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Article Information Abstract
Original Research Paper Perforated thin-walled tubes have always been the focus of researchers as an appropriate energy
Received: 2 August 2023 absorption alternative. In this research, the energy absorption capability of perforated thin-walled
Accepted: 17 December 2023 tubes with irregular pattern has been compared with thin-walled tubes without holes and regular holes.
In this regard, cylindrical thin-walled tubes made of aluminum alloy 6061 have been used under axial
Keywords: loading. At first, the process was modeled using the finite element simulation, and the accuracy of the
Thin-Walled Tubes numerical results was verified using the experimental results. Then, using Taguchi's L16 orthogonal
Crushing Force array, the effect of geometrical parameters on the energy-to-weight ratio of the perforated thin-walled
Energy to Weight Ratio tubes with irregular pattern was investigated. Afterward, the optimal arrangement was obtained to
Finite Element Simulation achieve the maximum energy-to-weight ratio using the signal-to-noise analysis. Finally, experimental

tests were carried out on the tube with the optimal arrangement, the tube without holes and the tube
with regular holes. By comparing the energy absorption ability of various tubes, it was found that with
the optimal arrangement, the energy-to-weight ratio increases by 19 and 26%, respectively, compared
to the non-perforated and regular perforated tubes. Also, using the new proposed pattern, the initial
force to average force is reduced by 17 and 19%, respectively, compared to the non-perforated and
regular perforated samples.

Please cite this article using: 1oy bod ooliiw! Jd Wl jl Al cpl @ glo )l (6l
Elyasi M, Rooholamini Ahangar M, Modanloo V. Experimental and numerical investigation of energy absorption capability of holed thin-

walled circular aluminum tubes under axial compression loading. [ranian Journal of Manufacturing Engineering. 2023 August 23;10(6):29-39.
doi: 10.22034/1JME.2023.409379.1813 [In Persian]



Oed 9 wlll uxe 5970 GHUIS Yl a5 (SogaisagdT HISELIGW 59 1S THL IS LAY (6535l o 3a alyls G lwdsuls 9 (2 )FT W) )2

donio —
Aaiacas op! 3l oolitl Gam [V wigi oo oolitwl &YTpwile g oYL o a8 daslen ;8 0,8 joba (65, Gil> (slagian
iz 1y 30 ok e wlyts & oetan ol pli [V] ol Sllus 2alS (1 a0 6550 b Balat o (655 e Cio
oo ze 5 IF] axnl o 855 5 poniagl] sl ST gt cnl 53 Slgo e 508 5 51 IYT wsloo coenl Sl L a5
L8] sl oo YU aloxinl 51 (510,95 1 Y59 Cujo cpizman L0] Sgei o)Ll YU (6 i S5 Colild 3 (S @ 15 oo pomivos]]

] 00)5 dj.ku.a 09.‘> L ‘) uLﬂ.ﬂm 4.‘>9.1 KVELY g_)..\.‘> ‘) 6)M 6)).>| ¢339 u.>)...<,5 u...wb Lv ..\4‘3...‘ aS @L@J..Lo =\3|)‘ so)’jfo‘
o3laitl (sl (olio 43S ml O3 & S35 S 5 dwain (Fauzmy pas g Sgew oo 4 gl SHU laa sladly)
Sy SNk o5 (5 Dilr slaptns (oga )0 ik slagiagh 0SE V] aisl oo 535 il laptu 5
Ogliie wiin Joo b pladg) 5 il glaghis gl «S3U Sl lady) )3 655 @i Gl Gl ol a5 ©)00
el 438,518 (o) 32 090 (2l (oo a2 g5 L ladlgd JSCS oS opdledy el 48518 Julow 090

