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Abstract

As a major type of heat exchanger, the steam generator (SG) produces steam from heat energy of a nuclear power plant
reactor. The steam produced by the steam generator flows into a turbine, and plays an important role in electric power
generation. The heat transfer tubes in the steam generator consist of approximately 10,000 U-shaped tubes, which perform a
structural role and act as thermal boundaries. The heat transfer tubes conduct the thermal energy between the primary
coolant (about 320°C, 157kgf/cm?) obtained from the reactor and the secondary coolant (about 260 C, 60 kgf/cm?) as part of
the secondary system. Recently, the heat transfer tubes in the steam generator of the pressurized water reactor (PWR) are
primarily produced from Alloy 600 and Alloy 690 seamless tubes. As a pilot study to find process parameters for the cold U-
bending process using rotary draw bending, numerical and experimental investigations were conducted to produce U-shaped
tubes from long straight SUS304L seamless tubes. 3D finite element simulations were run using ABAQUS Explicit with
consideration of the elastic recovery. The process parameters studied were the angular speed, the operation period and the
bending angle. Experimental verifications were conducted to insure the suitability of the final U-shaped configurations with

respect to both ovality and wall thickness.
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Fig. 2 Schematic view of U-shaped heat transfer tube
with bending radius of 76.20mm (unit: mm)
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Fig. 3 Stress-strain curves of SUS304L tube

Table 1 Mechanical properties of SUS304L tube
Properties Unit Value
Young's Modulus GPa 203
Yield Strength MPa 244
Ultimate Strength MPa 563
Poison's Ratio - 0.3
Density kg/m? 7,830
Flow Stress K MPa 1,387
Law n - 0.59
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Table 2 Bending Angle and Elastic Recovery Amount on
Initial Rotation Angle

Initial Rotation Elastic Recovery Final Bending
Angle Amount Angle
181.0° 5.48° 175.52°
185.0° 5.61° 179.39°
186.0° 5.90° 180.10°
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Table 3 Summary on predicted outer diameter on each
cross-sectional plane for ovality of SUS304L

tube
Plane Diameter(mm)
Initial Vertical Horizontal
0° 15.88 15.72 15.79
45° 15.88 15.64 15.91
90° 15.88 15.64 15.82
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Fig.12 Geometric comparison of outer diameter between initial and deformed tube

Fig.13 Experimental results of U-bending process with various process parameters

Table 4 Summary of experimental results of U-bending using SUS304L tube

Process Parameters OD (Outer Diameter, mm)
NO Angular Tlme Angle Inltlal 00 450 900 1350 1800
Speed ) @ oD
(mm/s) (mm) | Value | Error | Value | Error | Value | Error | Value | Error | Value | Error

1 16.60 145 | 1810 | 1588 | 1566 | 0.22 | 1532 | 0.56 | 15.32 | 0.56 | 15.36 | 0.52 | 15.70 | 0.18

2 16.97 145 | 1850 | 1588 | 1564 | 0.24 | 1529 | 0.59 | 15.28 | 0.60 | 15.28 | 0.60 | 15.59 | 0.29

3 17.06 145 | 186.0 | 1588 | 1563 | 0.25 | 1527 | 0.61 | 15.25| 0.63 | 15.24 | 0.64 | 15.62 | 0.26
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