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A Study on Development of Railway Reducer
for Low Noise/Vibration

Hyoung Woo Lee®, No Gill Park”

ABSTRACT

A dynamic model of railway reducer is developed by the lumped parameter method. The model accounts for
shafts, bearings flexibilities, gyroscopic effects and the force couplings among the transverse and torsion motions
due to gearing.

Vibration/noise analysis as well as strength of gear teeth, and bearing life are considered. Excitation forces
of railway reduction are considered as the mass unbalance of the rotors, misalignment and a function of gear
transmission error which comes from the modified tooth surface. A campbell diagram, in which the excitation
sources caused by the mass unbalance of the rotors, misalignment and the transmitted errors of the gearing are
considered, shows that, at the operating speed, there are not the critical speed.

The program which can be used to analyze and predict vibration/noise characteristics by mass unbalance,
misalignment and gear transmission error of railway reduction is developed with this system model.

Key Wonds : railway (AX7+4:7)), transmission error (X &2 2.2}), mass unbalance (23 B3 %)
misalignment (%), critical speed (H &%)
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S; : Bending Stress Number (MPa)

K,  Application Factor for bending strength

K, : Size Factor for bending strength

K,, : Load distribution factor for bending

strength
K, : Dynamic factor for bending strength

J : Geometry factor for bending strength
: Nominal metric module in plane of
rotation (mm)

F . Net Face width of narrowest member
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S, : Allowable bending stress number (MPa)

K; : Life factor for bending strength

Ky : Hardness ratio factor for bending
strength

K 1 : Temperature factor for bending strength

K : Reliability factor for bending strength
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Table 1 AGMA Bending Strength

Gear factor Pinion Gear
W, (N) 28,660 28,660
Ky 0.69441 0.69441
F (mm) 100 100
m (mm) 6 6
Ks 1 1
Km 1.90135 1.90135
J 0.47 0.57
K. 1 1
Ka 1 1
Ky 1 1
Kr 1 1
Kr 1.25 1.25
(MPa) 450 450
s, (MPa) 278 230
s (MPa) 360 360
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s, : Contact Stress Number ( MPa )

1
C, : Elastic coefficient (N 2 /mm)
W, : Transmitted tangential load ( N )
C, : Application Factor for pitting resistance
C, : Size Factor for pitting resistance
C,,: Load distribution factor for pitting

resistance

C, : Surface condition factor
d : Operating pitch diameter of pinion

: Dynamic factor
F : Net Face width of narrowest member

1

: Geometry factor for pitting resistance
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S4c © Allowable contact stress number (MPa)
C, : Life factor for pitting resistance
Cy : Hardness ratio factor for pitting
resistance
C : Temperature factor for pitting resistance
Cr : Reliability factor for pitting resistance
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n ) (hrs) g
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Fig. 1 Construction of a railway reducer
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Fig. 2 Gearbox model
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Table 4 Forcing Frequency of run speed

Self Exciting . Forcing
Equation
Source Frequency
Mass Unbalance
1X 1,800rpm
w)
Misalignment
2X 3,600rpm
2w,
Misalignment
3X 5,400rpm
3w,
Mass Unbalance
0.144X 259.7rpm
w2
Misalignment
0.288X 519.4rpm
2 Wy
Misalignment
0.432X 779.1rpm
3 Woy
Gear Profile Error
14X 25,200rpm
L(=Zw)
10003
...... Hz — == 14 X
[490 Hz 101 pm "1 2100rpm
a8z //___———" == ]
wf e Operaling Speed "] —— ;; ))((
p s B
7 P W — X
g e 0.432 X
wi /" T P M 0.288 X
e 0.144 X
/ / /»/'/_ ____________________
/ P T
i -~ ,//’

T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Run Speed (rpm)

Fig. 3 Campbell diagram
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