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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the internal inversion process of metallic cylindrical shells under dynamic axial loading is
Received 25 December 2015 investigated experimentally and numerically. Experimental tests are performed on the steel tubes in a
Accepted 20 February 2016 gas gun and the required force for internal inversion is obtained using the measurement system of

Available Online 14 March 2016 impact loadings. Also, numerical analysis is carried out by the finite element software ABAQUS and

the accuracy of simulated models is validated with the experimental results. In this paper, all

ﬁetm%dif{version geometrical properties of the tubes and die are assumed to be constant and the effect of the projectile
Axial impact mass and velocity is investigated on the shortening and energy absorption of the tubes which are
Gas gun affected by axial impact in the internal inversion process. Therefore the projectile is shot directly to the
Cylindrical shells specimen with different masses and velocities. It is observed that if the projectile mass remains

constant, increased impact velocity has almost no effect on the constant inversion load and just
increases the tube displacement but if the impact velocity remains constant, increasing the amount of
projectile mass causes increase in the constant inversion load besides increased tube displacement.
Comparing the results of numerical simulations with the experimental results shows a good agreement
between them.
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Fig. 7 Internally inverted sectioned tubes at different velocities
(respectively from left to right, v=71, 81, 89, 97, 104, 110.5 &
126.5 m/s)
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Fig. 10 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
m=264gr and v=81m/s

Sncllo 3 S5 o s g Sl U 5 ologr s e 10 IS
4l e 8l Cepu 5 5264 4l 02 sl 225 5 s30e

100
80 r
:“ . MR
1 7 EAY
60 \
\
5 40 M\
o I .
g 20 K Experimental result
o y - - - - Numerical result \
0 1 1 1 1 \ LY
T
100 200 300 400N 500
-2() L

Time (us)

Fig. 11 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
m=264gr and v=89m/s

Slacllo o IS0 it 5l am Ay Ll JS3 5 playme gomie 11 UK
il 7089 o s 0,5 264 4y £ sln 0 5 500

299

e lacie s Gl 4 plojgps foged g 4Bl JSb ki (slading,
b oy s o] )0 a8 Wigd o 00ls LS 15 59 sla JSs jo aliy

1AL &4
|
|
|
|
|
|
|
|
(@ (b)
A
Z.

|

| D |

D I I

| |

| C |

(© (d)
Fig. 8 Stages of internal inversion process
e (Sg)ls anlp >0 8 Sl

s (Kglg anTp o diwg culs 2 Jaus
Table 2 Tube thickness in the internal inversion process
(Mm) g Cwlss

» W) fziuin Lbls

@ S Sy 5l e gl 59,
1.2 1.3 A
15 1.65 B
1.77 1.85 C
1.36 1.4 D

80
My
» o/
g 60 | , ‘| , Il‘lll \‘\
! \
N i . ~
§ 40 " ‘: .
£ 20 _,‘:’ Experimental result
- - - - Numerical result \
0 L L 1 N Y A
100 200 300 400
20 L _
Time (us)

Fig. 9 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
m=264gr and v=71m/s

@ose ol yo (IS i Sl am Al les IS8 5 Glojmg,e (oo 9 Y
il p e Tl cosu s 052640y 0 ln 0295

3 osleis 16 095 1395 sls i (e Suilke wiie



Obled 9 3 pddma ), LS,

(5I9R0 &y 336 x5 (530D slaslgiml sladimgs HAIS Kig)lg S IE § ()T (W) 2

Force (kN)

Experimental result
- - = - Numerical result

1 1 1 1

(f 100 200 300 400
-20

v
v

'

1

v T
3

Time (us)
Fig. 14 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
m=264gr and v=110.5m/s
Sl o IS 5 3l s ladly) (les S5 5 om0 sl simie 14 U
4l p 701105 ey 5 05 264 4l 2 slp 275 5 g00e

100
80 I l‘ Al A\
"W\~ .r’ ©x \’\‘\ [/
60 | Ve
) ' \
g 40 [phi o
5 v .
= 90 Experimental result
- - - - Numerical result VI
0 1 I L L “ II \l' 'I
100 200 300 400 . s0b
-20 -

Time (us)
Fig. 12 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
m=264gr and v=97m/s
ot o IS i Sl an dyd b USS 5 plojg s oo 12 UK

4l p yo T Co 505 264 4l 012 sl 228 5 5092

100

80

60 4!fy
I
'| I

h
240 )
o

= 20 h } Experimental result
- - - - Numerical result
0 1 1 1 1

100 200 300 400

-—-—

NG

*¥00 600

-20 -
Time (us)

Fig. 15 Force-time curves and final shape of the tubes after

deformation in both numerical and experimental models for

m=264gr and v=126.5m/s

ol 45 JS a5 § s baaly) s IS 5 laimg e sl simie 15 JSob
d.ul;;l;?.anGS g;.cﬂjfjfZBA ml.,f [ 3d LQ‘)‘. SIS g e

3 ool 16 095 1395 sls )i (Hurde Suilke wiiie

100

Experimental result
- - - - Numerical result

1 1 1 1

AR
100 200 300 400 V500V 600

\
\!
)

\
3

Time (us)

Fig. 13 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
m=264gr and v=104m/s

sl o ISs 0w 5l an laalyd ol U8 g oleim gy slo e 13 IS
4l p 70 104 e p 505 264 4y 02 Gl (275 5 SO0

300



Obled 9 3 pddma ), LS,

(5I9R0 &y 336 x5 (530D slaslgiml sladimgs HAIS Kig)lg S IE § ()T (W) 2

5 Wlid S 13 RS 69y 2 e o aw e goue Sl o ee
s Ly 2l plralr e s plasgles LS g Wl Sl ol
g Al pyz g odile Coll pwais laylyd Bl aS cusline lay ol il
@ 0,0 b (655l srme e S 4 ol Al gl Atwgy WSS ks
Spo oailo Bl (3l ke wed Jin alin Seyw aze &Sk

23,5 o8 dwgy yidon ol

il (a)
1400 r
7
S 1200 45
21000 | by,
) 4
3 800 /
2 ’
2 600 | ‘7
) &,
Z 400 4
< 2/ = = = Numerical model
200 z s
- Experimental model
0 1 1 1 1 J
0 5 10 15 20 25
Displacement (mm)
< (b)
2500
2000
e
281500 |
2
E 1000
- v =126.5m/s
S -

Z o500 0 g e v =104m/s
< e - — =V =89m/s
0 1 1 1

0 10 20 30
Displacement (mm)
z (©
2500
S 2000 r
&
g 1500 |
2
2 1000 |
§ v =126.5m/s
< 500 F 000000 &5 e v =104m/s
- — =V =89m/s
0 1 1 1
0 10 20 30

Displacement (mm)
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Fig. 19 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
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Fig. 20 Force-time curves and final shape of the tubes after
deformation in both numerical and experimental models for
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Table 3 Experimental and numerical shortening and absorbed
energy results of tube in the internal inversion process
(v=89m/s).
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Fig. 18 Internally inverted sectioned tubes for the impact
velocity of 89 m/s, (respectively from right to left, m=175, 264
& 475 gr)
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