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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper stability analysis of a nonlinear micro rotating shaft when the system is near the primary
Received 26 December 2016 resonances by considering the modified couple stress theory and micro inertia effect is investigated. The

Accepted 12 February 2017

Available Onling 08 April 2017 geometric nonlinearities due to classical and non-classical theories (the modified couple stress theory)

are considered. Using Hamilton principle, the nonlinear equations of motion are obtained. In order to
solve the equations of motion the multiple scales method is used and the analytical expressions are

Keywords: N L .

No):mnear vibrations and stability presented for forward and backward frequencies which illustrate the effects of modified couple stress
Micro rotating shaft theory and micro inertia effect. The frequency response curves, amplitude versus damping coefficient,
Modified couple stress theory amplitude versus total eccentricities etc. are reported. It is seen that due to the modified couple stress

Micro inertia effect theory and micro inertia effect the amplitude of the system decreases and the loci of bifurcation points is

changed. Symmetrical micro-shaft in the presence of classical theory and without micro inertia effects
becomes completely stable in the lowest damping coefficient and asymmetrical micro-shaft in the
presence of classical theory and without micro inertia effects becomes completely stable in the highest
damping coefficient. Symmetrical micro-shaft in the presence of modified couple stress theory and with
micro inertia effects becomes completely stable in the lowest total eccentricity and asymmetrical micro-
shaft in the presence of classical theory and without micro inertia effects becomes completely stable in
the highest total eccentricity. So, considering the small-scale effects due to strain and velocity gradients
for analysis of the system is mandatory.
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Fig. 1 a schematic of the micro rotating shaft and the attached
coordinates on it

O oo faie Slatsne slaygme o lgs g S 5l (Silas 1 JSC&

S5 S 3,8 Gl (i 90 4 (5 00 | e iy (53551
S S 5 e a5 oS A ety
oadzMal hsS G5 6 SaS 4 1) pod Ceand &S canla 15,8
Cawody (2) abasly 5l o 25,5 ) bogspe Jeaily (65,51 050 g0 098] Comday
1 1
v, = Ef f(axxexx + OyyExy + Oz Exz)dxdA @)
0
(80908 S oS5 A€y Exys Exxy Oxzy Oxys Oxx YU e, o
OyS «80ges LIS Y daxbn 0 by S axmbas 0 by RS
el Y amis o L 15,5 97 axbo 0 LDy
@) alaf | 25 by "5 8an s (sl | o 5l K5
Al o oy
Oxx = E€xy, Oy = Geyy, Oy = G&yy (©)
dosbre Glp ol T i Jse 5 KL Jsde s 4G L E

2,5 oolazwl Q‘glsn &) Ly, 5l o 2is
Exx = € —Yk3 + zk,

&y = zk4

&z = Vky &)
WRYING)) abl, 5l as cul s U (5 900 13,5 € YL Lailg, o
ez\/wrz+v72+(1+u/)2_1 (5)

Sy & O0gh 03ld day pow 4o U (5 B gpeme 655 S
A dalys (6) alal,
ezur+%v72+%WrZ+'__ (6)
5 S2le (] 0 e g Jako Cid 5 )Se u Sy &S nl 4 a2y L
dle (b 5 Sl jio (3 6 5)9me 5,5 45 85 (858l
o Sygo & (7) ‘\Jd.:‘) uAl)ALJ ‘[16] Sg J.sb‘? L;Mal.:; (Y )l
e:Oﬁu’:—%y’z—%W’z_... @
Gk 5l a5t Lol sl e sl o caid salissl kg, ko, Ky
1171 s oo sty B) Ly, s,
ki =¢' —1'sind
k, = g, sint + g, cos Nt
ks = g, cos 0t — g, sinft ®)
Dy Ol ) Syge 4 (9) abal) Hen
g, =y'cos@sing + 6’ cos ¢
G, = y' cos @ cos¢p — o' sing €))

