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In this study, based on the third-order shear deformation theory the equations of motion are obtained to
analyze the deformation of a long and slender composite beam. The beam has initial geometric
imperfection and is subjected to impact load. The impact procedures are applied by rigid body with a
specific speed, off-center and at a certain distance from the beam's surface. Hamilton’s principle and the
von-Karman nonlinear strain-displacement relationship are used to obtain the equations of motion that

K ds: . R . . . . . . .

Ciynﬁf)"gsife are based on displacement and in a set of coupled nonlinear partial differential equations in dynamic
Beam mode. The generalized differential quadrature Method (GDQM) is used to discretize the obtained
Impact equations and convert them into a set of ordinary differential equations. Newton-Raphson iterative

Third Order Shear Deformation Theory

Generalized Differential Quadrature Method scheme is employed to solve the resulting system of nonlinear algebraic equations. Then, by solving the

equations of the system, the effects of initial geometric imperfection on the beam’s deflection have been
studied. Also, the effects of mass and the initial velocity of the impactor on the beam’s deformation are
investigated. The results of this research show that an increase in the amount of the initial velocity and
mass of the impactor entail an increase in the beam deformation.

Syl doddo -1

53556, Gl ot Jelow el oud plodl Sligios aloz )

Wpo b o Gt SO (Seeld el 0] Cuse ol SHISen
ol plol allaslesl g 5,95 &gty o aslllae (nl 3 2Bk e 5 97
Slr e Gl g ol a5 e o adyl pwaie el b gt Sl
Sb 515 st GaileS (> g Gely L[] el ooy iy a5 Saliys ileS
5 Toe sl plojen U b wlod S oy p b3 S o ) sl s
sl o Bl Sloslome ) 55 zge il Sl Jsiny — bl 55 dsles

Please cite this article using:

Lails ez J cline mlio o glooind oplS oSy olse
Sl Slidos (86 W s mlie 5 il S wiladems]
Al slas I8k o S pe Sl i 5l oGy 9 ey Sl sl n
@ bieghn ol 5l (P e el a5 D50 slays syl ale)
GRon @ OlPee &5 oad wiBloy layys 5 Ik cod )y Jelos
bs [] a5 @50 sgamms Glall (35, L a5 1989 Lo 0 Sl 5 SiL
o il [2] ous plomil alStalesl g0 & a5 Wigil S 5 qugselnl gl

s lod oalilw! J2d @ yle 5l Ao cpl @ gla ) (sl

K. Ghatreh Samani, A. R. Fotuhi, A. R. Shafiei, Analysis of composite beam, having initial geometric imperfection, subjected to off-center impact, Modares Mechanical

Engineering, Vol. 17, No. 5, pp. 185-192, 2017 (in Persian)


mailto:afotuhi@yazd.ac.ir

Vet 9 Silolw 0,105 (5 a8

2970 )l ZI a9 00 Hil i Ayl wdid Yodt b S pe 03le uia Sl Hus Judxs

Sk o 6l ragh nl wgdoe a3 Sl 18 Bjgo @
9y S Wl (o0 XS (g0 )1 b LS oS S 0 5o i

oS o DYl -2

DS 5 ML S Bl N csls 9D se ok a5 S0
69 Py Ao (Shp Shpd 6585 4 a2y b olmlr e

g o a8 )F 5 )3 (1) alal) sillae

C ) () () () /2

¢ ) ) ) @

@M&E—()soﬁa;ﬂéﬁ)é ol &
ok plmlr casplis i 4y 0 e ol ) adl
GOgas j9e & S ghiw A352 g (p0)0 2lmlr o Sl gl
Olee 9 o)l5 = 09 Bt - )5 dhal; 4 4295 b cplply il e
2yl s ) 15 (bt by, Ol ol

( — —* — — @)
ad S L 0 S e oole iz ) 5 wVolae 040,90 s @ gl
Pl aols pays cot e Syl clo g S g a5 0als
SIS 5 oslan ol Sl edlital b 358 o 3 5 glae el
OO 18 she plp g (plmlemGi)S Ly, Sl eolitul (izmes g j2as

Wil oo Cess 4 (S a8 Yol 3 ‘ ol o

(J-3)

)—
(«3)

- _ —( —*  — (+3)

A

Fig. 1 beam model

a1 g5

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

P 9B e i @l 5 e gy 00T, 5 s 5 o2 il
Sy & (Gyyay o S ol p il SE 00,05
T41 5 oS (ol 59, 3 iz 3l ouiS's 95

