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Abstract 
Gear rolling is one of the latest techniques being used in gear manufacturing. As compared to 

traditional gear manufacturing techniques, gear rolling can add benefits like improved surface 

finish, increased flank strength, increased load capacity and less material usage. After initial 

research initiatives in USA, Germany and China, efforts are underway to make this technique 

industrially viable for production of both low and high module gears. 

There are two methods for gear rolling one uses round tools while other uses flat tools. The 

current work examines advantages and limitations associated with gear rolling by flat tools. A 

finite element simulation software has been used to analyze the process and results are compared 

with actual gear to confirm viability of the process. The results of the simulations validate the 

previous findings about gear rolling and provide a base for future developments in this field. 
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NOMENCLATURE 

 

Symbols 

Symbol Description 

Vb  Volume of blank before rolling 

Vg Volume of blank after rolling  

rb Radius of Blank before Rolling 

rg Radius of Blank after Rolling  

di Initial Diameter of the blank 

dinternal Internal Diameter of  blank 

Ab Area of blank before rolling 

Ag Area of blank after rolling 

z  No of teeth 

m Module of gear 

Pi  Initial Pitch of the tool 

Pf  Final Pitch of the gear 

α  Pressure Angle 

fpt Single Pitch Deviations 

Fp Total Cumulative Pitch Deviation 

Vp Penetration Velocity 

vh Horizontal Velocity 

n Strain exponent 

fpt Single Pitch Deviations 

Fpk Cumulative Pitch Deviation 

 







 

Abbreviations 

CAD Computer Aided Design 

AGMA American Gear Manufacturers Assosiation 

2D 2-Dimensional 

3D 3-Dimensional 
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AISI American Iron and Steel Institute 

ANSI American National Standards Institute 

FEA Finite Element Analysis 

DPH Diamond Pyramid Hardness 

 

 



 7 

TABLE OF CONTENTS 

 

ABSTRACT  1 

ACKNOWLEDGEMENTS  3 

NOMENCLATURE  5 

TABLE OF CONENTS   7 

1 INTRODUCTION   9 

 1.1 Background   9 

 1.2 Purpose  10 

 1.3 Outline   10 

 1.4 Method   10 

2 LITERATURE REVIEW   11 

3 METHOD   27 

 3.1 Why FEM   27 

 3.2 Problem Definition   27 

 3.3 Process Modelling  29 

 3.4 Simulations in DEFORM   33 

4 RESULTS   41 

 4.1 Modelling Parameters   41 

 4.2 Results for gear rolling with module 4mm   43 

 4.3 Final Geometry  51 

 4.4 Calculation of gear quality parameters  51 

 

 

5 DISCUSSIONS   55 



 8 

6 CONCLUSION AND FUTURE WORK    59 

 6.1 Advantages of Gear rolling  59 

 6.2 Limitations of Gear rolling   59 

 6.3 Future Recommendations  60 

7 REFERENCES   63 

 



 

9 

 

1 INTRODUCTION 

This chapter decribes briefly the background for the thesis, purpose and method used. 

 

1.1 Background 

 

Traditional gear manufacturing techniques have been used for a long time now. The demand for 

optimizing and innovating gear manufacturing techniques became evident with increased focus on 

process efficiency and environmental impact of manufacturing processes. Figure 1 shows traditional 

gear manufacturing techniques used industrially nowadays. 

 

Figure 1 Techniques used in gear manufacturing 

 

At the present, the production of high quality gear teeth is still dominated by metal-removing 

production processes but efforts are underway to replace these with environment friendly and 

more efficient manufacturing techniques. 
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1.2 Purpose 

 

The purpose of this research is to investigate gear manufacturing by cold rolling processes using 

flat dies. Due to ever increasing focus on greener and more efficient manufacturing techniques, 

gear manufactures are looking into forming methods. The findings of this thesis will be used for 

prototyping gear rolling by flat tools so that industrial viability of the process can be validated. 

1.3 Outlines 

In this thesis simulations will be performed to investigate and validate the process of gear rolling 

by flat dies. It involves simulating the process from the start and then comparing the results of 

the simulations with a standard gear to see the deviations. 