@ by pe bulg) 50 (1) llgy (om 5hol Gblgs 40 by Lly, ST 1>

! Hook’s Law

2 Isotropic

% Young’s Modulus
* Shear Modulus

® Principle Axes

136


http://journals.modares.ac.ir/article-15-10161-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

Obled 9 (RLaS e M p2l9 )Sae 3l 9 0 JbZ MOl Ja95 I G298 (83 413 )5 L )l S by e S 5913l 9 S pat Hliblei)l Julx
=5, W= O 0,8 el 5 90 4 (lei oo G 1) e oladx (555
% 5.2 SiFl 3 s Sl g JE lacS > 5l (Al cae 5l cens
{’I‘ ¢, Gty (19,18) Luly, 5l a8 pitaes 50 (VUL mje 5l 5b i
~ ~ 1 -
éy 731 ) éz = 72 Kl = Ktrans + Krot + Kecc (18)
¢
A ~ Ap 1 o2 2
I_M; AD_H Ktrans_ifO m(u® +v° +w)dx
1
4
I LA I K= | (b0 + 1,0, + 1,0, dx
D’ met 0
~ 1 11
Z=0—iw, Z=D+Ii Kecc=—fm.(22(e§+ezz)dx
R -0, 2J,
=% 2= ez L ; .
_ o, 6, +5 i (—2mQ(ve, + wey) sin 0t
O;=—2, O,=—0s ,
3 D * 7 D2 + (ve, —we,) cos 2t) dx (19)
ct 2
C = Slow T Jgb oo Sy aeg, ey, ,m YL Ll o
c ) 9 P27 sy RE i3 i, 0 ? 29, )
vmD (25)

‘JW Sy Cadle ué; B> )l k}“‘;04’ 03, 02, Ol,b aS
ol o Dol s 25 5555 4 gy e s g sla el
W0 el (26) ddaly & ygo 4 balisie (sLad [0 am g SYolee s

2 1
zZ® it ez + iz — gbzi” + §b212<4>

1 ;
+ gbzA,Z_(”’)
—17" = A(Z" + 2i02")e % + Agz(W et
+ %Z”Z_,Z,”
+§Z_”Z,Z”’ + Z—//ZHZ + ZZ”Z,Z_”, + %ZG)Z_’Z’
+ %Z_(‘l')Z’Z
+iz" [1[Y(22'7' + 7' + 7'2") dxdx
X
+%z’ f 2’2+ 77 +7'2)dx + 0,z(He?
0
_@zz_(ﬁ)eZi.{Zt + @3 (%ZIIZ—IZIII + ;Z_”ZIZ”I
+ Z—IIZIIZ
+27"2'7"" + %Z(‘*)Z_’Z’ + %Z_(‘*)Z’z)
2}
+032(4) + g(zzluzz—// _ QZZIIIZ—IIIZII
_ 22—1122(4)
—382'"27® —382'7""z® — 277" z®
—427'7""7® 4 27'7" 2D = 42" 7' 75
—187"2'z®) = 22'7" 20 — 262" 2'7(®
1+22"7'70) — 47'%76) — 427" 7"z
+22"7"7® —47'7'2) — 9,2

= (ie, + ey).(zzemt (26)
Ll @7) alasly & j50 4 55 (550 sl
z=27"=0 @x=0,x=1 (27)

Gl 00 Bl ~ cdle xly glp ouiS 4z g8 Wb
slagtsy 5l Sl pen bt s S Vol o Cux
S5 s oolitul WlBaiz Jlojy slawliie by, 4 pomge’ wlilizel

Sgd oo 48,5 L5 10 (28) alal) g0 4 dolee gl jshaie oy [20]
z(x,t) = €12, (x, Ty, T,) + £323(x, To, T,) + -+ (28)
Sbi olie 5 @ Sy obie iy T, Ty a5 gl
1 oyl ple adye oS codl gam oo el € ool S o