SlasS el 00 ool S5 oz sla il gl b ingsy o5
b2 ghie b SHL b slaggie (Seslus mul 2011 Jlo 5o
P9y 5 GResi Gl 5o el ool 8 oy )50 1) (glas o g LaS L co
5] ol o oolicia] _Saliys 2ileS alies 56T sly Lo — s30s
Sl slagyie (Seelis ol Jelod g 4520 4 (SawgSYsS g 5
Rl 53 (ol oy ailanSls 5l (o je ahate b S pe 03l iz
Gk eon sl ol Jlee aw s oot wd Sl s eyl
16] ol o Jlas! _Soliyo

L adsl (g i b g Sl 8 o o200 2l s 9 >
ool 3l adllae nl 3 X3S sy Sr9e Sy SRS L s
Obilgo, 2015 Jlos 5o [7] sl 00y qusy (i JL8; 2 ady) (i
e Sl o3liiul b (5970 pd 400 S (g S8 pss IS
75 Je ool 5 gihen Jol (65,54 b ais S quyp | e
ol e Slaslowedy tat e Oige a4 CS o OYolre $SligenS
J> lp albprens (dewiliins gy o9y 9 Solegs gy 5l Giegk
[8] el o ooliisl ylo 4y atsly oz 16 SYolre

Sos S5 5 adyl (wain el b 5 LS el Sl g 550l
R S ey g elibs hg) L L) shemme e
Ol Cewd @ Gl a5y e i S Ay g Sidgers
iy by USee (655 2002 Lo o el oad oslil E¥olas
iy sy JS85eds (6555 512003 Jlo ps Sus stashy 50 5 [9] s
oab ol el sud sslinal slrals Glawe s sl [10] YU
el 00 gy 5 2 21y iy 3T iz g Ayl gia

Oygpe oy 9 sy 59, 2 (2R (Oml S g wps Sl o
A pe ht e e 5 eolatul b [11] hows 5 gl ol a8 S
997 x Al Gegn (nl 30 W3S (emyp |y (anile lays B8, L
a5 e BRG] 5 lelos S pgon il glace o 0 saiije s
B9y ) Sz ez bl L ol 12] ol 5 Bl
b g adlllae SIS s, 5l oolisd U 10,8 ales oS a5 b (2 jomelS
9 oo WS (owyp oile p ]y 0aSia s Sesm g p slaylly
L sSdsed 58 9l 55y 2 @B S punS aye 1 [13] (il Sen
2 03,8 &l 55 6l (Seabus )8, gy sl oo 55555 bl
(Soolind JS 05 (59, 2 a4 5 b o2 S S gy 0l
A ey 9Ky 5 5l

oA b oS ye ool izl 5 SO St Sl adllas o
Dipo & dpd el 00l (pyp o ez S 0 Cod adyl e
ololy g Ogkeen ol 5l oolinul b o9 oo 035 (gt @ 35 50 5l )l
3 Slegerme ©yg0 4 ES > SVolas pow A pe (oBp S5 5595
&y 9 Slesss g, 5l el ol Cansay  Seolins g (o e SYolas
@ S olinie b bl SYolee fiad gl ablens (el
bt SVoles o sl el 0 ooliil Jyame eedlyiss ¥oles
9 sl (gwdi (ali jlade 1 g oud ooliiul (gl - g LS5 g
e 003 S p > g Sy JRERCM PRV eop = g by glos
Lojles jo oS (Glekad 05,15 @y azgh b sl 0ol gy o8 S0 i 2

186



Ol 9 ilolis 003 (58 297 J Z IS Ay byl it Aulgl ity s Ly oS o 03Le puin I 8 Julos
( )( - ;* ] 00l oolaiwl SYolro 6}L”°°L”¢“-&?(6)5(5)5(4) Ja_',ls)
/
( )— =12 ) f () @
(—) ( ) (—) K
- ®)
(— —) - (— (—) e
/
. /
( = — = ( ) 1 ) ®
/
e ) LX=0 o 5 (7) by 3ol oniijas s S bl X215 (5550 Ll
Do oo i e (8) alal, gl ool sFAST 5,8 A axel
( J((—) (—* (—(—)+ R O B s FE A e
(— (—(—) ~(—)(—) ( ) € )
( )
0
Siye Lulpl glp s plnl 08> cVoles Sl oS (e wiilen
— ®)

dal; Bllae b obnle wluly 55 (7) dobae (nlply 5 €85 &j50 5

A aeles (13)
(— —(— —(—*) ( ) (—*
(— —) — —
( )
( J(— —(—* —(—*)
( ) (—*
( Y (— —)
( ) ( )
( )
13)
QT)QAS
( )
> O )
/
/o
( ) 3 U ) (14)
/
o > -3

