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Tool Design and Numerical Verification for Thick Plate Forming of
Hollow-Partitioned Steam Turbine Nozzle Stator
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Abstract

As a stator for steam turbine diaphragm, hollow-type nozzle stator to substitute for conventional solid one is introduced in
this study. This hollowed stator can be separated into two parts such as upper and lower plates with large and curved surface
area. This study focuses on thick plate forming process for the upper plate of the hollow-partitioned nozzle stator. First, to
reduce forming defects such as under-cut and localized thinning of the deformed plate, and to avoid tool interruption
between forming punch and lower die, tool design including the position determination of forming surfaces is performed.
Uni-axial tensile tests are carried out using SUS409L steel plate with initial thickness of 5.00mm, and plastic strain ratio (r-
value) is also obtained. Due to the asymmetric curved configuration of the upper plate, it is hard to adopt a series of blank
holder or draw-bead, so the initial plate during this thick plate forming experiences unstable and non-uniform contact. To
easy this forming difficulty and find suitable tool geometry without sliding behavior of the workpiece in the die cavity, two
geometric parameters with respect to each shoulder angle of the lower die and the upper punch are adopted. FE models with
consideration of 21 combinations for the geometric parameters are built-up, and numerical simulations are performed. From
the simulated and predicted results, it is shown that the geometric parameter combinations with (30°, 90°) and (45°, 90°) for
the shoulder angle of the lower die and the upper punch are suitably applied to this upper plate forming of the hollow-

partitioned nozzle stator used for the turbine diaphragm.
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Table 1 Chemical composition of SUS409L (wt%o)
C Si Mn P S Cr Ti
0.005 | 0.5 0.24 | 0.023 | 0.002 | 11.2 | 0.19
Table 2 Material properties of SUS409L
Thickness(mm) 5.00
Young’s Modulus(GPa) 200.00
Yield Strength(MPa) 247.59
Ultimate Strength(MPa) 572.11
Poisson’s Ratio 0.30
K(MPa) 687.50
Flow Stress Curve
n 0.26
ro 0.5770
Lankford’s value l45 1.0375
leo 1.5870
Normal anisotropy Mm 1.0598
Planar anisotropy Ar 0.0445
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400
300 H
200 4 :...
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True Strain [mm/mm]

Fig. 3 True Stress-strain curves obtained from uni-axial
tensile tests along rolling(RD), diagonal(DD) and
transverse(TD) directions of SUS409L plate
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Table 3 Yield stress ratio of SUS409L thick plate

Rll R22 R33 RlZ R13 R23

1.000 | 1.2948 | 1.0754 | 1.0622 | 1.000 | 1.000
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blank for upper plate of partitioned nozzle
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Fig. 7 Design example of punch and die blocks
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Fig. 9 Tool structural design for thick plate forming
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Table 4 Process parameters for shoulder angle of punch

and die
Die Shoulder | Punch Shoulder Blank
Angle (6p) Angle (6p) Direction
CASE 1 300 300 RD/DD/TD
CASE 2 300 45° RD/DD/TD
CASE 3 30° 60° RD/DD/TD
CASE 4 30° 90° RD/DD/TD
CASE 5 450 450 RD/DD/TD
CASE 6 45° 60° RD/DD/TD
CASE 7 45° 90° RD/DD/TD
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(a) Results of thick plate forming simulation for CASE 1 with (6p, 65) =(30°, 30°)

[RD(09)]
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(b) Results of thick plate forming simulation for CASE 2 with (6p, 85) =(30°, 45°)

S, Mises
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+3.1926-01
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(c) Results of thick plate forming simulation for CASE 3 with (6p, 6p) =(30°, 60°)

S, Mises
(Avg: 75%)

+3.192e-01

[RD(07)] ﬂ‘i [DD(459)] li [TD(90°)] i

(d) Results of thick plate forming simulation for CASE 4 with (6p, 8) =(30°, 90°)
Fig. 11 Thick plate forming simulations in case of die shoulder angle of §,=30°
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(a) Results of thick plate forming simulation for CASE 5 with (6p, 6p) =(45°, 45°)
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(b) Results of thick plate forming simulation for CASE 6 with (6p, 8p) =(45°, 60°)

S, Mises [RD(OO)]

(Avg: 75%)

®
+
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[DD(45°)]
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(c) Results of thick plate forming simulation for CASE 7 with (6p, 6p) =(45°, 90°)
Fig. 12 Thick plate forming simulations in case of die shoulder angle of §p=45°
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(b) Distribution of effective strain with die and punch shoulder angle set of (30°, 90°) and blank direction of 90°
Fig. 14 Detail results on effective stress and strain of CASE 4-TD model
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(b) Distribution of effective strain with die and punch shoulder angle set of (45°, 90°) and blank direction of 90°

Stroke : 70% Stroke : 100%

Fig. 15 Detail results on effective stress and strain of CASE 7-TD model
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