1.4 Method 

Finite element simulations are used to analyze the cold rolling and process parameters are kept as 

realistc as possible. The analysis will give us the values of principle stresses and strains in the 

rolled gear at the end of simulations. 
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2 LITERATURE REVIEW 

In this chapter a literature overview of rolling processes is discussed. 

 

In the past there have been some efforts to use forming techniques for gear manufacturing. One 

of the landmark studies in gear rolling was carried out by Kamouneh [1] in his PhD thesis in 

2006. He also mentioned previous work done by Smith [2] and Egan et al [3] who reported that 

Ford Motor Company had successfully implemented hob & roll as a viable high volume 

production technique at its automatic transmission plants. Danno and Tanaka [4] reported 

developmental work on hot rolling of precision helical gears at Toyota research laboratories. 

 

The work of Kamouneh [1] is associated with gear rolling by flat tools. This research was aimed 

at proposing a new cold roll forming method for precision involute gears. It also resulted in 

experimental validation of gear rolling along with financial analysis of the process. The most 

interesting part of this research for current master thesis is the analytical work done by using FE 

softwares. These FE analyses were used for designing experimental tests. This enabled a better 

understanding of the process parameters (e.g. die forces, feed rate) and an optimized process 

design. 

 

The basic technique used by Kamouneh [1] in cold rolling with flat tools was with two rolling 

rods moving in opposite directions, these dies interact  with the rolling blank symmetric to 

rotation. The blank was centered between upper and lower dies and could rotate freely. The 

motion of the dies was synchronized with each other. Both the dies set the blank into rotation by 

means of friction and teeth on dies. This technique is shown in the Figure 2. 

 

 

Figure 2 Figurative representation of Gear rolling by flat tools (Both dies pressing the blank and teeth are being 

rolled onto the blank  
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To study and predict the process parameters such as die forces, researchers in  Kamouneh [1] 

used ABAQUS for 2D analysis (a Finite Element Method based process simulation system) and 

DEFORM ( another Finite Element Method based process simulation system for 2D and 3D 

analysis). The predicted die forces from these results were compared with die forces from 

experiments. 

2D analysis using ABAQUS was preferred due to its simplicity and less time consumption. 

Figure 3 shows the 2D ABAQUS model. It was assumed that for predicting die forces a 2D 

analysis was sufficient. The predicted forces were to be compared with actual forces afterwards. 

However this analysis had some limitations too. The tool length was reduced to reduce 

simulation time and thus deformation rate was very high. This high deformation rate however, 

did not impact the predicted die forces significantly. 

 

 

 

Figure 3 A 2D ABAQUS model of flat-rolled helical-involute pinion Gear, Kamouneh [1] 

 

2D analyses of the process were good but for further in-depth simulations 3D analyses were 

performed using DEFORM. Setting up 3D models was more time consuming and more complex 

than 2D analysis. A typical simulation took about one week to run and used up about 15 GB of 

memory. However, these simulations provided better insight into the metal forming process. 

Figure 4 shows the 3D models developed for DEFORM. 
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Figure 4 DEFORM three-dimensional model of flat-rolled helical-involute pinion gear, Kamouneh [1] 

 

The work piece was modeled as a plastic object with about 120,000 four-node tetrahedral 

elements. The mesh density resulted in elements that were about 0.5 mm in size and which 

ensured that enough details would be captured for the gear teeth. The dies were modeled as rigid 

bodies in order to keep the number of calculations manageable.  

 

The results of 2D and 3D analyses were validated by experiments. The gear chosen for the 

experiments was pinion gear from a North American transmission. The gear design conformed to 

AGMA 112.05 & ANSI B6.1. It was an eighteen-tooth, left handed, involute helical gear with a 

21° helix angle and a pitch diameter of 26.993 mm. Its pressure angle was 20°. The steel used in 

this research was AISI 4620. The machine used in the study was a MARAND S-350 equipped 

with special dies. 

Time-lapse photographs in Figure 5, demonstrate how a flat-sided die generated the involute 

flanks of the gear teeth.  
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Figure 5 Time-lapse photographs: flat-sided die generating the involute flanks of the gear teeth 

 

Parameters like strain signature, die forces, gear geometry, hardness were obtained from 

experiments and these were compared with the results from FE simulations and also with a gear 

manufactured by machining processes. These results are discussed briefly in the next paragraphs.  

