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ARTICLE INFORMATION ABSTRACT

In this paper, the internal inversion process of metallic cylindrical shells under dynamic axial loading is
investigated experimentally and numerically. Experimental tests are performed on the steel tubes in a
gas gun and the required force for internal inversion is obtained using the measurement system of
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
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ﬁ?:gf;?jiﬁversion 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. 4 Sectioned tube and die when the striking projectile
impact the tube in Abaqus
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Fig. 1 Total view of Gas Gun
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Fig. 2 a) Cylindrical shell at the die inlet, b) Striking mass

Al (&) (B (63959 40 Slailginl dimg (5,53 ogou (i) 2 S

\
v

Fig. 3 The oscilloscope and the amplifier
c..\.MSwyL 9 u5$u5.1.....;| olZws 3 J&J}

S8 (S hdumis-3
anlp ileand gln GusSLl ogame lall il 5l Geios cal 5o
Sealnd (559 N0 Sl cow glalgiul glaaius, Sl (gl
ambo Sy g aliy w@yo sl ileand sl a4l oud oolaiul
Josbe 33«08 Joe 5l ey B iged e 5 005 oo o
IS 5t (Salins Jelows po s 518 gl e Slakad oo

3 o)l 16 )93 1395 S A )3 Sulke widie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.26.3
https://mme.modares.ac.ir/article-15-5865-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1395.16.3.26.3 ]

OblKed 9 3 pddma ), LS,

(5I9R0 &g 336 x5 (530D slaslgiml sladimgs HAIS Kig)ly S IE 9 (23K (W) 2

5 Lbc\......aj.\ Ja....\j.\ ol i 6)).yl 9 g;"\“" ab'jf ©33e g (270 ﬂQLB.a 1 J’u\’
(5 264 iy ¢ 2) o (Sis)ls wnl 2
Table 1 Experimental and numerical results of tube shortening

and absorbed energy in the internal inversion process
(m=264gr)

() ouss iz (55 (MM) Lasts, Sasoliss S
abyy
e s g (Db, e ()
6413 6484 1292 1405 128 71
809.1  827.1 1526 1628 156 81
10301 1029.7 1733 1823 17 89
11979 12225 1957 2108 194 97
13369 14028 2162 2356 217 104
15116 1604.9 2367 2593 24 1105
18964 19858 2845  30.35 30 1265

Sdiged a5 357 S 50 ams bl se Gl 5 anug (SalelisS
odaline s o lid 4,0 alisee glace pw slil 4 1) 00,55 by sl
lailgil slading 3l (Sig)ly anlp e Syo pslate 405 e
ol oold Liuleds 8 IS5 10 Sileds S jgeo 0 silyd ol il ol pe
OLL 50 el 0ad e Al e Sz (Sig)ly alyd T 0 a5
LU 50 o oy oo B abais 4 aiwgy ol3T sleel (8-a JS) gl al> e
i 4 gy S5 (sleml (B 5 B sl JS5) wn Ty poms g g J>lre
Solls e Y o J2le nl (b 0 050 513D 5 C BlE s
090 hatd glaulgiul aing D aai 4 foww, 51w bl ab o il
(Bd US2) anlp pilez al>pe 10 (Sg)ls 9505 5 8950y B
Seileds sl S 0 oS jsbles il gad s g oaile ol Lo &
wlals (Sgly Jole by atwey o1 slesl wgd o cvaliv
Slodiges 1o Alae ol a5 [98] ol axsls azy0 270 o ,&5 (slagl;
oS cal S a4 a3y pioren el samlie B 357 S 0 00,65 g
4 wiloads ools Las 8 S ;0 a5 )D g C B A bla jo diwsy Cwls
anlie & jsbioten b alie SRS b o5 5 5308 Sgo
C ahais 5l g 4Bl |33l C alais b A abis j aiugy Cwlbes lade g8 o0

b Gl

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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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
v=89m/s, m=475gr

ol o US55l by s US 5 plojm g8 slasinie 20 S
PS5 ATS iy o 5 4l 20 8 by o pus sl 228 5 g0