® Perturbations
® Fast Time Scale
" Super Slow Time Scale

137

3 .
Jo> 07 ol Ol Y p2me Jo> (o0 2 (ol Glos (b (]
Z 9o 4 Cod WL g Y jemme 4 Eoed VLG 2 jee o>
O Cans ChbgSie slugly ce i sleadie £23,0,,0, . el
1191 st lioe sy (20) Lasly, 5l 5 axia Lol slojgee
0, = (B—ysind)
0, =" cosBsin B + 6Hcosf
03 =pcosBcosf — Osinf (20)
Sl osd oIS gl YL abal, jo (1) Ly Slsl sbils; 5]
b obal casp slasly sloce w950 0ls Loy pgw a5 0 U jels
ol iogiSn olal jo g0 g Sie a5 ola ] 5l ol aalys casa
L SasS ol 4 bgye 5l Wl (18) akl, iwir 5yl popdle
b ey OLlS @ barye ioizr (65581 093 gy 5 Sy llS
191 0T oo cawsas L) alasly 51 ooyl 9,50 il 31
1 .
KZ = fgpbzuj’iuj‘i av (21)
il sleailie bl 5 cal ssle gz V g oole T ateusls p
l
oo ol JgS 5 6,95 0 SYL ad,e ol L b =7 el
elpls twl Gloy 4 s i sdipolis aladl Cwdle oy sl
SHye L (21118) J‘%‘S) Egoina }‘ (Ktotal) (o) Js o dj)ﬂ
el aslys Cawods (22) abal
Kiotal = K1 + K> (22)
alss gl (23) aluly ypo 4 o8 o ¥oles silisla ol b

t;
(6Kotal — 6Viora)dt = 0 (23)
ty
25 Erye 4 (24) alasly sl yal )y i
D3 — D, ;-1
Ap= — A= —
D; + D, I;+1,
== ) 1 _ —
1 E1 I, — 1
0, = s~ l7 0, = 4 . 5
_ Ig +1; _ Iy + Is
Os="7 ) (24)

el 25 2 4 (28) alayly ax g sla sl

! Eccentricity Distribution

2 Mass Per unit Length

3 polar Mass Moment Of Inertia
* Density

4 o)l 17 053 1396 5 s Julb /Ao S dius


http://journals.modares.ac.ir/article-15-10161-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

Obled 9 (RLaS e

M p2l9 )Sae 3l 9 0 JbZ MOl Ja95 I G298 (83 413 )5 L )l S by e S 5913l 9 S pat Hliblei)l Julx

Dp(x) = Pp(x) = 2+/2sinnmx (34)
CuiS Gy 5 S ey Sl il 3 W, W el S50 0)lats TL oS
il se Cassay B7-35) glaakal, 5l 5 asien

L2+ \/lﬂm +4I,(1 + 05 + 12n20,) (35)
wr =m?n?
s 21
L0 - \/lﬂm +4I,(1 + 05 + 12n20,) (36)
— 2,2
Wy =71 N
21

I,=1 , I;=1+ n*n?I+ ;bznznz +%b2n4n41 (37)

sl Skl sl )le (36,35) Lly, 09i o0 canlin oS sbles
slaobslS 5b a5 wms s @) pians b slalS B Al
9 S5 iy S 2 s eatpdlal oS (A (5595 4 bgape (55
eeie als (36,35) Luls, ;5 03,0, 4 bsyye slops b coiS
Os bl & borpe slap 5 L 50 5 (s oyl 5 S0 Dl STl
aaps e lai 1y 0> SIh asy

LT o s 0 S35 SlaC 53 s 5y el sl
g |, 38) abaly (g0 0= 0(1) (Slieel yolly (28,5 5 o
N =ws+e0 (38)

eeplys (32) abal; j0 (38,33) Ly, IS sl> L1, (39) aka,
bl

Dy?z5 — §a2D0223” + %aleozz_:;(”‘) — IDy2z5"
+i01;Dyz5" + 032;® — 0,2,©
= Hy(x, T,)e'r™ + Hy (x, T,)el»To

