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Abstract: This paper introduces a preform design method for a ring rolling process with an outer step. Underfilling is
one of the general defects of the profile ring rolling process. It occurs when the deformation amount is small or step
depth of the profiled region is large. To prevent underfilling, increasing the deformation amount or using a preform of
size similar to that of the final product are required. Furthermore, the filling limit equation is suggested based on the
shape factor and deformation ratio for preventing defects in the products. The filling limit equation has been derived
through finite element analyses and production tests for four different cases. For verifying the suggested method, real-
sized profile rolling tests were performed, and test results were compared with the predictions of the equation
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Fig. 2(b) Shape comparison of rectangular section ring
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Fig. 3(a) General shape of profiled ring
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Fig. 3(b) Rectangular section preform for profiled ring
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Table 1 Simulation condition of ring rolling process
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Fig. 3(c) Shaped preform for profile ring

Description Value
Material EN10025 S355NL
Initial temperature 1250C
Tool Temperature 200C
Main Roll Rotary Velocity 40RPM

Mandrel Feeding Velocity 0~ 1.5 mm/sec

0 ~ 0.3mm/sec

Axial Roll Feeding Velocity
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Fig. 4 Description of 4 Cases of ring rolling analysis condition and analysis result

01 0z 0.3

0.4

0s

Class Preform Profiled Ring Analysis Result Production Test l;(())sr’ll SF | DR lj:;
e 2
s / s o X
Casel | [ /// o 7 e Not Tested Top | 0.26 | 0.10 |
g @ L /) ®
///// s - —
4 1133 X
a5 g Top | 047 | 0.06 | &
Case2 o EL
i B Bot 0
o tom 0.28 | 0.31 ®
A T 0
Case3 AR L A | Top | 0.01 | 0.21
sk @
L 0836 _J 979
2 Top | 0.10 | 021 | ©
g 7 o ©
Case4 B / //// i
[ ° Bot O
2 tom | %141 0261 @
A9l AL AdRAe HHass
#*
2 g% Table 13 2o, Hh 3000mm7HA] A E 0.30 O
= = * ng
o] 7]’??1’ ao a] HB]E o]_g_ ]’Oﬂq }\]‘G‘jz}ﬁ N A Underfiling
AE F3osrsiAE A3 gaor =Xy 0234 6] < Sl of Conlady
- - _ ' ®  End of Contact
n| o] AYTHS glstgltt % . N — Interpolation
oA el | ol 7HA 23] AguAE 5 ®
_ i
A, #HEAE, %?‘f& iH A3, AEA A, 5
= 0154
@], dEnE 4o LFERH AT 2
K=}
= . o= & 00
23 HuEEY BN RE 5
Fetass)d Ade ol Fig. 4olA HFA Jos s
=3 dng Al Gl wet vdEd = , — , ,
)=]
B

Casel ¥} Case3> A-(Top) el %+ /o] U=
Fefoln, oujd P A o] Fdo] o
ARZY A H| A F A& AFE-E Casel &
du) A G A S AFESE Case3ol H|E}o] H2 A
of 4guE Yet A Fh. wEbA CaselS 2
ol Hjate] s "”ﬂ‘ﬂ% A A B
Z w3z dAo] WA I, Case3 HETF
of st oln|d P A ﬁALoi Qlate] s

[¢]
—_

Shape Factor [SF]

Fig. 5 Deformation diagram to predict underfilling
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Fig. 6 Verification test conditions and prediction with
Filling Limit Equation
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Fig. 8(a) Profile ring rolling test (O 640, Underfilling)

Fig. 8(b) Profile ring rolling test (® 795, Filling)
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