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 

Abstract— Successful physical experiment campaigns have 

been performed on the most advanced modular stellarator 

Wendelstein 7-X (W7-X) during the second operation phase 

(OP1.2). The completion phase (CP2) lasting until 2021 is devoted 

to the installation of cryo-vacuum pumps (CVPs), new diagnostics 

and actively cooled in-vessel components instead of the inertially 

cooled ones used in OP1.2. This update allows to move forward to 

achieve the steady state operation during next operation phase 

(OP2). Several first wall components which are exposed to heat 

flux in the range from 250 to 500 kW/m2 are covered by graphite 

tiles facing the plasma. Due to construction constraints, the 

backside area of the graphite tiles is not fully covered by the 

actively cooled CuCrZr heat sinks. That results in the presence of 

high temperature graphite rims, which become an additional heat 

radiation source for the components behind the first wall.  

This paper presents stepwise development of backside 

protections (BSP) to mitigate the problem mentioned above. The 

process is supported by 

1) study of BSP shielding performances through thermal 

analysis taking into account plasma radiation and ECRH 

loads;  

2) BSP sizing restricted by electromagnetic forces during 

main coils / plasma current decay; 

3) mechanical analysis to confirm structural fixation of BSP. 

In addition, several analysis iterations for CVP have been 

repeated to minimize BSP cost by identification of first wall 

components with minor heat radiation to the CVP and marginal 

influence on its cooling system capacity. 

 

Index Terms—Wendelstein 7-X (W7-X), stellarator, in-vessel 

components, backside protection, thermal analysis, 

electromagnetic forces, structural analysis.  

I. INTRODUCTION 

UBSTANTIAL physical experiments have been successfully 

performed on the most advanced modular stellarator 

Wendelstein 7-X (W7-X) during the second operation phase 

(OP1.2) in 2017 and 2018. The completion phase CP2 is 

subsequently started, which is devoted to the installation of 

cryo-vacuum pumps (CVPs), new diagnostics and actively 

cooled in-vessel components instead of the inertially cooled 

ones used in OP1.2. The expected steady state operation (OP2) 

of W7-X is foreseen carrying out at 2021 with not only longer 

pulse but also higher plasma heating power [1], which increases 
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the heat load on the first wall of in-vessel components in terms 

of convection, thermal radiation and the fraction of direct loads 

from heating system [2].  
 

 
Fig. 1. View of some divertor components and the backside protection of Baffle 

modules.  

 

The in-vessel components of W7-X could be classified into 

two major parts, i.e. divertor components and the wall 

protections. The divertor components consist of high heat flux 

(HHF) divertor, baffle modules (BM), divertor closures, 

cryo-vacuum pump (CVP) and control coils, each of them has 

ten similar discrete units situated in corresponding ten half 

modules of W7-X [3]. During steady state operation, the 

plasma facing wall of HHF and BM formed by graphite tiles 

will be exposed to the heat flux of up to 10 MW/m2 and 500 

kW/m2 respectively [3]. The backside area of BM is not fully 

covered by actively cooled CuCrZr heat sinks due to 

construction constraints, therefore the high temperature 

graphite rims become an additional heat radiation source for the 

components behind the BM, such as CVP, control coils, SS/Cu 

pipes, diagnostics, etc. Moreover, small fraction of plasma 

radiation and ECRH (electron-cyclotron resonance heating) 

stray radiation could penetrate the narrow gap (~1.3 mm) 

between neighboring graphite tiles and further heat up the 

backside components. In order to mitigate the influences, the 

backside protection (BSP) is designed to reflect the heat 

radiation and intercept the ECRH stray radiation. Fig. 1 shows 

an example of BSP for some BM tiles. In general, the BSP 

comprises one / two layers of grids cut from SS/Cu sheets that 

cooled by clamping on the cooling pipes and/or by radiation. 