+N.S.T (39)

Ll bools o,lsl ® VS slopy 4 N.S.T 51 alal, 5

ooty 1y 3] oles” eyt slagely oloe (40) alaly” s sl

3591 Cuod

1
j @ (x)He(x,T,)dx = 0,
0

1
j (pb (x)Hb(x, Tz)dx = 0
0
s BY) alaly 5 (40 ala, sy Jobulit (5355l |

(40)

by )y Ooge & |y (43-41) Ly,
—4n°m® 034, (T) A, (T)* — 8n°m° 034, (T;) A5 (T;)A,(T)
+;n8”8@4g1 (T)A1 (Tp)? + Tn®m® 0,4, (T;) Ay (T) A, (T2)
—iAsDy A, (T,) — icA, (Ty) wy — ném A, (T,)A; (T;)?
+I A1 (T) A (Ty) Ay (T,) + lpff‘fl (T,)e* ™
+02%(ie;, + e,)elT:
=0 (41)
—8n°m®034, (T;) A1 (T3) Az (T;) — 4n°m® 05 4;(T;) A (T2)?
+7n88 0,4, (T,) Az (T AL (T) + ;nsﬂ's 0445 (T3) A3 (T2)?
—idpD, A, (_Tz) — icAy (T wp, — nSm8A,(T,) Ay (T)?
+KA,(T,) A4 (T2)A(T7)
=0 (42)
¥y = n°n®Ny — n®n®0, —n*n*o,
Ny = Ajwg? — 200w; — Agn?m?
Ap = 2l — On?m?
1.4, = 2l,w, — On?m?l,

® Mode Number

# Critical Speed

® Non-Secular Terms

® Solvability Conditions
7 Non -trivial Solutions

4 oploits 17 0995 1396 Hu5 (o ow Suilfo wiie

5 Gloyezy cacld S 4y (yloj 4y Cod pg0 9 Jol Bt aes ool

) 0

i=DoteDe, 5= Dy? + 2£2D,D, (29)

D, = 0 D, = 0 30
°7aT, 27 9T, (30)

lye 308,18 Gslue 5 (26) alsles ;5 (30-28) Luly, (5,138 s> L
by peles 1, (32,31) Laly, € alie
2 1
o(e'): Dy’z, — gszozzl” + §b21D0221(4) —1Dy2z,"
+illQDyz," + 2™ + 052, @
—0,2,® =0 (31)
2 1
0(3): Dy’z5 — §b2D0223” + §b21D0223(4) —IDy?z3"
+il,0Dyz3" + 032;® — 0,2,
= 1,(Dy?2," + 2iQDyz, " )e* Yo — Aoz, " 2o
—2DyD,z; —cDyzy — i1y D,2," + 2IDyDyz,"
f 2 "_ E 2 (4)
+ 3 b*DyD,z; 3 b“1DyD,z;

1
- §b2A,Dozz’1(4)

X X
1 - 2
2" f f (2Doz,'Dozy" + Dy’ 2y’
" ¢
+Dy’7,'z," )dx dx
X
1 _ _
_Ezllf (2Doz,'Doz; + Do%z,'z,
0
+Do%2'z,") dx
1 — —
_E(Zlnzllzl”l +Z1(4)Z11Z1/

nr I

+32,"2,'z,"" +4z,"2z,'z,"
- 2, = 2
+221"1zl” +27z (4)21; )
_03(EZ1,,Z_1,Z1,,,+EZ_,,Z1,ZIIII
- 2 _ 1 _
+7," 2" 4+ 22,"2,'7," + %1 Wz 'z
2 0] 2
1 —(4) s 4 sos s e_ s
+EZ z )— ) 2z, Z

