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Abstract: To mitigate instability and out-of-roundness in ring rolling processes, this paper presents
an adaptive control approach for roll motion trajectory using ring offset and roundness error as feedback. A
finite element model was established to compute these two parameters. Through secondary development of
existing software, separate control strategies for guide roll, mandrel, and axial roll were designed, to-
gether with an integrated control scheme combining all three rolls. Experimental results demonstrate that
the integrated method overcomes the limitations of individual strategies, substantially reduces both offset
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and roundness error, and effectively improves rolling stability.
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Fig.1 The model of ring rolling
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Tab.1 Main parameters of ring rolling modeling

R A2 i) T 245 388 52 0 B 1 ) 91
P, BERY

ZHATE At SR TR Bl

4 H AR E A/ mm 395 | FmiR¥EAAE/mm | 200

HF HARSN H AR /mm 775 || HEFRJEEAS/mm | 275.6

SRR R /mm | 125 | @MTUE/C) | 32

R A 5 /mm | 140 || HERROI K /mm | 1000

FRER 4R /1 BLAR /mm 680 SRR /mm 115

FRER 4R N B4R /mm 250 | BRshEREAR/mm | 525

HET A BRTRTAL L BRSO T R L
BN WA Z IS Y Al-Zn-Mg-Cu £ 4 X
B AR SR LR B O 450 °CL 2
% ik J3E ol 0 65 TR WAt Bl B S I o BB A 2
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Wt S5 B I B ek o 2Rl A R R . B KL AE
350 CF #2146 5 h 7E 470 CF #5271k 24 h J5 K
¥ AR LB STt ALZr, B/ o R Y
AP HE b BHEE 450 °C TR 47 12 55 (Y B N
J1-RAE 2 WK 2,

R2 Al-Zn-Mg-Cu &R M9 (FwE /450
Tab.2 Mass fraction of composition in Al-Zn-Mg-Cu

alloy %
w(Zn) | wMg) | w(Cuw | w(Zr) | w(Fe) | w(Al
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Fig.2 True stress-strain curves of hot compression test
for Al-Zn-Mg-Cu alloy at 450 C
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Fig.3 Finite element model of ring rolling before rolling
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Fig. 4 Schematic diagram of the offset and the

roundness error of the ring
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Fig.5 Adaptive control flowchart of the ring rolling

process
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Tab.3 Comparison of finished ring size and error mm
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Fig. 6 The finite element model of the ring after rolling
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Fig. 7 The expansion curve of the outer radius of the ring

>R F W0 i LI A B4 TR i % 6 0 (68 2 15 2
WnE 8 R o FLAR S B PF 94 T AR R BE AL
RS Y i B R e 2 A A L T i A% A IR E R 2
% ¥ B R o 3 TR D A L 90 38 3R 1 RS
B/ 5 BL AR A AR AR P AR A2 BT L i B
R B R R 2R RN B PR R AR AR BB OR L FR
PEH R THE R U S F e IR S BT s J1 8 «
L IR et L) I 30 614 g R S A A R e PR AR
TEUMEPE T Bl RE IR A A BN L SR NI K
/NS T ER A AL A R A S AR E Al
oy B FE AN S AR it — 20 B R i A% R [ iR
a0 BL AR A IR B R 22 LA RS A 1 B 4

913.23 mm 1 6.20 mm . L F 5 10 s i[5 28 1%
18 130

— R —— RERE

élo— 20 £
;ﬁ Y
2 =
& 2 110

=i

N
fit 8] /s

B8 MHIHMBEMYNEFINEMEBEESRERE
Fig. 8 The offset and roundness error of initial

planning control of ring rolling
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Fig.9 The offsets and roundness errors during the ring

rolling process
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Tab.4 The average values of offsets and roundness

errors of different control methods mm
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Fig. 11 Schematic diagram of the axial roll"*”
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Tab.5 Offset and roundness error of initial planning

and rolling time extension scheme mm
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Tab.6 The errors before and after the optimization of

the rolling time extension scheme mm
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