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Analysis on Effect of Structural Parameters

of Torsion Beam Cross Section on Modal Frequencies

ZHOU Bing, LI Quanhui’, WU Xiaojian
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082,China)

Abstract: As a key component of a torsion beam, the transverse beam has an important influence on
the modal frequency of the torsion beam. In order to explore the mechanism of the modal frequency under
large deformation of the beam structure in essence, this study provided the design reference for the torsion
beam structure in the conceptual design stage and carried out the analysis on the influence of the parame-
ters of the torsion beam cross beam on the modal frequency. The torsion beam model was abstracted as a
simplified model with qualitative characteristics, and the corresponding finite element model was estab-
lished by Hypermesh. The main parameters of the transverse beam such as beam horizontal position, o-

pening direction and opening angle were selected as the research objects. The parameters of the beam
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structure were changed by using the Hypormorph mesh deformation and model reconstruction. The influ-
ence of the parameters on the torsion and vertical bending modal frequencies of the torsion beam was ana-
lyzed, and then the characteristic curves of the above cross beam parameters and the related modal frequen-
cies were obtained. The analysis results indicated that the modal frequencies of the torsion beam decreased
linearly with the increase of the opening angle of the beam. With the change of the opening direction of the
beam, the modal frequencies of the torsion beam showed different sine. For the beam away from the Bush,
the modal frequencies of torsion beams showed a downward trend. According to the analysis of the mecha-
nism, the simplified model of the torsion beam was optimized. The modal frequency of the torsion beam
can be greatly improved by optimizing the three beam structure parameters without changing the mass of
the beam. The accuracy of the mechanism analysis was proved effectively.

Key words: torsion beam; modal frequencies; mesh deformation; beam structural parameters
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Fig. 1 Structural diagram of torsion beam
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Fig. 2 Simplified model of torsion beam
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Fig. 3 Simplified finite element model of torsion beam
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Tab.1 Modal analysis results of the original
torsion beam structure (7~9 order)

[ &4 4 % / Hz Bl
7 12.70 97 3 R — B 5%
8 67.55 17 e R — B 2 ) 25 gl
9 83.85 Iy A ik — B O\ ) 25 iy

3 MIRAE

3.1 HRLEMSHAER

SCHRLT — 8 J5E SC T S M1l ) B pl B 45 4 1y =4~
HESHC UM S % A 4, OB b R
FHE LR o /R RGO 8 2 8 BRI
T JT FUAEGNE B I 1105 16 B A o DA SRR 21 Y
AR TR RS 3 BE B AR D R W LA o 11 A i =
B X =B HORFE IR X T ) RS
RIS I — RE TR BE A A AT ) B ff AL A 7.

A4 BMBREMEAHKFTENR
Fig. 4 Schematic diagram of cross

beam structural parameters



20 IR K 2240 A BR2E D

2018 4

3.2 HERKFEMENA S FEEMER R
B0 5 E L B o /F BB
(i E 2R, Hypermesh X 7 B8 22 [ 5 19 7K
A B AT K5 1) b B S RS O R A S Y L R
I Opstruct 5K H X 2641 7 52 HY 7~ 9 Bir i 25 50 %
Cfrofos [0 N BB BRI S P 7s i 06 R A

=on —a WEEE
./"'\l
- a
\-

12.5¢ N
: N
X120 \
®
&

15t

\_\
1of .
100 200 300 400 500

R FE LR o/ mm
() BRI E o 5 IR R il £

30 l(I)O 2.00 3I00 460 5(I)0
B SR 11085 8 c/mm
() BERAKF3 B ¢ 15 T8 125 H 0 X 7 M 24

T 6s

00 200 300 400 500
BRI £ 1.0 B B /mm
COB KT 12010 25 14 0 3

BHS5 MERFEE cHSBRAZRESHENGRXZ
Fig.5 Relationship between horizontal position of
beam ¢ and modal frequency of torsion beam

M S a LA B 5
D) Bt B 52 o B A 2 R0 BE RS ¢ B9 R 4

TR (L& T — A3 5 W B 7E
=190 mm W}, /1 B KRAE (12. 84 Hz) 54 ¢ KT
190 mm J5 , B FEES ¢ IBEIN /1 JF 4R B8 R B,

D BEE MR OB E PO IR ¢ B3, 4
FIR I ) A AR £ DT T — A e k) i R
fE ¢=220 mm B, f, B R AE (68. 68 Hz) 54 ¢
KT 220 mm )5, b & BB ¢ B30 /o 16 50 0
TRE.