cilize glap,> sl @ 58 plraly casp 0ad Ol 655 o gmie
oo ools ylis 22 JSi 0 sode g (92,208 slacdle o eatijan s
- ST s (633s Sl 40 08 5 0,20 Sl )0 o aS 04 e alaxdle
Caond ol 10000l K00S0 L Loy o2 a2 gl ol sy slo
5 i Lulpd (il Sl ©j50 0 45 08T Al Bl e
a0l LS 6550 s Jlade Sy ol digls (sl gy Al o
Ol amil 0 g s 655 Cix A e Ay ey (8l A b
805 (o0 dhwgy glral>

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

1 (Sgsls wulyd p iy o2 51-2-4

R s 2p90 B0 (Sigly wnlp r aliy oz il Cuand cnl 5
505 (o0 dmliie 0085 Lol Cewy g30e 5 (225 @S 5 0T o
475 264 175 Glap,> 5 45l 10 89 Cull e pm Ll polaie (o
Go (sles 18 S5 05 g0 Sl diagy a4 (3 Jgaz L ilas) o5
@ labn 40 Cod o @ Sy S @ &) Kged a jles e
—olisS polie and o lis Wlaia S 15 65 475 5 264 175 slap,>
ol oo 03,91 3 gz 40 laaiug lawg odl wds (g5l g (Sab
Sles 5 28 Slocus 5l ssel Cansy plojgnd slagiie s
L 20 519 glaSs o alflar o5 475 o 175 clopy> (sly LwsSU]
odalie (Sg)ly 5l o boaing KO 4 azgi b Nigd oo amlie [0S
izt T ooz Gl by Copu aile Sl Ojg0 0 o5 0900
ST Sjle & nleior i | g (Gom 4Y » Sgyz obxl
SOl itz 3l i ooz Gl LSS (s 2150 Jlosl s s
03,5 o5 AB o dgy (Sy9 8 Bro 00 s 4 ere gl S
1S sebplen 09 os gy (Sorm e p Soyz olml 4 e b
S5l o (Fgily S9 dgbe onaline 20 JSB 0 plojmg loges
e jo oy cpl a5 wb oo Eal38l Hlaged olel Caand jo Toaze yal
syl gy SSU LRIl ol cde sl ssalin LB MlS 26
@5 Sl 0 Sz ol Gl 97 5 Sl gy Sogm aY p Soyx
59 5y ol a0, 0 HUal 1A ol cdwlie (goae >l oy
21 S abl oo Al sy oo A jo Jloged olesl e
mad g 2Bisle;] slaces ) eael Cands Gloj g o s S
5 £ 475 5 264 175 Glap > L laliy Gl & 1) gooe slagle
ol Bl Canlay a5 jablen Lo oo lis 4l 5 e 89 LS S
Sebus b 950 (RPN @ e e S Sl 4 Al 0>
292 g 2Bil;l glacas | Jols mls 0 po dlus ol ol 00l
Cyizad ol soalice BB s00e slo g jlwands 5l o] Casay b

55 gy Lagi ond ol (555 5 (b olisS goue 5 12 polie 3 Jguxr

(46 3 55089 by e ) J3lo  Sigylg ansl )
Table 3 Experimental and numerical shortening and absorbed
energy results of tube in the internal inversion process
(v=89m/s).

oa i (5l

ladigy Sasoliss

s
V) (mm) (an

@ous S goue (Qakl,  ap9
663.17 693.07 12.9 15.05 13 175
1030.11  1029.72 17.33 18.23 17 264
1817.08  1881.24 28.92 31.12 30 475

Fig. 18 Internally inverted sectioned tubes for the impact
velocity of 89 m/s, (respectively from right to left, m=175, 264
& 475 gr)

0 89 e o b sl o o 0 alg)ly sladly) 5l es 93 iy les 18 Sl
(5475 3264 1751 el plpaliy py> cor a4 ool 5l oS5 @) sl

302


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.26.3
https://mme.modares.ac.ir/article-15-5865-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1395.16.3.26.3 ]