Wges 5o a5 a0 oyl .asols J13 cw)p Sy90 (om e adaiie haw b glaalgd jo 1, (6550 wdz ol [A] o)) Ko g l3gen
Joee il alols ,3 sd U cpioman S S (6,008 Sy 5o Vsl LSS 4 Wlgh s dil> sbml cslopls abaiie el b
g so (p)like Gladigel & Cumd 5y SR JSh cel lbaiges o )lEl leddl> slnl osd e J S Y (6,518
sy oon] 0576 stzs B 3l badiges Jsb 5 cualins a5 ol olis bay] b

s Gl olaie a4 oy T L0308 oy (6 950 (5955 S Jloailais sladlg) ;5 1, (6551 iz Gliee [A] ) San 5 (1o
Alols Sy a5 winges, ames ol 4 o] oy 8 addllas 5 e ol g oyl e 4 | laaslais alols 1 egs il i
Ded on Sowtd e o pas b oy )l cel aS o s g g baailais le el

S5 Sleodly g5 nl ol s 4 suye gl glaie 50 0)lpd Culks o Sl slml L V] e 5 S5y
bl plo 5l pien cwlbks g glasss jo 5145 woww, ass opl & (59,95 oz obml p5lSe w)yp b lagl azsls
O3 OlSse Caslies st glaall angs bl b ol oles byl s sl e Gl by ] 65, wde ol asl el
et Songe |) 6551 @iz ole (Soutd $909) 95 adsl S po Sl

Sohoaiz 5 JolocSs OVl> 0 el s dilisue ablio b S3b las sladly) 65,50 wix s, [N jela )b 5 Lisle
LT W U”‘ L L@u] ..\.:\)9.1 GxLoM 9 GIJ.@W (SRR “5..1...‘0 O Hygody IR R 6[.%&.'4.%4 C.’a...u ools )‘)3 dxdlas Sy90
s g pledez ol SBl b cimman S8 (65,80 wde b, glabisde BB 36 L5 by Jske sbxl a5 o,
edS s | 8551 iz elet (s oe Lo sl

Gl Cos 58 gl ST iz 5l sghee S5 s sbedls) 6550 wis ks, VY] ol Sen o ols3 s
ahie maw assls 13 adllas 5,50 LS-DYNA sgue liz! j138le 5 5l eolaiwl b (giluaccs 5 0,50 Ojgo 4 1) (Sl
9y 9 b sy Gialesl (Hhb sy 5l ol peizes 05 smpe 5 (rhOURS wsals Dygoas ead b Sl ladly)
Goy S Gymizmad 9 (339 4 (658 Cmad (gl 2ol )by 1050 ,S ol el o e ol (5l TOPSIS o,Lre sz (6,05 pomonad
e e Tz b Sonld dlaie e b g a5 ol (lad bl s wiad a3 Ll o Sbail sl lrs lsie 4 o
3yl 1y 0 Shes (n 5 Elygm e (e ghale o b dlg) (izen 5 0 Slee

S5 allas 3,90 1) Jlocn,S oVgh iz I e (slaaSid b (5900 5 (omye sladly Sad DY] l1Sen 5 gLz S
Ko G bawg (6970 (§9,m A0,S (wy |y Lol sliwly 50 30 ol 03 IS 4 sla sl Ly ;b pizen oyl aisls
e g aysly (n yiaS a8 Wy 4z ol 4y ol o Jlasl o oo Yoo bl 5 (sudshe YO Cod)l b (g yace
ey 50 D95yl (yieS a4 GiileS obml Jleisl clle cnl o (izren b walss JpuS LB old b slagal 4

ol g e 0ylaz 90 slaojle (Saued 3 Shes p oya> slal g dwain 156 cwyp 4 V] 8050 Lelowsl g oo
\.béy 03l ‘5')‘)} g_JL..Lo.C 7o) f’}“—‘-‘jﬂ )L..ﬂ e )l R SO 6LDO)L~.J ..\.H_‘>‘o).> S99 9 (597 6)|Af)l) Cod GIJ.@
slizl IRl 5l anld ileand lp ol wb a8 s i o can s o (i (laies Ojg0a by ahiie mha

7 oploubs N+ 0993 NE-Y oo s 0l 395 9 il wiiuse Y.



