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Analysis and optimization on acroscopic forming defect for profiled section ring
rolling based on response surface method
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Abstract: Insufficient filling is a problem of forming defects that are easily generated during the rolling process for profiled section rings,
and the relationship between the degree of insufficient filling and the geometric parameters of profiled section rings is very complicated.
Therefore, the numerical model of asymmetric profiled section ring rolling for 2219 aluminum alloy was established, and the influences of
groove depth and groove angle of profiled section ring on the forming quality of ring were analyzed. Then, by analyzing the forming mecha-
nism of insufficient filling defects, the method of optimizing blank size parameters was proposed to suppress the defects. Furthermore,
based on the response surface method, taking groove depth, groove angle and blank angle as the design variables and the insufficient fill-
ing coefficient as the design goal, the response surface model to characterize the insufficient filling coefficient was established, and the re-
gression test was carried out. The results show that the larger the groove depth is and the smaller the groove angle is, the easier it is to
produce forming defects. Using the established response surface model, the blank angle of ring with the target groove depth of 45 mm and
the groove angle of 70° is optimized. The result shows that the optimized blank can better suppress the insufficient filling defects.

Key words: forming defects; asymmetric profiled section; ring rolling; response surface model; blank angle optimization
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Fig. 1  Finite element model
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Table 1 Rolling process parameters

BH R
YKZ AR R /mm 450
RN EAEAR R /mm 250
S 4R R,/mm 175
HERHER v/ (°) 17.5
IR BN HFE T w/ (rad - s7") 1

AR T/ (mm - 57 0.5
WA/ C 80
IRERWIIA R/ C 500
JE FRI BRI / <C. 20
PUEBRE/ (N - (s »mm - C)™") 10
PAHEB/ (N« (s+mm - C)7") 0.02
PIRHFB (N - (s - mm - C)7") 0.7
JEEHE R 0.3
Lk L 1.8
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Fig. 2 True stress-true strain curves of 2219 aluminium alloy ring under different deformation conditions
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Fig. 3 Simulation results under different groove depths
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Fig. 4 Simulation results under different groove angles
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tracking points for rolling zone
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Fig. 6 Radial flow amounts of tracking points along different paths in rolling zone
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Fig. 7 Axial flow amounts of tracking points along different paths in rolling zone
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Fig. 8 Schematic diagrams of force on ring during rolling process

(a) Initial stage of rolling
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Fig. 10 Schematic diagrams of force on optimized ring during rolling process

(a) Initial stage of rolling
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Table 2 Value ranges of design variables

Bt TR IR
FE R VRFE /mm 30 60
TERIF R/ (°) 65 76
EHAE/(°) 75 90

2.3 MEEEENELRIRESHT

MR A BRI 05 B3 B 0 SE e g, A /=
FEFAUA H e 7 T AR, DT S BRAE AR D A
HIFARE 0 MBI A o FIEN RE Ae Z [8] 4 BRI AL
KF, H, ARG A RECREN KRB

Ae =2.430 x107*D + 8.939 x107°0 + 1. 106 x

107%a - 1.210 x107*DO + 1. 140 x
10*Da = 6.200 X100 — 3.906 x10™"  (2)

Wiz Z WG R AT 208, ARk

4fft7R . TEFEAT 7 2257 ik, PAE 32 25 1] T e e g

%3 Box-Behnken &1t AR E
Table 3 Sample space constructed by Box-Behnken
design method

WA R it B
SRS OWOHRE  WUME BRAE BWAK
D/mm 0/(°) a/(°) Ae
1 30 65.0 82.5 0. 00167
2 30 70.5 75.0 0.00139
3 30 76.0 82.5 0.00102
4 30 70.5 90. 0 0.00143
5 45 65.0 75.0 0.01293
6 45 70.5 82.5 0. 01701
7 45 76.0 75.0 0. 00242
8 45 76.0 90. 0 0. 02694
9 45 65.0 90.0 0. 04774
10 60 76.0 82.5 0.01528
11 60 70.5 90.0 0. 06095
12 60 70.5 75.0 0. 00954
13 60 65.0 82.5 0. 05584
=4 HAEIWMER
Table 4 Variance analysis results
FEHRE FHH HEE Bz P PE
ki) 0.0056 6 0.0009  89.27 <0. 0001
D 0.0023 1 0.0023  221.8l <0. 0001
0 0.0007 1 0.0007  62.98 <0. 0001
a 0.0015 1 0.0015  146.96  <0.0001
Do 0.0004 1 0.0004  38.15 0. 0003
Da 0.0007 1 0.0007  63.20 <0. 0001
Ot 0.0000 1 0.0000  2.54 0. 1500
i 0. 0001 8 0. 0000
Jm 0.0001 6 0. 0000
4% 0.0000 2 0. 0000
BME 0.0108 14
MRS TR 5 2 Ao

OMM‘W%rﬁmﬁmﬁﬁE%mE% ﬁP<
0. 01 B, USRI X vl 107 L 1) 5 e A HG 4 %5 il
24 P>0.05 W, T 7 122 500 0 7 A Y 52 I AS i
EUT L I, mE4 T, ZBAEFET, D6,
aJMJMﬁNWﬁ@m%mmEE%,mmHW
NAE RS2 AN 2, L, N i T T LA
HHUA TS R R A R EERIA R
Ae =2.430 x107*D + 3.794 x107°6 - 3.291 x
107 = 1.210 Xx107*DO + 1. 140 x10*Da —
2.783 x107? (3)
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Table 5 Correlation analysis results

S Hfl

R? 0. 9806
Adjusted R? 0. 9699
Predicted R* 0.9523
Adeq Precision 30. 1304
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Fig. 13 Finite element simulation results before optimization
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Table 6 Objective and constraint conditions of

optimization model

BeH2H0 AR TS L H AR
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Table 7 Optimization scheme
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Table 8 Comparison of insufficient filling coefficients for

ring blank before and after optimization
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