OblKed 9 3 pddma ), LS,

(5I9R0 &g 336 x5 (530D slaslgiml sladimgs HAIS Kig)ly S IE 9 (23K (W) 2

ll (@)
2000
S 1500
&
S -
< 1000 o
(53 ,.‘.
£ L5 m=175gr
w o
/..’ — . i =
.2 500 p m_264gr
P m=475gr
0
0 10 20 30
Displacement (mm)
<(b)
2000 r
> 1500 r
) g
51000 |- P
3 -
o 'l
s 5ot | m=175gr
g . - = = m=264gr
......... m=475gr
0 1 1 )
0 10 20 30

Displacement (mm)
Fig. 22 Comparison of absorbed energy- displacement curves
for the impact velocity of 89 m/s and the striking mass of 175,
264 & 475 gr, (a) experimental model, (b) numerical model

Loglaly 4o cov abalrond Gz 65yl sl poue alis 22 S0
Jxe (0) oz Jowe (i) o, 475 5264 175 slap,> g 4l 5 1o 89 ey

8das

B g wngy i Ll g Al cepe Gaile Sl 25 L
5 ol s Ay (Sigly Sl 655] swre e 4 4 oo ali>dle
el 4 e il phiz G55l SRl Al ) jadz e
90,5 (o0 dhwgy ydon

Wl R0Su b @ @il 3)lse 25T 50 028 @l g o li-
Sgad oslaiul g3 4 goue @l 5l e oo 1A

e S yg8-6
Wpex m
by e v
Sl oo 25 Y
Sl el 55,

S ES €

&l

[1] A. Darvizeh , M. Darvizeh, R. Ansari, A. Meshkinzar, Effect of low

density, low strength polyurethane foam on the energy absorption

characteristics of circumferentially grooved thick-walled circular
tubes, Thin-Walled Structures, Vol. 71, No. 10, pp. 81-90, 2013.

[2] A. Darvizeh, M. Darvizeh, R. Ansari, A. Meshkinzar, Analytical

and experimental investigations into the controlled energy

303

()
100 m=175gr
— — — M=264gr
80 o NN m=475gr
£ |
340 %
: o
= b
20 Y\
"
0 1 1
0 200 400 600 800
Time (us)
< (b)
100
m=175gr
80 AEL T — — — mMm=264gr
WM s m=475gr
60 "
/2 \ \\
=40
s \ el
520 \
= \ \
0 WA [/ . Y
200 Vo' ' 00 800
-20 L

Time (us)
Fig. 21 Comparison of force-displacement curves for the

impact velocity of 89 m/s and the striking masses of 175, 264 &
475 gr, (a) experimental model, (b) numerical model

289 e L gl a0 o plralem g gla pioie anglie 21 IS
633e Jae (&) e oy Joo (W) 0,5 475 4264 175 slop,> 5 4l

Sy 4omii=5
gy A3 (Sigly anld g9, 2 goue 5 e Slalllas dlis ol o
5 el o0t ploil (g 550 4y s B 5l olitl Ly (6308 (glilgil (sl
alises Jaa‘l...u o l.(b‘h..uy .]a.u:93 0 Ll LS))J‘ 9 Ji..u pevel; ul).uo
9 gy (g Lulpl jelie poy el W8S 18 sy 990 40
Sy Jol a5 @000 5 Fge sla el g et aid S el s el B
sladivgy JSls (Siglly K8 i J15; » Bl by ez g
slacus lesal sy @l 4 4z b ol 00y 5 Ll (glailgi!
903 Ol ) B3 9)lge Olgiisn (g9 Slagluand 5 025
b (Sanls Sl (595 e w09 43S L 0 coll aliy oy ST1-
<l @lrals Jlade i 5 oogei Sz ol alin Sy I3
2y My iz @5l Rl ol Jds & wlie Sl ansy
Do s Wy (S9 4 Sy dbml el guyos 4 Lulyd ool o
aba>Me (B g gy owiin Lulpd 5wl oy Gl Sl 22 L
9 9,10 5L (65,8l sre Hlade a4y ol digly (gl dingy a5 el 0uls
mal> cel onile Bl st (655l malidl Al cepu jeax e
@lal> Gl odle (e Sy S Sl 4 by ey I3
ORIP! Grizmes 0580 (Sig)ly Sl 595 SRl A e gy
33,5 oo diiugy 051500 5 Sy ool 4y yoie Sl ol 5 6 >

