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Abstract

The Multi-Stage Gearbox Assembly project focuses on the design and development of
a gearbox consisting of multiple gear stages arranged to transmit power efficiently
from an input shaft to an output shaft. Multi-stage gearboxes are widely used in
automobiles, industrial machinery, robotics, manufacturing equipment, and power
transmission systems where high speed reduction and controlled torque transmission
are required.

In this project, a detailed 3D CAD model of a multi-stage gearbox assembly is
developed by considering important components such as gears, shafts, bearings, keys,
spacers, housing, and fasteners. Suitable gear ratios are selected for each stage to
achieve the required overall speed reduction and torque multiplication. Proper
alignment and positioning of the gears and shafts are maintained to ensure smooth
power transmission.

The assembly is analyzed to verify gear meshing, shaft alignment, component
clearances, rotation, and overall assembly feasibility. CAD-based assembly and
motion analysis can be used to identify interference between components and verify
the operating mechanism before manufacturing. The design can also be further
evaluated using structural and stress analysis to determine the strength and reliability
of the components.

The main objective of this project is to demonstrate the design and assembly of a
functional multi-stage gearbox using computer-aided design techniques. The proposed
design provides an organized approach for modeling, assembling, and evaluating
complex power transmission systems. The developed gearbox model can be further
optimized by modifying gear ratios, gear dimensions, materials, shaft sizes, and
housing design to achieve improved efficiency, durability, and compactness.

I. Introduction

A multi-stage gearbox is a mechanical power transmission system used to transfer
rotational power from an input shaft to an output shaft while providing the required
speed reduction and torque multiplication. Gearboxes are widely used in automobiles,
industrial machinery, manufacturing equipment, robotics, agricultural machines, and
other mechanical systems. The main purpose of a gearbox is to obtain the desired
output speed and torque according to the operating requirements.

A multi-stage gearbox consists of two or more gear pairs arranged in successive
stages. Each stage provides a specific gear ratio, and the overall reduction ratio is
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obtained by combining the ratios of all stages. This arrangement allows a large speed
reduction to be achieved while maintaining a relatively compact gearbox design.

The major components of a gearbox include gears, shafts, bearings, keys, spacers,
housing, and fasteners. Proper selection and positioning of these components are
important for smooth power transmission. Accurate gear meshing and shaft alignment
are also necessary to minimize vibration, noise, friction, and power losses during
operation.

In this project, a complete 3D CAD model of a multi-stage gearbox assembly is
developed by designing and assembling its individual components. The gears are
arranged according to the required transmission ratio, while the shafts and bearings
are positioned to provide proper support and rotation. The housing is designed to
protect the internal components and maintain their alignment.

The assembled gearbox can be evaluated using assembly analysis, interference
checking, motion simulation, and mechanical analysis. These techniques help identify
design problems before manufacturing and provide better understanding of the
gearbox operation.

The main objective of this project is to develop an accurate and functional multi-stage
gearbox assembly using CAD modeling techniques. The design can be further
improved by optimizing gear dimensions, gear ratios, shaft sizes, materials, housing
dimensions, and bearing arrangements to achieve better efficiency, durability,
reliability, and compactness.

II. Literature Survey

Several researchers have studied the design and optimization of multi-stage gearboxes
to improve power transmission, efficiency, compactness, and reliability. Earlier
gearbox design approaches mainly focused on determining suitable gear dimensions,
gear ratios, shaft sizes, bearings, and housing arrangements. Research has shown that
multi-stage gearbox design is more complex than single-stage design because the
number of stages, individual stage ratios, gear positions, shaft arrangement, and
available space must be considered together.

Chong, Bae, and Park proposed a generalized methodology for designing multi-stage
gear drives by integrating dimensional design and configuration design. Their
approach determines suitable gear ratios and gear dimensions while also considering
the arrangement of gears and shafts within the available gearbox space. The study
demonstrated that automated design methods can reduce the dependence on trial-and-
error procedures during preliminary gearbox development.

