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Nonlinear analysis of
for free and forced vibration

stepped bean

Shim Jae Soo

with immovable ends

oAz Ax g R A

Ham Won Shik

ABSTRACT

Stepped beam with
including effects of
rotary inertia is
finite element method.

immovable ends for

large amplitude of vibration

longitudinal displacement,shear deformation and
investigated for free and forced vibration using

Modified harmonic force matrix is introduced for analyvsis of vibration

with

finite amplitude of the stepped beam under uniform

hamonic

loading and beam with nonuniform harmonic loading.
Numerical examples of stepped beam with various support conditions are

analysed for deflections and natural frequencies.
the proposed method is valid and efficient,
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Table. 1 Forced vibration frequency ratio w/wq Table. 2 Forced vibration frequency ratio w/w.

of a clamped beam with immovable axial of hinged beam with immovable axial
ends for two different forcing terms end for two different forcirg term
(uniform load F,=1321.64 Ib/in) (uniform load F,=1.321.64 Ib/in)
B corss elliptic ipcrturbation]i FEM B cross g elliptic | perturbation| FEM
section (eq. 15) | (eq. 19) | ' section . (eq. 15) | (eq.l9)
i 1,3938 1.4042 i 22608 2.2996
B uniform i B* uniform : j
" 1.2513 ’ k 1.9371
i 13770 1.3870 1.3287 i 2.2606 2.2995 2.0394
Be | uniform |j 13522 1.3719 1.3285 Be | ‘uniform |j 22123 2.2656 2.0379
k 13512 1.3720 1.3309 k 22131 2.2656 2.0301
i otaz | 13408 1.2893 i 21237 2.1570 1.9126
Be | stepped |j 13140 1.3293 1.2882 Be | stepped |j 20445 2.1005 1.8984
k13135 1.3294 1.2861 k  2.0457 21006 1.8922

i: First iteration i: First iteration

I : Final iteration, ¢(x) is from nonlinear free vibration. J : Final iteration, ¢(x) is from nonlinear free vibration
k : Final iteration, $(x) is from nonlinear forced K : Final iteration, ¢(x) is from nonlinear forced
vibration. vibration
5
oedx . fagidx g ddx oSG idx
o 20 VO o= T 5 —
B Iv ¢1dx 5 ¢tidx : Is ¢'dx iy edds

Table 3. Eigenvalues of beam under nonlinear free and forced vibration.

Eigenvalue Free vibration Foi'%igl\'/:l’lznl'?g ign

Bean Type WL Wi v 1/% Vi W
;——————_‘—4& £2=0 183.232| 243.473| 243.473| 182,232 243.011| 243.876
fe 182.134] 242,042} 242.034| 182,134| 241.577| 241.582

?:j fa=0 190,029} 245,012] 244.792] 190.029{ 244.618] 244.404
fe 188.693| 243,392| 243.209| 188.693| 242,996] 242,819
fe=0 80.828| 164.843| 164.724|] 80.828] 164.196| 164.078

J; fe 80.701] 164.744] 164.64 80.701{ 164.098] 163,969

fa=0 88.658] 169.565] 168.309| 88.658] 169,018} 167.762
fe 88.490] 169.425{ 168.172| 88.490| 168.878] 167.626

Wy :Linear frequency(rad/s)

wy :NonJinear frequency rsf *terat onira /s;
¥ :Nonllnear freguenc nal lteration(rad/s
s :Shear factor (©=0.3)

Table 4. Eigenvectors of beam under nonlinear free and forced vibration.

[ Beam Type. | vibation pegenyector | Wi W, W, W, Wi l‘ We |
Uniform Free vibration 1.02250 | 3.48798 | 6.52182 | 9.33583 | 11.29846 | 12
Clamped X s
Beam F.=1321.64 LIS0BL | 374737 | 677310 | 9.48472 ; 1134135 ;| 12
Stepped Free vibration 126103 | 40549 | 7.19999 | 979701 | 1142327 | 12,
Clamped :

B“: F.=1321.64 1.26154 | 4.05560 | 7.20113 | 979771 | 11.42347 12
Uniform Free vibration 309523 | 598346 | 846950 | 10.38264 | 1158821 = 12,
hinged