 

In Kamouneh et al. [5], researchers have studied the work-hardening effect on the critical areas 

of a gear profile. Traditionally machined gears, as well as flat rolled gears were subjected to the 

same metallurgical examination. Experiments proved that flat-rolled gears showed better grain 

flow than machined gears. This was attributed to the cuts across the grain flow lines in 

machining which cause failure by fatigue. However in gear rolling, the compressive residual 

stresses in the surfaces of the gear improve the resistance against fatigue failure.  Figure 6 

displays pictures taken at lower magnification and shows the grain flow for each manufacturing 

technique. 
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Figure 6 Grain flow comparison: Production machined part (left), Prototype flat-rolled gear (right) Kamouneh et al. 

[5] 

 

 

Figure 7 Strain signature prediction, DEFORM (left), and actual prototype (right) [5] 

 

In the same paper strain signatures of prototype gear were compared with that of DEFORM 

prediction. This showed that there is more deformation at the outer layers of the gear than the 

core regions. The microhardness of the gears manufactured by rolling showed 50% increase as 

compared to traditionally machined gear. This was shown by comparing the micro hardness test 

results of the cold rolled prototypes to traditionally machined parts.  
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Figure 8 Comparison of DPH numbers: Production machined part (left), Prototype flat-rolled gear (right) 

Figure 8 shows the test results in the form of diamond–pyramid hardness (DPH, also known as  

Vickers Pyramid Number HV) numbers for the two gears. The flat-rolled part has a DPH range 

of 176–302. The machined part has a DPH range of 172–200 (about 50% increase). Hardness 

correlates to strength and thus we can conclude that the strength of tooth increases. 

 

In Kamuneh et al. [6] subsequent experiments on prototypes and previous research by Egan et al 

[3] helped to deduce three main problems in gear rolling. These problems are shown in the 

Figure 9. 

 

 

 

Figure 9 Three quality issues in flat-rolling: (1) rabbit ear, (2) asymmetric flanks 

(3) barreling (right), Kamouneh at al. [6] 

1. Rabbit ears:  In this defect excess metal was rolled on the major diameter of the gears. In 

Egan et al [3] researchers reported that this problem could be partially solved by reversing the 

direction of the dies.  
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2. Asymmetrical flanks: In Dissimilar metal flow on gear flanks. In Egan et al. [3] this problem 

was also resolved partially by reversing the direction of the dies.  

3. Barreling: The deformation caused severe barreling in the part. Die fill is less at the ends than 

the middle of the part causing the tooth profiles to be worse on the ends than the middle.  

 

In Kamouneh et al. [6] for addressing the problems associated with gear rolling an actual flat-

rolled prototype was measured for establishing a baseline for the FEM. A coordinate measuring 

machine was used to measure gear tooth and the results were exported to MINITAB. Afterwards 

a standard gear profile designed in CAD was imported into the DEFORM and compared to the 

virtual product that was obtained with FEM simulation. Then, the deviations from the standard 

were measured.  

 

The rabbit ear phenomenon, which is a common geometrical error in rolling of gears, was 

encountered in study of Kamouneh et al. [6]. The error was partly eliminated by modeling the 

effect of reverse rolling. After simulating different die stroke combinations, the best results were 

obtained from rolling the gear through 70% of the die stroke and then reverse rolling the 

remainder of the stroke. This process minimized rabbit ear effect which is shown in Figure 10 

and Figure 11. It was further suggested that replacing the chamfers with radii would improve 

metal flow and reduce rabbit ears. The  

 

 

 

Figure 10 Rabbit ear solution. Actual part (top left), DEFORM simulation of actual process (top right), actual versus 

FEM (bottom left), and DEFORM reverse roll prediction (bottom right),  Kamouneh et al. [6] 
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Figure 11 Effectiveness of rabbit ear elimination by reverse rolling: Actual process simulation (left) and reverse roll 

predictions (right), Kamouneh et al. [6] 

 

 

To remove the problem of asymmetrical flanks reverse rolling was tried as well. It was found out 

that the profile error on the left flank and right flank of the gear had a 21% and 25% 

improvement, respectively by the use of reverse rolling. This is shown in the Figure 12. 

