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In this research, the amount of transverse displacement of circular sandwich panels under
explosive loading was investigated using the experimental method, and then, by using the
Bessel shape function and subtracting the plastic work of the core components and other
deformations from the total kinetic energy given to the structure, the relation for the
prediction of the transverse displacement of the plates is provided.The experimental tests
are grouped by the construction of the sandwich structure, which is 1.2 and 2mm thick steel
plating with aluminum tube cores with external diameters of 12 and 16 mm with a cross
arrangement and vertically with the same height between the upper and lower plates of the
structure. The results obtained from the methods of this research are expressed by
presenting the maximum amount of transverse displacement in terms of the distance from
the center of the structure and the amount of length change for each of the cores of the
structure. It was found that by increasing the volume of the cores in the sandwich structure,
the rigidity of the structure does not necessarily increase against a certain applied load. In
the investigation of some structures, the effect of the amount of core collapse on the
transverse displacement is almost equal to the effect of the thickness of the plate. The average
difference of the results is less than 12 %.
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Transverse Displacement; Free Explosion

CITATION LINKS

1- The Effect of Extreme Dynamic Loading on Plastic Deformation of .... 2- Numerical and
experimental investigation of deformation of ... 3- Dimensionless numbers for dynamic
response analysis of clamped square plates .... 4- Investigation into the Response of Fully
Clamped Circular Steel, Copper, and ... 5- Numerical investigation of the response of
sandwich-type panels using ... 6- Experimental and numerical investigation of the
maximum deflection of .... 7- Presenting an analytical model based on the energy method to
study the ... 8- Dynamic Response of Circular Metal Sandwich Panels with ... 9- The
influence of gas mixture detonation loads on large plastic .... 10- Theoretical analysis on the
effect of uniform and localized impulsive loading ... 11- Experimental and theoretical study
on large ductile transverse deformations of ... 12- Closed-form analytical analysis on the
effect of coupled membrane and .... 13- Experimental investigation and analytical modelling
for forming of ... 14- Investigation into the Response of Fully Clamped Circular Steel,
Copper, and .... 15- The Influence of Uniform and Localized Blast Loading on the Response
of .. 16- Experimental Study and Analytical Modeling For ... 17- Dynamic response of
sandwich circular blast shield with tubular cores under .... 18- Fracture characteristics of
three metals subjected to ... 19- Evaluation of Temperature Effects on Forming Limit
Diagrams of .... 20- Deformation and fracture behaviour of plate specimens subjected to ....
21- Analytical study of plastic deformation of ... 22- Structural impact, Cambridge:
Cambridge University Press. 23- Investigation of dynamic response of circular sandwich
plates .... 24-. Structural impact, Cambridge university press. 25- Analytical model of circular
tube with wide external circumferential .... 26- Structural Impact, 2nd ed, (Dynamic Axial
Crushing) .... 27- Theoretical analysis on the effect of uniform and localized.... 28- Unified
facilities criteria (ufc) structures to resist the effects of ... 29- The axial crushing of circular
tube under quasi-static loading. 30- Dynamic Axial Crushing of Circular Tubes. Int.j. impact
Eng. 31- Dynamic Response of a Clamped Circular Sandwich Plate Subject to Shock Loading.
32- “Dynamic plastic” and “dynamic progressive” buckling of elastic-plastic circular shells

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://mme.modares.ac.ir/article-15-43265-en.html
https://mme.modares.ac.ir/article-15-69799-en.html
https://www.researchgate.net/publication/276345233_Dimensionless_numbers_for_dynamic_response_analysis_of_clamped_square_plates_subjected_to_blast_loading
https://www.tandfonline.com/doi/ref/10.1080/15397734.2011.583204?scroll=top
https://www.sciencedirect.com/science/article/abs/pii/S0734743X06000777
https://mme.modares.ac.ir/browse.php?a_id=10331&slc_lang=en&sid=15&printcase=1&hbnr=1&hmb=1
https://www.sid.ir/paper/1157547/en
https://www.magiran.com/paper/2494197/presenting-an-analytical-model-based-on-the-energy-method-to-study-the-plastic-deformation-of-circular-plates-under-uniformly-repeated-blast-loading?lang=en
https://www.sciencedirect.com/science/article/abs/pii/S0263823117302318
https://www.sciencedirect.com/science/article/abs/pii/S0263823116303354
https://onlinelibrary.wiley.com/doi/abs/10.1111/str.12235
https://www.sciencedirect.com/science/article/abs/pii/S0263823117307528
https://www.researchgate.net/publication/283341341_Experimental_investigation_and_analytical_modelling_for_forming_of_circular-clamped_plates_by_using_gases_mixture_detonation
https://www.tandfonline.com/doi/citedby/10.1080/15397734.2011.583204?scroll=top&needAccess=true
https://mme.modares.ac.ir/article-15-40590-en.html
https://mme.modares.ac.ir/browse.php?a_id=9299&slc_lang=en&sid=15&printcase=1&hbnr=1&hmb=1
https://jsfm.shahroodut.ac.ir/article_2257.html?lang=en
https://www.sciencedirect.com/science/article/abs/pii/0013794485900529
https://www.researchgate.net/publication/349275527_Evaluation_of_Temperature_Effects_on_Forming_Limit_Diagrams_of_AA6061-T6_Considering_the_Marciniak_and_Kuczynski_Model
https://www.sciencedirect.com/science/article/abs/pii/S0734743X05000874
https://www.researchgate.net/publication/273048691_Analytical_study_of_plastic_deformation_of_clamped_circular_plates_subjected_to_impulsive_loading
https://assets.cambridge.org/97811070/10963/frontmatter/9781107010963_frontmatter.pdf
https://www.researchgate.net/publication/378410102_Investigation_of_dynamic_response_of_circular_sandwich_plates_with_metal_vertical_tubes_core_under_blast_load
https://books.google.com/books/about/Structural_Impact.html?id=AkGnbX4kIsEC
https://www.tandfonline.com/doi/abs/10.1080/13588265.2019.1617096
https://www.sciencedirect.com/science/article/abs/pii/S0263823116303354
https://www.wbdg.org/FFC/DOD/UFC/ARCHIVES/ufc_3_340_02.pdf
https://www.researchgate.net/publication/319522967_The_axial_crushing_of_circular_tube_under_quasi-static_loading
https://www.researchgate.net/publication/241096699_Dynamic_Response_of_a_Clamped_Circular_Sandwich_Plate_Subject_to_Shock_Loading
https://www.researchgate.net/publication/256444004_Dynamic_plastic_and_dynamic_progressive_buckling_of_elastic-plastic_circular_shells_-_Revisited
https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

ohlSan g (Lo dgame dgw O

s 30 Gedlpenl 51 g cnalid Galil s 18 g3 93 50
G @ ohSan g Giloyd M amso yns ) @9 JSb s
gl it b y930 g ilu wilmdio S s 2 9 (53¢
dellbo cpl j .Ailaslsy ST sleail Jb e (38 (s3g9ac
B9y 93 50 4 gl leojlu JS s laie diden
8l S s 53 (55530 0185 e dlarly sl 03038 dulio
Gzl ol 2ol .l osd 4id)S SIS0 GiolosT 390 sloojlu
FiSlas sl diwd gladg) slasd Ginlidl b 5 ams e olid
bz 55 T 5l i )5 5 Wbie hals GlBgs ) )3 5