DBEE R PO BRI E PO c 13 m . H1
FIRYN A AR £ 20 T — A e i g ek i 2.
TE ¢=220 mm B, £ G K{H (84. 42 Hz) ;Y ¢
KF 220 mm Ji, B & B B ¢ MG I0 /5 I 46 5 0
TR,

3.3 EEFOAEMNENRESRENZN

IR GETF 11 7 1) e EL 1) B R W1 GR A O 4 4
BRI O S BUE T e o B AR D BORTE
- b 2 U IR £ 07 ] e % 3075 45°4E 2 o BL
{E . f# ] Hypermesh %47 BR T A Y #E 17 2 5000 4. 15
F 0~360° 4 Fp - H J7 1] B4 G4 BROTE Y L 48
Jei X LHEA TS S b A% BN ) PRSI (S, S5
) SHLT BRI O )5 [ Z 8 ) 2 R WA 6 fR.

132
—n— ISR
131F -
130}
B 1291 . .
® = .\-/ \'\ [
st \ /'\ L
127 L o .’l \./
12~6 1 1 1 1 1
0 100 200 300 400
FEE D5 o/ (O

O BERETF 17 1 o S48 56 R i 2%

i
80t
g
=70 -\
f g 2
il \/ /
60 ./ W
-\'/ \./.
ot
0 100 200 300 200
FFE 5 1 A BE o/ ()

(b RE S TF 1 7 1] o 5 T [ 25 i 451238 56 3R ih 26



% 10 JA %45 AL ) TR G 45 A S BN B A 0 R 1Y) 2 ) 43 BT 21
110 P BT, N ]
AT BRTTA o > Morphing
100 2
v
2 9% . \ CEEE A SR R R
Jés—, L] -
fo N/
g /. g B 7 Hypermorph M # & B m 42
= 70+ " - . \./' Fig. 7 Mesh deformation process of Hypermorph
\_/ [ ]
. \ )
60 - WK 8 itz . £ Hypermorph H E #4117 B2 4

0 100 200 300 200
FEEJ5 B e/ ()
CORERTF L 10 o 55 9h 45 il A0 3 56 R i 4

H6 MREFoeTEaeERAERERFHXZ
Fig. 6 Relation between the opening direction of the beam
o and the modal frequency of the torsion beam

t &6 A AR AR 4518

D) Bt FF 117 1) f B o (38 K, 1 T 2 1L 5% A5
R IIEL WS, 7 a= (kn/4 —n/4)  k=1,3,5.7
BF s f A7 AE P U B Ry AR KAE s 7 o= (/4 — /4D s
k=2,4,6,8 B}, [ AFAE DA B R AR /M, IF HAE o
=3r/2 B}, £ BUAS 5 KfE (13, 09 Ha).

2)BEE T 75 16 A B o B IS KL 41 Sy G2 2 1) 25
i A3 % BLIE 5% B 3. 7E o= (kn/4—n/4) s k=1,3,
5,7 I s f5 FETE 06 BP Sy 3 i KARL s 7E @ = (kne/4— e/
4) k=2,4,6,8 B, £ A1 4 BV Ry & A /MEL, IF H
TE a=mn B}, f U fx KME (86. 16 Hz).

3) Bl 25 T 11 05 16 1 BE o B3GR 31 29 1 25
B AT R B E s 3k 3. A o= (kn/4—n/4) ,k=1,3,
5,7 W, fs FEAE IR 06 BN R A% KAE s 7E o= (kne/4—n/
4) k=2.4,6,8 I, foAFEP AT B R TR AR /ME L IF HL
16 a=mn B, [ BUfS e KAE (102, 2 Hz).
3.4 HEFOREXNHNRESHENZIT

SSUHRL T 5% 0 A B 1 A B BV S LR R 1
11 B I /NS 50, i | Hypermesh 1 Hypermor-
ph OB R 2 B0 AT A% AR T DA el i % A i
SR AT RNAS A A A FR TR Y.

Hypermorph 28 J8 5 e B A5 B4 1) #8451
R % T3 B by S AT PR AR AR 1) I A% AR TE L BR L =2 81
B REE PR IE AR TR S5 I A% 11 G A DA B AH 56 1) RBE2
SRS PAIT Y % 42 56 &Y. Hypermorph if fig 9% i
A BRCHE T R AT A N Y S B0k L O BB A%l A
il 2 B0 B 2k T S B AT B A A 1 I A AR T
FS I R LA 7.

