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1. Introduction

The design configuration and dimension of the
PGSFR dual rotating plug for the structural integrity
evaluation are based on the design drawing in Fig. 1 [1].
The PGSFR dual rotating plug is the structure supported
by the reactor head. The in-vessel transfer machine
which can handle fuel assemblies inside the reactor, the
control rod drive mechanism, the upper internal
structure and the upper shielding structure are
suspended inside it. The scope of the analysis includes
the small rotating plug, the large rotating plug and the
flanges. The mechanical load applied in the analysis
consider the dead weight, the component loads applied
to the dual rotating plug and the reactor internal
pressure, and the thermal load for the steady state uses
the temperature distribution during the reactor normal
operation. The purpose of this study is to evaluate the
structural integrity according to the ASME Code design
rule for the design configuration and dimension of the
PGSFR dual rotating plug.
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Fig. 1 Design of the dual rotating plug in the PGSFR

2. Modeling of the Dual Rotating Plug

Fig. 2 shows the finite element model for the
structural analysis of the dual rotating plug [2]. In the
boundary condition for the mechanical load analysis,
the semicircular end part of the large rotating plug is
constrained in the y-direction and the frictionless
condition is applied in the contact surfaces between the
small rotating plug and the large rotating plug as shown
in Fig. 3. The mechanical and thermal loads are
considered for the stress analysis of the dual rotating
plug. Fig. 4 indicates the boundary condition for the
thermal analysis. As shown in this figure, the
temperatures of 115°C and 108 °C are applied on the

bottom surface and the top surface of the dual rotating
plug, respectively.

Fig. 2 3D FE model of the dual rotating plug
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Fig. 3 Boundary condition for the mechanical load
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Fig. 4 Boundary condition for the thermal load

3. Results and Discussions

Fig. 5 represents the primary stress analysis result for
the mechanical loads. The maximum stress is 48.3 MPa,
which is generated at the ledge seal of the semicircular
end part of the large rotating plug. Because this part
supports the total weight applied to the dual rotating
plug, the stress concentration for the mechanical load is
predicted. The maximum displacement for the
mechanical load is 0.5 mm, which occurs at the middle
part of the small rotating plug as shown in Fig. 6.
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Fig. 5 Stress distribution for the mechanical load

Fig. 6 Displacement distribution for the mechanical
load

The temperature distribution of the dual rotating plug
for the thermal analysis result of the steady state is
shown in Fig. 7. Fig. 8 shows the thermal stress analysis
result for the steady state condition. The maximum
thermal stress is 12.9 MPa, which occurs at the flange
of the small rotating plug. The maximum displacement
in the y-direction due to the thermal expansion occurs
as 1mm at the middle part of the small rotating plug as
shown in Fig. 9.

Fig. 7 Temperature distribution for the thermal load

Fig. 8 Stress distribution for the thermal load

3.1 Evaluations Sections

For the evaluation according to the ASME design
rule for the stress analysis results, the stress lin-
earizations for the corresponding cross sections should

Fig. 9 Displacement distribution for the thermal load

be performed by selecting the evaluation sections on the
high stress generation parts. Fig. 10 shows the
maximum stress position and an evaluation section for
the primary stress. Fig. 11 represents the maximum
stress positions for the thermal stress. From this stress
analysis result, two evaluation sections are selected.
The total cross sections selected for the evaluation
according to the ASME design rule are three parts, and
the structural integrity evaluations are carried out in
these sections.
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Section-A : Node (n106017 —nl106253)

Fig. 10 Evaluation section for the primary stress

Section-C : Node (n173996 — n173989)

Section-B : Node (n4464 —n4566)

Fig. 11 Evaluation sections for the thermal stress

3.2 Structural Integrity Evaluation Results
(1) Design Condition

Table 1 shows the structural integrity evaluation
result according to the design condition. The design rule
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of ASME B&PV Code Section Ill, Division 5 HBA is
used because all metal temperatures at the evaluation
sections are below 427 °C. We can see that the primary
stress for the design condition satisfies the design
criteria with the enough design margin in this table.

(2) Service Level A&B Condition

The structural integrity evaluation for Service Level
A&B condition is performed by considering the
mechanical load and the thermal load of the steady state
temperature distribution. Table 2 shows the structural
integrity evaluation result according to Service Level
A&B condition about the evaluation sections of the dual
rotating plug. From the evaluation result, it can be seen
that the dual rotating plug satisfies the design criteria
with the enough design margin.

Table 1 Structural integrity evaluation result for the
design condition

Pm 2147 Sm = 13800 543

Inner
10801 prepy 1432 155m = 207.00 13.46
Section-A

1234 ASME Sec Il Divs-HBA

Outer Pm 247 Sm = 13800 543

1234 ASME Sec Ill DivS-HBA
(106253)  pi+pp 4820 155m = 207.00 329

Pm 74 Sm = 13800 3590 -
(aach) 1234 ASME Sec Ill Divs-HBA

PL+Pb 1031 155m = 20700 19.08
Section-B
Outer 374 Sm = 13800 3590

(4566) 1234 ASME Sec Ill DivS-HBA

PL+Pb 269 155m = 207.00 7595
Inner Pm 593 Sm = 13800 2227
(17399)  pLePb 556 155m = 207.00 3623
Section-C
Outer Pm 593 Sm = 13800 2227
(173989 pLepb 640 155m = 207.00 3134

1234 ASME Sec Il DivS-HBA

1234 ASME Sec Il DivS-HBA

Table 2 Structural integrity evaluation result for the
Service Level A&B condition

Inner PL+ PbiPesQ 1400 35m = 41400 2857
108017) Thermal Ratcheting 074 y'Sy = 139064 1878.24
Outer PL4 PLIPEIQ 417 35m = 41400 759
(1062563) Thermal Ratcheting 084 y'Sy = 139219 1656.37
Inner PLPbIPEIQ 834 35m = 41400 4864
(a464) Thermal Ratcheting 3 y'Sy = 8037.50 2566.89
Outer PLtPbIPEIQ a7 35m = 41400 8579
(4566) Thermal Ratcheting 544 y*Sy = 8037.50 1476.48
Inner PL4 PbIPEIQ 516 35m = 41400 7923
(173996) Thermal Ratcheting 101 y'Sy= 507692 5025.65

SectonC:| oy PLIPOIPEIQ s31 35m= 41400 7697

3969) 108 ASME Sec Il DivS-HBA
AL Thermal Ratcheting 29 y'Sy = 507692 171418

110 ASME Sec Il DivS-HBA
1097 ASME Sec Il DvS-HBA
108 ASME Sec Il Divs-HBA
108 ASME Sec Ill DivS-HBA

108 ASME Sec IlI DivS-HBA

4. Conclusions

The structural integrity for the dual rotating plug is
evaluated for the steady state. The considered design
loads are the mechanical load and thermal load for the
steady state condition. The selected evaluation sections
satisfy the design criteria of ASME B&PV Code
Section 11, Division 5 HBA.
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