3 osleis 16 095 1395 sls i (e Suilke waiie


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.26.3
https://mme.modares.ac.ir/article-15-5865-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1395.16.3.26.3 ]

Obled 9 3 pddma ), LS,

B5I9R0 &g 336 x5 (530D slailgiml sladimgs SAIS K399 S IE 9 (2K (W) 2

[9] P. A. Rosa, J. M. C. Rodrigues, P. A. F. Martins, Internal inversion
of thin-walled tubes using a die: experimental and theoretical
investigation, International Journal of Machine Tools &
Manufacture, Vol. 44, No. 7, pp. 775-784, 2004.

[10] P. A. R. Rosa, J. M. C. Rodrigues, P. A. F. Martins, External
inversion of thin-walled tubes using a die: experimental and
theoretical investigation, International Journal of Machine Tools &
Manufacture, Vol. 43, No. 8, pp. 787-796, 2003.

[11] A. S. Hoseyni, P. Hoseyni Tehrani, Simulation external inversion
for buffer train under impact by using software LS-DYNA,
Proceedings of The 20th Annual International Iranian Mechanical
Engineering Conference, Shiraz, Iran, May 16-18, 2012. (in
Persian __..,s)

[12] A. Niknejad, M. Moeinifard, Theoretical and experimental studies
of the external inversion process in the circular metal tubes,
Materials and Design, Vol. 40, No. 9, pp. 324-330, 2012.

[13] N. Jones, Structural impact, Second Edittion, pp. 340-341,
Cambridge: Cambridge University Press, 2012.

[14] H. Kobayashi, K. Horikawa, K. Ogawa, M. Hori, Impact
deformation of thin-walled circular tube filled with aluminum foam
in lateral compression, Journal of Solid Mechanics and Materials
Engineering, Vol. 3, No. 1, pp. 64-71, 2009.

3 osleits 16 095 1395 sls ya (urde Suilke wiie

absorption  characteristics of  thick-walled tubes  with
circumferential groove, Journal of Mechanical Science and
Technology, Vol. 28, No. 10, pp. 4199-4212, 2014.

[3] A. Naddaf Oskouei, H. Khodarahmi, M. Sohrabi, Experimental and
numerical study of conical thin shells collapse under dynamic axial
loadings, Modares Mechanical Engineering, Vol. 15, No. 7, pp.
392-402, 2015.(in Persian .. &s)

[4] A. Nadaf Oskouei, H. Khodarahmi, M. Pakian Booshehri,
Numerical and experimental study of a diamond collapse of a thin
wall tube energy-absorber with caps under dynamic axial loading,
Modares Mechanical Engineering, Vol. 15, No. 2, pp. 169-178,
2015. (in Persian _..,s)

[5] L. R. Guist, D. P. Marble, Prediction of the inversion load of a
circular tube, NASA Technical Note, TN-D-3622, 1966.

[6] S. T. S. Al-Hassani, W. Johnson, W. T. Lowe, Characteristics of
inversion tubes under axial loading, Journal Mechanical
Engineering Science, Vol. 14, No. 2, pp. 37-81, 1972.

[7]1 T. Y. Reddy, Guist and Marble revisited-on the natural knuckle
radius in tube inversion, International Journal of Mechanical
Sciences, Vol. 34, No. 10, pp. 761-768, 1992.

[8] S. R. Reid, J. J. Harrigan, Transient effects in the quasi-static and
dynamic internal inversion and nosing of metal tubes, International
Journal of Mechanical Sciences, Vol. 40, No. 2, pp. 263-280,
1998.

304


https://dorl.net/dor/20.1001.1.10275940.1395.16.3.26.3
https://mme.modares.ac.ir/article-15-5865-fa.html
http://www.tcpdf.org