§

11 P $5 b T AN 3R T T 3 =~ Domains (28 il #6) 7 4y
FEAEE 2L AR E DL R = S A B R A
s LA 2 2% (fi F] Morph BEHE BiCHL g B2 48 22 11
R W AY Domains (R il A7) fe 18 3% 8% G2 3 1 I
AR 4 B R A B o B 2 80, 45 O W) 4 ) 3
ol R AT 5 T 5 A LD R SR R T 1 A R RN ()
M 1 BED AR R AR S 800 PR 1 R B BT 1 AR
/INXF T g G T A 03 0 5, DA T ME A
By B R 15 35 1 A DR A S
P

B8 BAREMNMEXZHEFTEA
Fig. 8 Schematic diagram of control handle and

deformation domain of torsion beam

Zeak WA S8 Ja 45 B A 6 F 1 RN AL B2
PR TR Y, X 3 485 A R AT 5 25 40 A5 B R R 11
FEERNGHIJRBS IR S fos fO R FR W
K9 iR,

D E9Ca) Hrn] LA H B & $HL 7 2200 B # i
B IHE I ) R A M 7 5t M o i3 e 7E R
T3R5 B M0 Al AR RS L L Y =0 B H A A AT
M BB (13, 83 Hz)

2) N 9(b) Co) Hal LUE Y - Bl & H1 77 32 0 A
FEE BRI I, 41 7 B 25 il R S S0 B ATk LR
36 U, A T A AE B AR Af BEE LN L Y p=0 B,
LA g A% B R (74, 87 Hz,90. 62 Hz)



22 IR K 2240 A BR2E D

2018 4

FELL b = SR T B et B bR T
A K/ LU R TF 15 1 R 4 Bk T
B AT A R T

1401

138 \.

136

134+ \'\_
132f \_

130F \-

128F .

12.6f kk.

124F LN

122f -

120—5 10 20 30 40 50
I 1R/ O A4 BB/ )

Ca) BEGETF 1A 5 KV B 5 HL5G A 32 56 Rl 4%

—n— IR

761
. “a EABMBE
74F .
\.
\

s .
= N
o
E7oF
=
%g 68 \'\-\.
® ol
**f .

66 \\

S
4 10 20 30 20 30

TE RN AR 7 BED B/ (9
()R R TF A K/ B 5 3 ) 4 il A % 06 Rl &

2r
- —u— Y AR
L ™~
90 l\.
I -
& 88t \\
% 86 [ .'\
& N
S
Eul
= AN
81 \\_

03" 20 30 40 30
FEE KN AR S D B/ (%)
COBERTE A BE K/ B 59 1 25 il I 3 6 3R i 2%

B9 MEFoAERDP
58 ARBEERENRKZ
Fig. 9 Relationship between the opening angle
size of the beam B and the modal
frequency of the torsion beam

3.5 ZBRAMENRK
L LA AT BT i g G e A B A = R
B ¢ B 190 mm o B 270°F0 8 BL O I, 41 7 2 14

PR ] 2375 HURE fig K B B 5 0 5 IR PR g
HhDIE A i 7R 14 L A A5 2 U R AT X B I ] 10 e
Zie

B 10 JARAKYRDT A

Fig. 10 Modal contrast diagram of final optimization model

IR 1 AR S A 3R 5 ) AT X B an R 2 B
IRV Xy A CE R DAY T8 AN N i F
FA BT 14.88% .24. 00 % F1 39. 42 % M Ak3K
RN L DL R SR T S B ) R T
PRAEIL AN AR AT A R, T DA e KR B D Ak
g2 B IE IR Y e e i
®2 BARKERIL

Tab.2 Comparison of final optimization results

LB RS 12.70 14,59 14. 88
ABREZS 67.55 83.76 24,00
LB 83.85 116. 9 39. 42

4 BpE5RE
%

LEG 75 B A KB S JON L AR S R A 5
LRV iSE e A SEPSELY i L AN e ki e
R AR R M T B B 5l A A BR T R A
BEAY, e 7 R B2 K -0 8 RS IT 101 0 [ R SR
8 R/IME I 2805 T HLJ BB R 45 4 2 Hou 4
JI BRI L I PEAT HEE A DUR 4518

D) AH 3 52 B H B 3 3 L 2 25 i 330 - A A ) S A
G B A 2 O B 1 3 AR S B R 0 3 AR
e PH TR AR 3 O, U T B O — R TR R



5 10 34

JA 5% 45 < 3 B R 45 K 2 JOM BEZS 0 A A 5 0 23 23

YN v 8] £ 3 B A7 SR 0 e KA

2)4H 3 5 (0 T 5 AR L e S A R B R T
177 1) (9 24028 22 TE 5% 0 30 A 41 2T 11 05 1) O OE
BET5 Vi) B o £ L 5 g T R 4 o B K (L (i
). oA FERE BRI 10T ) IE X Fe 0o i, 41 ) R AL A
WA de R AR R T 110 5 1) 2 ) LI 41 ) 325 i

3D Ty e HL B R LA K 25 il R B A )
TF 1A BE IR /IN B B8 T 2 24 4 B8 26 k.

