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¡ 1  WNopOP\�¢£¤ 

Fig.1  Dimension of the ring with W section 

 

 

 

 

 

 

 

¡ 2  WPQRSTUVN¥¦ 

Fig.2  Forming contour of the ring with W section in multi-path 

rolling 
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Table 1  Mechanical properties of GH4169 sheet 

Tensile strength, 

σ

b

/MPa 

Yield strength, 

σ

s

/MPa 

Young’s modulus, 

E/GPa 

Poisson’s 

ratio, ν 

844.2 308.2 203.1 0.3 

 

 

 

 

 

 

 

 

 

 

 

¡ 3  GH4169L§<B|}/��|e�¨ 

Fig.3  True stress/true plastic strain of GH4169 sheet 
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¡ 4  ����©�¨ 

Fig.4  Loading curve of drive roller 
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Model GH4169 (User) 

Equation 203.1+a(x–0.003518)

b 

  

Reduced 

Chi-Sqr 

195.5593   

Adj. 

R-Square 

0.99201   

  Value 

Standard 

error 

a 763.83465 4.54372 
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b 0024904 0.00406 
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Fig.5  Meshing of the ring blank 

 

 

 

 

 

 

 

 

 

 

 

 

% 6  W�����������+,-./ 

Fig.6  FE model of the ring with W section in multi-pass roll 

forming 
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% 7  012314567 

Fig.7  Curve of kinetic energy to internal energy 
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Table 2  Main parameters of the simulation process 

Parameter Value 

Feed speed of slave roller/mm·s

-1 

0.3 

Revolution of drive roller/r·s

-1

 1.5 

Friction coefficient of driver roller 0.3 

Friction coefficient of slave roller 0.3 

Friction coefficient of guide roller 0.2 

Local mesh refinement 

Slave roller 

Guide roller 

Guide roller 

Rotation direction 

Drive roller 
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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 

and experimental results 
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Fig.10  Definition of the uneven deformation 
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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 

(e) the fifth path 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

% 12  �&��'()�*+!-.01 

Fig.12  Distribution of the equivalent strain along section of the ring: (a) the first path, (b) the second path, (c) the third path, (d) the 

fourth path, and (e) the fifth path 
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Fig.13  Effect of the friction coefficient between drive roller and 

ring on the uneven deformation 
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Fig.14  Effect of the friction coefficient between slave roller and 

ring on the uneven deformation 
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Fig.15  Effect of the friction coefficient between guide roller and 

ring on the uneven deformation 
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Table 3  Effect of friction coefficient on uneven deformation 

Parameter 

Influence 

regularity 

Minimum point of 

uneven deformation 

Friction coefficient of 

driver roller 

↑⇑ 0.2 

Friction coefficient of 

slave roller 

↓⇑ 0.2 

Friction coefficient of 

guide roller 

↑↑ / 

Note: ⇑-increase greatly; ↑-increase slightly; ↓-decrease slightly; 

/- no obvious minimum point 
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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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