Ubed 9 wlill Juze 5970 SIS Yl a5 SogaiaonlT JISELIGw 59215 I L I Slaalg) (533 a3a ulild Gilwdnd 9 (IS )4

s s a8 S L 48 5550 i sleslere lsie 4 ads] S5 St 5 035 4 (555 S i8S 03lizol LS-DYNA sgoms
b aalys (55, i plie S5 50 (azg BB g 4 mie laojle slaclsnd (55, poyi> 5l eslazul oS ol ol L]
ghie mhao L ojlo dnles iols olii 1) (a8 (Saned adgl 59,05 08 g slaylislo b anslin ;3 Jlooji> (gl Lo ans
b Bl 655 @i au S n e Ol (HhS b sleo i b (o e

Ol )T agsy (sose gulis didged o)y | cilises ablia b Jobo aiz sladlyd (6551 i olime VO] ol 1Sen 5 S
Oezmed Ayl syl 5L Jlas gladdy) 4 s (65,5 a0 i oL Glopls alaie b Jolwais slaalg) a5 ols
S e 555l i i 3y 2 ST sk s o Jsls slass 5 Cualis aS ol (Lt G el () 2

e 9 Slopls slaghie mhaw b (oagaivagl] ojlazgs (slaaly) (Faned 0525 5 0ad i (555 ol V] 100 5 o,
oSl Sgame sliz jl38le 5 5wl (giloands sl ol Wogad oy (2talejl 5 g308 (29 4 y97e IS,k e |,
SLcebl 55, 2 |y e G250 5 (Jobosiz 0aliS Cusi alox | il sle il Slogs (gl 5o Lol wisgel solica|
iols 18 g2 3550 (335 4 (55531 a5 JS 00 Dl (301 (] Lasgie 5 (Sased adsl (59,08 Jolis (6551

b ot @il i gl il gll )y ppad 0 gotate Slidng eiSL «enl osalie L5 45 jshilen
phiel o8 b sladilyinl (cogieddl U o ladlg) 5l ooliial (ogas )3 ciagh worg (nl b el oud plaxl (5 970
e 5 Dgliie ladwain Sezg Js 4 S3U jlax sladlgd )5 (6551 ©d (e ais 8L (5 9me NSl cod g g
235 S slowl anT b 50 (5 leho 5 (S pae S 4 Jloghhem S3b iz lady) ol ot om0
delate a1, 51 oolawl b o ole;] >l ogy oS 5 b callio ol 5o il oo (65,50 03l (slopiamms o oolitwl sl ogllae
5 gladllynl S5U laa slealy) sl bglhsw ane ledz (pBle] 5 sgume Slizl (siloand Glagis; 5 5 755U
laalg b paial ol e o) aigy 2l jo (65,0 ds la Fhg (bl o .cel sl cawody £08Y poell 5L i
Loojlailen 5od slayhd b sonls slaghism o975 «Gekos nl hol 6yslss Conl onds alin glite gl 5 Elige 9
Al dles byl (6550 Gl ol g 4 e a5 Al o SHU s slealg) ol o (SO s

SR e Y

i Slasin )V Jgaz sl oals oolaiul £ paedl LN i 5l Gladlgiul U Jlas sledlg) 5l (sadon cpl o
bbb plinw oy oiws Gl 9o Jb Con (Sand (2 slagialesl el gl aas oo plas | SU Jlae sladlg
50,5 IS, ol Coowo b 4280 1y o le Vo e ps LYL S8 ¢y SO 90y brdiged (6,05 )18 51 e ol colaiul 5V O
gl g oo ool Ly olfiws (W) V S ol S e due £ Sl B olKiws 4 Jaie pgealS alwg 4 o] &5 >
A3 o ol 1) Baiods pl 5o e ol el Hlogligm g Siled (0) ) JS 5 (Sand 9ejl lp plite Jloglge
2 S S en il Sl (DBl Gl Jds wsdioe S s SzsS Gl o S laglhee ShaE s, e 0 (IS b
ilee ol dbml 3l (55, 2 Elyge o5 (plaions

