<l 7§ F3 2 As)A]& o]
Von Mises SHEF o A7E B} o] A=
2 25 457 HAIGIE 2 215 W E e B
o oJgt A7} o]t} Hdl &4 Fig. 8o BA|FH
uhe} Zro] B Al o] Edol vetdth EA ZHE A
5ol olgk Hleo] =AM WAk o3 v+
HoZ 3¢ o] WS oA o] A

oA Hofl & Ho| LA 3= shte] a<lo] Hih

AAZ 2] Fig. 5 (b)2] Aol A A4kt <] 9]
fg%}-% oo};é?_‘llo] 9};-]5] ?_ £ /\]—EHO} o]NJG o5

3ol Aol 9]

&g

olo
e )

i

h=8ke) 7390l h. Fig. 73} 2to] e el
Yool WMol AANE A AFF ANL Bobs
: 4 9l

ek gkel o] 3Hl A9 Ade o] S,
S8 gro] We) wagole] Mol e} thaA 1
BumE ngAe] £¢ 9129 § $e) RE
7t g g oAk % gle.



EMY S BTl REMAO) Bt ol

Maximum stress

Fig. 8 Finite element analysis of rear suspension assembly
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Fig. 9 Stress variation due to gusset distance
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