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With rapid development of automotive industry, the demand of automobile semi-axis is increasing. However, it increases
the cost investing in dies as automobile semi-axis are stile produced with single-wedge cross-wedge rolling. Therefore, the
study on deformation of MCWR forming automobile semi-axis is of great significance. The software PRO/E is adopted in set-
ting up three-dimensional model, with the advanced explicit dynamic finite element DEFORM, the simulation of rolling auto-
mobile semi-axis with MCWR was analyzed systematically. The influence of rolling parameters on rolling force were at-
tained by a practical computed method. It was shown that side wedge forming angles and side wedge transition angles had
little influence on the force, the coefficient friction had critical influence on force.
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C yCKOpEHHBIM Pa3BUTHEM aBTOMOOUIIECTPOCHHS BO3pACTaeT MOTPEOHOCTH B MOMYOCIX sl aBToMOoOmei. OmHAKO 3TO
MOBBIIIAET PACXObl HA HHCTPYMEHT, TaK KaK 10 CETOAHSIIHEr0 JHS HOJIYOCH U3TOTOBIISIOTCS METOAOM TPAIUIIMOHHON HO-
HepevHO-KINHOBOI mpokaTku. [ToaToMy n3yuenue neopMUpoBaHUs TapalIeIbHON MONEPEYHO-KINHOBON TPOKATKU aBTO-
MOOMIIBHBIX IOJyoceil mMeeT Ooiblnoe 3HaueHHe. B naHHO# paboTe OCBOCHO NPHMEHEHHE IIPOrPAaMMHOI0O 00ECICUCHHUS
PRO-E nmns co3gaHusi TpeXMEpHOH MOAETH, TOAPOOHO OMMCAaHO MPUMEHEHUE YCOBEPIICHCTBOBAHHOTO MPOTPaMMHOTO 00e-
cneuennsi DEFORM Ha ocHOBE AMHAMHYHOTO METOAA KOHEYHBIX JIEMEHTOB, CHCTEMATHYHO ITPOAHATU3UPOBAHO MOAEIUPO-
BaHME MPOKATKH aBTOMOOUIIBHBIX MOJIyOCEH METOIOM HapajuleibHOH MONepeuHO-KIMHOBON MpOKaTKU. BiusHue mapame-
TPOB IIPOKATKH HA YCHJINE MPOKATKU OLEHEHO METO/IOM IIPAKTUYECKUX BBIYUCICHUI. DTO MOKA3aJI0, YTO YIJIbl (hOPMUPOBa-
HUsl OOKOBBIX KJIMHBEB M YIJIBI Tepexoja OOKOBBIX KJIMHBEB HE OKa3bIBAIOT OOJNBIIOTO BIUSHUS HA YCHIIHE HMPOKATKH,
a K03(h(HUIMEHT TPEHUS CyIECTBEHHO BINSCT HAa yCHIJINE TPOKATKH.

Karouegvie cnosa: mapannenbHas NONEPEeYHO-KINHOBAS MPOKATKA, TIOIYOCH aBTOMOOWIIEH, YCHITNE TPOKATKH.

Instructions. Automobile semi-axis shafts are drive shafts of driving wheels, which are power
transmission shafts as shown in the Fig 1. Two driving wheels move at the different speeds of rotation in
the process of driving, therefore, the two driving wheels cannot be connected by one driving shaft but
driven by two semi-axis shafts which are connected with differential mechanism. Automobile semi-axis
shafts which not only transmit torque from engine are an important force transmission part of the car,
also withstand the vertical force and lateral force generated from the wheel, as well as traction force and
longitudinal force generated from braking force. Therefore, the automobile semi-axis shafts are an im-
portant carrier transmission system, and one of the vulnerable parts of the automobile. Currently, the
popular methods of producing automobile semi-axis shafts in domestic and abroad are forging and sin-
gle-wedge cross-wedge rolling forming. Single-wedge cross-wedge rolling forming has lots of advan-
tages like high production efficiency, material utilization, high quality and low cost compared to forging
method. However, the investment of mold is large by single-wedge cross-wedge rolling, hence, it will
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further reduce the costs and weight of the mold and equip-
ment by applying MCWR technology [1, 2].

