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Development and performance evaluation on 1500 MPa anti-fatigue torsion
tubular beam based on numerical simulation
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Abstract: In order to improve the fatigue resistance of the torsion tubular beam, the key technology of the 1500 MPa anti-fatigue torsion
tubular beam of an electric taxi was studied, and after completing the design of the tubular beam structure, the product performance and
manufacturability were verified by using the product numerical simulation and forming numerical simulation technology. Then, the proto-
type was completed and passed the test verification of the assembly product. Finally, a forward development technology for tubular beams
that not only met the requirements of fatigue resistance, but also met the requirements of lightweight and low cost was designed. The re-
sults show that when designing the tubular beam structure forward, the shear center of the tubular beam should be firstly deduced from the
side tilt center, and then the shear center of the tubular beam is calculated to determine the X and Z positions of the tubular beam before
proceeding to detailed structure design. Torsional rigidity of the tubular beam 435.5 N - m - deg™' and torsional durability external stress
454 MPa are confirmed by the product numerical simulation technology, which meet the product requirements. Maximum thinning rate
12.9% of the tubular beam is showed by using the forming numerical simulation technology, which meets the requirements of manufactur-
ability. After high-frequency quenching, the tensile strength of tubular beam is increased from 420-800 MPa to 1300—1700 MPa, and the
torsional durability bench tests and road tests show that the fatigue resistance of the tubular beam after high-frequency quenching is about
four times that of the non-high-frequency quenching tubular beam.
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Fig. 1 Examples of torsion tubular beam applied by OEM
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Fig. 2 Examples of typical cross-sections for torsion beam

(a) Volkswagen PQ34 platform

Xt R FH 3 P A G T 8 L T R SR A R DL ]
RURIE S5 ITRE, T8 RARBE 55T R, R

£m¢%%“%ﬁ$@l%ﬁ%%fﬁﬁWfﬁé
IFER 2R, FREARES A AN ) L BRI
N7 I3 R R AT ) B8 F3 3 A D7 TR At DR 55 T
PR, g Je o 1R 58 U E
%¢“mﬁﬂAmﬁ%Eﬁ%%%fbmﬁ¢

O 57 TE AL [ AT T O AT, 15 H T3
JE P %fﬂ&ﬂﬁ%ﬁﬁm%%ﬁET%,ﬁ

IR AL B T2 R ATR Al J2 TR B A AR T T 9% 55
PERE, BHE2EE Park J K 5507 XL ) 4 G0 1 A5
HLPCFNAE ISR TR A T KT R Y, iR 46 2% I
ot 77 G R R B VR T 20 AT A 33k /¥4 00 i)
PASTE  BKIBEED AARL 254 S R AL By
T XT 1000 MPa 2441 S A8 20T T ST, Seaiks:
IIEHTE 57 PR L R s s 0 i B 1 B
WFSE T AN SCHE N X DP780 5 s AN HH 1 32 N s 1
BB SR, DAMCGEF R e B, BTk
BIZETRE T, 3 24 A0 S 1 9 R X A5 2 ) R T
A ECEER, ERES RO O A
HHGE A T T T 4 A R N R RO i
PR BV G 1 G R R 2 [ R T A
PEpE S R 207 K B S A 5T SCRkE />, B

(b) Volkswagen MQB platform

(c) Geely Emgrand  (d) Toyota Corolla

JEXT 1500 MPa ik 574 )1 28 3 i HF A T2
FE R L5 WS FE P93 TCAH A 5% SCRiK

A SCASE R B A 1500 MPa 247095 55 411 ) 2
BRI L ARG, FEAEE RGBT, =
A ROTE . U A BR T E R RE, R
W T —FREREWE R PUIE 55 1, NRESE ML
TORARBLR A B AE P Z 4R, B IF & #7
H—ENZ%,

I
1.1 ﬁﬁ&ﬁ

RN ERITREAS A X W, Y R A Z WAL E
Wit SFFER Y A e, R RNKE, KIEH
FIR ) 5 B R A] AR R, SR R X A
Z i, vl ol R BT B T
SO T S DR R X A Z AR,

X 1) BB A0 s g B R A B
Yty , #5275V A X ) ARARE R E T AT 3
() X 1a &, RETYIHG R X B S A R B L
e Al B SRR TR & 3 B 04 PR i 1k
FEF R O, SRRSO S W R A T
A O TR T B35, H, 3 H 5S4 TT
MLB R H, HEV MBI m B, RIFEENT



110 ®OE

I R, FFIER, Hidfe.o iy m A5 T8 Py 7
7RSI E h, SRR SR R A L P,
HZ AP SZWhLIAS A S, BV ) 3 3
O E7) LSRN VA R

By

DT

B3 AR A R T e A BT U
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Fig. 4 Finite element calculation result of shear center for

torsion tubular beam
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Table 1 Mechanical properties of BR1500HS
steel plate for tubular beam
RIS BLPismpE/MPa  JRARSREE/MPa WIS R/ %
PULBHET  420~800 320~ 630 =15
PUbPLE 1300~ 1700 950~ 1250 =5

*2 B BRISOHS WIRHLER S (%, RESE)
Table 2 Chemical compositions of BR1500HS steel plate for

tubular beam ( %, mass fraction)

C Si Mn P S
0.20~0.25 =0.40 1.00~1.40 =0. 025 =0.010
Alt B Cr Ti Mo
0.01~0.06 =<0. 005 <0.35 0.02~0.05 =0.35
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Fig. 5 Typical cross-sections of torsion tubular beam
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Table 3 Steel material properties of stamping part

SR 1 [/ MPa EL/N R/ (kg - mm ™)
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Table 4 Calculation parameters of torsional stiffness in

equation (1)

e HfE

B L/mm 1568

PR AT H/mm 50

XA 32 13818 F /N 1013

HI#5 A BE arctan(2H/L) /(°) 3. 6491
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Fig. 7 Multibody model of torsion beam suspension
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Fig. 8 Calculation results of external stress for torsion

tubular beam under torsion condition
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Table 5 Key products and control characteristics of each process for tubular beam manufacturing
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Fig. 19 Torsional durability bench test of torsion beam for an electric taxi
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Table 6 Comparison of torsional durability bench test

results for torsion beam suspension system
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