L2 3905 50 yiaS LS )9 (8¢
b Gpe slogyg » S s wYslae Bl ) Ses 5 93l
sile (sage (sloyiolly (8,8 Hi 53 b 1y 5l (5550 by
2b i 5 Saalind (6513550 b )3 e cuaglio (55 duria
LmoT wlidxy xoli des ..u‘lo.s)ﬂw_s@ oslo coglio a
Aol (gly daaz asy gy slael dilf aiile 2l 4 lgie
ozl Il cad i3 cwlhs 4 Gy Sy b coud
rSly3 Alols cdomio ceolins il ohSKan g (bl .3,Se,Lsl
cile b Blyml s slge (olem 5 pudlanl ooyl osle
9 ©Vgd wlxdo ;5 (IS Rjel 5 JSbpst wlaside
b =i @ osds Jlos! U.uJb.AJ 3l63)S" (suyy | L,.Aws.ﬂ
Juols slmosls 51 ealasiwl b g osd wud Sl &97 oSy
slge 3l 0T )3 & el Al 8Ly Jao SO 02 Lilel 5]
alols il canlond 418)S a1 )5 (13,5 &85 ol dwdinn
3 o G158 @398 syl ylie 5 oymiie o3le (65513
b gl wilxio Gl oh)Kes g Jbeis [ cuwl cwlis
G g by il [ plhy 5 39 iy sladius
5 Yoo £95 coymito Slgaylatie il Gudmd oyl 43 ailes,Sasllas
253 b ntiun (Sasd olize 3 038 upy 531 sladly) slasi
or v ohKes g Lg)’)bgf Bl cawlosds dulie LQ,;T M= @
Goxh ol o Rl duda e g GuaS
5 o=hb I Gan wldislsy laa 53 jlxail ply 53 egaiaes]]
Z90 >y 092 pil uy il 3adn 5d LaptaleT sl
6l GH Ao Yo 93 ghdal 9 JSb s liwe sl
9355 G9xl3 Gy Plae 4l Goye (e ISl angien
L]l odg wtleSs e g eSSt ded zge s
Gonls sodyy JSpusd Ghled Jae ohlSen g 0l 08
b 58 ey bl wBleisy ga3e8 b yySe sladil jl s
L g o390 dil)] (eadimiz Suiadly )15 5 adsl Gduiz (555
e AL (65551 (i8] lodged dunlio iy yalie
7 sﬁ)fuo Yo 5l yidon ceoled L b coawd b §)9 50 Uf)b
Gl p e Gl g (33 gy 4 ol g ool (5508
il iz (sliz] bauwgs ond el Sty I 5 (53,
G ey el glalg) a1y g ilu ol Euly

VFol 31350 oA gylads (YF 5)93

oo lmly Gl g Guad asllhe
dg) diwd b j9d0 (29l o5lw 5> Loy,

ST slaxdil by s (5318 (53g0e

'olb e e Toalad L (izme ¥ (iloyd Sgamme
ul)J' iy Lo)ls#f olKadls mi.u&ao g0 0aSdls !

oyl s (&) o> ‘oLol Sl wdige 0SSl v

o3uS>

D2
L bl (L el (soxls Sy @gaile gladg) 2 aalllae ol )3
M S g Juoy S 2 51 ealisal b e 9 00 uyp 025 U9,
W oad o3ly S iz (5,31 31 LS i }503 5 s (s3] Sty
G925 Sapiole] .l oad Sl s ayg) ud yluie i Gl 4l « o5l
g yioakio ¥ g VY (63Y98 (39 wwolisd cuws p oS zgil ojlw el b
oletz b siarlee 195 1V (25 (slayhad ) oguinegll dg) sladivn
Gilisd g GilBgd sladasg; g plesy il b 3g90e wygo 4 5 gblite
b Gaizs ol slaghs, 5| Jeol> golis ilosss (saisog S cinSioe 53 ojls
25 liae g 0l 3Spo 5l alold canm 3 5 (ose (il laie dipday &)
4 Gl s el 0ad ol ojle gladiue I S ye gl Job
G 03l S 5 53 3T e ) v (Sag) ol § g ol
(a9l ojl 43 ladtud w1381 b Log3) 45 0 (addie cusl 01
ol oz GRalidl ahised GlalBl game Glesl b sl 53 oile caule
Al oojl By uyn 3 22360 GRS (555 iz g JSb s ¢l
ol g caeliud Sl b il LS Gose (loulz s (Sasd jlake

il 30y3 W 51 yiaS Ly it s YS! (Sl
Sty )5 g350e gldly) gladine (soxls Jiy gsile aeflaals

ST sladil o pdye lale (Sl Jao

VW eg et el oyl
VWA LF s gy

farmani.mahmood@yahoo.com :Jgiuwe 6iugi®

doddo =)
353 53 b g il slacilo dips 4 cueglie 5 plSoxiul
dindion s el liie dgllhe 350 b 1 ol oy
g9 Sl )3 laojler ol 121 ;303 5 lagyg JSUb ysi )l
59 2 (533370 wilallhe sl cunl > Ll cwolius g 3150
JSiite (zmgailu gaojlu 3 (655 Cdz g JSb pus (lise
4 ohlSe 5 (St culosd plxil diws 9 (5315 (slagys
Sz Sty JS sl Gigaw)Sy Jalxd 9 25 ey
&555 b b (Saelins )b el Ghbiue 5 e slog)s
69 Ulaleil (o Obgy 3 ailaasley Glxe 5 wsleis
Sl el 00 elal ilizee (slacslins ;3 (53998 (sl
olya 4 GlalesT 2hb JI331 03 51 (53luding 5 gwmssS) Julxi
ilidee (slayiolyly I sl oad 418,515 4 gy a9, b,
30 a8 oaly lid zolt el oad Gy lojen wygods olw


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

o b s90 (o290l 5l 13 Loty (oupe (rilanily Gl g (a2 dsllhae
Wlio iy ymi Y

ot 5 (53998 sla@)g Jold ol ghio caliuws ol sl
olyan 4 JSb pusi 51 U8 e g dawly Sioy 5 egaiaes)]
ools glis (1) JS5 53 slspsb whgo @ slial wlakde
R U lys seled ghls sjl go5ls (sbadagy ol 55 45 .calosss
9 L1 slg) sladiuus adsl Job caiyls 518 ol oy 5 Y0 5o
s 51 U8 il (ladius el D b il LT 2l jhs
Yo Byb 4y 47 e A (5390 g lailginl 0)8 4y JS
Tl @39 xhaw y1 390¢

S

e
ostngl] gl sl atn oo e

Ol 13555 (5550 Lol b oabjliige (2mgile §)g oylgesb (1 IS
JSd s 5

eh sgiales] (sak 09,5 () Joi>

o)'lu 4 PV KCY] [OP S utul.q)T < 09;

(ke) sl (mm) G
x: Q Y " \
\/+oF [ Y
JSYVE A Va2 i v
+/FN\F [ Yy
1/+¥) q v ¥ v
Vel o vy
Vidnds 4 VY il ¥
Yialdu [ ¥y
/AA - v o) )

o ey - Y
53 038 (53098 Zg il slasjle sl 2 slagioles]
oylgzyb 53 0l Canys glizl g dwain Gulwl g () J3sz
9 B Glaag) lojle ol )5 el sad olxil (1) S5
L AL6061 iz | slddg) sladiwn ¢ St12 iz I Sl
oyl 11891 lons 458,815 ay dbgype SwilSe wlakin
ol (1) IS 53 40T b Gilhae (a5 ladys)) 5l liz|
sleyl by e3¥sd Gilimd g ilBgd (slaedS (pu oads osls
B (OF $x0 03 stesles Voo GIB1s Elgu yhS b 5 YOxVO
dds ) () gblite pledz b egsiaeg)l sladly) 13,550
oladd b 3Sye 53 3as G &S (559b 4 (4 B 55 o)l sl

