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1. Introduction

  Decelerators are widely used because of their 

excellent transmission efficiency and their ability to 

transfer and change torque and speed from the drive 

shaft to the driven shaft.[1-3] Typically, worm gear 

decelerators and planet decelerators are used for 

loads less than 5 tons and more than 5 tons, 

respectively. Worm gear decelerators allow for 

perpendicular transfer of power through the 

placement of axes at right angles to each other. 

They can achieve a large deceleration ratio of 

approximately 110 for the gears in one pair, have 

low levels of noise and vibration, and prevent 

reversals. However, they have many limitations, such 

as severe heat generation, high wear, and damage at 

the end of the pinion, which undergoes high-fre

quency heat treatment. Existing decelerators are 

heavy and difficult to assemble and repair. Pinions 

are generally heavy and integrated with the shaft, 

and as a result, their fabrication requires 
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ABSTRACT

Pinions are generally heavy and integrated with a shaft. Thus, fabricating a pinion is a material- and 

machining-intensive task characterized by low productivity. Contact of the output pinion with a sliding surface 

or a cloud contact causes loss of power because of friction. Consequently, the output pinion undergoes 

considerable wear and tear at its ends, which adversely affects the overall transmission efficiency of 

decelerators. To improve transmission efficiency and extend gear life, an optimum output pinion design is 

required. To this end, in this study, an output pinion for worm gear decelerators was designed and optimized 

by means of product verification through prototyping and performance evaluation to improve gear life and 

productivity. The optimized design was validated and subjected to structural analysis.
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considerable amounts of material and machining, 

which, in turn, lowers productivity. Contact of the 

output pinion with a sliding surface or a cloud 

contact causes loss of power owing to friction. 

Consequently, the output pinion undergoes 

considerable wear and tear at the ends, which 

adversely affects the overall transmission efficiency 

of decelerators. 

  To improve transmission efficiency and extend 

gear life, an optimum output pinion design is 

required. Therefore, this study aims to develop an 

output pinion for worm gear decelerators that is 

optimized by product verification through 

prototyping and performance evaluation to improve 

gear life and productivity.

2. Pinion gear modeling and 

optimization design 

2.1 3D Modeling

  In a reducer, different gears are used depending on 

the weight of the equipment to be handled. Each of 

the major types of gears and gearboxes, especially 

those with capacities higher than 5 tons, have been 

studied extensively. Many researchers have focused 

on worm gears and worm wheels. However, given 

that pinion gears play an important role in a 

gearbox, this study focused on the optimization of 

intermediate 5-ton class pinions. A three-dimensional 

model of an output pinion was designed using 

CATIA V5 (Dassault Systemès, France), a 

CAD/CAM software package, based on the result of

Fig. 1 3D modeling of output pinion

output pinion and tooth profile modification (Fig. 1). 

  We designed and designed the CAD, CAD, and 

tooth profile of the module, pressure angle and 

number of teeth in the previous chapter. 

2.2 Structural Analysis

  To examine the structural stability of the output 

pinion, structural analysis was performed using 

ANSYS (ANSYS, INC., PA, US), a structural 

analysis program. In the pinion analysis, two pins of 

the same pinion were brought into contact, and a 

rotational force was applied to investigate their 

deformation, stress, and strain rate. Fig. 2 (a) shows 

the model and the mesh of the pinion, and Fig. 2 

(b) shows the boundary conditions of the pinion.

  In the structural analysis, the power loss of the 

optimized output pinion, which is an important part 

of the power flow in a worm gear reducer, was 

minimized by modifying its tooth profile. A 

(a) 3D modeling

(b) Boundary conditions

Fig. 2 Mesh analysis and deformation analysis
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Fig. 3 Stress analysis

high-strength gear steel SCM420H was selected as 

the pinion material. Fig. 3 shows the analysis results 

of the output pinion modeled using ANSYS. [4-6]

2.3 Gear Tooth Modification

The model designed herein was analyzed to find the 

optimized form of the gear. However, multiple 

interpretations are indispensable in designing the 

tooth profile with the most uniform load and 

minimized maximum stress. Therefore, tooth surface 

modification of the gears was performed along 

various directions. The correction applied to each 

gear was applied to the other engaging gear as 

well. Tooth modification was achieved through 

repeated modifications to the lead crown and lead 

slope. The lead crown and lead slope were set to 0 

before correction, and the correction values were 

added to or subtracted from this value. Fig. 4 show 

the target geometry according to the micro geometry 

correction value and correction value of each gear. 

  The structural analysis, which involved 

identification of the optimum tooth profile 

modification by using ANSYS, confirmed 

improvements to the efficiency and structural safety 

of the output pinion. However, as mentioned above, 

in case of the output pinion of a worm gear 

reducer, abrasion and breakage occur mostly at the 

tip. Moreover, the analysis results obtained using 

ANSYS confirmed that the highest load was generated 

at the tip. Therefore, we designed the optimum pinion

(a) Input pinion flank

(b) Output pinion flank

Fig. 4 Gear flank form after modification

by using Romax Designer (Romax Technology, UK), 

a gear analysis program for optimizing output pinion 

designs.

  The input values are shown in Fig. 5, and the 

results of the output pinion analysis are shown in 

Fig. 6. In this figure, we found the optimum design 

value by modifying a gear tooth. As shown in Fig. 

6, design optimization was performed to improve 

gear life and efficiency through gentle dispersion of 

the load after optimizing the abrupt deformation of 

the transmission error of the contact interface. As 

shown in Fig. 5, a concentrated load occurred at the 

end before optimization. As shown in Fig. 6, the 

load was distributed at the center of the tooth 

profile. Fig. 7 shows the gear pair model used for 

analysis. 