 

 

 

Figure 12 Effects of reverse rolling on flank symmetry. Actual process simulation (left) and reverse roll predictions 

(right), Kamouneh et al. [6] 

 

In Kamouneh et al [6] to solve the barreling problem the researchers modified the blank 

geometry by help of an iterative process using FEM. However, no solution was found because of 

convergence problems. A proposed solution was to modify the shape of the blank as shown in 
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the Figure 13. This eliminated barreling from the middle of the tooth. However, the ends still 

exhibited the problem when the simulation was stopped due to excessive run time. 

 

 

 

Figure 13 Proposed blank modification to eliminate barreling: Original geometry (left) and proposed modification 

(right), Kamouneh et al. [6] 

 

 

Another important research in the field of gear rolling was done by Neugebauer et al. [8]. Their 

research was mostly based on gear rolling with round tools. The round rolling technique clamps 

the blank which is symmetric to rotation between the tips in the axial direction as shown in 

Figure 14. Depending upon the technique, two or three round tools with the same direction of 

rotation and a constant speed form the toothed geometry into the blank. 

 

Figure 14 Round Rolling Technique 

The penetration into the work piece is done by reducing the distance between the round tools in 

the radial direction.  
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And since the work piece (blank) can be rotated several times, we can assume the round rolling 

tools as tools of infinite length. This is a benefit that round rolling has when we compare it with 

flat tools which are limited in their length. In other words, the design of the round rolling 

technique does not make it possible to give tools variable pitches (i.e., with variable spaces from 

one tooth to another) to ensure a pitch-precision process of penetration of tool teeth into the 

rolling blank which is dependent upon the diameter. But the tool simplicity makes it easy to 

achieve the desired gear from blank as compared to flat rolling in which the linear motion of the 

flat tools causes problems when tools interact with the round blank.   

The research results indicated that this method can only be used in manufacturing of relatively 

low modules (1-3 mm), but with the greater modules (4-6 mm) of heavy vehicle gears the 

problem of pitch deviation in rolling remains much more significant. 

Neugebauer et al. [8] also did research on gear rolling with Flat tools. In their model for flat 

rolling, the work piece is rotated freely and is in the center of two flat dies. The first phase in the 

process is the initial rolling, (Figure 15 part a) to divide the blank into required number of teeth. 

The next step is to penetrate the tools into the work piece while these are rolling the work piece 

(Figure 15 part b). In this part the tools will generate most of the gear teeth shape. Finally it will 

be the running out zone of the process, which includes the calibrating phase of the rolling 

process. In this phase the tools just have a linear motion and the shape of the teeth will be 

finalized (Figure 15 part c). 
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Figure 15 Rolling zones with Flat rolling technique, Neugebauer et al. [8] 

 

Finally, Neugebauer et al. [8] developed a model to design a pitch variable flat tool in order to 

achieve a higher precision rate in the pitch of the products of gear rolling with flat dies. The 

model is based on the number of teeth in the final gear product and applying different pitches on 

the tool side. The initial pitch will come into contact with the blank in start phase of process and 

divide it into required number of teeth. The final pitch of the tool is same as the required pitch 

for the final product. By dividing the difference between the initial pitch and final pitch along the 

tool, the researchers calculated the required variation in the pitch for each of the teeth on the tool. 

As far as the round rolling technique is concerned, considerable work has been done by 

Neugebauer et al. [9]. In this paper they have discussed that the round rolling process with two 

rolling tools can be regarded as a forming process of infinite utility length. This means that the 

maximum tip diameter for rollable blank is only limited by available workspace of the used 

machine. The rotationally symmetric blank is clamped between the tips in axial direction. The 

round rolling tool starts to penetrate from pre-rolling diameter of blank with same direction of 

rotation and constant speed.  The forming of tool geometry into blank is achieved via reduction 
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of the shaft base distance in the radial direction. They discussed the three phases of the rolling 

process. 