Modares Mechanical Engineering

5l 55531 53 0355 3 oS Yslse Gupy ol 3 ilosls )3
Cud & Gmgdile gl Glixd @y dindon B ey
o Glibiue 3 (535205 sEs Swelins ;b [ cuslosel
9 Gdgiue byt ylaail jl Jol> mége 5 wSleish b
el Sl ghlSen 5 (UL O] el osd oy o) S
olise 2 dge olss wopmiie o3le (xS Alels (s
69> OMS &35 9 B3 Gilie dhaill (soye (bl ( Sy
5 Mgt [ wilonsS oy 1) egeinesll 5 3953 sl
Glodins b gl glag)g duwly cgais gy 4 ohlSes
slade S5 slesyS asdllae 1) jlaxdsl )bl 53 (s330s Rip0 ghiie
0 sy (S HS diwd (sladlg) slusi g slge £9i coyxdin dlgo
Uglio ] shisi 4 dogi b ladiwe Sadd gl 5
deled g 2 gy 4 phlSe 5 59330 2l Blewlosd
ol (3850 3l by gy gy 31 ealitl b g (SgawsS,
Gt 330 1y Saxls Y ST sladyg (535 L0 5 wSI9Sy
Hb el (G wwolksd g glad il il agllas j> Lailesls 4,8
595 bl alold 5 (51350 glad (s Sle ols> o3y
G plejed wygo 4 S Glopls (lagys o il
b G Ol o U oadaid)S ylai 53 aillan Julai 93 9 40,8
B9 S 525 LS g Bgitne 151 398 &3l YUy lsebol
A s | pssisestT s g (i 5 1S sl s il
G (ol )3 2 (slapialefl 1)S (unypp (Saolinsg e
Jso el o olail (ol aliy (iSe ol 51 oslil U
LS iz oyl oanal o 40,1 (5,31 g, 51 enliteol Ly (Ll
4 o (53998 5l §y9 (sl OIS &5 el ju3l e (0
Goly ohlan 5 osligyed MO cal iy essines)l
S e gldg) diwa b j300 zg il (55ldil yw Seolins
Ao ol Gldss (ogy .ailesls 5,8 dsllas 3yg0 1y 3157 jloxas!
L5 o3 oo axbws o jlaniil wil,8 ailSaw Jolpe 0 (i
Jl3ie dinden 5 > dhaly (> (slig psitiae ()3l 5 ealaiul
Gl and g Gu2d plalojl jslie b a9 oads dl)1 ]

D70 ) osds duslio (533¢
23 o sl (bl e g el g glagiagiy 5
L s oamgsilu ojl (mpe ghio sladiwa JS s og)s
ol el 5l Gun culord wiblyy Gl dy) sladiun
o Rlmly dude G Ul e G Ol G
5l oslastwl b (sagec i ghils gl slaclw ys laayg,
osids Bl ()] 53 ndiws 4had g slawd il g e3gs Sy LIS
sladius Sad 5 pied olise Sl 4 pol> Gaixd 53wl
cusBse 4 diw ganld ghle b (s39ee egriseg)l ol
oaib dilay oug il ol Sy 43 Ll slas g (5,5)1,8

RO

Volume 24, Issue 08, August 2024


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

ohlSan g (ilod dpamme dpw  OVF

@ Aoy (igp 2 0 pelel p (plie Judlyans

Joe (0 21 GialeT G388 59 5Sye (aloals dipien (I (Y IS
sldg) slo s (555,18

Y Er9-ezd sejlo s jblie Gilind g SBsd slaag, (V JSb
(omb) ytealio V/Y §y9 (Yb) yonlo

VFol 31350 oA gylads (YF 5)93

VAP AP slaoyloads b 5She 5l (g yt0udio OO glad 3o 3ac W\ F
L g Spo 5l s yianleo AVg AF glais ;3 500 dg) 33e F 91D«
el oai 0ls H)8 3,3 il 51313 g WA AY 8 laoyleds
@Veex @YeooxV sl U (sldilgiwl bawlg u_f.u) JSYSEIN
laatun b 451 (6ol jshie 43 g gy 93 o 53 yiewlso
I35 G3pe by sl 5 (Lo gy 3 s 5 Sliise (a>)
ghio xhw p ojlw SilBgd dugy delsl o Ll oad oalistul
(595 2 35 B8 alS g 48T 15 51l alels Sy, 5 lnaly)
eadS 51 jgae 51 s o5l 020,11655 (sl 9 S9be i o
33 N (50 A pSme (Sl S g Sy lovdgy (il
©olasd hawgs (Sl caelS Gub 5l ead jlisge ghizl cales
ca oyzmiin o3le 8 Y+ Nigd(se uad 013yl iy (59, 3 @
Q) abw 3l sl G5 glad ol h dlold ;3 g 058 (595 2
9 3980 i ol (595 6okl GRbla g onid 03ls H,8 ilEgs
S92y sl HBgd dgy YL phw 4 jlal I Al zge
o yiolesl don j3(oads (wlido alold) z yiol)ly Hlade a8 0
Gl prizen ol 03d (sl @S5LS caSe yyie +/FFVA
1= 6359 (%) alar) 31 il lae (edlpasl e dulxo
~0igs e laail Lol pudlien] ()] 53 oS 0 eslaiul
G 53 (5 o) 5 4 awd) oy=bie o3le Jolse plie weasls
oxd Cipymi yie cuw> y opxiie odlo I dlold s g 0 S5LS
2 Rl ity (5,803l g, wdll (V) U 20l
288 4ol o 93 0355 le b 1y o5l 03,95 Gl slaass,
S8 caslse (0 (V) JSb aede lad asly JSo
(F) JSo 5 sese glid |y Gaagsile ojlw (g0 badiws
el oz slapialesl @ baype Glizd g GilEgs (slaays,
Vo cwlho b gladigy gln po b sblide g ot 93 )3 osd
GSidygpp Sl cwload osls lid yteale V/Y g sieslis
93 ag; 55 Sseln g (Vb pgead) Gilizd ayg; )3 ladiws

g0 emlive (s psal)

olaloxs aslllae —F
J oue 53 5 63l lagls jl G2 olyie @ 5l G
leojluys (S s g G e Gapien el
I U9y ol 53 el ol @8ly eslatul g0 Gadix o
Setwd ) L oo ojlio 4 o3)lg 5l Gy 5l oads 031y itz
83 39 50 4i8)S a5 43 ojlu Ky al,8 45 oad el
Sl Sy )3 JS s o ume a4 Gy o
B9 JSB i xSk 5 b yls (S Syp Sl
6l o Wl Sty 5Ly (258 b g (F) US55 g il
Saoi paled 5 65180 5 i balyd 2555 55 5 slse
w¥sleo Jo b (g aile 59 (8e JSb nasi gl 5 Judon


