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Reduction of Rattle Noise in a Direct—Engine PTO Driveline
Using an Anti—backlash Gear
S. B. Shim

Y. J. Park K, U, Kim

An anti-backlash gear was developed to reduce the rattle noise generated from the gearbox of a direct-engine PTO
driveline of agricultural tractors under idling. A pair of gears using the anti-backlash gear as driven part was modeled and
verified. Using the verified model, a computer simulation was conducted to investigate the effects of design parameters of
the anti-backlash gear on the reduction of rattle noise. The optimum values of the design parameters were also determined
by the computer simulation. The optimized anti-backlash gear was then manufactured and installed on the experimental PTO
driveline for the performance test. Measurement of rattle noise was made to evaluate its performance before and after the
driven gear of the PTO gearbox was replaced by the optimized anti-backlash gear. Results of the study were as follows:
The optimum values of the design parameters, spring constant and deformation, may be determined by a relationship:

4364.7

k=13505-2356a

The optimized anti-backlash gear reduced the rattle noise maximally by 16.9 dBA. This concluded that it would be most

effective to use the optimized anti-backlash gear to eliminate the rattle noise in the PTO driveline.

Keywonds : Anti-backlash gear, Rattle noise, PTO driveline, Agricultural tractor
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Table 1 Specifications of an anti-backlash gear developed for study

Items Specifications
No. of teeth 46
Module, mm 3
Pressure angle, deg. 20
Helix angle, deg. -18
Addendum coefficient 1
Center distance, mm 95.95
Addendum modification coefficient 0.003
Standard PCD, mm 145.102
Lead, mm 1402.964
Base circle diameter, mm 135.517
Backlash, mm 0.05-0.13
Width, mm 28.0
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Fig. 1 Anti-backlash gear developed for study.
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Fig. 2 Operational mechanism of anti-backlash gear.
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Table 12 Spring deflection, initial load, and initial torque by
spring stiffness of anti-backlash gear

Spring tiffness

Spring eflection

Initial load

Initial torque

N/mm mm N N-mm
1 29 29 4350
100 045 45 6750
200 03 60 9000
300 027 81 12150
400 0.225 90 13500
500 0.22 110 16500
600 0.2 120 18000
700 0.2 140 21000
800 0.194 155.2 23280
900 0.19 171 25650
1000 0.185 185 27750
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Fig. 15 Types of coil springs for press dies.

Table 3 Specifications of coil springs for press dies

Types  Color External Internal Free length Spring stiffness

dia. mm dia. mm mm N/mm
TF Yellow 10 5 20 9.81
TL Blue 10 5 20 17.71
™ Red 10 5 20 30.64
TH Green 10 5 20 61.34
TB Brown 10 5 20 111.67
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Table 4 Sound pressure level of PTO rattle noise when anti-
backlash gears of different springs were used

Types of Spring Sound pressure level,
springs deformation, mm dB (A)
TF 2 94.8
TL 2 933
™ 2 93.3
TH 2 91.0
TB 2 90.0
TF 5 94.3
TL 5 91.6
™ 5 90.7
TH 5 88.8
B 5 90.9
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Fig. 17 Reduction of rattle noise in time domain by anti-backlash
gear.
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