Beam F.=1321.64 300636 | 598514 | 8.47108 ! 10.38350 & 11.58846 12,
Stepped 1" Free vibration 327148 | 829457 8.82306 | 10.61261  11.64403 2o
higed

B‘:m F.=1321.64 3.27265 | 6.29627 | 8.82453 | 10.61343  11.64427 12.
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Appendix

hy=[233-332-12S8+1+125)/(1+12S)
h2=[33-2(1+35)324++(1+6S)3]1/(1+12S)
ha=[-2833+=+3324++12S3)/(1+412S)
ha=[33~(1-6S)32-6S3]/(1+12S)
ky=[632-631/(1+12S)
k2=[332-4(1+35)3+1+4125]/(1+12S)
ka=[-632+63]/(1+12S)
ka=[332-2(1-6S)3]/(1+12S)

a=EI/L
b=12E1/(TL3)
c=6EI/(TLZ) (23)
d=4(1+3S)E1/(TL)
e=2(1-6S)E1/(TL)
S=ksEI/(GAL2?)
T=1+12S

a1= EA/2T2L2{(6/20+4S)A-(1/2+6S)B-(1+125)C}
az= EA/2T2L{(1/15+S)A~(1/12+S)B}
asz= -EA/2T2L{(1/10-S/2)A-(1/12+S)B}
as= EA/4TAL3{(1/7+245/7+14452/5)A2-(3/7+48S/
547252) AB+(12/35+365/5+4852)B2-(24/35+
72S/5+96S2)AC+(6/5+245+1442)BC+(6/5+24S+
14452)C2}
as= EA/4T4L2{(1/28+31/355+4852/5)A2-(1/10+
785/35+10852/5)AB+(1/14+75/5+1252)B2~
(1/7+145/5+2452)AC+(1/5+165/5+2452) BC+C2
/10}
a6=EA/4T4L2{-(1/28+11/7S5+4852/5)A2+(1/14+24S
/7+108S2/5)AB-(1/35+9/5+1252)B2+(2/35+54/
15+24S2)AC~(16S/5+24S2)BC+C2/10}

a7=EA/4T4L{(1/105+9S/35+13252/35) A2~ (11/420+

225/35+4252/5)AB+(2/105+2S5/5+2452/5)B2~(4
/105+4S/5+4852/5)AC+(1/15+3S/5+12S2)BC+(2
/15+25+1252)C2}

ag=EA/4T4L{-(1/84+225/35-8452/5)A2+(11/420+
7S/5-19852/5) AB-(3/210+4S/5-24S2)B2+(1/35
+85/5-4852) AC-(1/30+25-60S2)BC-(1/30+25-
36S2)C2}

ao=EA/4T4L{(1/14+4S5+13252/35)A2-(13/84+765/35
+4252/5)AB+(3/35+6S/5+42452/5)B2-(6/35+12S
/5+4852/5)AC+{1/5+14S/5+12S521BC+(2/15+25+
12823C2}

T=1+12S

A=6bw 1+3L O 1-6w2+3L O 2

B=6w+4(1+3S)LO 1 -6 w2+2(1-6S)LOG 2

C=12Sw1-(1+65)L G 1-12Sw2+6SL O 2

a=AL/3

b=AL/6

c=(156/420+8.45+48S2)pALT2+1.2pALT?
d=(22/420+1.15+652)pAL2T2+(, 1-6S)p1T2
e=(54/420+3,65+2452)pALT2-1.2pIT2/L
£f=(-13/420-0.95-652)pAL2T2+(0,1-65) pIT?
8=(4/420+,2+1,2S2)pAL3T2+(4/30+25+4852)pILT?
h=(3/420+.25+1.252)pAL3T2+(1/30+25-24S2) pILT?
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a=156/420La
b=22/420L2a
©c=54/420La
d=-13/420L2a
ex4/420L3a
f=-3/420L3a
a=3/y
1
Be————{(0.5+6S) LWy +(1/12+8)L26; +
(1412S) (0.5+6S)LW2-(1/12+S)L202}
1 (W124W22) (156/420+8, 4S+4852)+L2
Yo (8124022)(4/420+.25+1,252)+2W, VW2
(1+12S)2| (54/420+3.65+2452)-2010212(3/420+

(.02S5+1.282)+2(22/420+1.1S+6S2)L
(W101-W202)+2(13/420+.9S+6S2)L
(W201-W102)