Research on multi-stage transmission design has also investigated the relationship
between the number of stages and stage ratios. Bartlett, Lawson, and Goldfarb
developed a formulation for selecting stage ratios based on objectives such as
transmission efficiency, acceleration, and mass. Their findings show that the
distribution of ratios between stages can significantly influence gearbox performance,
and that different design objectives may require different ratio distributions.
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Recent research has focused on gearbox optimization, particularly for three-stage
gearboxes. Optimization methods have been used to distribute transmission ratios
while considering contact fatigue strength, lubrication, and gearbox volume. Such
studies demonstrate that optimization techniques can help achieve a compact gearbox
while maintaining suitable mechanical performance.

Researchers have also investigated the dynamic behavior of spur and helical gears.
Gear meshing, tooth contact, shaft behavior, mounting errors, and bearing interactions
can influence vibration and transmission performance. Experimental and numerical
studies have shown that combining gear, shaft, and bearing models can provide a
better understanding of gearbox dynamic behavior.

Another important research area is gear stress and structural analysis. Studies have
used analytical methods such as the Lewis equation along with finite element analysis
to evaluate gear tooth stresses and deformation. CAD and FEA tools allow engineers
to identify high-stress regions and improve gear dimensions and material selection
before manufacturing.

Based on the existing literature, the proposed Multi-Stage Gearbox Assembly project
focuses on developing a complete 3D CAD model containing gears, shafts, bearings,
keys, spacers, and housing. The assembly can be evaluated for gear meshing, shaft
alignment, interference, motion, stress, and overall power transmission. The design
can further be optimized by modifying gear ratios, gear dimensions, shaft sizes,
materials, and housing configuration to obtain a compact, reliable, and efficient
gearbox.

II1. System Analysis

System analysis is an important stage in the development of the Multi-Stage Gearbox
Assembly project. The analysis focuses on understanding the power transmission
requirements and overall gearbox design. Important parameters such as input speed,
output speed, torque, gear ratio, gear dimensions, and number of stages are considered.
Suitable gear types and materials are selected according to the required operating
conditions. The overall gear ratio is divided among multiple stages to achieve the
desired speed reduction. The dimensions of gears, shafts, bearings, keys, spacers, and
housing are determined accordingly. A detailed 3D CAD model is created for each
individual component. The components are then assembled while maintaining proper
shaft alignment and gear meshing. Assembly analysis is performed to identify
interference and clearance problems. Motion simulation can be used to verify the
rotation and power transmission between the gear stages. Structural analysis can also
be performed to study stresses and deformation in critical components. Overall,
system analysis helps develop a reliable, compact, and efficient multi-stage gearbox
assembly.

Existing System
In the existing system, multi-stage gearboxes are commonly designed using

conventional calculations and manual CAD modeling techniques. Engineers calculate
gear ratios, gear dimensions, shaft sizes, and bearing requirements separately before
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creating the complete assembly. Designing multiple gear stages requires careful
calculations to maintain the required speed reduction and torque transmission. Manual
component modeling can take considerable time, especially when several gears, shafts,
and supporting components are involved. Proper alignment of shafts and gears must
be maintained during the assembly process. Small design errors can result in gear
interference, improper meshing, vibration, or excessive wear. Physical prototypes
may be manufactured to verify the final gearbox design and operation. Prototype
development increases material, manufacturing, and testing costs. Identifying
interference and clearance problems before manufacturing can also be difficult using
traditional methods. Performance evaluation under different operating conditions may
require additional physical testing. Repeated design modifications can further increase
development time and cost. Therefore, a CAD-based assembly and simulation
approach can provide a more efficient solution for gearbox development.

Disadvantages of Existing System

e Requires considerable manual calculations.

e Gearbox design can be time-consuming.

o Difficult to maintain accurate gear and shaft alignment manually.
e Gear interference may not be detected at an early stage.

e Physical prototypes may be required.

e Prototype manufacturing increases cost.

o Repeated modifications increase development time.

o Difficult to visualize complete gearbox operation.

e Manual assembly can introduce dimensional errors.

o Limited early-stage motion analysis.

o Stress and deformation may not be evaluated during initial design.
o Difficult to optimize multiple gear stages efficiently.