&5 5 Sy sy, penw n oSl Glojly SYolee Jo ol
SYolxe 1 slacgome 4 SYolae b gl so oolamul asdlpuosd il a0
g Jiod
Sl PJlaw Jo lp goae loghs; 51 (S Slessd b,
S Al o gl ey g DLl @l oy, ol o il o

[15] wgs oo 085 <oy p

187

PR L sl WIS Cls g g eatijas o> M LE Llg, 5o
9) alal, &0 4 i (5l adsl Ll 15 20 alisd o 15 08 Sl
Dyl oo aid S L s

) , -

—( ) C))

alady i Yo o o ool K Y (sl 5 5 5 e 4l

S oo i a5 (10)

(JH10)

(-10)
g, aily 15 (el [14] ol o oole s b gy b &S
Wgd o 00l (@ g @l-11) S¥olee Gillae (25,5 ¢ (2 oy
(WH11)
(1)
arsi by (s ol -3) ks, o (o5 WI-1D) Ly, 6, L
Ao Cand @ o sluls e p oS > E¥olae (2) alal,

( — —) ) (—)
( _ ) (@-12)
( J(— —— _—;)
( )(—)
( )(— ;)

5 oplais 17 055 1396 3l yo o0 Suilfo wdiie



Vet 9 Silolw 0,105 (5 a8

2970 )l ZI a9 00 Hil i Ayl wdid Yodt b S pe 03le uia Sl Hus Judxs

O ()

( ).% () — (—)

(s O (nz 9 (n-

( wx 9

( Wy O () —

— s 0

) O

— (— (% () -

(z © (),

( s Oy

()

(x © () — (=)

( Wz O ()

(Q))

(y O () (y © (),

(z © () (y © (), -
- (y © () (x © ()
( Wy O () (x © (),

(x O (y)(z © (), -

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

—( ) — (— )7

* * as)
o] loie 45 situd gyme S logs Calgd a4 f g a YU doles o
Ghey Lyt s lml ln S e e 1) Ghey 8 5 b
&P Ry gy Yol @ leo)lg: il yns SYolas o LS‘)J.
abis N @ ;0 (g, cnl j0 el oals ooliiw] ablpmons ol jiyo
69"""’."‘“&)}‘44'.‘6'%[1 Sl blas )s&nfm)os.)}uGA LS)L“’“-‘-‘“‘“;
Jol a0 Bie ln (39 ulpd Ngh oo aid)S a0 s (b3 (S5 &l
s (A7) A, & 2255 U N e G2te sl 5 (16) el b

[16]wsis oo

(I -16)

() y () (w-16)

(@I-17)

() y () (w-17)
ey L(18) akl, &jpoan () (GdH16) alal, o a8

Al oo e 4 bl Slatse

() ) 18)

oS g slan 8 oo o blES Sl e sl
[17] sl ous ol (19) alayl, b g3lis)
-1 a9

5 Q20) alal; Bl cwsion oo oo @B Oyg0 & 4yl cuin
[18] o o 435 5 L

O (=) @0

A oo slid 1) adel cwain el ani ke YU akaly o a8
Y goae gla g, 3l oolaiwl g ouds yleie Sloudegs 4y azgi b

Al Cawd 4 D ygo 4 S > SYolas

s O ) — )
(x O (nez O (n-
(3 O ) =
( s Oy — )
(— () — () ="() (@r21)
188



Vet 9 Silolw 0,105 (5 a8

2970 )l ZI a3 06 H3l o Ayl wAid Yo b 5 po 03ke i Jl Hus Judxs

Sove s -4
Y B L wSglland juz b oS 0 oole I oVolas goae > sl p
Gob Sy oole ol ol el oad eslil L5 ey 7 ) o lize
S350z nl )3 5 8 (al (eie Slatiie (rizmes lloe 1 Jsoxr
ool B8 s 110 il adgl cwiin jad aia i .l ool
ahols po g adl » e 5 ey b pSokS 01 o2 4 oniijan o
IS 0 )95 5 4 55 0 5| 520 0.0002

