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Introduction 
This high temperature superconducting magnetic energy storage (HTS-SMES) is one of 

very few direct electrical energy storage systems. It reveals a fast charging and discharging 

characteristics in a few seconds with its high speed response property, operation simplification, 

environment friendly nature, and small installation space requirement. 

The 150kJ HTS-SMES system is under manufacturing in China. A SMES cryogenic system 

should be designed and analyzed to provide the higher cooling capacity due to the increasing 

of the heat load. In this paper, the 3D models of the SMES cryogenic system was made by 

CATIA, a 3D model design software, and the analysis of the SMES cryogenic system was 

done by ANSYS, a finite element model software. Structural analysis of a 150kJ HTS SMES 

cryogenic system was presented to evaluate the mechanical performance and the thermal 

property. 

Summary 
The analysis results of the cryogenic systems indicate that the supporting structure designed satisfies 

the vehicle-mounted requirement on the vertical direction and horizontal direction. And the test results 

show that the thermal shield can operate under temperature of 50 K with the heat load of 21.7 W on 

normal conditions. 
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Table Ⅰ Main Parameters about the vacuum vessel 

and the thermal shield 

Fig.1 Section view of  

the cryogenic system 

Fig.3  Equivalent stress  

of the whole VV model 

Fig.4 Total deformation on 

the first linear buckling mode 

Based on theoretical calculation on the heat load of the thermal shield, total heat load is 22.68W considering to 

convection with residual gas, conduction with suspension devices and radiation. Assuming multilayer insulations were 

not used to decrease the radiation heat load of the shield, the total heat load was 44.69W. Therefore eight levels of heat 

load (15, 20, 22.68, 25, 30, 35, 40, 45W) were used as the condition for temperature distribution and thermal stress 

analysis. 

Object Item Parameter 

Vacuum 

Vessel 

Height 1284mm 

Outer diameter 900mm 

Barrel Thinness 5mm 

Helium leak tightness ＜1.0×10-8Pa.m3s-1 

Operation pressure ＜1.0×10-3Pa 

Thermal 

shield 

Height 520mm 

Outer diameter 658mm 

Thinness 3mm 

Operation temperature  77K Fig. 2 Schematic diagram of the 

conduction cooling system 

Vacuum Vessel 

GM Coolers 

Current Lead 
Thermal Shield 

Weaved Wires 

Magnet 

The cryogenic system for the 150kJ HTS-SMES is designed and fabricated to maintain the working 

temperature by two GM coolers. One is a two-stage cooler, First stage of cold head makes cooling a 

thermal radiation shield, upper parts of current leads by conduction plates and weaved wires, 2nd stage of 

cold head makes cooling of lower parts of current leads. The other is a single-stage cooler cooling down 

the HTS coils. The whole cryogenic system includes a vacuum vessel, a thermal radiation shield, 

suspension and supporting devices, conduction cooling components and so on. 

The 150kJ SMES system is designed and analyzed based on the vehicle-mounted condition, so its 

mechanical behavior is crucial to be evaluated to meet requirements of long time transport on the highway. 

Fig.5 Six modes analysis with pre-stress on the suspender 

 Fig.6 Loads and supports of shelf 

supports 
Fig.7 Total deformation of shelf 

supports 

Object Item Result Total Notes  

Thermal 

shield 

Residual gas 0.35W 

22.68W 

The CH210 

cooler 

(110W@70K)  

Radiation  22.01W 

Suspension 

devices 
0.32W 

Magnet 

(no 

current)  

Residual gas 0.047W 

1.95W 

The AL325 

cooler 

(65W@20K) 

Radiation 0.071W 

Suspension 

devices 
1.65W 

Support bars 0.184W 

 Table Ⅱ Theoretical calculation on the heat load of the 

radiation shield and the magnet 
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 Fig. 8 Location points 

on analysis models 

 Fig.9 Temperature distribution 

at the heat load of 22.68W 
 Fig.11 Thermal stress distribution 

on the heat load of 20W 

 Fig.12 Max ΔT and thermal stress 

on the different heat loads 
 Fig.13 Variation of temperatures of the nine 

location points on the shield surface 

 Fig.14  Comparison between test results and 

computational results at the load of 22.68W  