Proposed System

The proposed system focuses on designing and assembling a complete multi-stage
gearbox using advanced CAD modeling and assembly techniques. The design begins
by identifying the required input speed, output speed, torque, and overall gear ratio.
The overall ratio is distributed among multiple gear stages according to the required
transmission performance. Individual gears are designed with appropriate pitch
diameter, number of teeth, module, pressure angle, and face width. Shafts, bearings,
keys, spacers, and housing components are also modeled according to the design
requirements. All components are assembled in a 3D CAD environment while
maintaining accurate alignment and proper gear meshing. Assembly constraints are
applied to ensure correct positioning and movement of the components. Interference
and clearance checks are performed to identify potential assembly problems. Motion
simulation can be used to verify gear rotation and transmission between the input and
output shafts. Structural analysis can be performed to evaluate stresses and
deformation in gears and shafts. The design can be modified easily based on the
analysis results. Overall, the proposed system provides an efficient and reliable
approach for developing a multi-stage gearbox assembly.

Advantages of Proposed System
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e Provides accurate 3D gearbox modeling.

e Reduces manual design effort.

o Improves gear and shaft alignment.

o Helps detect interference before manufacturing.
e Supports proper gear meshing analysis.

e Allows easy modification of components.

e Supports motion simulation.

o Enables stress and deformation analysis.

e Reduces the need for physical prototypes.

e Saves design and development time.

o Helps optimize gear ratios and dimensions.

o Improves overall gearbox reliability and performance.

IV. Methodology

The methodology begins by identifying the required input speed, output speed, torque,
and overall transmission ratio of the gearbox. The total gear ratio is divided among
the required number of stages to achieve the desired speed reduction. Suitable gear
types, materials, modules, and numbers of teeth are selected for each stage. The
individual gears are modeled using appropriate CAD features and standard gear
geometry. Shafts are designed according to the transmitted torque and required gear
positions. Bearings, keys, spacers, and other supporting components are modeled
based on their functional requirements. A gearbox housing is created to accommodate
and support the complete gear train. All components are assembled in a CAD
environment using suitable assembly constraints. Gear alignment, shaft positioning,
clearances, and interference are checked carefully. Motion simulation is performed to
verify the rotational movement and interaction between the gear stages. Structural or
stress analysis can be carried out to evaluate critical components under operating
loads. Finally, the simulation and assembly results are analyzed and necessary design
modifications are made to improve the gearbox performance.

System Architecture
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SYSTEM ARCHITECTURE
MULTI-STAGE GEARBOX ASSEMBLY

2. GEAR RATIO & DESIGN 3. COMPONENT MODELING 5. INTERFERENCE & CLEARANCE
1. INPUT REQUIREMENTS 4. ASSEMBLY MODULE
g PARAMETER MODULE MODULE ASSEMBLYMODU CHECK MODULE

« Input Speed (N;,) « Calculate Overall Gear Ratio  Model Gears (Stage 1,2, ... n) « Import All Components  Check Interference Between
* Output Speed (Nou) « Distribute Ratio Among Stages « Model Shafts (Input, Lay, Output) « Assemble Gears, Shafts, Components
« Transmitted Torque (T) « Select Gear Type (Spur/Helical) « Model Bearings Bearings in Housing  Check Gear Tooth Clearance
« Overall Gear Ratio (i) « Determine Module, Pressure « Model Keys, Spacers, Circlips * Apply Assembly Constraints * Check Bearing Fit and Shaft
« Number of Stages [ Angle | « Model Housing (Casing & Cover) | | * Maintain Shaft Alignment =l sCleafance’
o Difactionisr Rotaion « Number of Teeth for Each Gear « Model Fasteners (Bolts, Nuts) + Define Gear Mesh « Verify Housing Space
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10. FINAL OUTPUT 9. DESIGN OPTIMIZATION MODULE 8. RESULTS & POST-PROCESSING [ 7. STRUCTURAL ANALYSIS MODULE 6. MOTION SIMULATION MODULE
« Complete 3D Model of « Modify Gear Ratio or Teeth « Review Assembly | + Apply Material Properties « Define Motor/Input Motion
Multi-Stage Gearbox + Change Module / Face Width « View Motion Animation | « Apply Loads and Constraints + Run Motion Simulation
* 2D Drawings & BOM « Modify Shaft Diameter « Review Stress/Deformation Results « Perform Static/Stress Analysis « Verify Gear Rotation
* Analysis Reports ) |g— *+ Change Material L~ * Check Gear Contact [« * Check Factor of Safety ¢! * Check Power Transmission le-+
* Ready for Manufacturing + Re-run Analysis & Simulation « View Graphs & Reports + Evaluate Stress & Deformation from Input to Output '
| and Testing o Achieve Optimized Design « Compare with Design | in Gears, Shafts, Housing + Observe Shaft Rotation & .
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—> ProcessFlow | SR FEEDBACKLOOP | . :
~=-% Data Flow I Results are evaluated and changes are made in design parameters |
= =pEsadbatk Lot E or components to improve performance, strength and efficiency.