Phase I: Punch path without feed  

 

As shown in Figure 16  

- The tool tips (diameter Da) touch the defined blank pre-forming diameter dv 

- Rolling without feed to realize blank pre-forming diamter pitch pA 

- pA corresponds to Tool tip diameter pitch pa,WZ 

 

Figure 16 Phase I of rolling process: Punch path without feed,  Neugebauer et al. [9] 

Phase II : Penetration and reversal of rotation  

As Shown in Figure 17 

- Diameter dependent penetration process into blank by synchronous feed and rotation speed 

- Symmetric forming of teeth contour by specific positioning of reversal points during whole 

penetration path 
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Figure 17 Phase II : Penetration and reversal of rotation  [9] 

Phase III: Calibration and release 

As shown in  

- Calibration of full formed gearing profile 

- Optimization of surface qualities and concentricity by 3-5 calibration over rolling cycles 

- Release of blank 

- Blank unloading 

 

Figure 18 Phase III: Calibration and release, Neugebauer et al. [9] 
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In Neugebauer et al. [9], researchers  said that for cold rolling conditions, carbon and alloy steels 

with carbon content less than 0.2% are majorly used. The work done in this paper is a numerical-

experimental determination of the tools stresses. FEM based simulations provide the idea of the 

von Mises stresses generated in the tool during cold rolling process as shown in Figure 19, which 

are then correlated with the experimentally obtained von Mises stresses.  

 

Figure 19 Stress distribution during calibration according to von Mises, Neugebauer et al. [9] 

 

The stresses were measured experimentally by strain gauges and then transferred to the computer 

by a multi-channel wireless telemetry system from the rolling machine, which were then 

compared to the simulation results. This combination led to the design and optimization of cross-

wedge tools for the profile geometries. 

 

Figure 20 Experimental setup, Neugebauer et al.  [9] 

In Neugebauer et al. [9] , researchers used visioplasticity approach to study the cross wedge 

rolling process. In visioplasticity a grid is imprinted onto the metal or modeling substance such 

as lead, wax etc. before the deformation starts. Pictures taken at small intervals during the 

deformation process enable the investigators to construct flow patterns and strain rate fields 

during steady state and unsteady state flows. In Neugebauer et al. [9], researchers selected 
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visioplasticity due to the advantage of minimum technical effort required by the device. They 

used C15, 16MnCr5) as the work piece material. 

In Neugebauer et al. [9], researchers adopted hybrid approach by combining visioplastic 

determination with the FEM simulation as shown in Figure 21. The deformation is analyzed 

using multiple cameras and the grid spacing should be suitable enough to capture the 

deformation in the work piece geometry. The researchers used grid spacing of 2 mm which could 

not completely capture the deformation in the tooth flank and head zone of boundary geometry. 

In Lahl et al. [10], the researchers also mentioned that for improved deformation analysis, grid 

size of 1mm can be used. This high accuracy is then able to analyze the visioplastic evaluation of 

grid deformation and strain parameters in accordance with the available plastic theories of 

Huber, Hencky, Levy or v. Mises.  

 

Figure 21 Hybrid analysis for spur gear rolling process [9] 

 

 

 

 

 

 

 

 



 

26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

27 

 

3 METHOD 

 

This chapter discusses the use of FEM, the broad definition of the problem and then the 

modeling techniques used for the process. 

3.1 Why FEM? 

To understand the process of gear rolling by flat tools, Finite Element Analyses were considered 

suitable for a variety of reasons.  

 The machines and dies required for gear rolling are also not readily available. 

 Fem gives greater flexibility to model complex geometries involved in gear rolling by flat 

tools. 

 Prototyping for this process required analytical verification, and thus FE analysis 

becomes inevitable.  

Two types of methods are generally used to solve dynamic and non-linear static problems by 

FEM. First one is explicit finite element method. An explicit FEM uses incremental approach. At 

the end of each step the stiffness matrix is updated based on geometry changes (if applicable) 

and material changes (if applicable).  Then a new stiffness matrix is constructed and the next 

increment of load (or displacement) is applied to the system. The results by this type of method 

are accurate if the increments are small enough which results in an increased number of steps.  

An Implicit FEM analysis is similar to Explicit with the addition that after each step the analysis 

enforces equilibrium of the internal structural forces with the externally applied loads. Implicit 

uses Newton-Raphson iterations to enforce equilibrium.  This type of analysis is relatively 

accurate than explicit method and can take somewhat bigger increment steps.  