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

; W
mformoﬁon g N = before deformation

395550 b amg il o5l 1 (piye Gl (F JSb

2 U Gzl opalels b Gl digy Sty )5 pizeen
e s 4y (V) dslse s 4 (B)dslee (Suelins (3
W), = %nad(a4(Wo)2]12H+a2(WO)]lHZ) 49

p> 3l AL Spady)lS Jold Ladis Loty Sty 18
5 (o S g sl Lkl slady) (Gl s
L blbie gl Gl gladly) gaddl jl oL Spedhy,ls
o3lo Sy> 5 gjl )3 Gl sladiue 58 Yoo 4 42yl
ol 1 ol jlas Jlael oK 55 o5l [Sho oo 4 &)
B8 augy b puled 5 Shaol Sl s bdiwe YL cond
9 (0) IS dwsin 4y 429 b cpulnly Ssde (kS )lzs
wsly «H0leS 1 Gy dg) ghiie )3 (i w5l kb
buwgi B dgl (g350s s9me 4y o Sdly (Y9 53 0 sl

Qo Ly—Lj
] 634 ue)mﬂ=%<d.)&a

sl 53 il gladlg) (E5leS duwria (B JS

S 3 558 ol b illae (s1alg) (slodiud (2LeS duwin
Mr Sty olae s B ylaio 1 oslisl b 355 o smlie (5)
drloxe (A)slao baugi (13LeS Sy 8 1240 Vo) Jo 53

VI

1(D3—d?
Whuck = O_OZ 1 B )

s bl )3 (Sase) Sy IS olise drslne (sl
5 Lt Saued 31 I8 J3) 6l o 398 e aisS b 53 Ul

Modares Mechanical Engineering

() dhaily buwgs JS dyS @5l cBog UK pmdS e 53
ladls) (Sase) 9 e () (5531 Jolid 45 3550 dmslone
lo 05,1155 ezl 5 GiBgs augy 43S (53l puizan
el

Up =fu. av M
ile o3l slizl 1 Sope Sy ) sl @Y Gl Jo sl
sjlo (531 dtwd (Sug) Wiy Hlisd 5wy B8 sladyg,
A5 Gal 5 g whyer bdiws (iSlS HIS cwe gl
g duwoloes Wy_ge ddygy p lndius

Wp = Z Whpe + Wpp + We + Whyer + Wp_se M
ojl (sladngy S yuas Job )3 W osds plail Sty )18
239 (50 iyysd (V)dhaly wyguay gl

W, = fa(er + gg)dv
R ™
= f f 04(er + €9)2nrd,d,

9 Geled (IS oyl g9 9 & gy ks H (3gé dhyl) 5
Jedgr 45 390 ()3 camslosdd aid S i 53 e (23,5
IS Ul szl 2> 5 b =il zge S @y9 jo>
2 i bl Loyl s ogdle by IS &5 el WS (0 (S92
of G9sd bl 13 @9 345 b 95 4I5S Gonls (sl
S Jo Jsl g9 yde asiye Jun @ 51 johio gl .08 cdylhe
2 GBg8 5 Gl ladag, gl el (550 baalid b cwlite
[ COF dlatly )39 o0 4133 s

W) = wollo (S),
W) = (wo + 8o ()
oo Rl S G R 9T g (KD &L)Esd ks 5
St Oliee 8 rizean i 3 glad 3 Sie 5l gladd s
OGS o9 S8 iy 4wl oad hyyei (g3 diwe
Sgec sbiwl) 33 8y (il ks s i) 55 (el
2ok sladanie (F) JSb 3gde 485, )3 abw »
by IS8 il a5 8 @l s augaile 359 puie
S9ec SLl) )3 7 ez a0 lid (e bl 3 ) (pez
2 GSeeliasy ealud (S daslxo by s 58 G b 5
01 53 45 35850 e3liiul (B) Fganw 195 (5 Lible dsles (g
122 ol (1 S0le (23S &30 £ g o3lo slo aliD g g

1

s’m)ﬁ
1 _—
+(3

a3 GlEsS a5, Sty IS (o8 ¥lae 51 oalil b el iy

"

()

0gq = 0y

123138 5o pmunli el o 031 L (5) dslee ;3 a5 Siyge0

1
Wy = 5704 (a*(Wy + 8)%J2H+a?* (W, + 6)J1H?) *)

Volume 24, Issue 08, August 2024


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

ohlSan g (Lo dgame dpw OV

dady (V) dhaly 5 (V) 9 (F) Laulgy 53 Slimi 5 G898 Loy,
2350 Jol= (W)

12 H
L = nj2Ha%0, | (W, + 6) (aZWO + —)
2m, 2 o

1

+Ea2]162>
205 SzsS sl pulio 51 Hhi0 b g ol oy (5,33l b
13980 (uaigiil 23 @ygar (1) dhad,
1 H H
Loy (0 _ 1
200 6(2 2a2)
= az((Wo + 5)(W0))

2390 ol V) dhaly eygan ladiue (Sax)
(2 12 1,
Wo = <§<2pn2R2H2azad —7%he

1
H H 2
_ — 2 _
(55 +7) o
Bl lae! (Suolizs (59,8 bugio cuw 51 g (Sisg -¥-F

S v95 oz slasi
Pm = dhly 51 (Syedouz ) dea S o buwgie

I

2pm?R2H?a?0,; (9]

Y

Hoo Job yi line puizes B s9d0 Jol> 600H:\/Hzt
e 32 W) (Snag) limo (55 53 b ol 033 ol Hy
%ZTm 9 f:fZ 1.76(21:—;)E Cnd )' odlasiwl L! 9 )JsA uf—‘-%-'
oxz 5950 Jsb 5wl cus p diwe ()l 4k [0

3t
bugic cu 1 ige lmle Jlade (udl dk) 1 eslasl

Qo)

ey szl oad Q1 (0) daily @ygar (S35 0 o
=g, Pm _
5, =ky To, H, o)
w2 E (.- é. . o . .
em =5(50) ahly (5555 5 b uSilie GE5S £33 crizman
dwlxo (1F) dhaily g (S8s8 axg) 5> S @ dhly g

O (gl «SogS puolie  jhidie U dolsl j aS g0
daslxe (V) dhaly wygay r=R ahids )5 Jigamw — 39S Saeliny

R W)
- 2 (4T |
= 2n(Wp + 8)? = gl ( ) (%)
. dey r?
g=—r= (W0+6)(W0+6)R4]1< )
)

ém=(Wo+8)(Wo +8) ﬁjf
o el Lot 5 dug, il ey yladie Wo + 6 Lol
dhily g 4 Bl (adius 43 @3 255 5) sl g3 dlzpe 5
o>y bt (Sand 5 gy lulz l esliul L (A)

VFol 31350 oA gylads (YF 5)93

wlialie s gl Golel p aab L L gidd 5 ss
05l 3550 53 Wit (Sangd line (o223 by, I edeleunsty
sl (e Rllz e L nly 5 @illao ol slogliS' g dilie
A batus JS Sty [ caled 55 cwl 2l ol 5
S9d50 le (1) Ay g 0 (13428 cuns ) (S
ol
k

