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Geometric Variations and Surface Residual Stresses in U-Bending Processes
of an UNS N06690 Row-1 Heat Exchanger Tubes
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Abstract

Surface residual stresses as well as wall thickness and ovality changes after U-bending process
on UNS N06690 row-1 heat exchanger tubes, were estimated. Surface residual stresses were
measured by Hole Drilling Method (HDM), calculating the stresses from relieved strains of 3
rosette strain gages. After bending of the tubes, dimensional tolerances for wall thickness and
ovality were satisfied with ASTM requirements. Residual stresses at the extrados were
introduced with compressive stress(—) by bending operations, and its maximum value reached
—319 MPa in axial direction at ¢=0° in position. Tensile residual stresses(+) of ¢,=45 MPa,
0.,=25 MPa were introduced in the intrados surface at position of ¢=0°. Maximun tensile
residual stress of 170 MPa was detected on the flank side at position of $=90°, i. e., at apex
region. It appeared that higher stress gradients were generated at the irregular transition regions.
In the trend of residual stress changes with U-bend position, the extrados is related with the

changes of ovality and the intrados is related with the changes of wall thickness.
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Fig. 1 Schematic diagram of U-bending methods by
fixed cylindrical mandrel.
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Fig. 2 Photographs of U-bent alloy tubes(R=76.2,
100.0, 150.0 mm).
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Fig. 3 Descriptions showing the axial and azimuthal
locations on the U-tubes including the

intrados, extrados and flank.
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Fig. 4 Thickness along the position in degree on the
row-1 U-bent tube.
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Fig. 5 Ovality with bend radius, R=76.2 mm, R==100
mm, and R=150 mm.
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Table 4 Rosette strains on extrados, intrados and flank surfaces.
Position(¢) | Unbent
Strain{x n/m) U. B) $=0° $=30° | ¢=60° | =90 | $=120° | $=150° | $=180°
& 130 115 105 96 132 128 143 126
Extrados &2 82 134 98 87 79 85 73 32
&3 —28 260 223 157 86 85 76 63
&1 130 -7 212 186 175 165 —80 15
Intrados &2 82 -21 70 88 75 74 56 25
& —28 —42 —45 —62 —38 -35 170 64
& 130 - 92 - 76 - - -
Flanks &2 82 - —60 - —54 - — —
&3 —28 —168 — —192 - - -
Table 5 Results of the calculated residual stresses on extrados, intrados and flank surfaces.
Position(¢) | Unbent
Strain(MPa) (U. B) ¢=0° $=30" | $=60° | ¢=90° | $=120° | $=150° | $=180°
Omax —21 —217 —183 —151 —135 —136 —130 —94
Omin —129 —331 —295 —207 —183 —174 —191 —182
Extrados 28 20.14° | 36.40° | 48.20° | 52.20° | —52.40° | —45.50° | —47.40° | —63.20°
Ozz —25 —319 —276 —196 —145 —142 —140 -119
Oos —125 —229 —202 —162 —173 —168 —181 —157
r=—7 +19.7 +33.8 *£41.7 *£22.1 +19.0 *13.4 +22.4 +39.2
Omax =21 46 —40 =10 —32 —32 15 -39
Omin —129 24 —204 —170 —168 —158 —145 —75
Intrados 28 20.14° 10.40° 5.80° 11.80° 3.40° 5.00° 5.00° 30.60°
Ozz —25 45 —41 —12 —33 —33 —145 —72
Oon —125 25 —203 —178 —178 —158 15 —42
=7 *+19.7 +1.9 *8.2 *16.3 4.0 5.4 6.9 9.1
Omax -21 - 139 - 170 - - —
Omin —129 - —-29 - -2 — — -
Flanks 28 20.14° - —9.60° - =1.70° - - -
Ozz —25 - 137 - 170 - - —
oo —125 - —24 - -2 - - —
r=—1 *£19.7 — +14.0 — £2.55 — - —

B . The angle from gage No

. 1 to the nearer principal axis,

0., - Axial residual stress, gg . Hoop residual stress,
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U bent tube.
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