The system architecture represents the complete workflow used for designing,
assembling, and analyzing the multi-stage gearbox. The process begins with input
specifications such as required input speed, output speed, torque, and overall gear
ratio. These requirements are provided to the gear ratio and design parameter module.
The gear design module determines the dimensions, number of teeth, module, and
other parameters for each gear stage. The component modeling module creates the
individual gears, shafts, bearings, keys, spacers, and housing components. The
assembly module combines all components and establishes the required shaft
alignment and gear relationships. The interference and clearance checking module
identifies possible assembly problems between components. The motion simulation
module verifies gear rotation, gear meshing, and power transmission from the input
shaft to the output shaft. The structural analysis module can evaluate stress,
deformation, and strength of important components. The post-processing module
presents assembly and simulation results through models, animations, graphs, and
analysis outputs. The results are compared with the required design specifications.

V. Result and Output
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1. 3D MODEL OF MULTI-STAGE GEARBOX ASSEMBLY

Comglete 3D model of multi-stage gearbox N )
assembly with housing, gears, shafts, bearings Exploded view of all components showing
and supporting components. proper arrang and bly sequence.

ION SIMULATION

Input Shaft
{1500 rpm)

Proper gear meshing between all stages Motion simulation shows rotation of gears and
ensures h power trar ission. power transmission from input to output shaft.

5. VON MISES STRESS ANALYSIS (GEAR) 6. TOTAL DEFORMATION (HOUSING)

Von Mises Stress Total Deformation
(MPa} (mm)
150 0.080
I 300 ' 0.070
| 0.080
250
. 0.050
200 | 000
150 u 0.030
100 . 0,020
' 50 I 0.010
o 0.000
Maximum stress in gear is within safe limit. Total deformation in housing is very low
Safe factor is satisfactory. and within permissible limit.

Paamoter | Stagel | Stage2 | Stage3 | Oworall
| Gear Ratio |-)' | 400 | 400 375 | 6000 |
Input Speed (rpm) [ 1500 [ 375 | 93.75 [ |
Output Speed (rpm) ' - 375 93.75 I 150
Input Torque (N-m) [ s0 | w2 | 78 |
Output Torque Nm) - | 192 | 768 | 750
Power (kW) | 786 | 785 | 765 | 785
Efficiency (%) | 975 96.5 96.5 | 920.7
Direction [Tew [ ow | ow | cw
+ Complete and fully assembled multi-stage gearbox.
Performance results show desired speed reduction, S peration with proper alignment.
torque multiplication and efficiency. « Suitable for power transmission applications.
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Stage 1 Stage 2 Stage 3 Power is transmitted from input shaft to output
(i=4.0) (i=4.0) (i=3.75) shaft through three-stage gear system.

V1. Conclusion

The Multi-Stage Gearbox Assembly project successfully demonstrates the design and
development of a complete gearbox using computer-aided design techniques. The
gearbox consists of multiple gear stages, shafts, bearings, keys, spacers, and housing
components arranged to achieve the required speed reduction and torque transmission.

The individual components were designed with suitable dimensions and assembled
accurately to maintain proper gear meshing, shaft alignment, and component
clearance. The 3D assembly provides a clear representation of the complete gearbox
and helps identify possible interference problems before manufacturing.

Motion and performance analysis can be used to verify the rotation of the gears and
the transmission of power from the input shaft to the output shaft. Structural analysis
can also help evaluate the stresses and deformation of critical components under
operating loads.

Overall, the project provides an efficient approach for designing, assembling, and
evaluating a multi-stage gearbox while reducing design errors, development time, and
prototype requirements. The design can be further improved by optimizing gear ratios
gear dimensions, shaft sizes, materials, lubrication, and housing configuration to
achieve better efficiency, strength, durability, and reliability.
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