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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. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

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
o
C and 108

 o
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 

 

 

Fig. 3 Boundary condition for the mechanical load 

 

 

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.  
 

 

 

 

 

 

 

 

 

 

 

Fig. 10  Evaluation section for the primary stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 III, Division 5 HBA is 

used because all metal temperatures at the evaluation 

sections are below 427 
o
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 

 

Table 2 Structural integrity evaluation result for the 

Service Level A&B condition 

 

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 III, Division 5 HBA. 
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