IR AR 30U MR e B3R 5 TG 20 A 41 ) S A A
FESREW 5 R % Tk T S PR
TIRAAC B FF Ak Z LA 1k RE 7 1 X% BE 20 B A
o3 BT 45 18 B HE R L.

(1] ®E.BEET7H 5 ML REREEm RG]

TLIR R 24l CA AR BE2ARRD 2014, 35(6) 627 — 634,
GAO J, YANG X J, NIU Z R, etal. Influencing factors anal-
ysis of twist beam suspension characteristic [ J]. Journal of
Jiangsu University(Natrual Science), 2014,35(6): 627—634.
(In Chinese)

[2] ZWIZE, e HZZH S REGH NIRRT EZ RN 5%

PR BT, HUARBET . 2014, 31(1) 84 —88.
LUO M J., ZHANG H. HOU Z C, et al. Analysis for compli-
cated boundary constraint of rubber bushing on rear torsion
beam [J]. Journal of Machine Design, 2014,31(1) ;84— 88.
(In Chinese)

(3] JERIyHE KA TS5 42 WX 0 3 B R 5 43 A

SURWEFEL)]. MEFE SR B PR 2015,35(6) 147 —51.
FAN D L, DONG D W, DING W P, et al. Research on the
effect of bushing stiffness on modal distribution of torsional
beam suspension [ J]. Noise and Vibration Control, 2015, 35
(6):47—51. (In Chinese)

[4] LEEDC, YANG C H. An analytical approach for design and
performance evaluation of torsion beam rear suspension [J].
Finite Elements in Analysis and Design,2013,63:98—106.

[5] SILVERIRA M E, VASONCELOS L. S D, CHRISTOFORO
A L. Numerical simulation of the kinematic behavior of a twist
beam suspension using finite element method [J]. Journal of

Mechanical Engineering and Automation, 2012, 2(6): 150 —

(6]

(7]

(8]

9]

(10]

(11]

[12]

158.

JAES 2y R, AEL DRI & e XL ) B9 597 i 1) R e
0. PEL T ,2017,25(5) 544 —549.

ZHOU B, LI N, WU X ], et al. Effects of shock absorber
damping on fatigue lifes of torsion beams [J]. China Mechani-
cal Engineering, 2017,25(5) :544—549. (In Chinese)

R S SO e . SRS SE RS S AT - R L T2 5 N
[ML R KHER A A, 2001 18— 12,

CAO S Q, ZHANG W D, XIAO L X. Modal analysis of vibra-
tion structures; theory,experiment and application[ M]. Tian-
jin: Tianjin University Press,2001:18—22. (In Chinese)
BT A R ARIE F % R s S F A it SR ALLD]. Kb
WM K, 2014.

YAN H J. Analysis and optimization of a torsion beam suspen-
sion kinematics and dynamics[ D]. Changsha; Hunan Universi-
ty»2014. (In Chinese)

Ry I RE SRR U 1 W N =B U K L ST O 2 QUK LN ROy
AP Hr (1] BB 244, 2015,37(9) 32— 37.

YU J P, ZHANG W H, SUN BC, etal. Analysis on effect of
structure parameters of high-speed car body on modal frequen-
cies [J]. Journal of the China Railway Society,2015,37(9):32
—37. (In Chinese)

TG0 K S R R B B AR TR 484 R X A AR A R 1 R )
[J]. &+ 5mF5¢.2013,40(11) :26—28.

GAN Y W, ZHANG L M. Effects of high-speed train load
bearing structure on the car-body’s modal characteristics [J].
Design and Research. 2013,40(11):26—28. (In Chinese)

X BH BE ) 08 s AL AT i R T KO A B X
FARBEHUR RN [J] EARB KR CAAR RO,
2012,30(3):326—333.

ZHAO Y Y, LIU SY, ZHANG W. The influence of hanging
way and the flexible suspension mass on the body modal fre-
quency [J]. Journal of Jiamusi University (Natural Science) ,
2012,30(3):326—333. (In Chinese)

TR, SRIESE, SR K. KA BHE 2L BE A 0 AR TE AL
St Ir BT W R AR CH AR .« 2017, 44(T) .
16—22.

HUANG Y, ZHU Z G, GUO Y F. Concerted deformation
mechanism and design method of steel frame beam-column
joints under rare earthquakes[ J]. Journal of Hunan University

(Natural Sciences), 2017, 44(7):16—22. (In Chinese)