5 6ol Gy Jol> b @i ol adllae (omin gyd sl
el 00l dulie Wb o 03] (5950 s &S > (gl [10] Kl
ol 00 20ls yLei "2 K" (o 15 6 smme ol awslie ol gy

%9 slas soyo b wad o sdalie "2 ISG" 5 a5 jeblen
Sz Ghgy ol 5l Ol onlple 2l 22y (093 Bl ST (e
B 5 syt & 4sldl o 903 00liil s @Sl E¥olao
Sebge als jome Sl g 40 Sgo 4 g adsl e

25 S5 Gysme @lmlr 1 Jsar )0 sgzge DDl (285 5 0 L
ouds ol (aled ooy ey "4 9 3 US55 s (oS0 25 s
W

B N T T e
Al 4 el (Lo 0.4 550 e 53 5 35500 €955 55 Lawg & e
ey oo lode

5 oles oloy ¢ gl 5l o 2l n sl el o
SlgS e S 5l eaia,s Gl absd B b jlaged el SO s
e s & Sy B e a8 ol 285 e b pley ol s

505 (Seille Slastin g olul 1 Jgus
Table 1. Dimensions and mechanical properties of column

s b
0.25 (m) N Jsk
0.02 (m) (b) 2=
0.0016 (m) (h) colsess
2100 ( ) () J&=
39 (GPa) (B1) Job Kb Jgo
8.6 (GPa) (B (o2, SSL Jge
3.8 (GPa) (G12) (o0 Jgo
0.28 (v12) gmlsy oy
0.5 T T T T

Axial Displacement(mm)
I
wn

= = =Zhang & Taheri[10]
= Present study

0 0.2 04 0.6 0.8 1
Time(ms)
Fig. 2 Axial displacement of the beam

2 Gygme gl 2 S

189

— () (— ) — )

-7 () (+-2D)

Sz sl 35 S5m Ll 28 o Nolas asile

(3 O (), -(y © (),
— - Wy O (),

(y © ().

(— () — () =)
( (— () — () ="(
( (s O () —
-y U () -
( )y (),
( Wy 9,
—( ) ()
( y () ¢ )
( Y— () — () = ()
( J— () — ()
)
() 22)
()
()
y O () 23)

(BNX3N) slls a5 (5> SVolae 5l Glacgamme Ojg0 4 SYolae

a arg L X0 5o 555e byd an Nigdiee b el Jotme 5 dobes

Jleel 22) abal, @ axg5 L X= o Koo (500 byd aw g (23) doles

ooliil gudl = sl LSS s, ) b almler eesd sl Zaledys 5 0at

a8 g i 5l (S gmedl g LSS gy [19] s aalss
A8l o s o o s o 51 o 312 ol

5 oplais 17 055 1396 3l yo o0 Suilfo wdiie



Vet 9 Silolw 0,105 (5 a8

2970 )l ZI a9 00 Hil i Ayl wdid Yodt b S pe 03le uia Sl Hus Judxs

=

o

-4 i

- 1A

! e=h/8 IR
- == e=hi6 R\
-S| ———e=hi4 \ % -

17 f

S : . , AV
0 0.2 0.4 0.6 0.8 1
x/1
Fig. 6 Effect of off-center distance on transverse deformation

8 SSis  535 0 a3 6 S

sl gurin Al G L ol (amie "5 ST Sl jsbiles
wbge GBI 5 (obye JSb ks

&350 3l mas ahold SRl L 05 oo ssalin "6 UKL @ 4z L
or G153 55 e S ets

3 Sy i o M pd S Sl oy p lp
S)pPp S a4 ilie slae o by Sl Sl oaiiia s p 2 a5 >
2 oaSiayd e il rizmen el ond i T ST 0 a5
ol oo ooly ylies "8 S o 5 IS s dcin

Oloy p edjapd prr el (aie "8 5 T Gl S 4 azgi
P RIP L sl B oje S8k anin pimes g pleS
e s GRIE les Oloj g (poye JSB et it aiij 8
25 JShpms Yoo p Lol o)l glaiz 230 Gules loj 2 eakije e
558 oo b ez 5B by 5

00 gy S Sy cilidee (sla g Y 3B "9 K" o
ladgly b op)lanel g o liesl o)l ez aY aw JSO ool o ol
sl 00 s 5 a2 33 sh0 SaY L 3 rizres 5 Bl

b i ez a¥ &5 (Al 50 Kb oy (JSE 0 4295 b
ool Y pladsz &5 (Al 50 5 jlde (S Gl il e
S o dlge 3 ¥ plesez p3 cplplo sl lade on e il sl