MCWR is one kind of plastic forming technology which
conducts radial pression and axial extension on the raw shafts
simultaneously by couples of wedges called main wedge and
side wedges. And MCWR is an advanced precision long shaft
parts near net shaping technology which has many advanta-
ges like saving roll surface, reducing weight of the equipment,
high efficiency, saving materials and is low cost compared
with single wedge CWR. This technology is one of the most
effective technologies to produce long shafts professionally
and economically in addition [3-6].

Therefore, studying new effective and energy saving technology on producing large-scale long
shafts meets the urgent requirement of the development of society and the market.

At present, the research study of automobile semi-axis shafts by MCWR is almost vacant all over the
world. Therefore, the paper has established the three dimensional rigid-plastic finite model of automobile
semi-axis shafts by MCWR based on the Deform-3D software and ANSYS/LS-DYNA on the basis of the
model construction. The influence rolling parameters on rolling force were attained by a practical computed
method, it has shown that side-wedge forming angles and side-wedge transition angles have little influence on
the force, the coefficient friction has critical influence on force. Above research results provided theoretical
basis for realizing professional and mass production of the MCWR automobile semi-axis.

As a conclusion, the study of automobile axle MCWR on automobile semi-axis shafts has critical
significance.

Fig. 1. Automobile Semi-axis shafts

Design the mold and establish the finite element model

Design the mold. There are three ideas to design the mold for automobile semi-axis shafts by
MCWR. One is rolling simultaneously the side short parts and the middle long parts, and the advantage
of this idea is that the surface of mold is shorter than other designation, while the disadvantage is the
force is not symmetric in the process of rolling. And another idea is rolling the side short parts of shafts
after having rolled the middle long parts of shafts, therefore, the mold could be designed symmetrical,
while the length of die surface is too long. And the last idea is to length one of the side wedges to rolling
the one side short part of shaft on the base of the second idea.

One can design a mold called No.l for automobile semi-axisas shaft as is shown in Fig. 2, a from the
first idea, and this mold length is 2313.16 mm, which could works on H800 rolling machine.

And one can design a mold called No.2 for automobile semi-axis shaftas as is shown in Fig. 2, b
from the second idea, and this mold length is 2538.81 mm, which could works on H1000 rolling ma-
chine. Then one can design a mold called No.3 for automobile semi-axis shafta as is shown in Fig. 2, ¢ from
the second idea, and this mold’s length is 2320.00 mm, which could works on H800 rolling machine.

As a conclusion, we selected the No.1 mold to do simulation analysis.

Establish the finite element mold. To simplify the problem, make the assumption as following:

1. Since rolling is carried out at high temperature, the elastic deformation of shafts in rolling is much
smaller than the plastic deformation, so the flattening deformation of the mold and the elastic deforma-
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Fig. 2. Benz rear axis mold
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tion of die could be ignored to some extent, and the die could be deemed
as rigid which will reduce the amount of calculation in the analysis, and
the elastic modules E =210 GPa.

2. The weight of shafts is ignored and deemed as plastic, and the plas-
tic modules £ = 90 GPa.

3. Since the whole rolling process is completed in 3to 4 seconds, and
the time of heat transfer between dies and shaft with air is intensely short,
rolling temperature could be deemed as constant during the process.

4. Simplify the friction between the dies and shafts is coulomb fric-
tion, assuming the friction between dies with shaft is the same in all the Fig. 3. Finite element simulation
contact portions. mold by multi-wefige Cross-

5. The shaft is not contacted with rolling guides in the process of roll- wedge rolling
ing, and the rolling condition of rolling dies are perfectly symmetrical. The final finite element model is
shown in Fig. 3.

The rules of technological parameters on force parameters

Process parameters by mult-wedge cross wedge rolling. Using the finite element model which has
been established to do finite element simulation under the condition of typical process parameters. Pro-
cess parameters by multi-wedge cross-wedge rolling were as follows: diameter of dies 800 mm; side
forming angles 25°, 30°, 35°; side transition angles 25°, 35°, 45°; coefficient of friction 0.3, 0.4, 0.5; roll-
ing temperature 1050 °C.

Influence rule of side forming angles on force. In the condition of side transition o = 25° and fric-
tion coefficient p = 0.5, the variation of force parameters effected by different sides wedge angles in the
process of rolling is shown in Fig. 4. As can be seen from Fig. 4, with the side wedge forming angles in-
crease, the force is going to increase, however, the extent is not large.

