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Abstract: Gearboxes designed for reciprocating motion operating mechanisms operate under conditions where both
the load and speed undergo continuous variations. When conducting durability tests on gearboxes designed for such
applications, operating the target gearbox under conditions similar to the intended usage is essential. The gearbox
must be operated for the required number of cycles to validate its durability under conditions mirroring its intended
usage. This study devised an accelerated test method for gearboxes, which reduces operating angles and operational
strokes. The reliability of the accelerated test was verified by comparing the stresses imposed on the gears under
general and acceleration conditions through multi-body dynamic simulations. The results confirmed that the
maximum contact stress levels under normal and accelerated conditions were within a 0.1% error range, indicating
a minimal difference in the gear damage rates. However, a difference in the maximum contact stress results
between the normal and accelerated conditions was observed when inertial forces acted on the output shaft due to
the operational acceleration of the gearbox. Therefore, when conducting this acceleration test, caution should be
exercised to ensure that the operational load on the gearbox, which affects inertia, does not significantly deviate

from the conditions observed under normal operating conditions.
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Table 1 Gearbox specifications
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26 7]ojukzoltt.

Ist gear Pinion

Ist gear Wheel

2nd gear Pinion 2nd gear Wheel

Pressure angle (°) 22.5
Helix angle (°) 0
module (mm) 1
Number of teeth 13
Face width (mm) 6

Total gear ratio

2255 20 20
0 0 0

1 1 1
37 16 35
6 7 7

6.23
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Table 2 Gear safety factor

Ist gear Pinion Ist gear Wheel 2nd gear Pinion 2nd gear Wheel

Contact safety factor 1.0944 1.3179 1.0489 1.2091
Bending safety factor 2.9143 3.1733 1.8095 1.9225

Endurance limit for contact

pressure (MPa)

1650
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Fig. 6 Model of gearbox used in this study

Table 3 The specifications for the gearbox load cycle

General Test

Accelerated Test

Operating cycle (Hz)
Input speed (rad/s)
Operating angle (deg)
Maximum torque (N ¢ m)
Rated torque (N « m)

0.6 2.7
18.435 18.435
90 28.28
225 225
18 18
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Table 4 Maximum contact pressure of gears due to changes in inertia

Inertia Change Conditions

Maximum Contact Pressure in

Maximum Contact Pressure in

0,

(kg » m%) General Test (MPa) Accelerated Test (MPa) Error (%)
0 1526.61 1525.42 0.08
0.01 1483.17 1430.87 3.53
0.05 1442.86 1318.10 8.65
0.1 1354.96 1200.42 11.41
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