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During the intended life time of ITER , several loads are envisaged on the CD system [1], which are, 

gravity/assembly loads, interface loads, nominal pressure/temperature, test pressure/temperature, 

purge pressure, thermo-mechanical loads due to break of insulation vacuum (BIV), transport 

acceleration and seismic loads (SL). Single loads or combinations of them can act on the CD system 

and on its sub systems; therefore, it is very important to analyze the integrity of the system and 

components under their influence. A typical CD cold box, i.e. Auxiliary Cold Box (ACB) for the CPs 

which includes most of the components and largest in size is chosen for the study, and load 

combinations have been applied on it in order to understand their impacts. A complete 3-D model of 

ACB-CP [2] is developed in CATIA along with its internal piping, cryogenic control valves and 

internal components as shown in figure 1. This paper focuses on the understanding of the nature of the 

loads or their combinations for the ITER CD system as well as their impacts on the design. 

http://creativecommons.org/licenses/by/3.0
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Operating pressure (NP) and operating temperature (NT) is considered for the analysis during nominal 

operation. The OVJ of ACB-CP is kept under vacuum thereby exposed to a pressure difference of 0.1 

MPa.  

All pressure equipment covered under the European Pressure Equipment Directive (PED) Essential 

Safety Requirements (ESR) are subjected to a pneumatic test pressure (TP) to be performed at room 

temperature (RT) in agreement with the safety French regulations. Test pressure, which is 1.43 times 

the design pressure, is applied. 



3

1234567890

10th Asia Plasma and Fusion Association Conference  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 823 (2017) 012043  doi :10.1088/1742-6596/823/1/0120431234567890

10th Asia Plasma and Fusion Association Conference  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 823 (2017) 012043  doi :10.1088/1742-6596/823/1/012043

BIV-1 is an accidental case due to a major air leak in the CD cold box cryostats during nominal 

operation. For this case, the pressure loads in the process components are considered equal to their 

maximum allowable working pressure and internal pressure of the CD cold box cryostats is equal to 

the atmospheric pressure (0.1 MPa). 

BIV-2 is an accidental case due to a rupture of internal process piping/component during nominal 

operation. For this case, the pressure loads in the process components shall be considered equal to 

their maximum allowable working pressure and  internal pressure of the CD cold box cryostats equal 

to 0.14 MPa (absolute value, corresponding to the opening pressure of the safety protection devices of 

the CD cold box cryostats).  

As ACB-CP is located on level 3 of the Tokamak building, where maximum possible external pressure 

of 0.12 MPa on the OVJ is considered for the design. 

The basement of the ITER Tokamak building is constructed on seismic isolators which will have a 

particular response to a seismic event. For an SL-2 event, acceleration spectra [6] as shown in figure 2 

are provided. SL-1 acceleration spectra are derived by dividing the SL-2 values by 4. To take into 

account the different location inside the Tokamak building, a conservative spectrum taking the 

envelope of the different nodes is considered for the analysis. The seismic response to SMHV event is 

obtained by multiplying the results from SL-2 by 0.73. 2% damping is considered for response 

spectrum analysis for each direction X, Y and Z. For simplicity full SL-1 analysis is not performed 

and results are obtained dividing the results from SL-2 by a factor of 3.  

 





4

1234567890

10th Asia Plasma and Fusion Association Conference  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 823 (2017) 012043  doi :10.1088/1742-6596/823/1/0120431234567890

10th Asia Plasma and Fusion Association Conference  IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 823 (2017) 012043  doi :10.1088/1742-6596/823/1/012043

Forces and moments extracted from CAESAR are taken as input and suitable boundary conditions i.e. 

temperature, pressure, gravity, fixed support and heat flux etc. are applied while performing analysis 

in ANSYS
®
 for each load combination. Steady state thermal, static structural, modal analysis and 

response spectrum analysis are performed for each load case. Analysis is performed considering all the 

parts as shell element except tie rods, supporting LHe bath, which are considered as solid element. For 

all the load combinations analysis is performed in ANSYS
®
 [4] and safety margin is derived for each 

case. For all load combinations NO+SMHV comes out with least safety margin as 0.06, therefore 

results shown in this paper are for NO+SMHV load combination only. For the NO+SMHV case the 

equivalent stress obtained in ANSYS
®
 [4] are shown in figure 4. Maximum stress in LHe bath and its 

support location is 178 MPa as shown in figure 4(a). For the same case maximum deformation in LHe 

bath support is 47.6 mm as shown in figure 4(b). Maximum deformation in case of NO+SMHV in the 

OVJ is 1mm as shown in figure 4(c) and equivalent stress in the OVJ is 141 MPa as shown in figure 

4(c). Table 1 given below shows the summary of results, category of the load combinations, allowable 

limits and available safety margin for all the load cases. 
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   Load 

combinations 
Category 

Allowable limit [MPa] 

[7] 

Actual stress value 

[MPa] Available 

Safety margin 
Pm Pm+Pb 

Dead weight 

(G) 
I Pm<143 40 NA 2.58 

TP + TT I Pl<172 85 NA 0.68 

NP + NT (NO) I (Pm or Pl)+Pb <172 84 NA 0.70 

NO + ICP II Pm<143 89 NA 0.61 

TP+TT+SL-1 II Pl<172 94 NA 0.52 

NO+SL-1 II (Pm or Pl)+Pb <172 92 NA 0.55 

TP+TT+SMHV III Pm<172 161 175 0.07 

BIV-1+SMHV III Pl<258 158 177 0.09 

NO+SMHV III (Pm or Pl)+Pb <258 163 194 0.06 

BIV-2+SMHV III   163 191 0.06 

NO + SL-2  IV Pm<286 214 231 0.34 

TP+TT+SL-2 IV Pl<430 216 229 0.32 

BIV-1+SL-2 IV (Pm or Pl)+Pb <430 224 247 0.28 

BIV-2+SL-2 IV   210 245  0.36 
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