The grid could be easily installed and removed on site when the 

bolted graphite tiles are demounted from the BM.  

Backside Protection for Wendelstein 7-X 

In-vessel Components 

J. Zhu, V. Bykov, A. John, L. Wegener, H-S. Bosch and W7-X team 

S 

mailto:jiawu.zhu@ipp.mpg.de
mailto:victor.bykov@ipp.mpg.de
mailto:andre.john@ipp.mpg.de
mailto:lutz.wegener@ipp.mpg.de
mailto:bosch@ipp.mpg.de


> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 2 

At first, the paper presents the necessity to install the BSP 

and the target shielding effect in terms of the BM backside 

equivalent temperature for the most critical CVP in the divertor 

chamber of module 1 or 5. The requirements are followed by 

the shielding effect study of BSP with respect to the number of 

grid layers, grids material and thermal contact conductance 

between the grids, clamps and cooling pipes. Secondly, the 

maximum electromagnetic (EM) forces in the BSP depending 

on grid sizes are estimated for the events of superconducting (sc) 

coils and plasma current decays. Finally, the structural stability 

of the BSP and its clamps under the maximum EM forces is 

assessed, and the maximum BSP grid sizes are proposed to 

withstand the EM forces. Moreover, in order to minimize the 

BSP costs, several thermal analysis iterations for the CVP are 

repeated to identifying the BM tiles with minor backside 

thermal radiation to the CVP and marginal influence on the 

CVP cooling system capacity [4].  

II. STUDY OF BACKSIDE PROTECTION SHIELDING EFFECTS  

As shown in Fig.1, the BM (about 170 BMs in total) is a set 

of about 20 tiles, each tile consists of graphite tile, sigraflex 

(thermal insulation material), CuCrZr heat sink, and zigzag 

cooling pipe. During foreseen steady stead operation of W7-X, 

~1/5 of the BM and TDA (toroidal closure) plasma facing area 

are exposed to ~500 kW/m2 plasma radiation, and the rest are 

exposed to ~250 kW/m2 [2], together with other effects, such as 

ECRH stray radiation, water cooling and thermal radiation, the 

equivalent temperature of BM / TDA backside surface could 

reach up to ~ 600 ℃ in case of without BSP. According to the 

detailed thermal analysis of the CVP [4], the heat load on LN2 

cooling circuit (one of the cooling circuits for CVP, protecting 

the helium panel from heat radiation) is quite sensitive to the 

backside temperature of neighboring in-vessel components due 

to the large temperature differences with them. Therefore, the 

BSP is necessary to be installed on the backside of BM and 

TDA to reflect the heat radiation from the hot graphite tile rims. 

The thermal analysis results of the CVP indicate that the LN2 

cooling requirement could be fulfilled by the present cooling 

capacity in case the equivalent backside temperature of both the 

BM and the TDA is below 362 ℃. That value was taken as a 

goal for the design of the BSP.  

A. FE Model, Heat Loads and Boundary Conditions 

In order to study the shielding effect of the BSP, as shown in 

Fig. 2, a corner fragment of the BM module with several tiles 

are selected and modelled for FE thermal analysis. The 

specified heat loads and boundary conditions include:  

1). Plasma radiation on plasma facing surfaces, 250 kW/m2 or 

500 kW/m2,  

2). ECRH stray radiation 38 kW/m2 with absorption rate: 1 % 

for SS and 0.2 % for Cu,  

3). Thermal radiation between surfaces of graphite tile rims and 

the BSP with the assumed emissivity: 1.0 for graphite, 0.5 for 

both SS and Cu,  

4). Thermal radiation with surroundings is simulated by setting 

the ambient temperature to 150 ℃,  

5). Partial plasma radiation passing through the gap between 

neighboring graphite tiles and shining on the BSP is set to 200 

W/m2,  

6). Water cooling convection coefficient of 30 kW/m2·℃ (mass 

flow rate 470 g/s, inlet temperature 40 ℃) is assumed. 

