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Dynamic behavior investigation of a rotating system by two methods of
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Mohammad Saleh Sadooghi*, Siamak EsmaeilZadeh Khadem®’, Saeid Bab*

1- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran.
*P.0.B. 14155-111 Tehran, Iran, khadem@modares.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper the dynamic behavior of a rotating system which includes rotor (shaft), ball bearing and
Received 05 June 2016 disk in stationary condition and different speeds is investigated. There are nonlinear characteristics in
Accepted 25 July 2016 these systems which make the linear modeling inaccurate. So, in this paper the nonlinear dynamic

Available Online 06 September 2016 equations of the system are derived and solved. To derive the equations of the system, Hamiltonian

method is used, and complex coordinate transform is employed to reduce the number of equations.

sm’:ggdnsgf rotating systems After solving the equations, to investigate the vibrational properties of the system, time response
nonlinear modeling diagram, dynamic orbit, frequency response, and mode shape of the rotor is plotted. To validate the
finite element analytical results, finite element method by ANSYS (workbench) software is used. There is good
unbalance phase difference conformity between the analytical results and finite element results in resonance frequencies of the

system in the first three modes which indicates the sufficient accuracy in nonlinear modeling. It can be
concluded from nonlinear modeling that the decay rate is negative for the all modes, which indicates the
stability of them. Also, the maximum vibration amplitude in the bearing and rotor occurs in third and
second modes respectively. Unbalance phase difference of 90 degrees in two discs causes the excitation
of all three frequency modes, whereas by unbalance phase difference of 0 or 180 degrees in two discs,
only the odd modes (first and third) and the even modes (second) are excited respectively.
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® The spin softening effects
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Table 1 physical properties of rotating system components

Jade dazise

2 R

0.01194 kgm Sz 2 rhad oz gyl les
2 -

0.00614 kgm Senzs 50 8 ooz (ool Gloe

3.780 kg S 2 o>
7800 kgm™® s g ity JEx
4.790 kg i oy

e mmghs onl 5o eads eolaiwl Kol golal slhaasin 2 Jsu o
el o 1, 6010 IS ol £53
ot b s aerls slawi ozl Jld i ap 5 Dy Z d oS

39u0 Oledl (g5 oS 4 s (Saolid HO ) (v g -3

T Cmo rimed 5 jsSde e (Seelyd JL8) () sskaie 4
sl I8 e 5l g sgame Glall (g, Sl e e sildoe s
ot Az 45 i byd ol b1 USE Joe ol snd solinad
el @S 8 Lo ojse S8 a5 50 el wpie LIS Lo S0y
Iy Gl oy 4y cals Slhge s s 5 0090 1,35 lojlus g5 5l Juloo
Sy ns Sl (s pé o slaan S a8 conl [SS ¥ sl oo)S
s () e 0850 2 IS 50 el oals Sl 13l a5 lendass jo
51864,'JL..; £ 3l vgame lall Julow jo oolatul 050 oylall i06d oo 00y
6oliT 4z )0 dw 0,5 1 a5 Cal 0,5 20 5 o aw Gledl S A el
b VUG pyr a5 e o s b ) sliged 3 S o o)l
a5 5o e 00 el a8 T 18 Sns 99 (59,  (slax,0 180 18 LS
Aoy 45 Casl TAOHZ 50 uilS 3 53 imses il (oo b ko
3 KL La‘s;l:ub) Sl 08,5 slul cal ,0 40 MPa sga> j 805
ol s o 1y Guiligy ey (el (295 @l (el el 312
a0 lis 410.45Hz 4 139.7Hz 54.6Hz

e I s OVolre ol Siwl-4

-0 ool atlas hg; 3l pieaw g oS SYolas gzl sl jslate 4
aclsl 0w Glizl Joily 5 o2z SledSl sskie G 0sd
‘éé)f‘sa ML‘?{A

289y i 51174

6010 GBI 1S Lol S oy solsal sloaaseine 2 Jgus
Table 2 dimensional properties of SKF 6010 ball bearing
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Fig. 2 Meshing quality in ANSYS workbench software
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Fig. 18 a) time response b) dynamic orbit c) frequency response d) mode shape, associated with rotor vibration in bearing position for unbalance
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