Influence rules of side transitionanl angles on force parameters. In the condition of side wedge form-
ing angles o, = 30°, and the coefficient friction p = 0.5, the variation of force parameters effected by different
side wedge transition angles in the process of rolling is shown in Fig. 5. As can be seen from Fig. 5, with the

1000
= 1000 |
I'. \ e
800 [~ & : -
,-". n s00 |
,"’ . i
600 ;
Force, KN Py ._.»"‘.’ 600
> ,«,,,cv- Segagaaat Torce KN b ,—‘.":"r_\ ________ as®
400 | o L R
':7- 400 ),_J'
7 : - 4
v F"f“:‘ g—m?;s 0 + é_/' Transition angles/(° )
200 | /' —
p ~e—30 200t/ Sl
- = | & 45
4 . g " X . - ) I : .
o 05 10 15 2.0 25 0 05 10 15 20 25
fimes Time,s
Fig. 4. Influence rule of side forming angles on force Fig. 5. Influence rule of side transition angles on force
1000
/. -
St
’
s00 | Friction o \
—=—03 o/ 3
—e—04 .,". /l’ -
05 o .F
600 |- At
o
Force, KN VY B QF‘J
t~.’i.’=' -:A"Ooooo". ™
400 - a2 Seeoan®
L "/
W
200 | ’/
- "/
\/
0 0.5 1.0 15 20 26

Time,s

Fig. 6. Influence rule of friction on force

51



side wedge transition angles increase, the force is not effected actually. Therefore, changing the transition an-
gles has not obvious effects on the variation of force.

However, the transition angles will influence the surface quality of shafts in the rolling transition
section. In conclusion, in the terms of surface quality of transition section, we should choose small tran-
sition angles.

Influence rule of coefficient friction on force parameters. In the condition of side transition o, =
25° and side-wedge forming angles o, = 30°, the variation of force parameters effected by different coef-

700

600 |-
L Forming angles
500 al/()
400 [ 1
L — 30
300

- 45
200

100 [
axial force, N oL}
100
200 |
300 |
-400 |
500 |-
600 |-

-700 [ 1 1 1 1
0.0 05 10 15 2.0 25

time, s

700
600 |-
500 |
400 [
300 |
200 |
100 |
axial force, N 0
2100 |- -
200 [i
-300 f
-a00 [
500 |
600 |

700 L . L . L . L . L .
0.0 05 10 15 2.0 25

time,s

Transition
angles a/(°)

800
700
600
500
400
300
200
100

Coefficient
friction a/(°)

0.3
—04
0.5

WMo

I LA LA LA L L L N

|
axial force, N 0 f |

-100 f- 4

-200 f- 1
-300
-400
-500
-600
-700

-800 1 1 1 1
0. 05 10 15 20 25

time, s

o

Fig. 7. Influence rules of axial force

52



ficient friction in the process of rolling is shown in Fig. 6. As can be seen from Fig. 6, with the coeffi-
cient friction increase, the force is going to increase, and the extent is large, considering the force para-
meters practically, the coefficient friction should be considered necessarily.

Influence rules of axial force

The influence rules of the axial force are shown in the Fig. 7. It can be seen from the figure that dif-
ferent side forming angles, different side transition angles and different coefficient friction have same
effects on the axial force to a certain extent. Considering the axial force is extremely smaller than radial
force and tangential force, the axial force could be almost negligible. Besides, during the process of rol-
ling forming, the axial force generated is almost balanced from a general analysis, in other words, it
means that the mold is balanced from the axial direction. And asymmetric rolling just generate imba-
lance which can be resolved by the plastic deformation of the shafts in a little moment.

Conclusion. Based on the finite element simulation, the law of automobile semi-axis shaft force in-
fluenced by technological parameters are studied, it has obtained a conclusion as well:

1. Side-wedge forming angles and side wedge transition angles have little influence on the force.

2. The coefficient of friction has critical influence on force.

3. Different side transition angles and different coefficient of friction have same effects on the axial
force to a certain extent. During the process of rolling forming, the axial force generated is almost ba-
lanced from a general analysis.

4. Those results will provide theoretical basis for realizing professional and mass production of the
MCWR automobile semi-axis.
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