S5b s sledy) cwais Slasie ) Jgas

IRV (9lg) dasein
W (mm) Job
I\ (mm) > ,l> k3
Y (mm) Cwls

Y\ ?O)Lo.\is;\-o)}.\.\i-f),g)@‘ubﬂ.)#y}u&lwduw



Uben 9 bl Suze BI97%0 LIS b X5 (So98in0g)T JISFLIG G921 IHU YIS Glaalg) 65,3l 3n byl (5 lwdab 9 (T Hw) 2

Big holes
Small holes

(<) (i
olerig o8 58 bagl g ploszr (0w p olKius 53, » (Satd ge3] 2! (WY Y

9o 5132 (5 jludmis —

Aai3j50 slaals) ool oad oalitl GusSUT dgame lizl il 5 5l loglgm S5 oz sladls) (Sacd Gsesl iloanes cuz
4 oole Sy SO pess JU8) (Bpre pshaie 4 mad e o atugy D psonr Gup oSS 5 p G JSS g Ojs0n
Sl b illas oo plowl (225" (505l (29,5 Jloged nl o slitul ¥ SO L Billae (o (55 (5 loged 5l ¢l 3l 5
Mbsa ASTM E8-11

450

400 F

- -
- -
-

so b o=
300 } -
250 +

200 f

True stress (MPa)

150

100

50 F

0 0.03 0.06 0.09 0.12 0.15

True starin

PPN ngeingll Ayl (15,5 5 Jloges ¥ K

o SBhol oo NIV] g o b @illas .l oy solitnl caadsS (Shaol oo 5wy slocss b alg) olas cis 5 sl

R ER RIS PO SN CIRTIER S ST AN X JNE N BTN PRICE S NE Y BN

Y OUSE 50 anld sgame syl Jaw o soliul slo,8 cuta pgs lodl 5l gl (soiaSin sl oed o Lul> soges sliul,

Sead a5, alxe glp el (65, Gl slapiacn j0 goge yelil oal a5, Jlade Lol ouls ool ol

29 @lmlrgpd g nj gl dslre sl ) all, jlellis (pl 50 358 o0 oolitinl (olmlr—g s jloges ) v Colas
il g aiged (3o W g alid o 55 05l (59,05 Pualmlr Gl L ()T ) a8 0k eslizul (SEA) (35 4 (655 S Sl

?o)l.n.\in\'o))é‘\Z'r)ﬁNﬁ‘o|ﬁ|w3§)mhﬂwW Yy



Oed 9 bl Juzxo BI97%0 SHUIS b X5 (So9ainog)T JISFLIG G921 IHU HISs Glaalg) 65,31 3n byl (G lwdab 9 HITT w2

B fOLP(x)dx

SEA M

an],8 sgume sl Jow ¥ S

ol )T ol —F

bl Jloglge slealy) 55l widr Gy, g eeaie Syl Sl adlas jsliie & (zsSULie welaie 4l lis Gl o
Chow shd ixdaw Jz jo s, 2 0 Flisw Slawd imaw [z jo bFlew (o) olawi ¥ Joao b gillae Lol ool eolaul
85 ol 53w o3 i a5 155 50 535, (sl el sy b 50 40 KasS Elig By 5 b oz 2SS
Ol Laalgd SEA o (riizmen 09l Caw |) S5 Elhgm Sl (lgioe SasS Shad 0 ()l 0o b aS Sl (go0e JlaB o5
DAL s sl pg a4 JiSw Cond el sl ¥ alaly 5l ol o wogllas SEA aicis a5 bl 5ol a3 8 i o >3
Al g )l ,SS slaws 1 g sl Jlade Y, wdaly cpl jo

b gk olyon & 599,5 sloyely ¥ Joor

ok T ok Y g ) gl s P
a Y A Y N o, ol
'Y A 4 ¥ S @0, ;0 58 Fligw slass
\ 4 o ¥ d (mm) o5 ¢lygm ks
- - V¥ VY c S5 o gy