  The drive reducer gears were optimized using 

Romax Designer, which corrected the profile and 

lead of the gears and performed simulations 
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(a) 2D view of pinion gear

(b) 3D view of pinion gear

Fig. 5 Load distribution on meshing gear surface 

before micro geometry modification

(a) 2D view of pinion gear

(b) 3D view of pinion gear

Fig. 6 Load distribution on meshing gear surface 

after micro geometry modification

Fig. 7 Pinion product

repeatedly to determine the optimum gear correction 

value. In case of the gears, the load acting on the 

tooth surface before optimization of the stress 

distribution was concentrated at the gear tooth tip, 

while after optimization, the load was concentrated 

at the tooth center.

3. Pinion Gear Precision Test

  The most important part of a gear is its tooth 

profile. A tooth profile is composed of a profile 

and a lead. Profile refers to the shape of the 

involute curve from the tooth root to the tooth tip, 

and lead refers to the lateral shape of the gear 

tooth on the pitch circle. In the measurement, the 

center of rotation of the gear was employed as a 

measurement standard by using a toothed measuring 

machine, and both the right and left tooth surfaces 

were measured for 1, 4, 7 and 10th. In KS B 1405, 

spur gears are classified into nine grades according 

to the purpose of use. The accuracy of the test gear 

is shown in Fig. 7. The gear test equipment 

(Model: UMM850, manufacturer: ZEISS, gear 

measurement: GEAR PRO involute). The dimensions 

of the gear were as follows: m (module) = 10 mm, 

z (number of teeth) = 10, D (pitch circle diameter) 

= 100 mm, and b (width) = 10.973 mm. The tooth 

profile measurement results of the five test gears are 

listed and shown in Table 1 and Fig. 8, 

respectively. The mean tooth tolerances of the test 
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gears used in this study were 41.9 μm (left), 41.5 μ

m (right), 41.7 μm (average), which correspond to 

spur gears of grades superior to grade 4 according 

to KS B 1406. Lead error measurement results of 

the five test gears are listed and shown in Table 2 

and Fig. 9, respectively. Lead error measurement 

results of the five test gears are listed and shown in 

Table 2 and Fig. 9, respectively. 

  Lead error measurement results of the five test 

gears are listed and shown in Table 2 and Fig. 9, 

respectively. The mean tooth tolerances of the test 

Table 1 Profile error average of test gear

No. 1 2 3 4 5 Avg.

Left Tooth
35 41.75 47.25 38 47.5 41.9

Profile(μm)

Right Tooth
45.25 35.5 38 47.75 41 41.5

Profile(μm)

Avg.
40.13 38.63 42.63 42.88 44.25 41.7

Profile(μm)

Table 2 Lead error average of test gear 

No. 1 2 3 4 5 Avg.

Left Tooth
15.5 22.75 20 24.75 23.75 21.35

Lead(μm)

Right Tooth
20.25 21.5 19 22.5 18.25 20.3

Lead(μm)

Avg.
17.88 22.13 19.5 23.63 21 20.83

Lead(μm)

Table 3 Runout error of test gear

No. 1 2 3 4 5 Avg.

Runout 
(μm) 39 49 25 62 25 40

Table 4 Pitch error of test gear

No. 1 2 3 4 5 Avg.

Left Tooth
15 19 14 22 12 16.4

Pitch(μm)

Right Tooth
15 19 13 23 18 17.6

Pitch(μm)

Avg.
15 19 13.5 22.5 15 17

Pitch(μm)

Fig. 8 Profile result of test gear

Fig. 9 Lead error of test gear

Fig. 10 Runout error of test gear

Fig. 11 Pitch error of test gear
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gears used in this study were 21.35 μm (left), 20.3 

μm (right), and 20.83 μm (average), which 

correspond to spur gears of grades superior to grade 

3 according to KS B 1406. This is superior to the 

grade 4 spur gears of a typical pinion gear reducer. 

  Runout error measurement results of the five test 

gears are listed in Table 3 and shown in Fig. 10. 

The average runout error of the test gears used in 

this study was 40 μm (average), which corresponds 

to pinion gears of grades superior to grade 3 

according to KS B 1406. This is superior to the 

grade 4 pinion gears typically used in worm gear 

reducers.

4. Conclusions

  This study aimed to optimize and analyze the 

design of a 5-ton output pinion for use in 

special-purpose industrial machinery to increase 

transmission efficiency and gear life. To achieve the 

final objectives, geometry design and simulations, 

respectively, were performed in this study. The 

theoretical design of the 5-ton class pinion gear was 

optimized to verify the resulting performance 

improvement. The accuracy of the prototype was 

measured while optimizing the tooth surface load 

distribution by modifying the profile and lead tooth 

surface by using Romax Designer. The following 

conclusions were obtained.

1. The average profile error of the test gears was 

44.375 μm, mean lead error was 17.875 μm, 

average pitch error was 15 μm, and mean runout 

error was 3.5 μm. The mean runout error of the 

test gear was 10.82 μm, and the average pitch 

errors on the left and right tooth surfaces were 

9.38 μm and 7.8 μm, respectively. 

2. As a result of the structural analysis, the 

maximum deformation, maximum strain, and 

maximum stress were found to be 2.9766 e-4 m, 

3.3554 e-3 m/m, and 4.3029 e8 Pa, respectively.

3. As a result of structural analysis, the maximum 

deformation was 2.9766 e-4 m, maximum strain 

3.3554 e-3 m/m, and maximum stress 4.3029 e8 

Pa.
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