Wor = ). nF(5) @
iy B = (Ly — Le)wygay dlg) Job )3 s plgie 4 6e a5
Syt o3 )3 (6397w (598 51 4e F il )3 (25 el 0y
F= dilae b Soss guz o Jolf padess
126] 595 0 cpuus 2(TH, )2 0 [1 + (5)5 ] /3025
o3l (Solins Gl -1-F
o ploxil Sty )5 g By itk (53550 .9l 31 o5l Gy
a &3 @iz wld 53 B = mlE = Wp il (liz! bawss
g ylexil )b e Vo o5l 49y adsl e puo 271 0l oo cns
3 e iz 65 ol sl 0sd Ciogs Vg = - allse
Syl 5 Z jlsie (I=pot) abaiy 5| Lol tieo .\,ul)e ol
39450 duwolo (impulse) 1,5 28] 3f5T il ado 58 Calido
m=my ladlg g my agyg 02 ggeme wygo 4 sile o)
ojlw Euoly cmaled 53 394 (0 iyl 20, TR2H + ndply o Hy
plod buwgi oads plail Sty S g (i 35 sl 5]
sleo ;5 &5 e s @ (55 Lz wul8 ) gle Gl
oddd o3y lid (= by U cuwd SV Koy W L (\~)

2
Ey = > (m[2p,R*H + ndlipoH )™
1
= Ermd(a‘*(Wo + 8)2J2H+a?(W, + 8)J,H?)
1
+ 5mfd(a4(Wo)21%H+a2(Wo)11H2) (9

K an+t

kn
+ z Tnt1”
L’
+Z kz—(D3 g =l +Z ks F(5,)
9 HBsd gy 5 oSM')e 4 boye @o8 daly pgw eyl

b Lo s ghiio b oled e 45 Gilined dagy 55 (Kidyg,8

23] el ojl.uu LSLQ &,9

Olise 35915 b (Slind dugyps (loule didoy i Gy -Y-F
Lo (Sise)
9 bdiwe 4 by Swwdh )5 glagiyl gl S U

S Gz il 5l adagy b uled 298 53 Gys SKidyg 8
L Jolee Szt g (SBgd (sladug) ggamme S I (65,3

Seitly S gaz Jobs I cusl osd gy By = 2


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

ay . b s90 (z9ailo g5l 13 oy (rise (aloule Gledod g (syyond dslllae
Sl (s Masd g b§g cwls Jh ) wlie leejlw 3
98 g 5 uSileo sahy jub lakie 55 ladiius Has tolsdl
(V) o pizen sl 10)3 /YO Slind asg) 53 5 20)3 0
ol (gladiuw ;3 glad)l ;i g (ied ¢lie 4 gy slaesls
oyl 5 o3l ;3 T (5358 Jome SSES 3 5,183 51 ey
(FY) 9 () sloptaleT dualio amuis a0 glad Gialejl
il syianlse V8 g (s pienlie W sloatus Hhd b oyl
el die SSuad (e 43 (gyeadio 1Y B G
Jsb 5uSilieg diaeS diniion eyl Job oslisinl b (s o)liae
el 030] s L ‘_JSM),MJ o

4 bojlu 5 Glixd @9 jub rwd ST (£) IS lagad 5
Byl Jlade cwol osdds oaly plid Sld=d g oy sl g,
20yd Vo Lol yieale -0 jlado U pasld 4 cowd lajus
&9 wolins b slagialesl 53 jus Blyail alsl )5 5 adlise
13 oan L 51 Gl At ool 43l LT3l Loy W 51V
iz 39d (0 03l ylaslio VY lade U (YY) (iales]
G-\l oy slalmlz 5o (FY) ialejT Sl gy
w350 gl (7) Jlaged (IS ok 390 osalive yiaxlie -F
el o> 5 sidon baojlu (Sl dagy )3 s jus lade
VY Gy wols L) (F g (¥ L5L°°°9)§ sleoilw ;3 a5 el
B9 s b) (¥ g () sloeg S slaojles b ol (iarlee
0L 5l Blmil uSilee 39 samlive yidus (eskeo ¥
il aldie 39y ((F) JS laged Ll g (2 joslie 5
olas |y iz slagialel )3 Gl s ¢ly |y el
o1 )l ju> lalod alasly 339752 (9398 lasgd il oS 30
Adle

Zoo caeyw Jod daly 53 € il odd e vo adgl cepw
Bl ol Gudliay

209
pepV3
dsles il oy dhly g &y adaily )5 15l dslas jl eslaiwl b
A Sibiwl 4 Saelias palud IS cond b Siganw —9S
39d 0 Gusiil (V) dhaily wyga

(Wy + 6) =%+ OA)

1
_la%j} ( 1 )(WO)E
XY="1 (\2npDrR*/\H)
1 (%)
+( ) )E ( 20, >
ant Al ZpDCp\/§
g,
L-2=[1+4y] (Y
Oy

e 9 alo -0

ol lacjle (e (il jlade diday dlie gl 5
Lg osd Guopp Gl gy b (s33ae dg) diwa by (glopls
el oad dunlio =i slagiole;] I eseleawwnsds ol
5 S8 ladg, (o lmlz) jo> diday (MJssz
aslllae 3)30 (slaojlu )> uyzd g Gl 2l Gulal p Sl
4 boye B puplday aede pldd ) Gdsd gl
G858 agy oy lale el (FY) 5 (M) slapioles]
el 00 duglie (¥) 3 (1) dnlesT (slvog 5L () LtlesT
G G5 3p0 53 025 5 Glld (g 4 jus> SMis | 8l
Gluls sll el yiaglie YWY jiSTa> g ool yiaslo +/V
250 Sk GBS gy s b ialS g il augy yd e
cwl ndiwd 39>

it @lypasd g Sl g slhd (i - Gldad Ghgy @ ojlu 43 Loy (loule didon yuslie (Y Jgiz

(o e ylad >

W8 \0..\Y " %
L. deb b sk
4.1»9.1[; 4.1»9.![.1 4.1»9.![.1

FIY  Y/F VAR YF/E YRA
- - RMYYY YYE 0
WYE YAV V¥E VA Y. W
- R A 1 A B 1V,
VYO YA s VYA YV Y
- - VIAY O YPAL YYE
AYE YAY ANE YR/ YY) F
- - ANYE LYYV Yyn WY

Gl dug, ilBgs g
utalesT a8

S T e e e o
¥/a /N \o/ YO VAN o)
AN FIEO WD Wy R0
¥ WE YRS VA Q)
0 WY YWA Yv/F v
YO ¥/A0 W/O NA R
/A ZARE WA \/OF Y
A WA vv/s Yo/ (%)
\O/AD V¥/eo Yy YYAY (FY)
WA WY (oY)

Modares Mechanical Engineering

Volume 24, Issue 08, August 2024


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

oblSan g (siled dpamme dpw OV

B8 Lg s e AL (FY) Glalejl @ boue ju> oyiiien
e 332 AL (V) GlalesT & capnd o sl taglie 17 (2>
L @lao ol yiogho -V 51 Glon yiealio W (215 58 L
sloeg S sl osel vty Gizie (Gldxd gy (W dhad,

Iy telie iyl jpe 43 Susji 2155 53 (P () edales]

S ol 5 Gus wels IOV day S )
glad @l b calio |y badyg a5 g sldly) sladius
b @rs cwolind g ladiiun Jh8 il abaily ol aSe Bl 359
83903 39l Gy 4 35 1 (F g (¥ il (sleog,S (sl
(¥ IS jlagad 53 (FY) 5 (W) slagialel juo oS shy ccul
(FY) 5 (YY) (slogiales] 4 amed oy dius slasi idls L

soeben 11,0
coales 11 b
-—— 125.;..1
el 21 5o
21l

esadhan 225_;)_.':

z
(Fasbsa) Aliad 4z g 555

F seman 22 Jld
: S R 31yt
\ LY. - e =310l
‘w - e 12l
' — * e
Voo VO A YO . YO B. VD V.. 3205

