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Fatigue Fracture Failure Analysis and Design Improvement of the
Rectifier Plate in a Residual Heat Removal Pump

LI Zhe, WU Shenglong
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Abstract: This paper presents a systematic failure analysis and structural optimization study addressing the rectifier plate
fracture incident observed during factory acceptance testing of the residual heat removal (RHR) pump for the domestically
developed "Hualong One" nuclear power plant. Through fracture surface analysis, welding process review, stress level test-
ing, and finite element simulation, the failure was attributed to the irrational structural design of the single cantilevered recti-
fier plate, which induced stress concentration in the weld zone. Under transient flow regulation conditions, the maximum
stress at the weld toe of the rectifier plate reached 197.77MPa, exceeding the fatigue limit of 94 MPa for austenitic stainless
steel specified in the design standard, triggering low-cycle high-stress fatigue fracture. To resolve this issue, an optimized
dual-symmetric rectifier plate design was implemented: the radial length of each plate was reduced to half of the original di-
mension, the axial length was shortened to 120 mm, and the welded joint was modified to a full-penetration structure. Post-
optimization analysis showed that the dynamic stress amplitude of the rectifier plate decreased by over 82%, with the maxi-
mum transient stress at the weld toe reduced to 21.1MPa, significantly below the fatigue limit. Following a 200-hour endur-
ance test, the optimized rectifier plate passed non-destructive testing (NDT), exhibited stable operational parameters, and
met nuclear safety equipment requirements. This research not only ensured project delivery timelines but also provided cru-
cial empirical data and engineering insights to support the localized design of critical nuclear power equipment.
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Fig. 1 Schematic diagram of the residual heat removal pump design
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Fig. 2 States of the rectifier plate before and after fracture
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Fig.3 PT inspection results of the rectifier plate weld
SHILFE 2. IR AT LUE K A 22 8 o0 3400
JENB/T 20009.3 fRifEK , Hor P STTER & K
AR, BRI S 10 13.8%, 1IN L AN ETE IR

S

*F1 E308L L= 5 (FRESEL, %) El4 BOZEWEH

Table 1 Chemical composition of E308L (wt. %) Fig. 4 Macroscopic morphology of the fracture surface
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Table 3 Chemical analysis of the base metal at the fracture(wt. %)
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Table 4 Mechanical property test results
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Fig. 7 Layout diagram of stress level test points
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Fig. 8 Comparison of dynamic stress changes at each measurement point
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Fig. 9 Stress distribution diagrams of the rectifier plate (flow rate:

900~1 000 m*/h)
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Fig. 10 Design fatigue curve of stainless steel
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Fig. 11 Schematic diagram of the optimized rectifier plate structure
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Fig. 12 Stress and deformation distribution of the double-piece rectifier plate
BT

(2) BETHAE B J5 1 XUF 3£ i Az 200 h ifif A 356
S5 UE, VT FPT JCHkill 5 4% , Joels ™A

g5 I SRR AL IS AR SR UE B A o

Type: Normal Stress(Y Axs)
Unit: MPa

Global Coordinate Systerm
Time: 1

21.035 Max
18.638
16.241
13.845
11448
9.0512

6.6546
42579
18613
-0.53541 Min

(a) BRSNS (E

Type: Normal Stress(Y Axis)
Unit: MPa

Global Coordinate System
Time: 1

54883 Max
4.863
4.2377
36123
2.987
23616
17363

111
048564
-0.1397 Min

(b)F-HI R I {E
E13 WHERRIERAH N AKFIHE
Fig. 13 Calculation of stress level at the weld toe of the double-piece

rectifier plate
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