In this thesis work we will use implicit method in DEFORM.  

 

3.2 Problem Definition 

Since gear rolling involves large deformations, it was decided to use DEFORM for FEM 

simulations of gear rolling. DEFORM is a Finite Element Method (FEM) based process 

simulation system designed to analyze various forming and heat treatment processes. It is 
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tailored for deformation modelling and has a fully automatic, optimized remeshing system 

tailored for large deformation problems. 

For modelling gear rolling 2D models were used instead of the 3D models offered in DEFORM. 

This approach was used as the material displacement in the Z direction is very low. Using 2D 

models has its own benefits and drawbacks. It reduces the simulation time considerably but the 

main drawback of this approach is that the analysis on material movement in Z direction close to 

the boundary is neglected. This material movement causes barrelling which is a defect due to 

rolling of gears. 3D models can be used in the future to investigate the effect of barrelling. 

Another drawback of 2D modelling is that it cannot be used to model helical gears and is only 

limited to spur gears. 

As it is clear from the literature the process of gear rolling by flat tools needs two flat dies 

moving in opposite directions and penetrating the work piece gradually. In simulating the 

process, we can use both 2 dies or use only 1 die. When using a single die the length of die is 

increased to cover the whole circumference of gear blank. The use of a single die reduces 

simulation time and points of contact. Using two dies increases the simulation time but it is more 

comparable to actual process.  

For modelling the dies and work piece, DEFORM has options for defining geometry. This 

function can be used to define geometry either directly in DEFORM (import a list of nodes 

calculated by any other software) or it can import geometries from CAD softwares in “.dxf” 

format. For defining die geometry in this thesis SolidWorks was used. The design of dies is 

particularly important in gear rolling by flat tools. The literature reveals several different 

methods for die designs each of which were considered separately.  

In DEFORM the contact between two objects is defined based on the contacts between nodes on 

their profiles. Therefore we need to define appropriate number of points on the die profile so that 

die and work piece keep contact in a desirable way during the whole process. The number of 

points on dies corresponds directly to the total time for simulation and accuracy of the solution. 

For more accurate simulations we can use more contact points on the die prolife but this will 

increase simulation time as well. Therefore it is imperative to find a suitable compromise 

between accuracy of the solution and total simulation time. 

The second part in defining the problem concerns the work piece or blank geometry. Since we 

are using 2D simulations, the only parameter for defining work piece geometry is the diameter of 
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work piece. This blank has to be fixed in the space so that it can only rotate around its axis and 

without translating vertically or horizontally. This is done by defining a central hole in the blank. 

A shaft is then inserted into this hole. This shaft is fixed in 2D space (X and Y axis) but it can 

rotate around its centre freely. A frictionless contact is defined between the solid shaft surface 

and the inside surface of the blank. This allows the model to reproduce the same conditions as in 

the real rolling machine and eliminates unnecessary frictional force which is not present in work 

piece in practical experiments.  

 

Material selection and properties were based on the material used in literature. The material for 

work piece was DIN 16MnCr5. This material is commonly used in automobile industry for 

gears. Of the available material behaviours in DEFORM rigid-plastic behaviour of materials was 

used. This selection was made on the basis that rigid-plastic behaviour of material has more 

convergence rate and the simulation time is reduced considerably. Elastic-plastic behaviour of 

material is more realistic and useful as it considers spring back effect of materials, but due to 

very long simulation times this behaviour was not considered. Thus for this master thesis, rigid-

plastic behaviour of steel (work piece material) was chosen.  

The dies are assumed to be rigid in this analysis and all the focus is on the stresses and strains in 

the work piece. The impacts of die forces and material properties of dies are not part of these 

simulations but can be considered for further studies. 

Another important issue is the modelling of the friction effects in the process. In the cases 

studied during the development of this thesis work, the friction has been considered as 

“Coulomb” friction with the friction coefficient “0.1”. Different values of frictional coefficient 

and its impact is a recommended area for research in future.  

