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ABSTRACT

Hydraulic winches for transportation and logistics in the shipbuilding and marine plant fields require
multi-stage planetary gear modules with high gear ratios. Due to environmental conditions in the ship,
durability is crucial. Further, we are currently relying on foreign products. The development of domestic
technology will reduce cost, save time, and improve the export market. Thus, we developed a multi-stage
planetary gear module for a hydraulic winch and evaluated its performance through several tests of the
hydraulic brake torque, maximum torque, and load endurance.
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Fig. 1 Hydraulic winch
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Fig. 2 Multi-stage planetary gear module

Table 1 Specification of a multi-stage planetary gear

module

No. Item Specification

1 Gear ratio 79.7:1

2 Stage 3-stage module

3 Torque 18,500 Nm

4 Output speed 20 rpm

5 Brake torque 500~700 Nm

Hydraulic brake releasing

6 pressure 30 bar

7 Brake maximum pressure 300 bar
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Table 2 Gear date of the 3-stage planetary gear

module
No. of teeth | Sun gear |Planetary gear | Ring gear
the 1° stage 16 20 56
the 2"¢ stage 17 19 55
the 3" stage 17 19 55

Fig. 3 Performance test

Table 3 Time spectrum for the performance test

Time Input Output
spectrum | Torque Speed Torque Speed

(%) | Ti (Nm) | Ni (rpm) | To (Nm) | No (rpm)
8 232.0 1,594.4 18,500 20
27 139.2 1,594.4 11,100 20

33 116.0 1,594.4 9,250 20
32 92.8 1,594.4 7,400 20
100 - - - -

Table 4 Test items for a planetary gear module

No. Test Items Unit Requirements
1 Hydraulic brake bar 3045
releasing pressure
2 b Maximum bar more than 300
rake pressure
Hydraulic
3 brake torque Nm more than 540
4 Module torque Nm | more than 36,000
5 | Load endurance | Cycle 1,890,000

Fig. 4 Hydraulic brake opening pressure
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Table 5 Maximum brake pressure

Sample Max. brake pressure
#1 305 bar
#2 300 bar
#3 303 bar

Fig. 5 Maximum brake pressure

Table 6 Hydraulic brake torque

Sample Hydraulic brake torque
#1 583.3 Nm
#2 688.6 Nm
#3 689.6 Nm
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Fig. 6 Load durability test
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