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Study the Thermal Effect of Twin Spool on the Dynamic
Response and Whirl Orbit Using the Combined Finite
Element — Transfer Matrix M ethod

Abstract

A study of the thermal effect on the critical speed and on the distribution of
both the lateral and axial vibrations aong the Dual rotor— system are considered .
Differal thermal distributions and their influence on the critical speed and on the
distribution of lateral amounts of vibration (eign mode) are adopted .The rotating
system is assummed to be made of two coaxia rotor under the effect of
gyroscopic moments ; The bearings are represented by their linearized dynamic
properties known as the giffness and damping coefficients . The props that support
the Dud rotor are modeled with elastic springs and dashpots ; The study is
considered the effects of the thermal distribution on the Dual rotor system for
constant temperarture of the two rotors linear distribution on the critical speeds of
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the two shafts , eigen mode (Deflection , Slope , Shear force , Bending moment)
and on the values of whirl orbit (mgjor and minor axis , phase angle) .The
combined Finite element— Transfer matrix (F.E.T.M) technique was implemented
to idealized the mathematicall model of the rotating system .This technique is
convenient in computer programming .Another computer programs were
developed in Fortran language and a program Matlab 6.5 and Ansys 11 to simplify
the work and to embrace the theoretical analysis . From this research it has been
found that the temperature affects the critical speeds and the distribution of the
lateral amounts of vibration . The eigen mode (Deflection , Slope , Shear force ,
Bending moment) and the value of whirl orbit (major and minor axis , phase
angle) depends on the thermal distribution , rank of the critical speed and values of
the rotating speed of the dual shafts.
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(rgcri?géc) Linear 1 Linear 2
1 20 130
2 551 801
3 701 1000
Wi=15*w2)

(Type 1) magaadl g ) adl a5 53(3) Jgaadt

Freg. T=25 T=75
(rad/sec) C° C°
1 152 227
2 902 1280
3 1730 2180

(Type 2)cpaganll 5 ) Al aaigili(4) Jgaad

Freq.(rad/sec) Linear 1 Linear 2
1 151 166
2 1050 1200
3 1950 2330
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(B-2) galdl
Density Viscosity
105 reyns s 3 E quivalent | ISO
Ib/in3 otid (1b s/in?) eSS SAFE Grade | Grade
212°F | 104°F |looeC 40°(
00310 857 0.6 4 5.4 32 10W 32
00311 861 0.8 5.7 6.8 46 20 46
00313 865 1.1 8.5 8.7 63 200 68
00314 869 14 126 11.4 100 30 100
00315 872 1.8 12 15 150 40 150
00316 875 2.4 2T 194 120 S0 220
Jlgall dgaedl to dildl salaall al A1 Gal @i (B-3) Jgaadl
Station Mass Polar Inertia Diametral Inertia
No. (kg) {ln;g.m:} {ln;g.mz}
4 4.904 0.02712 0.01356
8 3327 0.01469 7.345E-03
17 2227 0.00972 4.86E-03
10 4.203 0.02034 0.01017
Jatl gl gall 2 gastl Ul Cileai)
Inner Diameter {mm) COuter Diameter (mm)
0.0 15.2
el gl gadl g gl J&l o bl
Inner Diameter (mim) Cuter Diameter (min)
12.05 254
C Galal
Linear 1 T=49.19323101+*X+25.0
Linear 2 T=49.19323101"X+50.0
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