s s R s s

- 2221/ z 221
-2z, 7™ —38z," 7@
—38z, 7z, 7@
-2z 7z, 2®-422 2 7
27,z 7 ® -4z, 7, 2,®
—26z, 'z, 7,® —18z, "z,  2,®
-2z, 7z, z®+2z, 7 7®
—4z, 70 425 "7 @
2z, 'z, 7 ® -4z, 7, 2,®)
+0%(ie, + e, )e o + RAQE
-0, e (32)
Vi o¥oles 10 €, A Ap, €,00%, 8,007 sladilse 45 5,5 azg5 Wb
Sleads cpsol> ce2,Mje2, Ape? e, 073, 0,03 | g a
s Ok 2 Trd 4 B3) dly Byso 4 BL) el 5l peses > S

D¢

(€)]

7 (%, To, Tp) = @ (x) 4, (T,)e™sTo
+®, (x) Ay (T,)ewrTo (33)
5 Sy Soo TS ey 5 oS iy slasge JS3 (3), @ (x)
Lol (B4) alayly & g0 4 00l o 90 Ciliig ;Sen SO (5

! Forward Mode Shape
2 Backward Mode Shape

138


http://journals.modares.ac.ir/article-15-10161-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

Obled 9 (RLaS e

M p2l9 )Sae 3l 9 0 JbZ MOl Ja95 I G298 (83 413 )5 L )l S by e S 5913l 9 S pat Hliblei)l Julx

I3l 5 oabedlol S 5 Sl 5555 53,505, b 050n
oo 3Bl s (s g 39800 05 Glugs kel (gu il 9 See

59 238l o 3l (6,5 F )5 Sl slo el )l 3o i Glaisl abags
5 S o B a4k 50 bl 5 Sl slagely ¢ lie Sy Ses
5 oletsl abaii ol 48 0068 o olaisl abaii oyl B Joe alais 4
s 9 alco BT L S bl G ey el (hjme)S gy
asl atsls Fuly aw gSlas asie Jlhwel el SO Gl 4 Wlsh
A3l LU bl Wl e pes gl bl 4wt gl T &S
s eMC)LA J495 GRS (5,95 MCST )| )9.14..0

p3> S0 5> o)Ll Cdliy S Sy (oS Guly Hloged 3 S 5o
155 G5 S i 5,55 oo 5 SeudlS (555 Jae Sl 53 0
widls sl 355en S 5 nspdol s A5 55 s S2sS
Je 55 55 o it 355 el Ll Jona 5 3500 Sz lilugs
Sl 8,8 ko b glhon g 1 YL glace ju jo Claisl sy
g oo oulin bl so 3Ll oadpdlel hgS S (5595 9 (ol 9,500
5 9B o0 Fy iy oddy 90 9 oladdl aladi 9o )laiel Cadig )Se jo a5
aS ol aisly Wl oo gl i Sl asin 0SS Gl 4 pivw
Ol Cid 9,500 0 Jg wanl Hlasbl s sb g0 g Sl T b aw
a8l 3l wilgy oo grwly aw JiSTas g (i oy )b SO colail alads 40
3 @l a5t ol 4 ataly Sl ea g cwais Sl pa onlpls
A 0gd oo o O30 b8l clls wales Cleiil bla g i by
A28 F, 655 s s Gl

3375 3 pa Sy 3 S Sy Se Sy (LSS Gl 4 JSB
5 00l Mol heS i (6595 sl 0ald i el g oy lae >
odalie a5 jebjlen .l oud aid F i8S oyl g S &l
letil bliS Jowo 5 s ool o oogn Sl gl DIg1 05 00
Shre cepw 3l YL glace o o olaiil sgae lad ialiEl Lol

a8 o Glisl iy Sn

0.5 T T T T T : .
e stable
* unstable
0.4 B
without MCST and
micro inertia effects
o 0.3F A
B with MCST and
= micro inertia effects -
© 0.2
0.1 q