On top of these, as listed in Table I, several cases and options 

have been analyzed for comparison and optimization of the 

BSP:  

o Number of BSP grid layers, i.e. one or two layers,  

o BSP grids materials and thickness,  

o Thermal contact conductance between the grids, clamps 

and cooling pipes,  

o Transient behavior during maximum W7-X operation time 

period of 30 minutes.  

The parameters of eight calculated cases are listed in Table I.  
 

 
Fig. 2. FE model of some BM tiles with two layers BSP for shielding effects 

study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, the thermal conductivities of SS/Cu (0.1/0.5 mm, 

taken from Cu) and SS are listed in Table II [5-6].  

 

 

 

 

 

 

 

 

 

TABLE I 
CALCULATED CASES FOR STUDY OF BSP SHIELDING EFFECT 

Cases 
BSP grid 

Layers 

BSP grid material 

and thickness, mm 

aThermal contact 

conductance 

Analysis 

type 

bCase 1 None / / Steady state 

Case 2 One cSS/Cu (0.1/0.5) Full contacted Steady state 

Case 3 Two 
SS/Cu (0.1/0.5) 

and Cu (0.5) 
Full contacted Steady state 

Case 4 Two 
SS/Cu (0.1/0.5) 

and Cu (0.5) 

No contact 

(floating) 
Steady state 

Case 5 Two 
SS/Cu (0.1/0.5) 

and Cu (0.5) 
20 W/m2·℃ Steady state 

Case 6 Two All with SS (0.5) Full contacted Steady state 

Case 7 Two All with SS (0.5) 
No contact 

(floating) 
Steady state 

Case 8 Two All with SS (0.5) 
No contact 

(floating) 
dTransient 

aThermal contacts between BSP grid, BSP clamp and cooling pipes. 
bWithout BSP.                     cComposite material, SS facing plasma.  
dStart from room temperature state. 

TABLE II 

THERMAL CONDUCTIVITY OF SS/CU (0.1/0.5 MM) AND SS 

Temp. °C 27 100 200 361 500 

SS/Cu,  

W/ m·°C 
397 394 389 363 341 

SS,  
W/ m·°C 

15.3 15.64 16.95 18.51 18.51 
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B. Analysis Results and Discussion 

For each case listed in Table I, two scenarios with heat flux 

of 250 kW/m2 and 500 kW/m2 respectively are analyzed 

separately, and the BM backside equivalent temperature of 

these two scenarios is calculated by summing up the thermal 

radiation flux of all backside elements using the following 

formula:  

𝐴 ∙ 𝜀𝑒𝑞 ∙ 𝜎 ∙ 𝑇𝑒𝑞
4 = ∑ 𝐴𝑖 ∙ 𝜀𝑖 ∙ 𝜎 ∙ 𝑇𝑖

4
𝑖=𝑒𝑙𝑒𝑚              ( 1 ) 

𝐴𝑖, 𝜀𝑖 and 𝑇𝑖 are the area, emissivity and temperature of each 

backside element. 𝜎 is the Boltzmann constant. 𝐴 is the total 

backside area of the FE model. 𝜀𝑒𝑞  and 𝑇𝑒𝑞  are the backside 

equivalent emissivity and temperature respectively. 𝜀𝑒𝑞 is 

assumed as 0.5 (the same of SS and Cu). The overall backside 

equivalent temperature of the BM / TDA is then estimated 

according to the ratio of 1/5 with 500 kW/m2 and 4/5 with 250 

kW/m2. Table III lists the overall backside equivalent 

temperature of all the cases, as well as the maximum 

temperature in CuCrZr, BSP and Graphite tile for comparison. 

As an example, Fig. 3 shows the temperature distribution of 

Case 7 (with 250 kW/m2 heat flux).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Temperature distribution in BM tiles and BSP (Case 7: 250 kW/m2 heat 

flux).  

