104 HEE T BTN

E.

SIS SUAS FAR A2
ABEA Pl B AT

A - AUE - AFY - W

Improvement of Fatigue Life and Vibrational Characteristics of
Composite Material Propeller Shaft of Vehicle

C. D. Kong® - J. H. Jeong™ - J. C. Jeong” - K. B. Kim™

ABSTRACT

The Composite materials has been used in the field of high technology industry because
of high specific stiffness and high specific strength. Specially, the composite materials has
been widely applied to the field of the aircraft and the transportation by the effectiveness of
light weight due to low specific weight and reduction of the parts due to bonding, molding
and so on. These advantages about the composite have led to study and apply in the
transmission shaft for the aircraft and the drive shaft for the automobile, The composite
material propeller shaft with the high vibrational stability was designed and analyzed. In
order to verify the analysis, two types of experimental test which are the FFT analyzer
with impact hammer and the rotational equipment were applied.

Key Words : propeller shaft, composite, critical speed, FEM, eigenvalue, nonlinear analysis,
FFT, centrifugal effect
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NOMENCLATURE

C Damping matrix

d, Mean diameter

D Shaft diameter

E(,E;, Longitudinal and transverse modulus

7 Load vector

Fs Shear strength

Fxr, Fxc Longitudinal tensile and
compressive strength

Fyr, Fye Transverse tensile and compressive
strength

G Shear modulus

] Polar moment of inertia

K Stiffness matrix

L Length

M Mass, mass matrix

Vi Poisson ratio

N_,; Critical speed

P Eigenvector

o Density

oy , 0y Longitudinal and transverse stress

g Angle(radian), torsional angle

T, Torsional torque

u®? Displacement vector
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Table. 1. Filament Winding Conditions of
Propeller Shaft For 4WD Vehicle
Parameters Value
F/W Machine Biaxial F/W
FRP Tube Thickness 3.75~6mm
FRP Tube Weight 1.50~3.75Kg
FRP Tube Length 1,128mm, 1,603mm
Filament Winding Angle i;)g() (é(;\l;f;l)’)
No. of End 4
Layer 4 (0.75mm/layer)
CFRP 1" Band Width 10~ 12(mm)
T-300-1
9K Counter(1Layer) 25
Tension 2~25Kg/4End
F/W Time 50 Minutes
No. of End 3
GFRP Band Width 9~10
E-glass | No. of Ply 1 (0.75mm)
Tension 3Kg/3End
CFRP No..of End 3
Thickness 3mm

FRAZANE AT A7 WA WHo] 143
A Ao dAET sl IAl FUKRICH
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(Whirling) 3| d& el 233 473 35, &5
g o] daslo] HajrlA] oA doth o] ¢
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Table. 2. Values of a, for each Boundary
Condition

Boundary Cond. a; a; as

Simple-Simple | 9.869 3947 88.82

Clamp-Clamp | 2237 | 6167 leo.g
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Table. 3. Material Properties of Carbon/Epoxy gl (m 4 %)

and E-glass/Epoxy

ITEM Carbon/Epoxy | E-glass/Epoxy

o (Kg/m®) 1.9x10° 2.0x10°
Ex (Gpa) 110.8 373
Ey (Gpa) 10.23 94

iz 0.246 0.25
Gur (Gpa) 12.33 55
Xt (Mpa) 2090.3 965.4
Xc (Mpa) 908.3 398.7
Yt (Mpa) 19.89 19.1
Ye (Mpa) 95.51 90.3

Fig. 1. Three Dimensional Isoparametric Lamina

S (Mpa) 417 250 Element
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A FAF9] weASPe 979 FVH77.5mm,
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A o BR8] HFZto] Folge weEir A
7t F7HE & 0t AT & EdAE 1%
o] WEYAEE 2240A depd ulel zde) 97
I FAY Fgoln =F AF 3Ly d5dS
Moz g 4= YU

Table. 4. Comparison of Failure Ratio on Various
Winding Angle, Diameters and Number
of Layers(O/D : Quter Diameter, 1Ply:
0.75mm)

Failure Ratio

Angle | Ply 0/D 0/D o/D

775mm | 83.5mm | 85.0mm
4 0.84 0.64 0.58
+30° 6 0.697 - -
8 0.49 0.34 0.25
4 0.96 0.81 0.72
+20° 6 0.82 - -
8 0.69 0.54 0.42

33 F259 i

F2% m24gd oig o3 n%;q EFAER
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Gmax

Type 1 graphite : D = 0.01625

Type 2 graphite : D = 0.03625

N _EQ.%? 2{%3 X 365days* 15years  (17)

=6.57x10%
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Fig. 2. S-N Curve for Composite Material
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Table. 5. The 1st Natural Freq. without Centrifugal

Effect Analysis
Model Eigenvalue (Hz)
Case 1 L=1,263mm (7.8Kg) 152.2
Case 2 L=1,738mm (8.7Kg) 94.0

Vibration Rnaivais of Dirve Shafs.

Fig. 3. 1st Mode Eigen Vibrational Shape of
Composite Shaft

Vibretion Mraipgis of Dirve Shart.

