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Abstract

When choosing reactor components, Tokamak fusion reactor structural reliability must be considered. Fusion reactions, which 
generate heat and energy, can modify reactor walls. Because of this, reactors generate energy less efficiently. For example,  
graphene is the principal material used to build fusion reactor walls. Graphene is the latest high-tech substance. The study 
used molecular dynamics simulations to determine how tritium plasma ions with energy from 5 to 35 keV affected graphene 
walls. Since molecular dynamics demonstrate a chaotic system surface molecular model, Shannon entropy is employed to  
determine the surface. This calculation uses Shannon Entropy of the surface and the Weibull distribution to forecast graphene 
manufacturing reliability.
 

Keywords: PMI Shannon Entropy, material reliability calculation with Shannon Entropy, Weibull 
Reliability based on Shannon Entropy

1. INTRODUCTION 
Rising  population  and  living  standards  are 

boosting  energy  demand,  a  major  concern  this 

century. Most energy comes from depleting fossils. 

Sustainability  requires  nuclear  and  renewable 

energy [1-2]. The last stage of exothermic nuclear 

processes generates energy. Vital nuclear reactions 

include  fission  and  fusion.  An  unstable,  large 

nucleus breaking into two or more smaller nuclei 

releases energy. Most nuclear reactors use fission. 

Multiple nuclei fuse in nuclear fusion. Nuclear and 

subatomic particles result. Mass shifts in reactants 

and products generate energy. Fusing demands 100 

million  degrees.  Nuclear  fusion  provides  nearly 

infinite  fuel  worldwide.  Fusion  reactors  create 

transient  radioactive  waste  with  safety  measures 

[3-6].  The  most  renowned  fusion  reaction  uses 

tritium  and  deuterium.  The  14.1  MeV  neutron 

from  this  event  heats  water  to  generate  turbine 

steam.  Additionally,  this  reaction  produces  3.5 

MeV  He  [7-10].  Plasma  is  heated  by  reactor 

helium nuclei  [11-15].  Traditional  thermonuclear 

fusion  reactors  densify  plasma  with  magnetic 

fields.  Plasma from the  reactor's  (Figure  1)  first 

wall  is  trapped  in  a  magnetic  field.  Hi-energy 

plasma affects obstacles. The divertor zone has the 

highest attrition because magnetic field lines carry 

lower-energy plasma to the wall. Fusion research 

examines  plasma-first  wall  materials  and 

interactions. 
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Figure 1. Internal view of the nuclear fusion 
reactor (Tokamak)

Fusion  helium  must  be  extracted  from  plasma. 

Helium  interacts  with  divertor  walls  during 

removal [16-18]. Dying divertor and reactor walls 

release neutrons. Tokamak reactor wall erosion is 

prevented  by  tungsten,  beryllium,  molybdenum, 

steel, and graphene. High melting point and atomic 

number  make  tungsten  plasma-resistant  [16-19]. 

Nuclear  fission  reactor  structural  reliability 

analysis  is  rare  in  reliability  literature.  [19] 

investigates  nuclear  fission  reactor  structural 

system and component lifetime, dependability, and 

risk  assessments.  This  source  uses  probability, 

material  science,  fluid,  fracture,  and  structural 

mechanics.  Fusion  reactions  are  most  nuclear 

fusion  reactors'  principal  problem.  Literature 

understates  structure  reliability.  In  [20],  recent 

structural  and  thermomechanical  studies  are 

presented.  Discussing  diagnostic,  magnet,  and 

reproductive coverage.  Safe  and reliable  systems 

affect fusion device dependability. Communicating 

reliability.  ITER,  DEMO,  and  Wendelstein  7-X 

fusion  equipment  for  energy  generation  or 

experiments  are  tested  for  availability, 

maintainability, and inspectability [21]. This study 

covers  only  fusion  device  basics.  Commercial 

plasma applications with surface coating are best 

for  Tokamak  fusion  reactor  structure  reliability 

testing. Space-based plasma-facing structures must 

resist  radiation  and  particles.  Plasma-facing 

structures must withstand radiation and particles to 

reduce space impacts [22-24]. Tritium was hard to 

preserve in Tokamak nuclear fusion reactor walls. 

