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Abstract: By using ANSYS/LS-DYN g@e, the finite element(FE) model of cross-wedge rol aminated
shafts was established. Some thicknes%l: ius ratio rolling experiments were carried out under thhogonal exper-

.. . . o
ree levels. Through finite element simulation, th of process parame-

O
imental designed with four facte @| .
ters including forming anlng angle, area reduction and rolling temperature ness-radius ratio were

analyzed. The results sho

at the rolling experimental results accord with th ation results, which shows

that finite element model can be used to predict thickness-radius ratio. anrease of spreading angle, the
[

thickness-radius ratio sharply decreases first and then slowly decreases.

\\ e increase of temperature, the thick-

ness-radius ratio strengthens first and then slowly strengthens. ‘\Q%: ncrease of area reduction, the thickness-

radius ratio slowly strengthens first and then changes little. ‘t%‘z & 'ncrease of forming angle, the thickness-radius
©thi
()

ratio change is not obvious. The influencing sequence on

ckness-radius ratio is spreading angle, rolling tem-

perature, area reduction and forming angle in turn. Tt rch results contribute to control and design clad materi-

al thickness and matrix material radius size of la shaft.
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Fig. 1 True stress-true strain curves of 42CrMo
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Fig. 2 True stress-true strain curves of steel Q235
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Table 1 Projects and results of f ent simulation and experiment on thickness—radiuso
cross-wedge Wl or 42CrMo/Q235 composites laminated shafts @)
Ttem Forming Spreading Ar ockg\)tion Rolling temperature Experiment thickness- S fon thickness- Error
angle a/ (%) angle 8/(%) T/C radius ratio (\® Us ratio 8/ %
1 30 5 WQ 1150 0. 764 \\5_) 0.790 0 3.29
2 27 3 55 1150 0. 837 o@ 0.861 3 2.82
3 30 3 60 1 050 0. 81@&]@ 0.864 3 5. 36
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Table 2 Projects and results of orthogonal experimental design on thickness-radius ratio of cross-wedge rolling for

42CrMo/Q235 composites laminated shafts by finite element simulation

Forming Spreading Area . Rolling Matrix material Clad material Snpulatlon
Ttem angle o/ (%) angle /(%) reduction terr:f?erature radius/mm thickness/mm thlc,knessi
g g /% T/C radius ratio
1 24 3 50 950 7.611 30 6.363 05 0.836 0
2 24 5 55 1 050 7.532 30 5.943 0 0.789 0
3 24 7 60 970 97 5.475 70 0.785 5
4 27 3 55 . 217 00 6.216 06 0.861 3
5 27 5 60 965 24 5.408 51 0.776 5
6 27 7 50 . 869 70 6.099 00 0.7750
7 30 3 60 . 623 51 5.724 70 0.864 3
8 30 5 50 . 762 80 6.132 60 0.790 0
9 30 7 55 . 487 40 5. 787 80 0.773 0
K, 2.410 5 2.561 6 2.401
K, 2.412 8 2.355 5 2.428 3 K=17.250 6
St = 0.011 24
K; 2.427 3 2.3335 Z.O 2.436 8 S2 — 0.000 020
S? 0. 000 055 0.010 &?EJXO} 000 130 0. 000 500 /)@
Notes: K;— Sum of slmulatlon ss-radi i

thickness-radius ratio; S?

; ~ o
é@ nalysis of variance of forming angle, spreading an

42CrMo/Q235 comy
N

20— Total sum of squares for error (SSE).

SR E B E

@ reduction and rolling temperature of

MAESH

N\ Critical value of F
Deviation\sources SSD i]_)eg;ee of f@ fiiea? vaue Or Significant level
reedom NN o 0.1 0. 05 0.01
Forming angle /() 0. 000 055 2 N 75 5. 39 9. 28 29.5 <o0.1 @
Spreading angle B/ (%) 0.010 535 2 @\ 526. 75 5.39 9.28 29.5 >A0. 0@
Area reduction ¥/ % 0. 000 130 6.5 5.39 9. 28 29.5 @i%<0. 05
Rolling temperature T/°C 0. 000 500 25 5.39 9.28 29.5 05<<F<C0.01
St 0. 000 020 n\\ ~ @
Note: F = S?/St 99@0‘) @O
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Fig. 7 Influence of forming angle from 24° to 30° on sum of thickness-radius ratio and rolling force for 42CrMo/Q235
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