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Abstract

The report starts with an introduction where the design objectives and requirements are
discussed. Then, the assumptions made during the design calculations are listed. The
introduction is followed by the design configuration part where the overall system configuration
is provided. In addition, 3D CAD model of the gearbox and the technical drawings of each
component are provided. Subsequently, hand calculations for the verification of the selected
design parameters are carried out in the following section — ending up with a table that compares
results acquired from both hand calculations and Kisssoft computer software. In the conclusion
part, key insights derived from this project are discussed
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1. Introduction

This report aims to elaborate on the procedure of gear box design. The design is carried out in
a computer environment, utilizing software called Kisssoft. The verification of the design is
also provided via set of hand calculations. Results acquired from both methods are subjected to
a comparison in the end.

The objective is to design a gearbox that can transmit power from an input shaft to a parallel
output shaft while substantially reducing rotational speed. Both design criteria and assumptions
made in creating engineering models are listed below.

Design Criteria:

The system should be capable of transmitting 8 kW of power without mechanically
failing.

Helical stage and worm stage ratios are 4 and 37, respectively.

The system is expected to work at least 10,000 h.

The system is expected to be 95% reliable.

The system should be as light and as compact as possible.

Maximum temperature can be up to 50°C.

Factory of safety is between 1.5-3.

Worm Gear Assumptions:

The worm and gear are mounted and aligned to mesh properly at mutually perpendicular
axis.

All the tooth load is transmitted at the pitch point and in the midplane of the gears.
Churning of lubricating oil due to heating is neglected.

The worm gear is produced by hobbing with shaping cutters.

Bending fatigue of the worm gear is taken as Buckingham’s proposal of 24 ksi.
Ambient temperature is below 100°F (35°C). [More conservative temperature value is
taken rather than 50°C.]

A steady-state temperature of 100°F above temperature is acceptable. (i.e., oil
temperature can be 200°F at maximum.)

Bevel Gear Assumptions:

The gears are mounted to mesh along their pitch cones.

All the tooth load is transmitted at the pitch point midway along the tooth face.
Friction losses are neglected.

Both source of power and load are uniform.

The gears are manufactured by hobbing method.

Selected metal for the gears are fine-grounded and commercailly polished.
Temperature factor (k) is equal to 1. (Temperature is below 100°F)

Shaft and Bearing Assumptions:

Forces are applied at the mid-width of each component and represented accordingly.
Lo is taken as 10°.

Application factor (ka) is equal to 1.1.

In Shaft-1, axial load is accommodated only by Bearing-1.

In Shaft-2, axial load is distributed equally between two bearings.

In Shaft-3, axial load is distributed equally between two bearings.



2. Design Configuration
All figures provided in this part are generated using Kisssys, which is also used to model 3D
CAD of the gearbox. Two-dimensional configuration of the gearbox design and corresponding

transmission relationships are shown in Figure 1.
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Figure 1: Gearbox 2D Configuration

In Figure 2 below, two dimensional detailed diagram for shaft 1 is provided. The components

shown in the diagram are bearing 1, worm, bearing 2, and input coupling from left to right.
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Figure 2: Detailed 2D Diagram of Shaft 1
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In Figure 3 below, two dimensional detailed diagram for shaft 2 is provided. The components

shown in the diagram are bevel pinion, bearing 3, worm gear, and bearing 4 from left to right.
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Figure 3: Detailed 2D Diagram of Shaft 2

In Figure 3 below, two dimensional detailed diagram for shaft 2 is provided. The components

shown in the diagram are bearing 5, bevel gear, bearing 6, and output coupling from left to
right.
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Figure 4: Detailed 2D Diagram of Shaft 3
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Three dimensional CAD model of the gearbox is shown in Figure 5 below. 3D design modelled
in Kissoft was then transferred to Solidworks to adjust texture in line with the material and to
create technical drawings.

Figure 5: 3D CAD Model of the Gearbox

Another illustration of the CAD model from different view is provided in Figure 6.

Figure 6: 3D CAD Model (Different View)
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In Figure 7, technical drawing of the worm gear is provided.
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Figure 7: Technical Drawing of the Worm Gear

Technical drawing of the bevel pinion is shown in Figure 8 below.
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Figure 8: Technical Drawing of the Worm



Technical drawing of the bevel gear is given in Figure 9.
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Figure 9: Technical Drawing of the Bevel Gear

In Figure 10, technical drawing of the worm is provided.
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Figure 10: Technical Drawing of the Worm

Design calculations are given in the Appendix. For detailed analysis, please refer to page 11-

18.