1
S/N = —10log;o (E

(yi)z> 3

o g bl —0

n
i=1

Y Jsoz o el 0,28 ol b ool  miwlons dgame sl Jow 5l eolaiwl b ( > SU Loy, Lol (b sla il
o @l b goae mli anlic saimslis 0 5 F slaSs (izen amd e ol | Gialejl o slp SEA o ol
50 b dnb dgamme (slixl Jae Como azt 10 5 039 i ml o e BB Cibllas el asie a5 shiles aiil e
SEA (55 slp 2195 4 JUiSew Jlogad 7 S50 0 colinul la el ainge polan 3l (sl 5298 42 JUSoms Sl 51 e (]
IS G VAl el Cgllae T aiioy polie 5 005 yige 55,5 g9 5 b cpl s S5 N a5 jshilen ams e Lid |,

Yy 7 oplodbs N+ 0993 NE-Y ooy 0l 395 9 il Swiiuse



Oed 9 wlll uxe 5970 SIS Yl a5 SogaiaonlT JISELIGw 59215 I L I Slaalg) (533 a3a ulild Gilwdnd 9 (IS )4

O Flhgw yh8) pgs (s, ;2 10 Fligw A) pow d(Flygm 3, ¥) Jsl zobaw coip arc 9d S N slo )b sl zsbaw on i
5 Ehsm G Ayl bl g pll 5500 sl b (o2 Galej] az jo (N1S3d2cT) wibco (VY wr8) J3l 5 Grogshes
Olodsz b platal ozl jgm diged cilizee slacdl> (65, Gl Sl anslio ol aslol [0 ol walss anslie plaie ozl g
oS Cewl )3 @y oY ol ad)F k5 0 T1 g0 & plaie )10zl g aiged 5 ST O )50 4 Eligm (g0 diged L3 &0 4 alge
Al ge ) g E g o) slaws e s (oo ) LSS Hhd gl Sen T1 diged [0 oo ass slaglygm
VU DV asl oo pols dllie Baiassg (L3 4t cp e b @lae T1 dg) wsin slal a5 conl (5,950 456 ol 53

ol 0al eols Hlas Sosy) g0yl S8 9 ow T1 9 ST sladiges i A JSi 40 om0 oo (lis 1) C3 Wiges JSi juuss > ye

ouls >l ‘SLQ&LA)'] &l» SEA cos @Lu Y Jous

SEA (IY/kg) c d s N ile] o)l
\IFO¥ \IY ¥ ¥ ¥ \
RS \IY ) $ ¥ v
V) \E 5 A Y v
VYEY V¥ 4 VY ¥ ¥
VDY V¥ ) ¥ ) 0
VYA \E ¥ s ) s
VA g \IY v A ) v
VIVES \IY 5 VY ) A
VAYY VY 5 ¥ v q
VYYY \IY v 5 v Ve
Vg Y \E ¥ A v X
VOFY V¥ ) VY v VY
VAFY V¥ v ¥ 3 X
\/6aF \E 5 s q \F
VIAYA \IY ) A 3 \o
\/FYF \IY ¥ VY q \$

7 oploubs N+ 0993 NE-Y oo s 0l 395 9 il wiiuse e



UbLLed 9 Wl Su=o

6970 $ LIS Hls xS So9ain0gdT HISFLG 591218 IH IS Slaalg) (6551 dn calsls (s lwagmd 9 (R W) )4

Yo

Force (kN)

