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Table 1 Mechanical properties of GH4169 sheet

Tensile strength, Yield strength, Young’s modulus, Poisson’s
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Fig.3 True stress/true plastic strain of GH4169 sheet
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Table 2 Main parameters of the simulation process

Parameter Value
Feed speed of slave roller/mm-s™ 0.3
Revolution of drive roller/r-s™ 1.5
Friction coefficient of driver roller 0.3
Friction coefficient of slave roller 0.3
Friction coefficient of guide roller 0.2




* 3764 -

Wiy @A RS TR

47 %

K8 W IR A AR 5 L 45 xS L

Fig.8 Comparison between simulation result (a) and experiment

result (b) of the ring with W section after roll forming
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Fig.9 Comparison of relative wall thickness between simulation
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Fig.11 Distribution of the Misses stress of the ring: (a) the first path, (b) the second path, (c) the third path, (d) the fourth path, and
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ring on the uneven deformation

—m—Path |

QO'ZO' —e—Path2 %
o gDO 16 Path3 *%‘.
= oV —+—Path4 v
s A sV—Paths ./°
B E012F e
L=
5 £0.08} Xiz —n
=

R0.04}

0.00 —
0.0 01 02 03 04 05 06

Friction Coefficient between
Slave Roller and Ring

Bl 14 ABhHRS AT B PR AN 5 L SE
Fig.14 Effect of the friction coefficient between slave roller and

ring on the uneven deformation

WA e BUR BRI, W OR B R HOT LR A 4
JETRANTE, PR ASEA AR T B W s 2 NB) A
IR BRSO T 0.2 LUA, o KM EEEEF I X
BATIAERPEHH LT R BB HERR, PR AN 38 ) B 8
SN,
333 FEELE WREENSIRYHELENGE A

A& S5 SCIRO21 ST 4s R, BT 1) 4
ES IR T) BE R R B4y N 0.1 0.24 0.3, 0.4, 0.5; H
RBERFFAL, Wk 2,

¢ 10 B 5 T 1) E 0 HE 22 0 VR R AN A
BIE RIS i W B 15 Bios. B H: pEE S m
RS PR 1) R R A K, YR AR T AN A5 R O
o 3K 7 PR Ay 5 1) R A 22 30 IR Hs SO Hhonf B 32 5k
SCHEFNI S IER], BT DU IR (8 5% B 5% i AN K
334 ATARHYENEGERZIZREFRN

Zra UL BB nr an, RS 5 GH4A169 HiEE W
TV [ A 1] P B 52 0T 12 Jl TV 3o it v AN 38 59 A8 T 14D 56 il 23K

0.16
o 80.14 ————y——3}
2 8 ——eo—o —eo
= 2o.12 —m—Path |
= .S —eo—Path2
o5 Path 3
> .1
] §0 0 —=— Path 4
=} ’*g —v—Path 5
D0‘08 n ] » = ]
0.06

0.0 0.1 02 03 04 05 06
Friction Coefficient between
Guide Roller and Ring

K15 3 HR L PR AR K BE X AN 2 5] BE IR R )
Fig.15 Effect of the friction coefficient between guide roller and

ring on the uneven deformation

®3 EBEEMNFHATHHEMAE

Table 3 Effect of friction coefficient on uneven deformation

Influence Minimum point of
Parameter R .
regularity uneven deformation
Friction coefficient of
. ™ 0.2
driver roller
Friction coefficient of
N 0.2
slave roller
Friction coefficient of
™ /

guide roller

Note: fl-increase greatly; T-increase slightly; {-decrease slightly;

/- no obvious minimum point
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Effect of Friction on Nonuniform Deformation Behavior of Thin-Walled
Superalloy Ring with Complex Section in Multi-pass Rolling

Zhao Gangyao'”, Zhang Ranyang'?, Guo Zhenghua', Guo Wei', Yang Shengjin', Guo Kaiyun '

(1. Nanchang Hangkong University, Nanchang 330063, China)

(2. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(3. The University of Sheffield, Sheffield S1 3JD, UK)

Abstract: To predict and control the nonuniform plastic deformation of the thin-walled superalloy (GH4169) ring with complex section in

multi-pass rolling, a 3D FE model of the process was built under the ABAQUS/Explicit environment. And the representation method of the

nonuniform deformation was proposed. Then the nonuniform deformation behavior in the process was analyzed systematically using FE

method combined with experiment and theory. The results show that the maximum value of the equivalent stress increases gradually with

the progress of the multi-pass rolling process. And the deformation degree slightly decreases firstly, and then increases gradually with the

increase of the friction coefficients between the thin-walled ring and slave roller, drive roller. While the effect of the friction coefficient

between guide roller and the ring on the deformation degree can be neglected.

Key words: superalloy; ring with complex section; multi-pass rolling; nonuniform plastic deformation; FE analysis
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