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ABSTRACT

This study provides a comprehensive experimental study on the dynamic characteristics of a flexible matrix
composite(FMC) driveshaft. A primary objective is to verify the analytic results of the FMC drivetrain based on the
equivalent complex modulus approach and the classical lamination theory. A testrig has been constructued, which consists
of a FMC shaft, a foundation beam, bearings, external dampers and a driving motor. The frequency response functions and
transient responses are obtained from the external excitation and the spinup testings. It turns out that the analytic results

are in good agreement with the experimental ones.
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Fig. 1 Schematic of the testrig
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Table 1 Summary of the signal processing

Sensor Sensitivity | Channel | Remark
Optical probe |~ g5 sy | 1-4
#1.2 (y, 2) Sampling
Impedance | Force 0.1 v/Ib 5 frequency
head Accel. 0.1 v/g 6 (600 Hz)
Accelerometer ~ Cut-off
#1234 (v, 2) 01 v/g 4 frequency
Motor RPM__ | 7088 pm/v | 15 | (200 H2)
Encoder 200 pulse/rev 16

' Fig. 2 Experimental setup of the FMC drivetrain testrig
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Table 2 Comparison of the modal characteristics

Frequency (Hz)
Mode Simulated Measured
ist-horizontal (F)" 55 55
1st-vertical (F) 8.3 7.7
1st-horizontal (S)” 15.8 16.9
1st-vertical (S) 16.3 165
2nd-vertical (F) 19.2 19.0
Ist-horizontal (C)™ 203 195
2nd-horizonal (S) 24.3 24.9
3rd-horizonal (S) 59.9 595
2nd-horizontal (C) 65.8 64.9
1st-vertical (C) 76.2 778

*. Foundation beam mode
=+ FMC shaft mode
x#x. Foundation beam / FMC shaft coupled mode
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(b) Accelerometer #1 (horizontal)
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Fig. 3 Frequency response functions
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Fig. 4 Spinup response of OP #1 (vertical)

4.3 =

2 eRAAE FARTA FFEY testrigh AXH
o AHAY 2 FERAES £Yd 1 A%E B
A5V o148 N Asst Musn AFHEh
A Agel @ FRHESHGFS HLePARS o
& Wl FHoR¥H HMB R A% $I4 23
7 % 4Age gUsgn 10l B FMC FEA
A0 2o §HEARAE AEHE ol HIHE F
Qe

2058 R50A peak S40] FEHoE IA s

@E A%E Y g FMC 755 AA9 E4olgt
AABTE testrigE TASHE ©E 8AE 7] A2
2 Rojy B 79 #F AFe nAe 4%L 3R
e Aoz HoY FFE testrigE: @& AL
FMC #4 223do] g 43¢ 29 A48 & UL
Aoz HQlth

22z d

(1) Hong, E., and Shin, E. 2004, "Characterization of a
Misaligned Supercritical Shaft of a Flexible Matrix
Composite,” Trans. of the Korean Society for Noise and
Vibration, Vol. 14, No. 1, pp.32~39.

(2) Mazzei, A, Argento, A. and Scott, R, 1999,
"Dynamic Stability of a Rotating Shaft Driven through a
Universal Joints,” J. of Sound and Vibration, Vol. 222,
pp.19~47.

(3) DeSchmidt, A, Wang, K and Smith, E, 2002,
"Coupled Torsional-Lateral Stability of a Shaft-Disk
System Driven through a Universla Joint,” J. of Applied
Mechanics, Vol. 69, No. 3, pp.261~273.

(4) Crane, M, Santiago, A. and Radcliffe, C., 1994,
"Structural Damping Characteristics of a Flexible
Composite Shaft,” J. o Materials for Noise and
Vibration Control, Vol. 80, pp.65~72.

(5) Gurda, Z, Hafka, R. and Hajel, P., 1999, Design and
Optimization of Laminated Composite Materials,
John-Wiley & Sons, pp.73~83.

-126-