 

3.3 Process Modelling  

 

The first step in modeling is calculation of blank diameter. It is a very critical step and requires a 

lot of attention. To calculate blank diameter we need to know the design parameters of the final 

gear that we want to generate.  
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The calculation of blank diameter (di) is based on the idea that pre-rolling volume (Vb) of the 

blank is equal to volume of the blank after rolling (Vg). This is valid because plasticity in this 

process does not generate volume change. Therefore,  

 

Vb = Vg 

This statement is true for a 3-dimensional gear and blank. But since 2 dimensional models (i.e 

only plain strain is considered) are used in this thesis we can use an extension of this volume 

equality. This means that the surface area of the blank before rolling starts is equal to surface 

area of blank after rolling. 

 

Ab = Ag 

πrb
2
 = πrg

2 

 

Where, 

rb= Radius of Blank before Rolling 

rg = Radius of Blank after Rolling 

 

For calculating di, we first generate the final gear with the help of KissSoft. For generating 

required gear in KissSoft we enter gear parameters like module, number of teeth and pressure 

angle. After this we run a small calculation in KissSoft. The software calculates the gear tooth 

profile and can generate a “dxf” file of complete gear profile. For instance for our case the 

design specifications of the final gear are: 

 

Module = m = 4, 

 

No of teeth = z = 26, 

 

Pressure Angle = α = 25⁰ 

 

Profile Shift Coefficient = x = 1.5026  [11] 
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Using the gear parameters stated, a “dxf” file is generated in KissSoft. This file can be imported 

to SolidWorks as a new model. The gear modeled for our simulations is shown in Figure 22. 

 

 

Figure 22: Required Gear geometry 

 

After the generation of gear profile we now have to find out the surface area of the gear. This 

surface area helps us in turn to find the pre-rolling diameter of the blank.  

 

After finding out the surface area of the required gear, we use our initial supposition that the area 

of the desired gear is equal to area of the blank. The area of the blank in turn gives us the 

required radius of the blank. 

 

After finding the diameter of the blank, the next step is the die design. In flat rolling, the design 

of dies is complicated and it needed a lot of attention to achieve die design for intended gear 

generation. Initially the  method  used by Neugebauer et al. [8] was also used with a lot of 

different variations but simulation problems were encountered due to software limitations.  

 

Therefore it was decided to change the approach for designing dies. In the current approach after 

calculating the blank diameter, we find out the initial pitch of the tool. This is found by simply 

dividing the blank diameter into portions equal to number of teeth and then finding out the pitch 

according to a simple formula. 

 

Pi =  

Where 
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Pi = Initial Pitch of the tool 

di = Initial Diameter of the blank 

z = Number of teeth on the required Gear 

 

After calculating the initial pitch we can also find the final pitch of the die. The final pitch of the 

die can be calculated by a formula used for gear pitch calculation. 

 

Pf =  

Pf = Final Pitch of the gear 

m = Module of gear 

After calculating the initial and final pitches for the gear, we find out the height of the teeth of 

the intended gear by just calculating the height from the gear design in CAD software. In our 

simulations gear height was calculated from the model of gear generated in SolidWorks. 

 

For the first cycle of rolling, initial pitch Pi is used. After the first penetration we gradually 

change the pitch value on the dies according to penetration values. For instance for finding the 

pitches for rolling cycles we use the following method.  

 

P1 = Pi – {( ) × 1} 

 

P2 = Pi – {( ) × 2} 

 

P3 = Pi – {( ) × 3} 

 

Pn = Pi  – {( ) × n} 

 

Ultimately the variable pitch reaches the value of Pn    and comes equal to Pf.  

 

3.4 Simulations in DEFORM 
 
The next step is setting up simulations in DEFORM. First of all we select 2-D simulation 

function. After this we define the geometry of the work piece (gear blank) in DEFORM. The 

required outer diameter is entered in DEFORM. Another important point is to keep the inner 
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diameter of the work piece as large as possible. This helps to reduce the number of elements and 

keeps the simulation times relatively short. After defining the inner diameter we then have to edit 

the topology of the material. The material after geometry definition is shown in figure 23. 

 
 

Figure 23 Geometry of gear blank defined in DEFORM 

The inner shaft for fixing the gear blank in x and y directions is also defined as a separate object. 

