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An Investigation on Vibration Characteristics of Vehicle Transmission

LU A

of B Sxr. w1 g rer

Myung-Ho Bae, Hyoung-Woo Lee and No-Gill Park
(19999 99 16Y FH4 . 19999 129 19 AHAIgR)

Key Words : Gear Whine Noise(71013}¢14 &), Vehicle Transmission{x}%% % 71), Gear Transmission Error(X 3}

SETED

ABSTRACT

The gear whine noise caused by tooth profile, elastic deformation, machining error, wear is directly
correlated with the transmission error of mating gear. It is very important to build up the synthesized
countermeasure by the modelling of the excitation forces and analyzing the vibratory characteristics, The
mathematical models on the elements of vehicle transmission which is composed of helical gears, bearings,
shafts and cases are developed. The elements are assembled by the substructure synthesis method. The
geared rotor-shaft assembly is modeled by lumped parameter method. The cases of transmission are
modeled by ANSYS. The system model of vehicle transmission is also verified by the experiments,
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Fig. 1 FR type manual vehicle transmission
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Fig. 2 The section drawing of manual vehicle
transmission
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Fig. 4 Vibration model of gear-rotor system
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Table 1 Excitation sources of vehicle transmission
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Fig. 7 Schematics of experiment system
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10 A (ARAE) 9 AFgAAA(F Ao i3 RS ME, Fig,
] A ) 9] MLAE AHE Table 69 YERIRE 0~33%
@ ° o] 2AEA HYF F AU
£ ] Ml | W)
= 10 ¥
é h Wm v Table 2 The specification of rotors
H ‘20. Al ' Transverse moment Transverse
0 Rotor No. lzfll(as)s of ine{tia. moment of Inertia,
I’ 81 1, (x10° kgm)) | I, (x10° kgm®)
0 500 ) 1000 1500 ) 2000 T 2500 Dl 0488 2087 4175
@ 6 ';;’;‘( D2 0.413 0.878 1.756
4.
& D3 | 0322 0.990 1.980
20 l 3= 6ox I
2060
w' 90 ! 72120 Table 3 The specification of helical gears
| | 2420
W“A/WM\M.‘ Tooth | Pressure .
o WW ! vy No. | Teeth | Module | .4 angle Helix angle
& (mm) (mm) >) )
E w0 o mm
g " Y Gl 23 2.0 255 175 3447 (LH)
T VT
g 1 G2 26 2.25 23 1 31.1938 (LH)
-30 1
< l G3 | 33 | 1 247 20 1
o G4 38 25 26.2 22.5 23 (LH)
=0 500 N 1000 1500" 2000 T 2500 GS 35 T 19 T 23 (RH)
RPM G6 21 20 25.5 175 | 34.1546 (LH)
(h) 69X
G7 38 1 23E 1 3447 (RH)
=
20 REEEZN G8 | 30 | 225 22 1 | 311938 (RH)
1 1980 AN 2420 Gg 23 T 25 20 T
10 — ;
1 IL[f,/' MM Glo | 15 25 265 225 23 (RH)
@ 0 f 1 il Gll | 14 1 2 1 1
£ i | d 1 Glz| 40 | 20 | 227 | 175 |341546 (RH)
- -10
N W I | Gl3 | 24 | 25 25 225 23 (LH)
E -20 —M
<
-30W Wﬁ Table 4 The specifications of helical gear pairs
40 1 —— — S The number| ., . . Mesh Stiffness
500 1000 1500 2000 2500 peeds of gear pair Driver | Driven ( % 10° N/m)
RPM
(1) 72.6X 3rd P1 Gl G7 0.40876
Fig. 9-2 The bode diagram of majr orders(3rd speed) P4 G8 G2 0.3382
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Table 5 The specifications of bearings

Bearing | Ball | Ball Dia. Kn Ko K33 Ku Kss
No. | No. |(x10% m)| P8 | (vym) | (Wvm) | (N/m) (N/m) (N/m)
Bl 7 16.669 3rd  |324.990,157 | 324,990,157 | 88,509.448 46,463 46,463
B2 9 13.494 3rd | 446051181 | 446,051,181 | 115,664,960 | 2,846,547 2,846,547
B3 7 127 3rd | 23.896,850 | 23,896,850 16,517 137.941 137.941
B4 11 7 3rd  |668,200,787 | 668,200,787 | 48,950,000 | 20,635.887 20,635,887
B5 17 7 3rd  [383,330,708| 383,330,708 | 53.382.480 | 11,421,681 11,421,681
B6 8 10.319 3rd  |106,887,598 | 106,887,598 | 28,031 9,896,567 9,896,567
Table 6 The comparison chart of critical speeds
(3rd speed) 00 —
6ax
Critical speeds(rpm)
Order | Calculated |Experimental Error(%) =0 %
result result _ 2 A
1800 1800 0 ¥ = e
18.1X 2341 2420 3.3 150 i G —ax
2050 2060 05 = —
23X 2271 2340 3.0 1000 e = 2
1823 1820 0.16 g %‘”
36.3x 2421 2420 0.04 X0
1828 1820 0.44 o : . : ]
46X 1942 1940 0.1 50 1000 1500 20 %0
2104 2060 213 Fig. 10 The campbell diagram of vehicle transmission
1761 1760 0.06 (3rd speed)
54.45X 1805 1790 0.84
1865 1850 081 A Bz @ Ao rE Ned 484 29 g
2012 1990 1.1 FAe] dFHAGL B
69X 2051 2060 0.43 (2) AFHE7 Y AFEAR A4 F2 AF/a5
2126 2120 0.28 4L FHAYS AT 2EY slofe] AFHZ e F
1953 1980 1.38 713 B4 g 94Y 2 2¥S AFAFHFY A
25X T 2120 037 Mol 23 7HR Z:e o 7o} WAHst WolBHA
HIAREAY 9% 33 HAAFEFYS & F AU
olgl gt Fultjor e AFL AFUEIANA N §
4.8 £ A7y AXAE 7113123 (gear whine noise) S HA
AFNEZ 7)o} Ao W -G XNYFHY AE, 7]
v dald s)o-2HA2YF Aol2Z FAHN S of W4 2 % v AAZHY {HE F2AA

ok @z Mg
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d
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B
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