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Nilakantan [10, 11]

HEA

 

 

3.1.1  

50.8mm 

× 25.4mm  2. 1
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3.2  
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 2. 1 [10] 

    

E 

(GPa) ν ρ 
(kg/m3) 

G 

(GPa) 
62 0 1310 31 

 
 
 
 
 
 
 
 
 

 2. 2 [10] 

   

Span 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

0.747 0.536 0.115 
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 2. 3 [10] 

    

E11 

(GPa) 
E22 

(GPa) 
E33 

(GPa) 
G12 

(GPa) 
G13 

(GPa) 
G23 

(GPa) ν12 ν13 ν23 
ρ 

(kg/m3) 
62 0.62 0.62 0.328 0.328 0.328 0 0 0 1310 

 
 
 
 
 

 2. 4  

   

E 

(GPa) ν ρ 
(kg/m3) 

200 0.32 7038 
 
 
 
 
 
 
 

 2. 5  

   

Span 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

1.494 0.536 0.115 
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 2. 6  

  

( ) 

 

(m/s) 

 
115,368 83.85 

 
173,052 83.91 

 
230,736 84.05 

 
288,420 84.06 

 
 
 
 
 
 

 2. 7 (t=80μs) 

 

V0=100m/s 

(m/s) 

   

51.9 75.9 90.6 
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 3. 1  

 –  

Exx-eff 

(GPa) 
Eyy-eff 

(GPa) 
Geff 

(GPa) 
ν teff 

(mm) 
ρeff 

(kg/m3) 
8.87 0.62 0.328 0 0.23 745 

 
 
 
 
 
 
 
 
 

 3. 2  

 

 (hr.) 
   

  
40m/s 100m/s 300m/s 40m/s 100m/s 300m/s 

  3.1 0.9 0.3  50.0 34.0 8.8 
 1.5 0.5 0.2 22.1 20.9 3.4 
 1.8 0.6 0.2 26.8 21.2 4.7 
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(a)                 (b)                 (c) 

 3. 11 HEA 100m/s (a)

 (b)  (c)  
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 3. 12 HEA 100m/s (a)

 (b)  (c) (t=60μs) 
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 3. 13 HEA 300m/s (a)
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 3. 14 HEA 300m/s (a)

 (b)  (c)  
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 3. 15 HEA 300m/s (a)

 (b)  (c) (t=10μs) 
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 3. 16 (a)  (b)  
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 3. 17 HEA 40m/s

(a)  (b)  (c)  (d)  
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 3. 18 HEA 40m/s (a)

 (b)  (c)  
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 3. 19 HEA 40m/s (a)

 (b)  (c) (t=60μs) 
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 3. 20 HEA 100m/s  
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Time( s)

K
in

et
ic

en
er

gy
(J

)

0 10 20 30 40 50 60 70 80 90 100 110 120
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Full woven
Central-Patch
Center-Cross

Time( s)

In
te

rn
al

en
er

gy
(J

)

0 10 20 30 40 50 60 70 80 90 100 110 120
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Full woven
Central-Patch
Center-Cross

Time( s)

S
lid

in
g

en
er

gy
(J

)

0 10 20 30 40 50 60 70 80 90 100 110 120
0

0.01

0.02

0.03

0.04

0.05

Full woven
Central-Patch
Center-Cross

Time( s)

V
el

oc
ity

(m
/s

)

0 10 20 30 40 50 60 70 80 90 100 110 120
0

10

20

30

40

50

60

70

80

90

100

Full woven
Central-Patch
Center-Cross

(a) (b)

(c) (d)

48μs

48μs

48μs

48μs



 

96 
 

 
 
 
 
 
 
 
 
 

 
(a)                 (b)                 (c) 

 3. 21 HEA 100m/s (a)

 (b)  (c)  
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 3. 22 HEA 100m/s (a)

 (b)  (c) ( ) 
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 3. 24 HEA 100m/s (a)

 (b)  (c) (t=60μs) 
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 3. 25 HEA 300m/s
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 3. 26 HEA 300m/s (a)
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2.7mm

4.2mm

5.9mm

9.5mm

2.8mm

4.2mm

5.9mm

10.0mm

2.7mm

4.3mm

6.1mm

10.5mm



 

102 
 

 
 
 
 
 

 

 3. 27 HEA 300m/s (a)

 (b)  (c) (t=10μs) 
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