(astaass; J5m I A 3204k

4 gl Sy jl alold - (Slixd Gyg > dwnlie Jlaged (V S
G025 g Gl glagig

Glaixie 53 Grelie Gkl jlages gul Guad Gl o
$re 53 (V) 9 (FY) slapialeil s s slul (poye (bl
L Glhe gd0 cadlio yoglo —+/+¥0 gled U ojlw
0 e dadiws b8 il L (A) 5 (V) gladss
L (Fy (¥ 09,5 slaptalesl b baype (Sl ayg) 53 (5o
ot 39250 SN sl 04 Slousl jtaslie VY ceolies 5y
050 41 (A)g (V) (sl S 53 oih olanil (s lvduntliio 35 s
slady) polo> Gy wwels SISy (Eys Rl> o9
ooisedl] slodius ghie ghuw G 39230 Skl s
by Gl gy )3 SzoS juslie Bim g (63Ys8 G99

9450
G p>) Treans (K5 (1 og)S slagtalel 5 (A) IS
Cod (5lys aSlys Lamd o lidd |y (652U B (s
oeals b (bdiwe 02> :Silo & dwd Sagl) §/nLiH,
Uil cawd ol (FP)g (W) slagiolosT 58 lodiws slasi
i yhd iali8l (F)g (V) slapiole;] dunlio .cwl aidly
el ladind (uSile e 4 Sasd camd Gl cuw

VFol 31350 oA gylads (YF 5)93

L AR
4; YD _ Wy el
‘:13 _ Y ales]
[ XYY oles]
; -1 K ol
:31-_! Y iales]
'1 X ¥ Y ales]
=~ . _ al Y tales]
s asls

-
.[Tnnnl||||l||||

-3 _¥. N N
(Aakia) flad 35 2 25 oS

G932 Sl 055 9 e uyp LS duglie jlaged (5 JS&
il

Fre 3l alold @y coud Gl Gog 55 olise ¥ S Jlaged
35 sl s (g Sub) el g (wanly Byb) (i Gy, 4 (1)
o Glled (Bd 53 amage plis el pladl glagiale]
(1 095 slapiale] 13 (iye (ol aiutn SYaST (lages
53 Pl dag; 5y0 55 SV ol el ytaglio =/ 0 51 y1eS
iz 350 it [y —+/AD lade 13 (F 095 (slaialej]
@ s (V) GilesT ) JSb s Gioxie 519350 duglie
19550 W piale;] ded 53wl sad dualio ju5 (V) Giales]
Mo jlonS jye U ie —/-0 glad 5| JSdpmss o
Sl (F 3 (Y o9 )S slagtalejl )3 Gioxie ool candh 45 3950
dod 5> JSb i Hie 53 S iz cwl Hilda
L ke 45 sl bonye o il 2158 9 &9 e 03 =S)>
woyaEyd Sedpe JSU i Gixie )3 GEBIeS e sl
Opidien ieskie VY cwols @ys b o plasl slapiale]
18 o2l k8 b g dis s3e A L (F) piolejT 4 bgye 5>
A8 L5 wen 310 AL (M) GlalesT @ carnd o el yialie
OF daly b @illas .l yitoulio -V 51 i yealie WV (2>
(¥ () halejT (sleg S (sl ool cansy sioio (Ll (g,
ably S Al |y apliie glit)l3,5 550 45 Soa35 (2158 55
Sg) 3 sldy) sladiun (Sasd olise 5 &9 welius yil (O
ol S Bl @ glad wlpnsi b canliie |y gy ju>
Galejl sloog)S (sl 1) G weelinsd g lodiun yh3 il dlal,
s aSyshy ol odgad 3gln Gy 4 8 L) (Fy (Y
At dlasd il b (Y JS jlaged 53 (FY) g (\Y) 6La=uz,g[,o)’7

sl yideg (FY) 5 (Y9) glogialofl ) cad yidon
sl bgyye o Gilse 2153 5 B9 e 43 Sy ey SV
Sgbe S5yt (e 53 B9 sl 4 e &S
ek 1Y caolis 39 b osd pladl slagtalel poga)s


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

oM b s90 (z9ailo g5l 13 oy (rise (aloule Gledod g (syyond dslllae

Golziil S b sl o> Zume cwlid (Gisie 93 yilday
]y amles ol ypags Iy oads Jlos!

VAse - - Y
I sveese Ceeenaee RS
Ve .
VW o A
‘3 Vere o eeesrtvetaa, s &
Y "
"3; Fre - L ¥
- ¥/ - wo
el o e m SERYA)
o e

YYOFYOTY AT OYY Y)Y ¥y PY
Sl

il JS @2 — Sl §)g jut wlpnslagel (4 JS

Owiden () gled b (555 diwn (23 glagialel 5
ox 1y sladinn Adlise ylenlio V5l 5S Job GlalS
IS 53 o3l )3 Ll (5,508 coumBse e g SIS sl |
L!)L’>Lﬂ.)‘ sl.wu.A ‘)L’ZDI &9)»0 CLE:DLI)) ol 03 oals ULWJ (\’)
53053 g (rrizeam 313 11355 550 U (g yaS alold ol Sy
350 S9y 514055 o )8 oBUST 392y Sy 415
5l $Syo 33 dadiud 4 Jleel (Sand o @b olpl
zoo &ly 53 abee (hals lag)liS cuow 4y gy 4y g ylden
Sl 53 90 JSUb s s o5l 3Sp0 53 Ll 1 AL
Job s y3lie o (F) dhaily 55 oad 1 IS0 205 51 90
00 glad) ayg) b gldy) sladine ghis wled >lgi
ol dede g8 LSy ssky (gl Sye I (g tenlie
celodys P Susb oz o bwgie (10 daily Glhe
5 gy =Sy ey uSilee 4 dudly P 9@ pue
48 ol JS gald 51 ilite 45l (VA dladl 3 i
Lol cuwl dgpuiin ddiiws u,ub 9 YU i 5o (s bludl)
by Lo T ol 5 Y 55 (sldlg) slodinn (S3)550uz
V¥ ohd b sladlg) 55 o9z o5k dob el olEe
YL crond .l ylaglio WV jh8 b gladlg) 51 yidon yiandio
5 Sl e cww @ dyg) <S> Jubs 4 il gldes
)z dedine Vb ghic ahw 5 GlsS ) g SEhel
22l s gl dodiius ol cwowd )3 Ll ol Jios
ladius jl xS Hlug Golz gladiu 53 Jsb pusl wuwl

ol (53530 9 Sl

Modares Mechanical Engineering

Gl @hasi 56 () 5 () slagile] )3 puizes
33 305 3g>g 4Iagad 53 cwels W S cawd Y (g paite
Glayinle] ;s diwe (1Kl pzm 4 Sy cows <S>
WLSA)) % o )Jl (YY) U/JJLA)T).) .b)'b [CLLS= AJB))QSM
Aade lid |y paobio Ko (YY) GiolesT 33 8/nLiH,
3 o Gl (FY) 9 (F)) « (V) (sl ialesT (imio cdolsl 43
B9 Mgy Sl 5y amssed lis Gilwis wilyusi cwlks 4
o pialos] ol a2 xSk 4y ditw (Sasgd Hixie 5
Uinlej] cgalel Gwain wlakivw b @lae 3¢ 50 csaliv
IS 53 8/mLyHy a4y 230 (3 el (530553 55 L (YY)
5 batws S olixe 3 plesh Loydi ;36 Siky «(Y)