Mean of SN ratios

75 (o silodnds (Gl oo oad plaial loF] g dlod F &

Experiment

80 - . .
= = = Simulation
70 [}

60
50
40 N ) - ]
30 > <!
20 =~

10

0 10 20 30 40 50 60 70 80
Displacement (mm)

o o) platal Jlozlygm dlgd plzmla—gyud Jloged anslio & S5

82
-84
-8.6
.88
290
92
94
-9.6

-9.8

T T T T T T T T T T T T T T

357 9 4 6 8 124 5 6 7 12 1.4

Signal-to-noise: Larger is better

SEA (29,5 slp pg 4 JuSm Cons Jloges £ JS0

7 oplodbs N+ 0993 NE-Y ooy 0l 395 9 il Swiiuse



Uben 9 bl Suze BI97%0 LIS b X5 (So98in0g)T JISFLIG G921 IHU YIS Glaalg) 65,3l 3n byl (5 lwdab 9 (T Hw) 2

T1 (0 ST (Gl Sang) jl om s L8 gl A JSC

038 & S5 S o JS 00l iz (631 (liee oad i sl so (Shs Lz (S5 wie S Ths e amlie Gl

Olea b (Soed adsl g9 Sl (lomlomg i Jloged 10 S gl iload (o) Lawgie (695 4 Al it (95 S
Jasie K8 Byl SIIWVT ol g s (551 3l Slaptas (5230005 58 45 035 Yol sl slowl sl p3Y sod ke
o9t red 4 e (6551 23 S SBl Gl (g9 SHe 2l & (abmlrgys Sloged n) mhaw) ead iz 6550 0L
Ol sz e sl bl s (e n b s begie (550 A sl Aldan (655 Ceed 9 SEA ULl 5o ol b)) sl
0,0 g ald (o Ol @ el 00l 8)ly e 4 (5 Jolue Dlys oS Cunl ] s lid il S SGeE SO 4 S
caal 4S5 55 3 5 T1 ST aly) a1 o o (sl bl g0 dumlin 3575 0n oy (ol b Jfogad 3 (58
LC3 g T1 ST aiges aw awlio bl all oo T1 dgad 5l yiin 9 ST aiges 3l oS C3 diged sl p ald ol (USG5l ol
Sl Ayl i 55,00 o5 5 adeie b o b ol 0l VY B oSS 5 55 (551 i sl & a
dged b auglie ;o jlade (plaS Jlo jo cenl S VY 590> 10 ST diged 4y Cond 45 009y (g9u3skS YY/-F L 1l €3 aiges
L auolio o Lol aisl, mals 72 sgu> b ST dlgd a0 cand €3 awain [0 oads i (65,0 e Gl i 7YY g0 0 T1
S5 pae OF Jods a5 ansls (555l @l )0 (st Ol g (s dsed e sl aidly GRIEITYY S0 B TT oyl
& 2z Olime 4z 50 aBbioe VL (6950 e B (Sades ply j0 Ayl Caglin 2 (Lo 45 009 Ayl mhans o AL S e
Sl Bllas gl 59 (ialS 4 )0 9 C3 diged ;0 Fligw 9929 Sde 4 a5 was o Lis SEA Cons anslae Ll o o34
T1 Ayl b anslie ;0 C3 dg) 1o s opl 1YF ial3dl ol o yiin 70 350> 40 ST wiged 4y s €3 &iges ;0 SEA lade

?o)'.miu\-0))éx\2-\‘),._|)4(\’bto|),»_|.\g],33-;u';hudu.\d.w Y7



UL 9 wldl Suxe BI97%0 LIS b X5 (So98in0g)T JISFLIG G921 IHU YIS Glaalg) 65,3l 3n byl (5 lwdab 9 (T Hw) 2

C3 aiges wogdledy Al so Bios cpl j0 oo slpiioy ooz b ol g SiU Jlas sladlg) 1o (655 i &8 sege Sk
Al oo i 4 FJolie Slps Jlos! Kl a5 0392 (6 5eS (598 Sl peds il

50

40

30

Force (kN)

20

10

0 10 20 30 40 50 60 70
Distance (mm)

C3 5 T1 ST slaalyd bl s loges anylia 4 JS

45

40

30 r

25

20

15

Initial force (kN)

C3 S1 T1

1.4

1.2 r

08 r

06 r

Energy (kj)