-1 -0.5 0 0.5 1 1.5 2 2.5 3

Fig. 2 the amplitude versus frequency curve for the first mode and
symmetrical micro shaft

O Sty S sln Jol 990 50 (uilS B oy aals Jloged 2 S

139

n*n*  3n?m?
I

1 1
V2 . V2 .
e, =f (TSlnTlTl’x e,dx ,e, = - sinnmx e, dx
0 0

2 1
L. =1 I, = (1 + m?n?l + §b27r2n2 + §b2n4n41) (43)
oo Camssty (B4) abaly 5 s S8 4 Jl>
A, (T,) = A(T,)eloT @4
iy |, (46,45) Luly, olsi o (43,42) Luly, 1o ol )i sl> L s
—4n°m60;A2A — 8n°m°0;AAL A, + nmt0,A%A
+7nm0,4A,4; — i D, A+ WpA + oA A —n®mA’A
+KAA A, —icwpA+ 07 (e, + ieg)e™2 = 0 (45)
—8n®m%@;AAA, — 4n°m®0,4,A,° + Tnn®6,AAA,
+In®m80,4,4,% — iAyDyA; — icwy Ay — n®TOALA,’

+KAAA, =0 (46)
g (A7) alafy JS5 4 dad Slatsie o8 4 Glsi e 1 A, A
A =a(Ty)e ™™, A, = ay(T;)e ™ (47)

1, (49,48) Lals, o)l o (46,45) Lalg, ;8 (47) alal, 5,35 gl> b
g
—¥rasin2a = AsDya — cwpa + 207 (e; cos a — e, sin a)
=0,
6.6

n-m 3

—n°m03a® + Wracos 2a + ApaD,a + Arac — a

7 7
+Zaa22 = 2n°m®05aa,? + Zn8n8@4aa22 + §n8n804a3

+20%(e; sina + e, cosa) = 0 (48)
—Aszaz —Cwpay; = 0 )
nr® o K, 6760 2
Apa Dy, — 7 a, +Za a, — 2n°n°0za‘a,
—nbm%05a,% + %n8n804a2 a, + §n8n8@4a23 = (49)

Ao Py oy 4 S Sl e ke Sl gl
ool 8 as L (49,48) Ly, o plals e dalgs
(49) b, 5l 0n] oo casors JBuile slogwl Dyay, Dya, Dy, Dy
Og0 &y bgye Sl s e lis o5 canl@y =0 a5 gl o Aol
Ol e S i 990 4 g pe nly lp g 28 walsS G ) S e

g 5 Sz 41, (B0) abal,
—Yasin2a — cwpa+ 20%(e;cosa — e, sina) = 0,

6.6

n-m 3

—n°n®0;a° + Yracos2a + Arac — a

+gn8n804a3 + 20%(e; sina + e, cosa) =0 (50)
Soue -3
lo=1L =0, O 4 Vb i g bl chady S S

il ot axslo (B1) alal, oles LT oSl 51l

E = 1.44GPa, v =0.38,
p = 1000kg/m3 (51)

Ll e 9,50 176 J5bo
Jol 050 po ol Hled chd S S udlS B Rl 2 JSG po
0.03 > )5 (lyme 5 0.0005 o5l b by (sl cudVLU 5525 b b |
oalive ol 00D (s 5 S5 28 (5555 5 S5 (5,55 Il g0 )0

! Steady State Response
2 Epoxy

4 o)l 17 053 1396 5 s Julb /Ao S dius


http://journals.modares.ac.ir/article-15-10161-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

Obled 9 (RLaS e M p2l9 )Sae 3l 9 0 JbZ MOl Ja95 I G298 (83 413 )5 L )l S by e S 5913l 9 S pat Hliblei)l Julx
0.25 . . E 0.2 : : : : T : :
i CT and * stable stable
e —— without micro inertia unstable = unstable
L effects ]
0.2 015k ]
without MCST and
micro inertia
o 0151 q 3 effects
° 2 .
El £ 01 with MCST and
E. E \ micro inertia
s 01k w ] effects
MCST and 0.05
with micro inertia
0.05¢ effects il
0 : : : : : : :
0 5 5 . . - -3 -2 -1 0 1 2 3 4 5
0 0.05 0.1 0.15 0.2 0.25 0.3 . . i
c Fig. 3 the amplitude versus frequency curve for the second mode and