YA o - Y.
il T+ 9
Ve RN A
\FARE o L v
Voo T 7 z
< " T d
A E
= E 3
] E v w
WO/H T
¥ M
R &/nlHt \
i T T T T T T T T
Ty FY AT XY Yy FYFY
G Ji
Olire o b bl (bl 4 5us cand (L5, Hlsged (A S
diwd (:SKle p2 4 S

o g ol oled s Gullenl glize @39 ol 4 azgi b
b 5l goledil gy5 alold il lagialofl )3 LSy byl
Gl Jlaged dadyg) 4g2lge g (il o3be ylaie cojlus
cwld S E Gy 3o Sl @2 cwe p e
oz b1 siardie ¥ ol &9 b o pladl slaiolej]
55l 032 531 7o = abaily b illae .uidlise 0oL Y 51 i
(O sloeg S slapialesl )5 sl 35pie ladyg) w5y cae s
2 Gz ST ol o2 53 Sl wglas 4y dzgi b (W g
(el 20p3 VP L)) sadsed stalie iy lmle
olyage fy e 53 2S5 «(3) S ylag03 53 85l @ alsé]
Ol @z GialS b F g ¥ (slaeg)S slagialel 55 3l
G2 i cwl dBly Gl uly VU G lxle
el 2oys Fe (¥ g () loeg)S 4 Leog)S ol (sladg,
G (F g (Y glaegS slagilo JS oz cud puizes
syame hw duslio .cwl 1oys B/Y 55 (¥ g () glbeg)S
2 (F g (Y ogsS slagile ;3 bz 5 2 e 33 o
oy S slaoilu aslel oy Sils (¥ 5 () (sl 09,5 b aunlic
4 (cr @5 ) oame oad 0313 (6553l 5 pullaal il y3 (¥ 5 ()
GhSen & 30 plid (1) JSb s sy cawlyl

Volume 24, Issue 08, August 2024


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

oblSan g (iled dpamme dpw  OF

trslze (V) Jsaz polie a5 BT (Sa) 4 ildss
«) ZWD+8

olid (i) ol oo »d diwe glady) sbj obasl Jus
3 ealind )il 4 s (AL Sty IS jiiy 13l sais

ably 5 W] Cuods lade 39 SogS el ol

ol oye lilz Hlade (595

— ol 4 SiBsd Byg b s Sl yuslie (W Joaz
S 4 GBgs 559 s>

W, + 5 W, +6 ol T
8( T WLG)I -\S
YA /00 Q)
YIh \o/OA [4)9)
oIvs Y/ s Q)
ONF Y¥NY YY)
/Y \Y/5Y )
YINA WAY *Y)
i And YYIA )
¥IYyY YFIAY (Y
D 9
F/ E AN
o ] / \/\\
I /
& ¥ro 3T—N
§ ‘. E \\// = aver wO+5/5t
[~ ]
VK
'L
e —T T T——T——T—— T
/00 Y o/AS VVLAY NYLEY OYYAL TFRAY OYEFF OYYAA
TWO+5/H
L 8 Rl - s (Sasd 4 s Rl cund (WY IS8

9 walid

(65 doms -F
3T liil b e il (éye (lmle jlaie dallho ¢l 5
dy) diwn gy gl glacjle edlu by G G,
S 9okl 5l Jols iz (553 @l 31 0 Gy (5390
ol gy 8y o dhaily e yshaie 4 ojlu sliz] Sty
OimlesT 51 Jolopslie ausS eslaiwl (s3gac dlg) diwn b
duliio dbgyye Ll (g, 3l ool cuws ay glaesls by s
390 logjl I S g dg) )3 i3 wid lacdl> S
2 o el (O Glalejl 1 g wds esaliie lalos]
sl g 3 sl s 9 g sile sl Sl g,
wiwn b glacilo ;3 sel 392 il a9, 53 Lo S
Uyl slodiun slass H 30 cod Gl 4g) ju5 (segsines]
i o050 s (slvaly) slasi ialisl b o (6 gk 3l 4,3

VFol 31350 oA gylads (YF 5)93

Lg)l.\f)b I o3l L;me ISy (Ve S

il Sy 51 ao oejlu sladiwe glas)l el lade
Lagiale] dad 55 ol onds &) () JS& lages dawss
s3al 39295 (1) o5led L) (53550 (sl ditaum 3> (Sangd oy
L) () GialejT )3 dadiud Job pusd ;> ilaiz SYis] .l
L) (VF) GaleT b dunlio )3 (s pankeo W dg) b L dinss O
U5 ki 3sded da>No (grianlie V5 hE b dius O
Olize &5 cul (Sae) 5 Gled Jolds il Glee slodinn
0 slaoylaid) (uily (slodiun I i Lil )3 (Sas)
st Gl gladue YL cewd Sies cwl
e b ladiwe glbil Juds 4 8 cwl Gile gladiun
S olssed 4 a2gi b cwl anio e bl
M) glad wlie gluw 3l yida (¥) yled ojlo sladius
i gl (FY) 9 (M) slagiolel Gl sladins el
©3spite SN LT (53550 (sladiwn Lol 11y LSy Jsb
@ dagy b died oled b 1ol (398 513900 b Gilhae .5yl
G298 55 (Sibyg b ae (ol el gl b rals s

I3 3929 il )3 di oS 3980 §)9

AR

v e 115 e <
3 A
b
3 .

f«
4 :‘ e 15 1512, e (ol 45n
i

Y

1915 16,8 (cla 4t

VYAY TV YY RV FY FY PY
e 8
sloxiil 51 e s it (028 (Saned olieylaged () S

4 S ayg) o llr IS caws (V) JS )'3%5 »
s b B2 gl e 5l gume Jolsd 5 (Saadl ¢
WM dxivo caalins 4 e&sé w9y 0y L,JL»L>

wygo 4 X
sloialesT LS‘):‘ osel awd 4y y3lie ol ouds duolio 53y
yoolie el sadesls lid (¥) Jgao 5 ail8las job ay il

89 32> 9


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

v b s90 (z9ailo g5l 13 oy (rise (aloule Gledod g (syyond dslllae

Experimental investigation and empirical modelling.
Thin-Walled Structures. 2017;118:1-11.

10- Mirzababaie Mostofi T, Babaei H, Alitavoli M.
Theoretical analysis on the effect of uniform and
localized impulsive loading on the dynamic plastic
behaviour of fully clamped thin quadrangular plates.
Thin-Walled Structures. 2016;109:367-76.

11- Mirzababaie Mostofi T, Babaei H, Alitavoli M.
Experimental and theoretical study on large ductile
transverse deformations of rectangular plates
subjected to shock load due to gas mixture detonation.
Strain. 2017;53(4):e12235.

12- Mirzababaie Mostofi T, Golbaf A, Mahmoudi A,
Alitavoli M, Babaei H. Closed-form analytical analysis
on the effect of coupled membrane and bending strains
on the dynamic plastic behaviour of fully clamped thin
quadrangular plates due to uniform and localized
impulsive loading. Thin-Walled Structures.
2018;123:48-56.