02 r

C3 S1 T1

ol @i 65 Ol anyliia 1Y S

Yy 7 oplodbs N+ 0993 NE-Y ooy 0l 395 9 il Swiiuse



Uben 9 bl Suze BI97%0 LIS b X5 (So98in0g)T JISFLIG G921 IHU YIS Glaalg) 65,3l 3n byl (5 lwdab 9 (T Hw) 2

25

20

15

10

SEA (kJ/kg)

C3 S1 T1

SEA Carnns dslin VY JSi

1.8
1.6
14 -
1.2

0.8
0.6
0.4
02

Fmax/Fave

C3 S1 T1

Logio 6950 4 adsl (695 o anlie VW IS

& S dmis —F

S 77V portragdl LT iz 5l slaailyinl Jloglym S3U oz sladly) yo bagligw gl spaz oI S« Ghaghy onl 5o
Slast g o) ot slayielil 155 4 6351 S At a4 plies jslate 4 baglyse ledizr (n e QB gz ol
528 & JUuSoms S 5 (755U Lt oo gyl 5l ooliisl b Ss8 Elygms yhad o po 9SS g b ecins; o 50 Eljes
Dr a5, i s 5 8,5 5 Sad alef] S 25 Sy izt ) ol 3 a5 i
1S 3ls i gl (g S duglie plate Jlog] 9w 5 20

e I sk (lon 3 5 plitel slagl g soleiing s 5 ool b ot S slaaly) o )
el o wlite Jog] g e &) g (g5 i ol S5

AR VIV 5h8 oo g fa o 8 S8 Elig JaB wiis) 52 )3 Elygus A Slasi Elygm B0, T sl b plaiali Jlog ]9 o) Y
b Bl (39 4 655 S i 4 2les sl (C3) Doz (n e Glred Ge e 7 S5

Wgod b anglie ;5 5 y1aS UVY Sgax 10 (S1) glise (s aiged b anslie ;5 €3 wiged 6l (Sond adsl s Jlaie -V
el Cawd a4y i 1YY sga5 50 (T1) plate g gu

Bl 05 LYF 9 VA i 5 4 T1 diged 9 ST diged s S €3 a5l Juol> (59 40 (65,50 G oo ¥

28l el TN VY i 5 4 TT algd 5 ST algd 4 o €3 ag) Lasgi (69,0 4 i (5925 o =0

?o)l.n.\in\'o))é‘\Z'\"),ﬂN’btob.ﬂJgJ,S)mhudu.\&(e YA



Ubed 9 wlill Juze 5970 SIS Yl a5 SogaiaonlT JISELIGw 59215 I L I Slaalg) (533 a3a ulild Gilwdnd 9 (IS )4

References

[1] Elyasi M, Moradpour A, Montazeri S. Axial Crushing in a Novel Technique of Thin-Walled Tube, Key
Engineering Materials. 2014; 622-623: 709-716. doi: 10.4028/www.scientific.net/KEM.622-623.709

[2] Elyasi M, Montazeri S, Moradpour A. Investigating the effect of material type in the new design of thin-walled
tubes under axial loading, Advances in Materials and Processing Technologies. 2015;1(3-4): 375-383. doi:
10.1080/2374068X.2015.1133759

[3] Lu H, Wang X, Chen T. In-plane dynamics crushing of a combined auxetic honeycomb with negative
Poisson's ratio and enhanced energy absorption, Thin-Walled Structures. 2021; 160: 107366. doi:
10.1016/j.tws.2020.107366

[4] Moradpour A, Elyasi M, Montazeri S. Developing a new thin-walled tube structure and analyzing its crushing
performance for aa 60601 and mild steel under axial loading, Transactions of the Indian Institute of Metals.
2016;69: 1107-1117. doi: 10.1007/s12666-015-0629-2

[5] Elyasi M, Modanloo V, Talebi-Ghadikolaee H, Ahmadi-Khatir F, Akhoundi B. Investigating the effect of heat
treatment in hydraulic rotary draw bending of AA6063 tubes, Modares Mechanical Engineering. 2023; 23
(4): 257-264. [In Persian]

