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The external pinwheel gear set (e-PGS) has a simpler structure, lower costs, and
is easier to process and overhaul than general gears. It is also suitable for use
under low-speed, heavy-duty mechanical transmission, dusty, and poor
lubrication conditions. In this study, the fatigue failure life of a slewing drive
pinion used in ship unloaders was investigated. We analyzed an e-PGS,
considering the center distance modification coefficient (CDMC) for the exact
pinion tooth profile. Next, Hertz contact stresses and tooth root bending stresses
were analyzed by varying the CDMC to determine the tooth fatigue
characteristics. The variation in the contact force with an increase in the CDMC
was insignificant, but the Hertz contact and tooth root bending stresses decreased
significantly. In addition, the e-PGS pinion design adopted in this study was
focused on preventing tooth surface wear and pitting instead of tooth root
breakage.
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Fig. 1 A slew drive pinion for ship unloader
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Fig. 2 Schematic for contact force determination
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Table 1 Slew drive specification for a ship unloader

Description Values
No. of slew drives 2
Motor power 11 (kW)
Rated input speed 1,164 (rpm)
Gear ratio 563.2
Rated output torque, 7. 51.94 (kN-m)
Rated output speed, w, 2.06 (rpm)
Operating time for 20 years, B, life 175,200 (hr)
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Table 2 Analysis parameters of e-PGS pinion

Description Values
Module, m 60 (mm)
No. of pinwheel teeth, /V, 124
No. of pinion teeth, /V; 9
Roller diameter coefficient, C, 5/3

Center distance modification coefficient, y 1/12, 1/6, 1/4

Addendum extension factor, (3 4/3
Contact ratio, € 1.5

Face width, b 160 (mm)
AGMA elastic coefficient, C, 187.6 (MPam)
AGMA full correction factor, k., 1.0

e-PGS profile (y=1/42)
----- 3 arc sprocket profile
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Y O ¢, max (MPa) Sy Op,max (MPa) Sp
124 1,536.39 0.91 57.25 7.84
2/24 1,323.44 1.06 54.83 8.18
3/24 1,211.99 1.15 51.52 8.71
4/24 1,158.17 1.21 50.30 8.92
5/24 1,125.78 1.24 48.16 9.32
6/24 1,103.91 1.27 46.07 9.74
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d, AGAR(EE FAG) Z57t S718I5iH. ol = QIsl, F4
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