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Properties of a Helical Gear Due to the Manufacturing Process
- Forged versus Machined Product
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Abstract

Although high productivity is possible, cold forged helical gears have not been widely used due to difficulty in
achieving mechanical properties as well as dimensional accuracy of the product. Confidence in the gear characteristics
also is very important in heavy-duty gear applications. Therefore, the properties of forged gears must be compared to the
properties of conventional machined gears. The properties might be different due to the different fabrication processes. In
this study, machined and forged products both before and after heat-treated have been compared by measuring the residual
stress and involute curve of the tooth. Characteristics of hardness and microstructure were also compared. Additionally,
tooth fracture strength was compared for the heat-treated products. Moreover, the tooth strength and the fracture pattern
were compared between the machined and forged gears. The forged gear showed decreased changes in residual stress and
decreased changes in dimensions when compared to the machined gear before and after heat treatment. The forged gear

was over 10% better than the machined gear in tooth strength.
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(a) Machined product

(b) Forged product
Fig. 1 The configuration of forged pinion gear and
machined pinion gear

Table 1 Specifications of helical pinion gear

Parameters Value
Module 1.33
Helix angle[°] 18.4225
Pressure angle [°] 20

No. of tooth [ea] 31
Pitch circle diameter[mm] 43.45

Table 2 Chemical compositions of SCM920HVS1

Component | C Si Mn P S Mo

= < < < < <

SCMO20HVSL | 1 e | 07 | 0.03 | 003 | 0.25

- 900°C
7D R A T
: ; ' o N
/! AN
530°C )i ‘

A 150C »

80~90°C

o P o P :
20Min | coMin | ' 20Min Loy ISMino b ASMin | $Min

Debinding Preheating Carburizing  Diffusion Quenching Tempering
Fig. 2 Heat treatment cycle of helical pinion gear
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(b) Measurement posmon for Iead deformation
Fig. 3 Measurement point to investigate the dimensional

changes
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Fig. 5 Measurement position of Vickers hardness

Fig. 6 Specification example of gear bending strength
test
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Fig. 8 Residual stress change of spur gear by heat-

treatment [10]
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Fig. 9 Residual stress change of helical pinion gear by

heat treatment
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(b) Machined product (x500)
Fig.11 Microstructure at tooth surface after heat-
treatment
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(a) Forged product (x500)

(b) Machined prouct (x500)
Fig.12 Microstructure inside of tooth after heat-
treatment
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Fig.13 Configurations of fracture section by tooth
strength test
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Fig.14 Configurations of fracture section by tooth
strength test
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Fig.15 Result graph of tooth strength test

Table 3 Specific length of fracture section
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