13- Babaei H, Mostofi TM, Alitavoli M. Experimental
investigation and analytical modelling for forming of
circular-clamped plates by using gases mixture
detonation. Proceedings of the Institution of
Mechanical Engineers Part C Journal of Mechanical
Engineering Science. 2015;234(5).

14- H. Babaei, A. Darvizeh. Investigation into the
Response of Fully Clamped Circular Steel, Copper, and
Aluminum Plates Subjected to Shock Loading.
Mechanics Based Design of Structures and Machines.
2011;39(4):507-26.

15- Sayah Badkhor M, Mirzababaie Mostofi T, Babaei H.
The Influence of Uniform and Localized Blast Loading
on the Response of Single-Layered Circular Plates:
Experimental Study and Regression Analysis Using
Response Surface Methodology. Modares Mechanical
Engineering 2020; 20 (8) :2045-2060. [In farsi]

16- Babaei H, Mirzababaie Mostofi T, Alitavoli M.
Experimental Study and Analytical Modeling For
Inelastic Response of Rectangular Plates Under
Hydrodynamic Loads. Modares Mechanical
Engineering 2015; 15 (4) :361-368

17- Ghamarizadeh, M., khodarahmi, H., Mirzababaie
Mostofi, T. Dynamic response of sandwich circular
blast shield with tubular cores under free blast
load. Journal of Solid and Fluid Mechanics, 2021; 11(4):
71-83. (In farsi)

18- Johnson GR, Cook WH. Fracture characteristics of
three metals subjected to various strains, strain rates,
temperatures and pressures. Engineering Fracture
Mechanics. 1985;21(1):31-48.

19- Motamedi MA, Hashemi R. Evaluation of
Temperature Effects on Forming Limit Diagrams of
AA6061-T6 Considering the Marciniak and Kuczynski
Model. Journal of Testing and Evaluation.
2019;49(2):854-65.

20- Rajendran R, Narasimhan K. Deformation and
fracture behaviour of plate specimens subjected to
underwater explosion—a review. International
Journal of Impact Engineering. 2006;32(12):1945-63.
21- Babaei H, Darvizeh A. Analytical study of plastic
deformation of clamped circular plates subjected to
impulsive loading. Journal of Mechanics of Materials
and Structures. 2012;7(4):309-22.

Modares Mechanical Engineering

Ly o Rl ol & g Mo LLalS Bgs ag) )3 51>
Wil SIS @y 51 Gl badyg) jus edioe el j (Sl
5 Wl 258 oo (o3lo pax> g plad) i (Sang) ylaio
B9 wealid b o slusi g dituam 8 Canolis .l g, aolins
ol OleSe 280 o o2 (RS 1 ogVe (g il o5l 5o

90 Sy oliae 5 132
viagh Jols dlie ol Gele whgize (BWS] 4l
035 yhitie il yut 5 Gl 40t g 53 5 el B siiys

ol

3923 lebl gy mdlio ()5 e Alie ol 53 :@8lio oyle3

.3)‘.&3

&l

1- Mirzababaie mostofi T, Sayah Badkhor M, Babaei H.
The Effect of Extreme Dynamic Loading on Plastic
Deformation of Quadrangular Plates: Experimental
Investigation, Regression Analysis, and Multi-Objective
Optimization. Modares Mechanical Engineering 2020;
20 (10) :2495-2507. (In farsi)

2- Farmani S M, Alitavoli M, Babaei H, Haghgoo M.
Numerical and experimental investigation of
deformation of circular sandwich plates with vertical
metal tube core under free blast load. Modares
Mechanical Engineering 2023; 23 (12) :673-683. (In
farsi)

3-Yao, S., Zhang, D. & Lu, F. Dimensionless numbers for
dynamic response analysis of clamped square plates
subjected to blast loading. Archive of Applied
Mechanics 2015, 735-744.

4- H. Babaei, A. Darvizeh. Investigation into the
Response of Fully Clamped Circular Steel, Copper, and
Aluminum Plates Subjected to Shock Loading.
Mechanics Based Design of Structures and Machines.
2011;39(4):507-26.

5- Theobald MD, Nurick GN. Numerical investigation of
the response of sandwich-type panels using thin-
walled tubes subject to blast loads. International
Journal of Impact Engineering. 2007;34(1):134-56.

6- Zamani ], Goudarzi M. Experimental and numerical
investigation of the maximum deflection of circular
aluminum plate subjected to free air explosion.
Modares Mechanical Engineering 2015; 15 (1) :219-
226. (In farsi)

7- Ghamarizadeh M, Khodarahmi H, Mirzababaie
Mostofi T. Presenting an analytical model based on the
energy method to study the plastic deformation of
circular plates under uniformly repeated blast loading.
] Solid Fluid Mech.2022; 12(3): 33-43. (In farsi)

8- Ghamrizadeh M, Khodarahmi H, Mirzababaie M T .
Dynamic Response of Circular Metal Sandwich Panels
with Tubular Cores Under Blast Load, Modares
Mechanical Engineering.2021;21(10):673-683 (In
farsi)

9- Mirzababaie Mostofi T, Babaei H, Alitavoli M. The
influence of gas mixture detonation loads on large
plastic deformation of thin quadrangular plates:

Volume 24, Issue 08, August 2024


https://mme.modares.ac.ir/article-15-75788-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-26 ]

ohlSan g (ilod dgame dgw  OYY

VFol 31350 oA gylads (YF 5)93

22- N. Jones, Structural impact, Cambridge: Cambridge
University Press.1989

23- Farmani M, Alitavoli M, Babaei H, Haghgoo M.
Investigation of dynamic response of circular sandwich
plates with metal vertical tubes core under blast load.
Journal of the Brazilian Society of Mechanical Sciences
and Engineering. 2024;46(3).

24- Jones N. Structural impact, Cambridge university
press. 2011.

25- Yao RY, Hao WQ, Yin GS, Zhang B. Analytical model
of circular tube with wide external circumferential
grooves under axial crushing. International Journal of
Crashworthiness. 2019;25(5):527-35.

26- Jones N, (2001) Structural Impact, 2nd ed,
(Dynamic Axial Crushing), “J. A. C. Ambrosio (ed.),
Crashworthiness. Springer-Verlag ~ Wien, 59,
Cambridge university press, 2012.

27- Mirzababaie Mostofi T, Babaei H, Alitavoli M.
Theoretical analysis on the effect of uniform and
localized impulsive loading on the dynamic plastic
behaviour of fully clamped thin quadrangular plates.
Thin-Walled Structures. 2016;109:367-76.

28- Unified facilities criteria (ufc) structures to resist
the effects of accidental explosions approved for public
release; distribution unlimited. 2005.

29- Fareed MM, O.A. Lafta, Said MR. The axial crushing
of circular tube under quasi-static loading.
2017;12(16):4818-23.

30- Wiodzimierz A, Norman J. Dynamic Axial Crushing
of Circular Tubes. Intj. impact Eng.1984; Vol.2,No.3,
pp.263-281.

31- Qiu X, Deshpande VS, Fleck NA. Dynamic Response
of a Clamped Circular Sandwich Plate Subject to Shock
Loading. Journal of Applied Mechanics.
2004;71(5):637-45.

32- Karagiozova D. “Dynamic plastic” and “dynamic
progressive” buckling of elastic-plastic circular shells -
Revisited. Latin American Journal of Solids and
Structures. 2004;1(4):423-41.


https://mme.modares.ac.ir/article-15-75788-fa.html
http://www.tcpdf.org