Plasma-facing graphene magnetic  fusion systems 

suffer tritium loss. JET and TFTR plasma tritium 

retention was 40% and 51%. e After experiments, 

fusion reactor sanitization took 12–16%. Walls of 

titanium.  To  According  to  recent  models,  the 

French experimental  Tokamak reactor  ITER will 

reach  its  tritium  limit  after  100  pulses.  Rising 

tritium  levels  bend  reactor  walls,  decreasing 

lifespan.  It  impacts  fusion's  thermal-to-electric 

energy transfer. This study created a graphene wall 

structure with larger crystal atomic patterns using 

molecular  dynamics  simulations.  Figure 2 shows 

the simulation's initial research model.
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Figure 2. Atomic simulation system startup model 

configuration for Tritium and Graphene surface 
crystal

2. METHOD
This work modeled the retention mechanism for a 

sizable  amount  of  graphite,  with  almost  1,200 

carbon  atoms.  The  results  implied  that  the 

retention efficiency depended on several elements, 

including  the  pressure  and  temperature  settings 

during the simulation. These findings might have 

important  consequences  for  the  next  studies  on 

carbon-based materials and their uses in different 

sectors.  We  exposed  the  block  to  hydrogen  at 

energy  levels  ranging  from  5  to  35  keV 

(substituting  tritium)  to  enable  calculations  with 

3T  electromagnetic  force  application.  These 

energy  levels  were  sufficient  for  the  simulation, 

implying  that  the  present  simulations  cover  a 

reasonable  spectrum  of  collision  energy  in  the 

literature. The aim of this work was to develop a 

model  using  Shannon  entropy  that  would  allow 

tritium  production  by  measuring  surface  kinetic 

energy.  We  would  investigate  the  interaction 

between graphite and hydrogen atoms by building 

this model with molecular dynamics simulations. 

We execute molecular dynamics simulations using 

the  Python  programming  language.  Spyder 

(Scientific Python Editor) 6.0.3, which is included 

in  the  Anaconda  package,  is  employed  for  this 

purpose. The computations are executed on a Dell 

Precision  7680  with  an  Intel  Core  i7  13th  Gen 

processor using the Ubuntu 24.10 Linux operating 

system.  The  compiler  version  of  Python  was 

3.12.7. This study utilizes the molecular dynamics 

simulation tool,  Python-based Atomic Simulation 

Environment  (ASE [25]).  This  figure  3  explains 

the  molecular  dynamic  process  algorithm  of 

tritium  atoms  bombarding  the  graphene  crystal 

structure.
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Figure 3. Molecular Dynamics Simulation Process 

of  the  Graphene  crystal  bombarded  with  the 

Tritium. 

In  this  simulation  based  on  the  atom  positions 
Shannon  Entropy  is  calculated  for  the  system. 
Shannon explains that the set of probabilities can 
be  found  as  p1,  p2,  p3,  ...,pn,  that  produces 
vagueness  via  (H) measurement.  When  the 
positions of the atoms given in this system model 
is  carried  out  the  Shannon  Entropy  is  given  as 
[26]:

H=K∑
i=1

n

pi log2 pi      (1)

Equation above (1) gives Shannon Entropy with its 
probabilities p1, p2, p3,...,pn that have frequency 
of the atoms observed inside system configuration 
atom model in the molecular dynamics. Based on 
the  calculated  values  of  the  Shannon  Entropy 
values,  reliability  distribution  of  the  Weibull  is 
calculated.  The  three-parameter  Weibull 
distribution equation is given below [27]:

R ( t ) =e
−( t−γ

a )β
                      (2)

where  t  represents  the  irradiation  duration,  γ 
denotes  the  location  parameter,  β  signifies  the 
shape parameter (slope) with β>0, and α indicates 
the scale parameter (characteristic life) with α>0. 
In calculations, it is widely accepted that γ=0, as it 
represents  the  displacement  of  the  origin  of  the 
reliability  distribution  graph.  The  failure 
probability function is defined as:

F ( t )=1−R ( t )           (3) 
1−F ( t ) =e

−( t
a )β                     (4) 

In the aforementioned, γ=0, and according to the 
specified criteria for F(t), it holds that 0<F(t)<1.    
The  configuration  of  the  equation  follows  the 
specified criteria:

 

ln (ln
1

1−F ( t ) )=βlnt−βlnα

              (5)

To formulate the equation in the configuration 

of  y=mx+n,  the  subsequent  expression  is 

produced:

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 36 ISSUE 3 2026

PAGE NO: 124



y ( t )=ln (ln
1

1−F ( t ) )
, m=

β
 and n=

−βlnα
 

(6)

The Bernard Approximation for Median Ranks is 
employed to compute the unreliability parameters 
for each failure [31]. Subsequently, we determine 
the unreliability parameter.