Fig. 5 the amplitude versus external damping coefficient curve for the
first mode and symmetrical micro shaft

iy Soe slp Jol 090 )3 (25 oo i p s aols logai 5 S
(P59

S5
50 =1 il & Jsl 090 10 cwdVUl oy atals Jlogad 7 JS o
39 53 Olie CddgSee S ln 003 coro b (2B ole S92
S8 5ol (55585 28,55 p3 b 9SS (558 (5185l o b 2l
i e o MU By e 20 ey alol S 5
I3 L el et ol LIS i 5 ¥l i Sen
Sla UL oy sl W e 5 W5 o oS s oly VL
Gl IS S o s ) Ll o Sl o Bl 458l el s S
e Sl g oate Nl s 5 (6,95 05,5 i 3 el Jpid M
Sy o bl 3l il 655 gl VLU ) 45 o s oyl
S5 s s S 1 Jowe 50 0.005 wges gl Lateive (VLU
Gl A s SedS Jue )3 a5 (> 0 0 )lo (ol zaly
el b (S gl T U g0 a8yl poas st

@l 3975 b Jol 950 50 (VUL e Al logei B JSC8
95 5,0 el Hlge by S S ¢l 0 =0.6 &l5l 4 0.03 s
el 00 sy SIS 1 e 5 SIS Joe 2l

$395 0585 Sl 50 5 o)l Cudd 5 Sy lie Sy S
2 pgd oleidl a5 sl e pwybl 58 SIS g SIS L8
J2e 0.005 Ske aseine  cadVLL S5y a8l 35Ut 5 58 sla cmdVLL

0.35E T T T T T 3

0.3k stable ]
*  unstable

0.25 q

CT and
without micro inertia
effects i

amplitude

MCST and
with micro inertia

0.05 / effects

0 r c c r F
0 0.2 0.4 0.6 0.8 1 1.2

Cc
Fig. 6 the amplitude versus external damping coefficient curve for the
first mode and asymmetrical micro shaft
iy See sl Jgl 990 50 (7)1 e S ez el o905 6 S0
Q)LE.LeU

4 oploits 17 0995 1396 Hu5 (o ow Suilfo wiie

asymmetrical micro shaft
Ol hlg Koo (sl g3 Sga 43 Gl B s el Jlaged 3 Y5

¥ 5]1:.0 6‘14 (5")[> @l;..a w].a o> ol )L)}.u‘ 5 J&.J »
4, 0.0005 L Pl LgLQLs.‘JYQU 5929 b 6.;5[.-5)1 Jsl 050 o oy lae Slgo
9 S (6,95 g3 30 (0.6 Ll lripl o) s 0S5
L osd se oaslin a5 el len .l 00l s S 1 (5,955
 bsnye 5 gl Sen S e S olie ] 55,5
Sl (eYL ol culps o oleidl sasipdol LS s (585
Ao bisgs b S 1L 50 015 e b3 (olyme o po S 51 38l e
2L s (g 0))0 0929l el S Ll ST (5,95 (85
3315 bl Lol 51 o5 45 55 ol s SIS e (5,55 55
Jsed B ey pluS a5 i o iy ads) Ll 5 el gl S0 g
Gl ey p3 S Sl G s (2l e curd dg Sale>
el SIS 555 CT 31 jpbite el olal abal 5 paems S oilo