 

As indicated in Table III, without BSP (Case 1), the backside 

equivalent temperature could reach up to 470 °C, which is 

lower than the above mentioned ~600 °C due to the 

consideration of cooling pipe surfaces in FE calculation, and 

the hot spot temperature of graphite tile rim (facing divertor 

chamber) is very high and close to the maximum temperature of 

graphite tile facing plasma. The backside equivalent 

temperature and BSP hot spot temperature are reduced 

considerably by introducing the BSP, and further by second 

layer of the BSP. Moreover, if the BSP material is SS, the 

shielding effect could be additionally improved. The lowest 

backside equivalent temperature found by the study is 279 °C. 

Thermal contact conductance between BSP and cooling pipes 

has marginal influences on shielding effect due to the thermal 

equilibrium is rapidly reached and dominated by the thermal 

radiation. The transient thermal analysis (Case 8) shows that 

the steady state could be reached in about 10 minutes, which 

means the steady state thermal analysis results represent well 

the BSP thermal behavior during the 30 minutes operation 

pulse.  

III. ELECTROMAGNETIC FORCES IN BSP 

The W7-X superconducting magnet system consists of 50 

non-planar coils (NPC) and 20 planar coils (PC) that are 

toroidally arranged in five equal modules (72° for each 

module), each one consisting of two symmetric semi-modules. 

Each semi-module comprises five differently shaped NPC and 

two different PC [7] to produce required magnetic inductance 

(B). During fault conditions of operation, a fast discharge of 

coil currents could be triggered by quench detection system 

(QD) to remove the stored energy from sc coils. As a result, 

considerable eddy currents (I) in the BSP is induced by the 

varying magnetic flux, as well as the Lorentz forces result from 

I × B. Meanwhile, due to the BSP is close to plasma, a very fast 

plasma current decay could also induce considerable eddy 

currents in the BSP. There are two kinds of plasma currents, i.e. 

toroidal plasma current follows plasma axis and diamagnetic 

plasma current in poloidal direction. The parameters for the 

estimation of maximum EM forces in the BSP are:  

1). sc coil current decay with time constant of 3 seconds, the 

magnetic field configuration ‘low shear’ (LS) with 3.0 T 

average field on plasma axis is selected [8], the currents in 7 

types of sc coils are 18.2, 17.9, 16.9, 13.7, 13.5, -11.6 and 12.1 

kA respectively,  

2). Toroidal plasma current of 100 kA with decay time constant 

of 1 ms,  

3). Diamagnetic plasma current of 2.2 MA (in total) with decay 

time constant of 1 ms.  
 

 
Fig. 4. Schematic view of the EM forces acting in BSP grids.  

 

TABLE III 
THERMAL ANALYSIS RESULTS OF ALL STUDIED CASES 

Cases aTeq, °C 
Max. Temp. in 

CuCrZr, °C 

Max. Temp. in 

Graphite tile, °C 

Max. Temp. 

in BSP, °C 

Case 1 470 401.3 / 707 599.2 / 1127.2 b580 / 1075.8 

Case 2 308.6 c412.5 / 737.4 600 / 1122.6 325 / 658.8 

Case 3 289.6 412.6 / 738 600 / 1123.7 221.1 / 428.6 

Case 4 307.7 413 / 738.8 600.4 / 1124.8 271.1 / 466.8 

Case 5 307.8 413 / 738.8 600.4 / 1124.8 271.1 / 467.4 

Case 6 279 402 / 706.8 600 / 1123.7 289 / 522.5 

Case 7 280 402 / 707 600 / 1123.9 289.3 / 498.7 

dCase 8 280.8 401.2 / 707 600 / 1123.9 294.4 / 502.5 

aEquivalent backside temperature of BM and TDA. 
bMax. Temperature of graphite rim (facing divertor chamber). 
cCorresponding to the scenarios of 250 kW/m2 and 500 kW/m2. 
dAt the end of transient thermal analysis.  
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A schematic view of EM forces in BSP is shown in Fig. 4. 