Sged osliinl jao slaaysly b Y el yigy IS 50ss (n S sl

S 5 ol -5
S IR 50,5 Joe sl (Sl o A e 6585 5 gl (nl o

2.5 T T T T T T

—a— VD:S m/s
2F —e—vo=6 m/s

—a—vy=7 m/s

[
T

——,=8 m/s

—a— v0=9 m/s

max(w)/h

0.5

o7)
Fig. 7 Effect of impact velocity on maximum transverse deformation

250 S s diiin pr 00ija 0 e p RSBT JSCU

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

Axial Displacement(mm)

0.7 L L L L
0 0.2 0.4 0.6 0.8 1

Time(ms)
Fig. 3 Axial displacement of the beam

7 G iz 3 S5

2.5 T r T r
2 -
E
E1s5F
=1
8
5
= 1}
)
a
05
0 L L L L
0 0.2 0.4 0.6 0.8 1

Time(ms)
Fig. 4 Deflection of the beam

FB andbige eled ;0 eatips g 5 Wil ()La S g eaiia
Lol dwlxo
4y (24) adoles 4y a5 b zge lal e s a0 Hlo oy Sl

v— 24

b wloas s A4) 5 B) Vol o i 4 5 oS
P iy A oS e )l e ol LU uizen 5 adgl qwais el

) 00l ols uwl.m "6 9 5 L_§L“’J-i~i’"

1 T T T T
/A
0.5
/
Y/
s 0
R
-1
W, =021
_1-5 L L L L
0 0.2 04 0.6 0.8 1
x/1

Fig. 5 Effect of initial geometric imperfections on transverse
deformation

20 S5t 4yl s i 505 S

190



Vet 9 Silolw 0,105 (5 a8

2970 )l ZI a3 06 H3l o Ayl wAid Yo b 5 po 03ke i Jl Hus Judxs

(GPa) sz Jgoe

(M) o5 glis)|

(M) oyges Jsbo

(k) ousjar o oy

el @ Ghg) 5o WeyS slaes

oolo hrad (ol pd

(8) obes

O e ghiiie Job olnlr

O Sl ghaie (2850 olml>

4yl (g pali

(M) adgl pwiin Lol dicios lade

Qs de o Dlatke glo jgee
g m2dle

Ol o
kgm®) Ji&>

SO9es 970 4 Cumnd gl 1352
W 952 )
il s a5 g, 50 o )T laise

&lp-T
[1] H. Yung, F. Chang, Transient dynamic analysis of laminated composite plate

subjected to transverse impact, Composite Structures, Vol. 31, No. 3, pp.
453-466, 1989.

[2] H. Abramovich, A. Grunwald, Stability of axially impacted composite plates,
Composite Structures, Vol. 31, No. 1, pp. 151-158, 1995.

[3] J. Ari-Gur, T. Weller, J. Sing, Experimental and theorical studies of columns
under axial impact, solids and structures, Vol. 18, No. 7, pp. 619-641, 1982.

[4] W.Ji, A. M. Waas, Dynamic bifurcation buckling of an impacted column,
Engineering Science, Vol. 46, No. 9, pp. 958-967, 2008.

[5] T.Kubiak, Estimation of dynamic buckling for composite columns with open
cross-section, Computers and Structures, VVol. 89, No. 21, pp. 2001-2009,
2011.

[6] A. Teter, Z. Kolakowski, Coupled dynamic buckling of thin-walled
composite columns with open cross-sections, Composite Structures, Vol. 95,
No. 1, pp. 28-34, 2013.

[7] W.Ji, A. M. Waas, The temporal evolution of buckling in a dynamically
impacted column, Applied Mechanics, Vol. 80, No. 1, pp. 011026-1/7, 2013.

[8] M. Rezvanian, A. M. Baghestani, M. Danesh Pazhooh, S. J. Fariborz, Off-
center impact of an elastic column by a rigid mass, Mechanics Research
Communications, Vol. 63, No. 1, pp. 21-25, 2015.

[9] Z. Zhang, F. Taheri, Numerical studies on dynamic pulse buckling of a FRP
composite laminated beams subject to an axial impact, Composite Structures,
Vol. 56, No. 3, pp. 269-277, 2002.

[10] Z. Zhang, F. Taheri, Dynamic pulsebuckling and postbuckling of composite
laminated beam using higher order shear deformation theory, Composite part
B, Vol. 34, No. 4, pp. 391-398, 2003.