F ( t ) =MedianRank=
Rank−0 .3

N+0 . 4
           (7)

where N is the maximum number of orders in the 
table set and rank is the order number in the data 
set table. The values in Tables 2 and 3 are obtained 
by utilizing the RMS and Sa values from Table 1 
in  equations  (5)  and  (6).  The  characteristic 
equation  of  the  aluminum  samples  shown  in 
equation  (1)  is  found  by  using  equation  (4)  to 
calculate (3) and (2), and by figuring out F(t) and 
y(t) in Tables 2 and 3.

3. RESULTS & DISCUSSION

Running the structure with energies between 5 keV 

and 35 keV, the simulation subjects the graphene 

crystal  to impacts from H. The method calls  for 

applying molecular dynamics (MD) simulations in 

the next stage. The graphene construction features 

several  layers  for  thermostats.  This  sequence 

displays  the  three-dimensional  MD  simulation 

outputs, potential, and kinetic energies. Tables 1, 

2,  3,  and  4  show  the  times  for  the  simulation 

process, the calculated Shannon entropy from the 

molecular  simulation  model,  the  rank,  the  F(t) 

function,  the  natural  logarithm  of  Shannon 

entropy,  the  y(t)  function  related  to  Shannon 

entropy,  and  the  reliability  based  on  the  y(t) 

function  for  tritium  hit  with  kinetic  energies 

between 5 keV and 35 keV.

Table 1. Shannon Entropy F(t) and y(t) values calculated by 

equations  1,  2,  3,  4,  5,  6  and  7  for  Tritium  with  5keV 

bombardment with 3T on Graphene Crystal

Proces
s Time 
(fs)

Shanno
n 
Entrop
y of the 
total 
bulk 
surface

Ran
k F(t) ln(Shann

on) y(t)_Shannon

Reliability of 
Shannon
Entropy for 
5kEV Tritium 
Bombardmen
t

0 5,5 1
0,074
4680

85

1,704748
092 0 1

25 5 2
0,180
8510

64

1,609437
912 0,478642016 0,521357984

50 4,9 3
0,287
2340

43

1,589235
205 0,503018971 0,496981029

75 4,4 4
0,393
6170

21

1,481604
541 0,517039091 0,482960909

100 3,7 5 0,5 1,308332
82 0,526869951 0,473130049

125 3,5 6
0,606
3829

79

1,252762
968 0,5344255 0,4655745

150 3,3 7
0,712
7659

57

1,193922
468 0,540552053 0,459447947

175 3 8
0,819
1489

36

1,098612
289 0,545698368 0,454301632

200 2,3 9
0,925
5319

15

0,832909
123 0,550130946 0,449869054

Table 2. Shannon Entropy F(t) and y(t) values calculated by 

equations  1,  2,  3,  4,  5,  6  and  7  for  Tritium  with  15keV 

bombardment with 3T on Graphene Crystal 

Proce
ss 
Time 
(fs)

Shann
on 
Entrop
y of 
the 

Ran
k F(t) ln(Shannon) y(t)_Shann

on

Reliability 
of Shannon
Entropy for 
15kEV 
Tritium 
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total 
bulk 
surfac
e

Bombardm
ent

0 5,1 1 0,0744
68085 1,62924054 0 1

25 4,9 2 0,1808
51064 1,589235205 0,3892742

27
0,61072577

3

50 3,5 3 0,2872
34043 1,252762968 0,3939209

23
0,60607907

7

75 2,5 4 0,3936
17021 0,916290732 0,3966372

47
0,60336275

3

100 2,3 5 0,5 0,832909123 0,3985635
99

0,60143640
1

125 1,3 6 0,6063
82979 0,262364264 0,4000572

39
0,59994276

1

150 1,6 7 0,7127
65957 0,470003629 0,4012772

53
0,59872274

7

175 1,2 8 0,8191
48936 0,182321557 0,4023084

86
0,59769151

4

200 1,65 9 0,9255
31915 0,500775288 0,4032015

71
0,59679842

9

Table 3. Shannon Entropy F(t) and y(t) values calculated by 

equations  1,  2,  3,  4,  5,  6  and  7  for  Tritium  with  25keV 

bombardment with 3T  on Graphene Crystal

Pro
ces
s 
Tim
e 
(fs)