The induced eddy current is result from the varying magnetic 

inductance (B1) perpendicular to the in-plane directions, and 

mainly focused on the outer edge of BSP grid due to the 

compensation effect of neighboring cells inside the grid (field 

differences are neglected). The in-plane force F1 is a result from 

I × B1, and out-of-plane force F2 is a result from I × B2. In 

general, the induced eddy current could be described by the 

following formulas:  

𝑑𝜑12

𝑑𝑡
= 𝑀12 ∙

𝑑𝑖1

𝑑𝑡
= 𝑢1 + 𝑢2                         ( 2 ) 

𝑢1 = 𝐿2 ∙
𝑑𝑖2

𝑑𝑡
,   𝑢2 = 𝑅2 ∙ 𝑖2                        ( 3 ) 

𝜏2 =
𝐿2

𝑅2
⁄                                   ( 4 ) 

𝑖2 – eddy current, 𝑖1 – source current, 𝑀12 – mutual inductance 

between 𝑖1 and 𝑖2 current loops, 𝑅2 – resistance of eddy current 

loop, 𝐿2  – self-inductance of eddy current loop, 𝜑12  – the 

magnetic flux passing through the eddy current loop, 𝜏2 – time 

constant of eddy current loop.  

According to rough estimation, the time constant of the BSP (𝜏2) 

is around ~0.1 ms, which is more than one order of magnitude 

lower than plasma current decay time constant (𝜏𝑝 = 1 𝑚𝑠) and 

much lower than sc current decay time constant (𝜏𝑠 = 3 𝑠), 

therefore, 𝑢1 is small and negligible comparing with 𝑢2, and 

the equation (2) could be rewritten as:  

𝑑𝜑12

𝑑𝑡
= 𝑅2 ∙ 𝑖2                               ( 5 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The maximum magnetic field (parallel and perpendicular to the 

in-plane directions) in the BSP from sc and plasma current is 

calculated at first, and the maximum possible eddy current is 

estimated according to equation (5). And then the maximum 

EM forces are estimated using I × B. The estimation is done for 

the BSP grid with 0.5/0.1 mm of SS/Cu in order to mitigate EM 

forces. A thin layer of Cu (facing divertor chamber) is 

necessary to be implemented in order to reduce the ECRH 

absorption on the BSP surface. Table IV lists the estimation 

results of maximum EM forces (for the grid edge length of 0.1 

m) in BSP with the dependence on the number of cells in the 

grid. Larger grid makes the manufacture and installation 

process easy but increases the EM forces in the BSP drastically. 

Therefore, a compromised grid size necessary to be defined 

according to mechanical assessment.  

IV. MECHANICAL ANALYSIS OF BSP FIXATION 

The BSP grid is fixed on the cooling pipes by clamps, which 

are formed from composite material SS/Cu with thickness of 

0.9 / 0.1 mm (see Fig. 1).  

Concerning the thermo-mechanical stability of the BSP 

fixation the following statements are valid:  

1). The BSP could be easily expanded under temperature 

gradient due to their flexible attachment pattern, which lead to 

low and acceptable thermal stresses in the BSP,  

2). The in-plane EM forces (10.4 N in maximum for the grid 

size of 2 × 2) could be taken by in-plane tension / compression 

of the BSP,  

3). The bending moments due to the EM forces perpendicular to 

the BSP plane may be detrimental and are of most concern.  