&.i.l. 6‘,} k_'?)b uf‘)""’ po“}..a o> aols )l»)}.o.? 6 JS.u BN
A SB L S92 b (L2l ol o9 0 o)LL Jlgs addg S
95 g Sl (5,985 > g0 00 = 0.9 I3l 4 4 0.0005
30 3,10 (SgS anald aS picews szl 5l (Sl 00l gy SIS
s 005l g Ml Zl Glos (nl g codd Bebais 2 (5595 90 52
DS i (655 o iy dzels oaile Bl ol Lz (gly o
OS5 sokie g 5 S (5595 50 el ST (6,55 5l S5 sS
10 a2l e U] oletsl Bl 65V olpee calpd 53 s yia] 350 L
w3 o0 &) (o iz S ()l iy e 0 oS J>

0.07 T T T
¢ stable
0.06F * unstable
Asymmetrical

0.05- micro shaft
8 0.04- q
2
=
E 0.03}- B

0.02 Symmetrical [ 7
micro shaft
0.01- bt

0 r r r

o
Fig. 4 the comparing of the frequency response between symmetrical
and asymmetrical micro shaft on the third mode

o 050 50 0BG 5 ) lite Ly oo oundlS )8 Fly dlio 4 JSCG

140


http://journals.modares.ac.ir/article-15-10161-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

Obled 9 (RLaS e M p2l9 )Sae 3l 9 0 JbZ MOl Ja95 I G298 (83 413 )5 L )l S by e S 5913l 9 S pat Hliblei)l Julx
0.4 T T T
0.7 . . . . . . . . table
¢ stable
0.35- unstable
0.6 unstable |
eI:eZ:OAOOOS 03l
0.5 -
=e_=0.005 =
e,=0.021 €17% L 0%
8 04 _ g 3
£ e,=0.011 2
= 3 02r =
E 03} \ 1 E [ CTand
0151 without micro inertia |
* e effects
0.2t . |
£ 0.1 . ,
. X, MCST and
0.1t £ A . 2 with micro inertia
. 0.05 effects ]
o e 1
0 3 0 : r ;
! 0.5 0 0.5 L 15 2 25 3 0 0.005 0.01 0.015 0.02

(e}
Fig. 9 the frequency response of the symmetrical micro rotating shaft
for the first mode and the difference eccentricities

2ol (sl Jol 090 30 0 )like Jlgs bl 9 Sae (il Gly 9 S
Sglaie sla odYLL

alpd 50 (o yly San Sl g SedlS 108 (6595 0929 b s &5 203
Jlgd Cdlg Sn (s ey alsS Jlaul SlS Sl w555 (el
3y a8l Sl eSSl @y 65855 (e il pe 5o 0)lEL
Sy Sae S (sly a5 €8T s g8 o (s YLU o yy aials log05
il (gmyiily oo S g SedlS 18 (6595 3529 b o b b ol
SRl cnlply bl walss G157 SasS Gla VL o dlaw )0
Rl g WL () e s (SoS lde 4 bgy
wole 5 b 0 & Cul e il 2 N E Glajally

S5 )3 ar g 3,90 Wlgi o SgS olal b slaosls

el S yed -5

Jsb 9=ly m

B 2l e c
CadgSes Jsb 1

gl gl A

@ Jove 5 Kb Jose E,G
6 Sygee (S e
S97ee (M Ay

S 3 Y e Ji s (S et S

Z jy7o J5> 5y970

sl Y sl o o plalr (Job ol wv,w
Z sbisly o o0

il 5 See slabizl kg, kg, ks

Olas 5 Y ome Js ol Glos coalid (ol Glos I, I, I
Z jpo Jo> (o

Z jg7o s Cud (oVLL g Y joome 4y S SYLL €y, €z
osle YL 4o Culsd lo, 11,1,
g e

> S5 p

Sy e slaygly sy 0

1-2-3 )Ll sbls; Y,0,8

Slgly cep o sloadlze 04,0,,03

141

€

Fig. 7 the amplitude versus eccentricity curve for the first mode and
symmetrical micro shaft
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