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Stress Corrosion Cracking Lifetime Prediction of Spring Screw
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Abstract

A lifetime prediction of holddown spring screw in nuclear fuel assembly was performed using
fracture mechanics approach. The spring screw was designed such that it was capable of sustaining the
loads imposed by the initial tensile preload and operational loads. In order to investigate the cause of
failure and to predict the stress corrosion cracking life of the screw, a stress analysis of the top
nozzle spring assembly was done using finite element analysis. The elastic-plastic finite element
analysis showed that the local stresses at the critical regions of head-shank fillet and thread root

significantly exceeded than the vyield strength of the screw material,

resulting in local plastic

deformation. Normalized stress intensity factors for PWSCC life prediction was proposed. Primary
water stress corrosion cracking life of the Inconel 600 screw was predicted by using integration of the
Scott model and resulted in 1.78 years, which was fairly close to the actual service life of the

holddown spring screw.
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Fig. 1 Fracture of holddown spring screw.

Fig. 3 Reaction forces and moments in the screw.

Fig. 2 Finite element models of a top nozzle

spring assembly.
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Fig. 4 Normalized stress intensity factors of cracks

in screw thread.
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Table 1 Mechanical properties of Inconel 600 and

718 alloys

Mechanical properties Ag(l)%y A%Ii%y
Elastic modulus, E(GPa) 210 225
0.2% offset yield strength, cs(MPa) 706 1,188
Ultimate tensile strength, cy(MPa) 792 1,492
Elongation, EL(%) 45 20
Reduction in area, RA(%) 68.2 34.7
True fracture strain, &(%) 114.6 42.6
True fracture stress, cy(MPa) 1,625 2,007
Hardness, HRc 21.0 40.4
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Fig. 5 Stress intensity factors versus crack length
for cracked screw thread subjected to a

holddown force of 2.25kN.

Table 2 Reaction forces and moments in screw

Loading type P1(KN) | Pa(kN) | M(kN - mm)
Holddown force 2.56 24.0 41.1

Preload +
holddown force | 222 20.0 345

= 0.03488, E = -3.3365, F = 13.406, G = -6.0021
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bar.
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Table 3 Coefficients in correction factors of cracks in screw thread

Crack shape Loading A B C D E F G
Cireutar Tension | 0.17437 | -1.57397 | 0.96729 | -10.97457 | 82.95319 | -263.40636 | 318.08257
Bending | 0.75548 | -13.56502 | 0.12087 | 0.05257 | 13.80954 | -70.29793 | 104.20933
straight Tension | 045462 | 533368 | 1.05641 | -9.58993 | 20.25923 | -35.05266 | -24.69558
Bending | 0.05528 | -5.34089 | 1.02903 | -5.53814 | 24.56525 | -46.22219 | 34.99452
Circular- Tension | 0.10055 | -0.16167 | 0.98909 | -8.45693 | 44.07003 | -86.65277 | 76.53347
straight Bending | 0.20167 | -0.17406 | 0.56828 | -5.67055 | 23.84548 | -39.34886 | 27.77994
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Table 4 Predicted PWSCC crack growth life of screw at
330°C subjected to preload and holddown force
using James and Mills equation

Table 5 Predicted PWSCC crack growth life of threaded

round bar at 330°C subjected to preload and
holddown force using calculated equation

: ai(m) at a(m) at : ; ai(m) at ac(m) at :
Loading type KI|(=K)|scc Ic<(|=|)<|c Life(year) Loading type KI|=K|scc |°<|:ch Life(year)
Tension 0.000076 0.007388 9.09 Tension 0.000258 0.006168 15.25
Bending 0.000033 0.009934 5.14 Bending 0.000159 0.007226 9.86

Combined load 0.000010 0.006791 1.42 Combined load 0.000038 0.005629 1.78
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Fig. 9 Normalized stress intensity factors for a
circular and straight crack in a threaded

round bar subjected to tension and bending.
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