According to the EM forces listed in Table IV and the 

explanation of the bending moment calculation in Fig. 5, the 

maximum bending moment on single clamp is expected as 1.65 

N·m (32.9 N × 0.05 m) for a grid size of 2 × 2,  The value  is  

significant for such flexible structure. Moreover, the transient 

effect with time scale of ~1 ms needs to be considered. The 

transient mechanical analysis is performed with a half model of 

the clamp under the force of 16.5 N in downward direction (see 

Fig. 6). The deformation in opposite direction is constrained by 

the graphite tiles (see Fig. 1, the distance between BSP and 

graphite tile is ~ 2.5 mm), therefore it is less critical for the 

structure. Fig. 6 shows the model, the boundary conditions and 

the assumed force evolution for transient mechanical analysis. 

The friction factor between clamp and pipe is set to 10 %. The 

damping ratio (ξ, Rayleigh Damping) is assumed as a constant 

of 4 % [9], from which and the main natural frequencies (from 

modal analysis) the mass coefficient ( α ) and the stiffness 

coefficient (β) are calculated according to:  

ξ =
𝛼

2𝜔𝑖
+

𝛽𝜔𝑖

2
                              ( 6 ) 

𝜔𝑖 is the circular frequency of the mode i. Due to the lowest 𝜔𝑖  

of about 1250 (rad/s), the contribution from mass damping 

could be neglected, and the stiffness coefficient of 6.366×10-5 is 

taken for the transient mechanical analysis. In addition, the 

elastic modulus and material hardening of BSP (SS/Cu with 

thickness of 0.5/0.1 mm) for transient mechanical analysis are 

listed in Table V, the smeared material properties are calculated 

according to the material properties of Cu and SS in [6, 10].  

 

 

 

 

 

 

 

 

 

 

TABLE IV 

MAXIMUM EM FORCES IN BSP (0.5/0.1 MM OF SS/CU) 

Grid 

size 

sc currents decay 
Toroidal plasma 

current decay 

Diamagnetic plasma 

current decay 

aF1, N bF2, N F1, N F2, N F1, N F2, N 

1 × 1 0.56 0.27 5.20 16.46 1.15 1.72 

2 × 2 1.12 0.54 10.40 32.92 2.30 3.44 

2 × 3 1.35 0.65 12.48 39.50 2.76 4.13 

3 × 3 1.68 0.81 15.60 49.37 3.45 5.15 

4 × 4 2.25 1.09 20.79 65.83 4.59 6.87 

5 × 5 2.81 1.36 26.0 82.29 5.74 8.59 

6 × 6 3.37 1.63 31.19 98.75 6.89 10.31 

aIn-plane forces, considering an edge length of 0.1 m (see Fig. 4). 
bOut-of-plane forces. 

TABLE V 
ELASTIC MODULUS AND MATERIAL HARDENING OF SS/CU (0.5/0.1 

MM) 

Temp. °C 20 100 200 300 400 

Elastic modulus 

(GPa) 
183.5 178.7 171.7 164 163.2 

Plastic strain 0.0 0.0101 0.384 

Stress (MPa) 276 283 542 
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Fig. 5. Explanation of bending moment estimation for single BSP clamp.  

 

 
Fig. 6. Assumed force evolution for transient mechanical analysis (left) and FE 

model of half BSP fixation (right). 
 

 
Fig. 7. Evolution of the maximum deformation and displacement distribution 

(at the time with maximum deformation). 
 

Fig. 7 shows the evolution of maximum deformation over the 

time and the displacement distribution at the time with 

maximum deformation. As indicated, the residual deformation 

is about 23 mm which is result from the plastic strain of up to 7 

% in the BSP. Due to the maximum plastic strain is far below 

the elongation of stainless steel (~40 %), there is no danger of a 

break of BSP edges during such extreme event of toroidal 

plasma current decay. A detachment of the clamp is not 

foreseen also due to restrictions on both sides either by cooling 

pipe or by graphite tile (see Fig. 1). However, the BSP thermal 

shielding effect could be affected due to the loss of shielding 

area and/or touching other hot components. Fortunately, events 

of sc coil and diamagnetic plasma currents decays are 

completely safe due to much smaller EM forces (~10 times 

lower, see F2 in Table IV). Finally, the double-layered BSP 

design option with maximum grid size of 2 × 2 (or 2 × 3 for 

some region with lower magnetic field), made from the 

material of 0.5/0.1 mm thickness SS/Cu, is approved by the 

project with the following argumentations:  

1). The event of toroidal plasma current decay from 100 kA 

with time constant of 1 ms is an extreme fault case which is 

rarely or even never happens during operation.  