[6] Modanloo V, Akhoundi B, Mashayekhi A, Talebi-Ghadikolaee H, Zeinolabedin Beygi A. The study of forming of
steel cups using hydrodynamic deep drawing process, Iranian Journal of Manufacturing Engineering. 2022;
9(8): 56-64. [In Persian]

[7] Tayyebati M, Ahmadi H, Liaghat G. Experimental and numerical investigation on crushing of metal-composite
hybrid energy absorber under a quasi-static loading, Iranian Journal of Manufacturing Engineering. 2020;
6(8): 54-66. [In Persian]

[8] Hamouda AM, Saied RO, Shuaeib FM. Energy absorption capacities of square tubular structures, Journal of
Achievements in Materials and Manufacturing Engineering. 2007; 24(1): 36-42.

[9] Adachi T, Tomiyama A, Araki W, Yamaji A. Energy absorption of a thin-walled cylinder with ribs subjected to
axial impact, international journal of impact engineering. 2008; 35(2): 65-79. doi:
10.1016/j.ijimpeng.2006.11.005

[10] Zhang X, Wen Z, Zhang H, Axial crushing and optimal design of square tubes with graded thickness, Thin-
Walled Structures. 2014; 84: 263-274. doi: 10.1016/j.tws.2014.07.004

[11] Nia AA, Parsapour M. Comparative analysis of energy absorption capacity of simple and multi-cell thin-
walled tubes with triangular, square, hexagonal and octagonal sections, Thin-Walled Structures. 2014; 74:
155-165. doi: 10.1016/j.tws.2013.10.005

[12] Nikkhah H, Baroutaji A, Olabi AG. Crashworthiness design and optimisation of windowed tubes under axial
impact loading, Thin-Walled Structures. 2019; 142: 132-148. doi: 10.1016/j.tws.2019.04.052

[13] Graciano C, Martinez GA, Smith D. Experimental investigation on the axial collapse of expanded metal tubes,
Thin-Walled Structures. 2009; 47(8-9): 953-961. doi: 10.1016/j.tws.2009.02.002

[14] Pirmohammad S, Esmaeili-Marzdashti S. Multi-objective crashworthiness optimization of square and
octagonal bitubal structures including different hole shapes, Thin-Walled Structures. 2019; 139: 126-138.
doi: 10.1016/j.tws.2019.03.004

[15] Tang Z, Liu S, Zhang Z. Analysis of energy absorption characteristics of cylindrical multi-cell columns, Thin-
Walled Structures. 2013; 62: 75-84. doi: 10.1016/j.tws.2012.05.019

[16] Rahi A. Controlling energy absorption capacity of combined bitubular tubes under axial loading, Thin-
Walled Structures. 2018; 123: 222-231. doi: 10.1016/j.tws.2017.11.032

[17] Montazeri S, Elyasi M, Moradpour A. Investigating the energy absorption, SEA and crushing performance of
holed and grooved thin-walled tubes under axial loading with different materials, Thin-Walled Structures.
2018; 131: 646-653. doi: 10.1016/j.tws.2018.07.024

[18] Modanloo V, Talebi-Ghadikolaee H, Akhoundi B, Mashayekhi A, Ahmadi Khatir F, Zeinolabedin Beygi A.
Investigation of process parameters of the hydrodynamic deep drawing assisted by radial pressure using
Taguchi and finite element methods, Iranian Journal of Manufacturing Engineering. 2022; 1. 9 (10): 11- 20.
doi: 10.22034/IJME.2023.390896.1762 [In Persian]|

[19] Moradian M, Doniavi A, Modanloo V, Alimirzaloo V .Process parameters optimization in gas blow forming of
pin-type metal bipolar plates using Taguchi and finite element methods, International Journal of Advanced
Design and Manufacturing Technology. 2017; 2: 102-108.

ya ?O)Lo.\is;\-o)}.).\i-f),g)@‘ubﬂ.g]y}mlwd»w



