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Abstract: Aiming at the requirement of structural design and quantitative evaluation for high bypass ratio
turbofan engines with different thrust, the formulas for calculating the axial distribution coefficient of bending
stiffness and rotor—to—stator deformation coordination parameters are modified. The compare results by structural
efficiency method for two different thrust high bypass ratio turbofan engines of CFM56 and GE90 exhibit that the
flexural stiffness coefficient of GE9O HP rotor is higher than that of CFM56 by 17.7%, so HP rotor for largesize
engines should enhance local stiffness. In the load capacity design, largesize engines focus on potential rub—im-
pact in fan location, small size engines focus on the pneumatic loss of caused by the gap. Bending strain energy
coefficient for LP rotor of CFM56 and GE90 are both over 20% , so the design of the connection structure
should avoid the location of strain energy concentration. Rotor—to—stator clearance variation of GE90 ranges of
[ -4.5mm, 2.3mm |, significantly higher than the CFM56, which ranges of [-1.4mm, 1.0mm]. Phase of imbal-
ance is as important as the amplitude in the analysis of the whole engine vibration response and sensitivity under

the load of imbalance.
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(a) CFM56 rotor system

Wil

Fig.1 Sketch of rotor system in typical HBPR engine

(b) GE90 rotor system
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Table 1 Axial dispersion coefficient of rotor system
bending stiffness

CFM56 GE90
Rotor system
LP rotor HP rotor LP rotor HP rotor
DC 0.862 0.634 0.829 0.746
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Fig. 2 Axial distribution of LP rotor system bending

stiffness
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Table 2 Equivalent stiffness of HP rotor

Cross CFM56 GE90
section ES/(N/fm)  SS/(N/m-kg) ES/(N/m)  SS/(N/m-kg)
Compressor 5 105 10°  9.933x10°  2.600x10°  2.647x10°
outlet
Tqulmtle 6.035x10°  2.636x10°  4.219x10°  4.281x10°
mile
Center of 2.008x10°  8.772x10°  2.089x10°  2.120x10°

mass

NOTE: ES—Equivalent transverse stiffness, SS—Specific
stiffness
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Table 3 Equivalent angular stiffness of LP rotor
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Table 4 Bending strain energy coefficient for HP rotor

Ttem Order Jf/Hz Mode SECI%
1 50.0 Turbine pitch 2.29

CFM56 2 117.7  Compressor pitch 14.87
3 376.9 Ist bending 99.67

1 29.1 Turbine pitch 10.89

GE90 2 49.8 Compressor pitch 13.56
3 225.2 Ist bending 94.29

Table 5 Bending strain energy coefficient for LP rotor

Order Jf/Hz Mode SEC/%

1 38.0 Fan pitch 28.74

CFM56 2 58.2 Turbine pitch 81.05
3 95.3 Ist bending 23.02

1 11.06 Fan pitch 49.15

GE90 2 13.93 Turbine pitch 21.80
3 22.92 Ist bending 83.45

1st Last

Ist LPT  Last LPT
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Location Fan
booster
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*m)/rac
GE90

4.11x107 3.83x107 3.71x10" 1.01x10" 1.02x10’
(N -m)/rad
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Fig.3 Finite element model for GE90
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Fig. 4 Variation of clearance between rotor and stator

along axial direction

Table 6 Rotor-to-stator clearance variation under ultimate

load

Item CFM56 GE90
Direction 120’colck 60 colck 120 colck 60 colck

Fan 1.09x10°  8.20x10*  5.20x10* 2.75x10°
Booster 1.51x10°  4.20x10*  1.00x10™* 1.17x10°

HPC 3.95x10°  7.60x10"  8.50x10™* 5.70x10™*

HPT 3.70x10°  7.70x10*  9.00x10™* 2.10x10™

LPT 3.05x10°° 1.93x10°  2.56x107° 2.49x107°

HETLLE S (1)CFMS56 5 1K 5% 1 1 1 5 As
T A8 50 K, TR i TR R A LA 12 A 480 5 1 R 3.95%107°,
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Table 7 Sensitivity of mount vibration response to

unbalanced amplitude

Front mount Rear mount

Sensitivity

\Y H Vv H
Fan 0.27 0.43 0.18 0.05
CFM56
HPT 0.74 0.46 0.49 0.93
Fan -0.19 1.35 0.94 1.59
GE90
HPT -0.17 -0.06 0.24 0.04
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Table 8 Sensitivity of mount vibration response to

unbalanced phase

Front mount Rear mount

Sensitivity

v H A% H
LP rotor 3.81 0.22 0.73 0.31
CFM56
HP rotor 3.78 0.27 5.04 7.30
LP rotor 0.47 0.79 0.60 1.39
GE90
HP rotor 0.38 1.52 2.30 1.95
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