Fig. 4. 2nd Mode Eigen Vibrational Shape of
Composite Shaft
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Fig. 5. Campbell Diagram of Composite Propeller
Shaft
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Fig. 6. Coordinates for Total and Updated
Lagrangian Formulation
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1 3= Table. 63 #or A Ao U4dATd
£ 32slr @& /A 22l Case 12
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Table. 6. Natural Freq. in Centrifugal Effect

Analysis
Eigenvalue (Hz, RPM)

Model
1000 | 2000 | 3000 | 4000 | 5000

Case 1
L=1,263mm |154.2| 158.6 | 164.0 | 170.6 | 177.6

(7.8Kg)

Case 2
L=1,738mm | 945 | 97.2 | 1009 {1057 | 111.3

(87Kg)

DISPLAY III - GEOMETRY MODELING SYSTEM (93.8) PRE/POST MODWLE

ENRC-NISA/DISPLAY
SEP/39/98 19127132

z ROTX
£y 458
G/ raiY
ROT2

WX -43.8

MODE MO, = 1 FREQUENCY = 9.451S2£+401 Hx
The first natural frequency and mode shape. ¢ Case 2.

Fig. 7. 1th Mode Eigen Vibrational Shape of
Composite Shaft by Nonlinear Anaysis
Considered Centrifugal Effects

200 ; . . . 2 E0
i ! centrifugd! fiect
152.2 ? ; ; | i
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Hz Ll giefugel Bifect
100 b=——~- - =R F--==4 1 EO
947 ST MODE(Cdse2y” ! ; i
' i t H
e s S
: ; | i
S S SRS N S
0.0 2000 4000 8000 PM

Fig. 8. Campbell Diagram of Composite Propeller
Shaft
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Fig. 9. Universal Joint and Spline of Composite
Propeller Shaft
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Fig. 10. Composite(Carbon/Epoxy) Propeller Shaft

4.2 A IRATE Y

B2iAlg F3%9 FAH nfAdFTe FAde
Fig. 113 & RionAle]  FZ44x|(Impact
Hammer, PH-51), 7}=A(Accelometer, PV~
95), EE7|(Amplifier, VP-38) Ziglx FFT3|N
7)(Sound and Vibration Signal Analyzer,
SA-T4)5& AHg3td  AEsT A Ak
FAEE AAE AAol FEHAR] F FH F
GoliA ozt Holzl ol ZEEAE AR

Fig. 11.

Natural Vibration Test Set-up

Fig. 12. Transfer Function of Case 1 Shaft
by FFT (Natural Frequency = 150Hz)

Table. 7. Experimental Result of The First
Natural Frequency by Impact Hammer
and FFT Analyzer.

Natural Frequency
Model | Ply(Kg) (Hz) Error
Anaysis | FFT Test
Case 1 o
L=1263mm 4 (78) 152.2 1500 1.5%
Case 2 .
1=1.738mm 4 (87 94.0 915 2.7%

R_SICNAL m‘l_gg_lza _

B0,

hc.oo

Bl 7
{BREAK

5.500. " He T3 006345 B0 T
TFEEDT  TISIZE WIDTVRE CMRT T

Fig. 13. Transfer Functon of Case 2 Shaft by
FFT (Natural Frequency = 91.5Hz)
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ol ZFEJlg BuUlAl gk FEFE Aze o
FFT84712 B FFTsi471604 ul2 Fig.
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Table. 791 Az}t
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sog FAsIch
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F2% g9 2E Zelo AA¥E 4:184 1]
nAHYE PR 93 BHYHIES AME3eH,
gy mEAbolol  33kw-89]  Frequency

Converter}2e] &% 247|188 AMEsld Zagy)
@Dl g3 #3159 FHETE 0 ~6,000 RPM

7HA] 2AEEE A

Fig. 14. Experimental Equipment for Driving
Propelier Shaft

Fig. 15. Experimental Equipment for Driving
Propeller Shaft
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Table. 8. Experimental Results of The First
Natural Frequency

Natural Frequency
Model Ply(Kg) (Hz) Error

Anaysis | FFT Test
Case 1 o
L=1.963mm 4 (18) 1522 1500 15%
Case 2 .
=1 738mm 4 @87 94.0 915 2.7%

Table. 9. Comparison of Natural Frequency with
Centrifugal and without Centrifugal
Effect Analysis

Case of analysis

Eigenvalue | Eigenvalue (Centrifugal Effect)
Model | (w/o Centri- (Hz, RPM)
fugal Effect)

(Hz) | 1000{2000 | 3000 | 4000 | 5000

Case 1
L~1,263mm 152.2 154211586 [ 1640 | 1706 | 1776
(78Kg)

Case 2
L=1,738mm 94.0 945 | 972 11009 | 1057 | 111.3
(87Kg)

Table. 10. Comparison of Results

Natural Frequency (Hz) .
Model FFT | Rotationd] Centrifugal
. otational
Effect
Analysis Test Test &
Case 1
L-1%63mm 165 150.0 - -
Case 2 103
R 101 915 |(3100RPM| 12.6%
1=1,738mm )
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