Sha
nno
n 
Entr
opy 
of 
the 
tota
l 
bulk 
surf
ace

R
a
n
k

F(t) ln(Sha
nnon)

y(t)_Sh
annon

Reliabil
ity of 
Shanno
n
Entropy 
for 
25kEV 
Tritium 
Bombar
dment

0 5,2 1 0,0744
68085

1,6486
58626 0 1

25 4,85 2 0,1808
51064

1,5789
78705

0,5576
74481

0,44232
5519

50 4,8 3 0,2872
34043

1,5686
15918

0,5995
98835

0,40040
1165

75 4,4 4 0,3936
17021

1,4816
04541

0,6229
18871

0,37708
1129

100 3,95 5 0,5 1,3737
15579

0,6389
00742

0,36109
9258

125 3,5 6 0,6063
82979

1,2527
62968

0,6509
68528

0,34903
1472

150 3 7 0,7127
65957

1,0986
12289

0,6606
13268

0,33938
6732

175 2,5 8 0,8191
48936

0,9162
90732

0,6686
15827

0,33138
4173

200 0,65 9 0,9255
31915

-0,4307
82916

0,6754
3507

0,32456
493

Table 4. Shannon Entropy F(t) and y(t) values calculated by 

equations  1,  2,  3,  4,  5,  6  and  7  for  Tritium  with  35keV 

bombardment with 3T on Graphene Crystal

Pro
ces
s 
Tim
e 
(fs)

Sha
nno
n 
Entr
opy 
of 
the 
tota
l 
bulk 
surf
ace

R
a
n
k

F(t) ln(Sha
nnon)

y(t)_Sh
annon

Reliabil
ity of 
Shanno
n
Entropy 
for 
35kEV 
Tritium 
Bombar
dment

0 5,5 1 0,0744
68085

1,7047
48092 0 1

25 5,3 2 0,1808
51064

1,6677
06821

0,47404
3473

0,52595
6527

50 4,45 3 0,2872
34043

1,4929
04096

0,49735
5401

0,50264
4599

75 3,65 4 0,3936
17021

1,2947
27168

0,51078
1671

0,48921
8329

100 3,45 5 0,5 1,2383
74231

0,52020
5206

0,47979
4794

125 3,25 6 0,6063
82979

1,1786
54996

0,52745
3135

0,47254
6865

150 2,6 7 0,7127
65957

0,9555
11445

0,53333
388

0,46666
612

175 2,85 8 0,8191
48936

1,0473
18994

0,53827
6319

0,46172
3681

200 2,8 9 0,9255
31915

1,0296
19417

0,54253
5258

0,45746
4742

In the above tables ln(Shannon) column is used to 

calculate  the  values  of  y(t)_Shannon  columns 

based on the  trendline  functions  slope  equations 

given  in  (6).  Then  the  last  column is  computed 

with the equation (3) to calculate the reliability of 

the materials based on the Shannon Entropy and 

the resultant graphs are given in the figures 5, 6, 7, 

8:
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Figure  5.  Calculated  reliability  of  Shannon 

Entropy of  the  simulated system based on 5keV 

bombardment of Tritium. 
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Figure  6.  Calculated  reliability  of  Shannon 

Entropy of the simulated system based on 15keV 

bombardment of Tritium. 
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Figure  7.  Calculated  reliability  of  Shannon 

Entropy of the simulated system based on 25keV 

bombardment of Tritium. 
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Figure 8.  Calculated reliability  of  Shannon 
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Entropy of the simulated system based on 
35keV bombardment of Tritium.

When the Figures 5,6,7,8 are observed both 
graphs show the similarity with the  Weibull 
distribution probability density function of 
the  hazard  function.  Since  the  Shannon 
Entorpy  is  a  measure  of  the  chaos  in 
information  entropy,  reliability  of  the 
material of the graphene crystall would be 
considered as  low as  given in  the results 
section.

  

4. CONCLUSION

The  graphs  shown  in  the  earlier  results  help 

evaluate the material choices needed for plasma-

based  energy  devices,  like  fusion  Tokamak 

reactors  and  space  propulsion  systems.  The 

Weibull distribution, which uses calculations based 

on Shannon entropy, is a useful way to assess how 

reliable  structures  are  when  they  interact  with 

plasma and materials, as shown by the estimated 

results.  The  nuclear  fission  industry  currently 

employs  this  technique  for  predicting  structural 

reliability.  Upcoming  experiments  will  examine 

how  collisions  in  plasma  and  the  ability  of 

graphene surfaces to hold onto tritium affect  the 

material's  reliability.  This  analysis  indicates  that 

the  design  of  Tokamak  fusion  reactors  with 

graphene  surface  tiles  will  be  influenced  by  the 

tritium used in the plasma core to help keep it in 

place.  The  simulation  results  indicated  that 

graphene  layers  might  hold  onto  more  tritium 

because  of  the  way  carbon  and  hydrogen  atoms 

interact  with  each  other.  This  analysis  indicates 

that  the  wall  structures  of  Tokamak  fusion 

reactors,  including  the  European  Union's 

International Thermonuclear Experimental Reactor 

(ITER),  will  utilize  various  materials,  such  as 

tungsten, instead of graphene.
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