2). In case some BSPs are out of function, a replacement 

process could be conducted relatively easy (fully accessible if 

the graphite tiles are dismounted).  

3). The eddy current in the BSP could be further reduced in 

newly installed by introducing some cuts on Cu layer if the 

budget of BSP production is allowed.  

Fig. 8 shows the designed double-layer BSP with some bended 

tips to ensure the BSP grids and graphite tile rims are untouched 

at the corner.  
 

 
Fig. 8. Two layers BSP with some spacers.  

V. APPROACHES TO MINIMIZE THE COST 

Due to various position and orientation of the baffle modules 

in the divertor room (formed by PV, BM, HHF divertor and 

divertor closures), some of them introduce less heat radiation 

on the CVP and could be excluded from the installation of BSP 

in order to minimize the overall cost. Therefore, a few thermal 

analysis iterations for the CVP are repeated to identify the 

baffle modules which introduce less radiant heat on the CVP 

[4]. The current LN2 cooling capacity for one CVP in module 1 

or 5 is about 1.9 kW [11], which is the upper bound for 

optimizing the number of BSPs to be installed.  

The optimization result is shown in Fig. 9, there are four 

baffle modules and toroidal closure (for all CVPs in different 

divertor rooms) are necessary to be equipped with the BSP to 

have the LN2 heat load of single CVP of ~1.95 kW (in module 

1 or 5), and a total heat load on all ten CVPs is around 13.1 kW 

(lower heat loads for the CVPs in other modules [4]), which are 

still manageable with the present LN2 cooling system capacity 

dedicated for CVPs.  

 
Fig. 9. Baffle modules to be installed with BSP: Result of optimization process. 
 

In addition, some other in-vessel components beneath the 

BM, such as SS/Cu tubes and diagnostics, suffer also from the 

high thermal radiation from BM backside surface, and in some 

cases the hot spot backside temperature facing such sensitive 

components is to be limited. The developed BSP for the CVP is 

also suitable for these components, therefore, the installation of 

BSP for other baffle and heat shield modules [3] is also 

recommended and depends on the specific requirement of the 

components beneath them.  
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VI. CONCLUSIONS 

Due to the expected high plasma radiation on the first wall of 

plasma facing components during the steady state operation of 

W7-X, the installation of backside protection is strongly 

required to reflect the thermal radiation from the hot graphite 

tiles rim in order to mitigate the heat load on the CVP LN2 

cooling circuit and other sensitive components.  

The shielding effects of BSP are studied in detail with 

respect to the number of BSP layers, material of BSP grid and 

thermal contact conductance, and the results indicate that the 

BSP with double-layered SS grids has the best shielding effect. 

The maximum BSP grid size is defined according to the result 

of transient mechanical analysis of BSP under maximum EM 

forces. Finally, the BSP structural stability and possible 

consequences during fast decay of sc and plasma currents are 

discussed. According to the analysis results and presented 

considerations, the double-layered BSP approach with 

maximum grid size of 2 × 2 (or 2 × 3 for some region with 

lower magnetic field), and with the material SS/Cu (thickness 

0.5/0.1 mm), is approved and under implementation in the 

project.  

Moreover, the repeated thermal analysis of the CVP taking 

into account the available LN2 cooling capacity indicates that 

some BM could be excluded from the process of the BSP 

installation in order to minimize the costs. On the other hand, 

the developed design of BSP is also suitable to protect other 

sensitive components behind baffle and heat shield modules.  
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