3. Conclusion

Results obtained from hand calculations were converted into metric system and provided on the
right-hand side of Table 1 for the worm gear set and Table 2 for the bevel gear set. In contrast,
the results obtained from Kisssoft were provided on the left-hand side of the tables. A
comparison was made between results obtained from both methods by showing the percent

discrepancy of each variable.

The results obtained for the worm gear set is provided in Table 1. As it is seen, the highest
discrepancy is observed in forces and mechanical efficiency, which is basically due to
lubrication and heating effect. For the hand calculation part, the effect of oil churning due to

overheating was neglected, which is the governing factor for the discrepancy.

Table 1: Results Obtained for the Worm Gear Set

Discrepancy

KissSoft Hand Calculations (%)
Worm Stage Worm Gear Worm Gear
Number of Teeth 1 37 1 37 0
Module (mm) 6.032 6.032 6.032 6.032 0
Worm diameter 75 223.2 75 223.2 0
(mm)
Pressure ang(ls 20 20 20 20 0
Helix ang(ls 85.402 4.598 85.404 4.596 0
Face width 48.86 48.86 48.86 48.86 0
(mm)
Center dlst(art‘r:r?s 149.05 149.05 149.05 149.05 0
Material SAE 8617 Bronze SAE 8617 Bronze N/A
Steel Steel
Axial FOEKS 4547.3 1667.8 5673.4 2074.9 24.7
Radial FOEKS 1667.8 565.9 2074.9 565.6 18.2
Transverse Fozﬁg 565.9 4547.3 565.6 5673.4 22.0
Sliding velocity 14.18 14.18 14.18 14.18 0.0
(m/s)
Friction FOEKS N/A N/A 109.2 109.2 N/A
Coefflcu_ant_ of 0.016 0.016 0.018 0.018 12.5
friction
Efficiency 64.63 64.63 80.6 80.6 24.7
(%)
Dynamic I(iiltl)l N/A N/A N/A 6.73 N/A
Strength Cap?ﬁﬁ; N/A N/A N/A 19.15 N/A
Safety factor for N/A 9.247 N/A 2.85 N/A
Bending Fatigue
Wear Factor
(kPa) N/A N/A N/A 689.5 N/A
Wear Cap?lf;\?; N/A N/A N/A 8.85 N/A
Safety facto'r for N/A 1.415 N/A 1.32 N/A
Surface Fatigue
Thermal Capacity
(kW) N/A N/A 1.35 1.35 N/A



The results obtained for the bevel gear set is provided in Table 2. As it is seen, the highest
discrepancy is observed in forces and tooth bending stress/strength. The discrepancy between
forces stem from the difference between mechanical efficiencies calculated via Kissoft and the
hand method. The power transmitted from the input shaft to the consecutive shafts is higher in
the hand calculation method, which is basically due to the fact that the heating effect and its
impact on lubrication are neglected — leading to forces of higher magnitude in the hand

calculation method. Other parameters are at a comparable level.

Table 2: Results Obtained for the Bevel Gear Set

Discrepancy

KissSoft Hand Calculations %)
Bevel Stage Pinion Gear Pinion Gear
Number of Teeth 20 80 20 80 0
Module 5.5 5.5 5.5 5.5 0
(mm)
Pressure anglf 20 20 20 20 0
)
Pitch cone a”g('g 14.04 75.96 14.04 75.96 0
Face width 50 50 50 50 0
(mm)
. 18CrNiMo7-6 18CrNiMo7-6 18CrNiMo7-6 18CrNiMo7-6
Material Steel Steel Steel Steel N/A
Axial Force
(kN) 0.93 3.71 1.14 4.57 23.1
Radial Force
(kN) 3.71 0.93 4.57 1.14 23.1
Transverse F?;,‘ile) 11.19 11.19 12.93 12.93 155
Tooth Bending
Stress (MPa) 341.3 400.5 211.2 234.5 39.9
Bending Strength 963.7 963.4 545.4 545.4 43.4
(MPa)
Safety factor for 2.82 2.41 2.58 2.33 6.1
Bending Fatigue
Surface Stress
(MPa) 890.2 890.2 890.8 890.8 0.1
Hardness
HB) 642 642 642 642 0.0
Surface Strength 1671.3 1840.1 1778 1853 3.4
(MPa)
Safety factor for 1.88 2.07 2 2.1 38
Surface Fatigue

All in all, the gearbox design generated in Kisssoft is validated by the traditional method of
hand calculations. It is concluded that the knowledge of computer software is highly important
for an engineer to efficiently manage time and effort. Considering the design outputs being
reliable and validated, it is very convenient to utilize Kisssoft in this regard for similar

applications.
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Appendix — Design Calculations
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