FFALASTE =R A 143 A 13, pp. 32~39, 2004,

Fol3hdo] Gk AR TETEFY 54 24
Characterization of a Misaligned Supercritical Shaft
of Flexible Matrix Composite
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ABSTRACT

This research is to investigate the performance of a flexible matrix composite driveshaft with

respect to shaft design parameters such as the number of layers, ply orientations, and material

properties. A finite element formulation is utilized to estimate the allowable misalignment under given

driving torque. the maximum temperature at steady states, and external damping for ensuring

whirling stability under supercritical speed. Results indicate that the system performance can be

greatly affected by the shaft laminate parameters, especially the ply orientations. Several sets of shaft

parameters that will provide satisfactory overall system performance are derived.
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Fig. 1& 2 979 &4 2d2Ao AH-64 HalF
gl Tailrotor F+E5AIE @es A7l AYddl FMC

S5 g woly 9 77, 23 olE A
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wao Ay §3E Eﬁi‘:} A 29 9 7)8)5HA,
19 " vl 73 1=
able 29 el wtel
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Jrﬁo}— 23 5& 1L

FMC #5559 Edddes 14 AZ3(classical
laminate) ol&dl ZA3 F7te B EAAE A
£319oH, FMC 75&9 Ui & 287

>

Driving
FMC
Driveshaft

Bearing External

Damper

Tail boom

Aerodynamic
Loading

Fig. 1 Schematic of a tailrofor driveline

Table 1 System properties

Component Properties Remark

® Quter diameter : 0.1143 m
e Length : 7.26 m
e Offset from the tailboom
- Longitudinal : 0.79 m
- Vertical : 0.63 m
» Quter diameter(fixed end)
- Vertical : 0.58 m L
. - Horizontal : 045 m Elliptic
Tailboom orAlzon e tube
- Thickness : 1 mm T -990
e Length : 805 m aper- 2.
e Material © aluminum
® Mass : 187.8 kg
¢ Offset from the tailboom
- Longitudinal : -4.35 m
- Vertical : 1.03 m
- Horizontal : 0.12 m

Shaft Tube

Tailrotor/

Gearbox Free end

[mXg}+ [c@)fg}+ [k Ka}= {0} (1)

A2 (DelA [M], [GL [Kle &4, Aojz2zy,
A3 Aol Qv ek} Euhek W9, "1—5“"?:
HEHzZto g FAY WodE Y Td QF %9
A Sroln QT Fol z—fﬁo}* TEE A
Ho| st & o &5S veied 75 E
Ae Table 20 A% ulsl 7}:‘.]-01 dZGsHA FAA
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WA 55 S SE Yol Teai-Wukze] ¢
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3k Fdighe] Ak

23 M3] otEd M

2974 $x2 IJ¥ste FMCTESS 34 Uiy
de) g Y A8 =8 E
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Table 2 Drivetrain loadings

Type Magnitude Remark
Torque ® 1894 Nm
® Vertical
~ Displacement : 0.09 m
Misalignment | - Slope : 2.1° glelmslgl
(Tailboom tip) | ® Horizontal aly
~ Displacement : 0.05 m only
~ Slope ® -1.1°
Imbalance ® Mass : 0.01% of shaft |Thermal
(Shaft middle) e Eccentricity : 10% of analysis
shaft OD only
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Table 3 Material properties'”

: Material
Properties A B ¢ D
Longitudinal 153 153 115 115
N([gg;;s Transverse 10.5 2 0.7 0.359
Shear 6.9 1 05 [ 0.250
Poisson ratio 0.3 0.3 0.31 | 0.315
Longitudinal | 0.008 | 0.009 | 0.011 | 0.011
0% [ Transverse | 0018 0070|0090 | 0.114
Shear 0.024 {0.070 | 0.090 | 0.112
Tensile a 1275 | 1275 | 958 958
Yield |Compression a| 892 764 526 479
strength Tensile b 19 7 6 4
(MPa) |Compression b| 19 7 6 4
Shear 16 10 8 7

a® fiber direction
b: perpendicular to fiber direction
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Fig. 2 Performance vs. ply angle(4 layers)
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