[11] S. Dariushi, M. Sadighi, A nonlinear high order theory for analysis of
sandwich beam with flexible core under low velocity impact, Modares
Mechanical Engineering, Vol. 15, No. 9, pp. 381-388, 2015. (in Persian
)

[12] R. Paknejad, F. Ashenai Ghasemi, K. Malekzadeh Fard,
Response of fully-clamped composite laminated plate subjected to  low-
velocity impact using Galerkin method, Modares Mechanical Engineering,
Vol. 14, No. 1, pp. 45-50, 2014. (in Persian ..,

[13] S. Seifoori, G. H. Liaghat, M. Foladi, Low velocity impact on Timoshenko
nanobeam using a nonlocal elasticity theory, Modares Mechanical
Engineering, Vol. 13, No. 8, pp. 151-160, 2013. (in Persian .. l$)

[14] J. N. Reddy, Mechanics of Laminated Composite Plates and Shells: Theory
and Analysis, Second Edittion, pp. 100-101, Boca Raton: CRC Press, 2004.

[15] J. N. Reddy, An Introduction to Nonlinear Finite Element Analysis, pp. 292-
297, New York: Oxford University Press, 2004.

191

—e— M=0.1kg

25F ——M=02ke
—e— M=0.3 kg

o b ——M=04kg

—e—M=0.5kg

max(w)/h

Cil
Fig. 8 Effect of impact mass on maximum transverse deformation

5258 JSD et At posiijays ey 2368 UKD

2 T T T T T

i
— [0/0/0/0/0/0/0/0] //
= = —[0/90/30/-30/-30/30/90/0] o
15k == [0/30/0/30/-30/90/-30/90] g_,ﬁ"" .
e [0/0/90/90/30/30/-30/-30] / 27

max(w)/h

0.5

0 L
0 1 2 3 4 5 6 7
(o7}
Fig. 9 Effect of angles of orientation of layers on maximum transverse
deformation

905 IS i iy oY aysl; 569 S

o S gl (§p97e s a8 Sl Cov adgl pwsin ek b
Slacgame & g0 odeor Juol 5l oolaiwl b SYolre (sl 0uls oolaiul
&5 9 Slegs by, 5l wad glisal (Sealus g (e Vol
OB 5 gloj 09> 53 SVolae (gile atannS (sl aBlprons (il
degeme gl (Fes LSS by, Sl eslitel b e 5 8 ool
JURTCS PV PAC SN | IRV 0l RPN KOV SUPSICT (A PN
Oboy p odiijayd py a5 3l Glis @l g b (wyp eSS S
S i R e e e o
a9t 55 gye SISy Jade p Ll il Slasz Sl les olej 2
Fro i) g dols 5 gl gmain s 3l 238 o b S
i pals Gl BTG ol Glis gl Wb (g p 5 (o5 S S
e GRIPl 8 8 ooy JSEmei S el ey aloll 5 sl
2 (OlEesl 5 o)l oline) ik sl ez @Y b Grizen
L egi onl 5l dol> @l colesys sl oad gy 5SS e0ss

2 ey Jel ol plodl 3 gy o 5 el (e Slalllas

e S g9 -6
el g Gbsy Fi9 el re
(M) G5 25
(MS™) zge Lasl Ce yu
(GPa) Kb Jgow .

5 oplais 17 055 1396 3l yo o0 Suilfo wdiie


http://www.sciencedirect.com/science/journal/02638223
http://www.sciencedirect.com/science/journal/02638223

O 9 (Slobw o003 (5 a5 2970 )l ZI a9 00 Hil i Ayl wdid Yodt b S pe 03le uia Sl Hus Judxs

[18] S. P. Timoshenko, J. M. Gere, Theory of elastic stability, Second Edition, pp. [16] C. Shu, Differential Quadrature and Its Application in Engineering, pp. 29-
31-32, New York: McGraw-Hill, 1961. 36, London: Springer, 2000.

[19] R. L. Burden, J. D. Faires, Numerical Analysis, Ninth Edition, pp. 638-643, [17]1 H. Afshari, M. Irani, K. Torabi, Free whirling analysis of multi-step
Boston: Cengage Learning, 2010. Timoshenko rotor with multiple bearing using DQEM, Modares Mechanical

Engineering, Vol. 14, No. 10, pp. 109-120, 2014. (in Persian __..,\s)

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise 192



