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Effects of Design Parameters on Rattle Noise in a Direct Engine—=PTO
Driveline of Tractors

Y. J. Park K, U. Kim

| Abstraet )

Introduction of a direct engine-PTO driveline to agricultural tractors has reduced production cost and increased
transmission efficiency of the PTO driveline. However, this type of PTO driveline has caused a severe rattle noise in the

LT

PTO gearbox under idle conditions. This study was conducted to investigate the causes of the rattle noise and the effects
of driveline parameters on it. A mathematical model was developed for a direct engine-PTO driveline. The model was
proved experimentally to be accurate enough to simulate the dynamic characteristics of the PTO driveline motions. The
simulation study showed that the rattle noise was caused by collisions between the driving and driven gears in the PTO
gearbox due to velocity variation of the gears, which was induced by torque fluctuations from the engine. It was also found
that the rattle noise decreased with the drag torque and mass moment of inertia of the engine flywheel. Smaller mass
moment of inertia of the driven gears and backlash also reduced the rattle noise. However, increasing the drag torque and
mass moment of the engine flywheel or decreasing the backlash and mass moment of inertia of the driven gears were
limited practically by their detrimental effects on transmission efficiency, gear strength and smooth meshing of the gears.
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6, Ju : massmoment of inertia of gear 1
® Ja C ® ], : mass moment of inertia of gear 2
p.. Dg @ dragtorque of gear 1
gl
N Dy, : drag torque of gear 2
k, € 0, : angular displacement of gear 1
2&
0, : angular displacement of gear 2
Dy N speed reduction ratio
O 2¢ : backlash
[ o ng f‘ @
v k, : mesh stiffness between gears 1, 2
e : coefficient of restitution

Fig. 2 Gear model and its parameters.
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Table 1 Properties of PTO driveline components

Mass moment Torsional Torsional damping

Component of inertia,  stiffness, coefficient,

kg.mm’ N.m/rad N.m.sec/rad
Flywheel 774325.4 - -
PTO drive shaft 237.8 4180.6 1.3959
Coupling 65.1 - -
PTO 2nd shaft 439 9822.9 0.9199
PTO clutch assembly 447.9 - -
PTO 3rd shaft 117.3 8918.3 1.4317
Gear(11T) 131.0 - -
Gear(14T) 213.7 - -
Shaft(11T-14T) 62.6 483859.4 7.7081
Gear(49T) 9760.4 - -
Gear(46T) 6616.7 - -
PTO shaft 219.5 - -
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Fig. 9 Modeling of the whole PTO driveline.
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Fig. 10 Locations of measuring sensors in the PTO driveline.
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Table 2 Specifications of equipments used for measurement and
analysis

Table 3 Model verification in frequency domain

Equipment Specifications

Magnetic Freq. range: 1 Hz~20 kHz
pick-up Output voltage: -5~5 V
Tachometer Speed range: 200~20,000 rpm
probe Output voltage: 4~12 V DC

F/V Input range: 0.04 Hz~200 kHz

Angular velocity, rad/s
Component Order - Error, %
Measured Predicted
1.5 1.96 1.95 0.5
Flywheel
3.0 0.50 0.50 0.0
Driving 1.5 2.28 2.20 35
gear 14T 3.0 0.59 0.54 8.5
Driven 1.5 0.79 0.71 10.1
gear 46T 3.0 0.19 0.19 0.0

converter Resolution: 6.25 ns
Signal 4ch. signal analyzer
analyzer 50 to 6400 line FFT
25 kHz input module
Tape Freq. range: DC to 10 kHz
recorder 16 bit quantization
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=== Predicted
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Fig. 11 Predicted and measured angular velocities.
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Fig. 17 Relative displacements and angular velocities between driving
and driven gears when simulated with different levels of mass
moment of inertia of flywheel.
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