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ARTICLE INFORMATION ABSTRACT

Rotor dynamics is known as the study of vibrational behavior in axially symmetric linear rotating
structures. Devices such as engines, turbines, compressors and generators are located in this category.
Study of vibrational behavior of these structures in different rotational velocities leads to recognition of
critical points and preventing failures, especially high cycle fatigue. The case study of the present paper
is a bladed disk used in the first stage of compressor of a gas turbine engine. The material of machined
integrated bladed disk is aluminum alloy. The simulations have been done by ANSYS finite element
software. By using the cyclic symmetry module of ANSYS the nodal diameter mode shapes of structure
have been obtained. In the next step, experimental modal analysis test has been done by measuring 58
points on the bladed disk and the nodal diameters have been obtained experimentally. Finally,
experimental and simulation results have been compared to each other. The novelty of this paper is the
experimental procedure of obtaining nodal diameter of a bladed disk, which is useful in verification of
numerical simulation.
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Table 1 Result of cyclic symmetry by free-free boundary condition
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Fixed Boundary Condition

Fig. 3 Fix boundary condition on inner face of bladed disk
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Fig. 4 Campbell diagram of nodal diameter number 0
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Table 2 Average of the results of experimental modal analysis by using
modal impact hammer for 29 blades
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0.14 4146.30 8 550
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slo s
Table 3 Result of experimental test of disk, sorted by nodal diameter
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Fig. 11 Modal Assurance Criterion (MAC) of one of blades — For first
12 mode

sl 95012 (sl oy 51 (o JIoge e jlone loges 11 S

USa s 5 sl ala b (S0 ol 895 oyl 4 aitem b
e & Sl GlSo G550 s Jsl 0ge ez Jle lyedr ol oo
e (nl &5 aBb oo Dglite (glo)S Jad 5 (LuSy 0 (sladge JSB 095 o

88,5 o bl aslol yo

S (o y58 S =2-3
DA 0975 3 50 53 (65 a0y (oxnl (Sla IS 5 d0aT 4 a5 L
sebiteds 13 sl JSe (615 jgige lg0 piacs b opols bLS,I 5 lagy]
Pl S 595 2 oo 3BT S o (68 meand il 53 et
29 a5 ool a3 5 Ll 0 w59, p 4l 58 jshale pay el 0nld
S 50 g Luly loa jo K0 abais 29 5 ooy ady, Suop 0 aky
Jbge plonil Caz oo iy ya5 dwaie 12 K" aib e Saws JSIs

2 o)laids 17 095 1396 s )l (urde Suille wiie



Ve 9 5 b5 b)le

ST 9 833 g 43 )10 py S Slo T Sl o ] Sl

5 0n @28 Cud l Jol @l cul patie 4 Jgax 5l a5 sbioles
ral?u‘aww,s&&yw‘45\.\.“[4‘50«5.3‘0)4@44»[5&%0

S i § Silwdund gl duslio-4
S 2l aiiay 5 ol sl Saes 228 Glecws 5 o )
L)JJ 5 el GO J..\A 6)|..\fw J‘\)}A J.JL:" LSLQQ)..:)[S 9 s_d.»Uo5 )l
Sygo 08 Gilwand o (0,58 Sl | ol mls anglie b i,
Ol 50005 oo Jlesl Ol yss Sls Ojg0 )0 9 0D o0 oo 48,5
o Col a8)F Sse Gileand 5 2 Glagts, Gn amlie i
slaws olg oo QT}‘M‘&Jgd‘ZL@ e Jde oo 00iuS Lo dxS
9y 2 Ml Sl (ol copo 5335 L K 0l 5 (S
285 000 ol @l 5l g 9,5 ol g3as Jaw

@09 Silutnd g (028 Sl S8 i Stsled (097 45 Jgux
le).‘ aS odd ools ulmJ J5d> ).’>] Ogmw S LCBUT @l?p&b 9 Sl
0030 5 dewlne (B) Jso,d 5l &5 s Jlade goue Joo S§ (5,108 ax0
boiye JB sl ool S5 a3V wilyoe Jiomcals) 5 Jood BB L
5° 3,90 390 85 Sl Jdo (5 Jguz 530 (slo)S Sl 5 pom 350 @
el cMLu Cnddy (2520

— |FExp_FSim| x

ER 100 (6)

Frxp

B3 ygtws g s -5
P e n Shws S ladge S 5 (b Sla S B raghy o
S bge (@25 S ad glFl gose g (0 Dpgeh (e
A8 Ll bt 5 o8 plovl Sass 695 2 SN bgon 9y a5
Sz loge a5 (glo kb ]l jshiiods ol 4Ll Sy o
ST s 38l 51 oolial b o] s a5 00,8 L) Sas s, 5
Cusody sloyS glalad wlly ol (slaoge S5 5 ouds lmeial Jloge
bge 5dUT 5 Sgs Jloge o8 s @l w slawolio 0]
SLnee @i & C3pdy Ojge el JIBleS 0 0nd (gileancd
PRV K P E ISP PR R g KR KUK L N S ) PRy { Fa bowe

SRS Lk e b ol sl ssae Joe @l Coro gy Jdoas ol

Segd g oy JIoge (0278 o | ol mls alin 4 Jgor
Table 4 Comparison between result of experimental modal test of blade
and disk
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Fig. 13 Third nodal diameter, frequency 1409 Hz, damping ratio
0.01%
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Fig. 14 Zeroth nodal diameter, frequency 4031.6 Hz, damping ration
0.02 %
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Fig. 15 Modal Assurance Criterion (MAC) diagram of experimental
test of disk — first 16" mode
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