This shaft is defined as rigid. After defining these geometries we can define the mesh. This step 

is a very important step and it takes a lot of simulations to find the suitable pattern for meshing 

windows. Meshing windows are regions which can be defined in DEFORM to generate variable 

mesh density in different areas of the work piece. Meshing windows help to reduce the total 

number of elements in the work piece and thus reduce the overall simulation time. To keep the 

simulation time as short as possible, mesh density was coarse in the region where deformation of 

material was relatively less. Around contact points the mesh density was high to collect as much 

information as possible about deformation in the material during rolling. Figure 24 shows 

meshing windows and the number of elements used. 
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Figure 24 Meshing windows used in Simulations 

 

After defining the geometry of the gear blank the next step is to define the geometry of the dies 

in DEFORM. There are different ways to define die geometry in DEFORM. Simple die designs 

can be defined by using the “Edit geometry” function in DEFORM, but for complicated die 

designs, other design softwares or any simple program (i.e. in MATLAB) can be used. In this 

research the dies were imported from SolidWorks in “dxf” format. It is important to correct the 

die by using “Correct geometry” function in DEFORM. Once the die is corrected, we can 

position it according to design calculations. An important point here is to make sure that while 

defining the geometry of the dies (in either DEFORM or any other software), the origin of the 

die should be chosen carefully so that it is easy to position the die in DEFORM. 

 

After defining die position, we can define the movement controls for all the objects.  For the dies 

we need to define the movement according to the position of the dies after each cycle of rolling 

(i.e. position of dies after penetration). A general guideline in this regard is to design a simple 

model in any CAD software and check the minimum penetration that is necessary to keep the 

dies in contact with work piece at all times. To calculate the minimum penetration required a 

circle with the same radius as blank diameter was drawn and divided into parts equal to number 

of teeth in final gear. After this a perpendicular is drawn on the mid of line between two 

consecutive points of blank portions. The minimum penetration in this blank was found to be 

equal to 0.415 mm. However this value is very low and for our first rolling cycle, the penetration 

depth was equal to 1.8 mm. The values of minimum die penetration are listed in Table 1. 
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Module Minimum Penetration (mm) 

1 0.1 

4 0.415 

 

Table 1 Values for minimum penetration 

 

Movement controls for the gear blank can be defined by linking the blank movement with the 

movement of dies with a scaling factor of 0. For object 4 we use “Function of time” and fix the 

shaft at its center. The movement controls for dies and work piece are shown in figure 25. 

 

 

 

Figure 25 Movement controls for Die and Work piece respectively 

 

Movement controls for the inner shaft are different than those of work piece. The inner shaft will 

restrain the work piece from moving horizontally or vertically. It needs to be fixed about its 

center so that it limits the motion of work piece. To achieve this, we used “Define Function of 

time” in DEFORM. The use of this function enables us to limit the motion of central shaft up till 

a certain time defined in the function. This is indicated in figure 26.  
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Figure 26 Movement controls Inner Shaft using function of time 

 

After defining die position and motion controls, we now define the simulation controls for the 

simulation. In simulation controls we can define the number of simulation “steps” and “Time 

step” for our simulation. Time step should be chosen carefully as a large time step with a large 

die velocity will result in very large displacement of dies in one step. For our simulations a time 

step of 0.001s was chosen after trying different values.  

 

The next step is to define the material behavior. As mentioned  in Chapter 2, the material for dies 

and inner shaft is rigid therefore there is no material specification for these. The work piece 

material chosen for the case study was 16MnCr5. Ali Reza [11] chose a Power law in DEFORM 

to define the material behavior which is stated in Equation 1. 

 

     σ = c εn
 έm + y     (Equation 1) 

Where, 

σ = Flow Stress 

c = Constant 

ε = Strain 

n = Strain Exponent 

έ= Strain Rate
 

m = Strain Rate Exponent 
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y = Constant 

Figure 27 shows how to set these parameters in DEFORM. 

 

 

Figure 27 Setting up Material properties in DEFORM 

 

The final step before starting simulations is Inter-object data. This includes defining which parts 

are in contact, which parts have friction and which friction model is to be used. In this research, 

we suppose friction between the tool and the blank. Between the blank and the solid shaft, there 

is only a contact in the middle without friction. This is necessary for free sliding rotation of 

blank around the inner shaft. Figure 28 shows how to set up inter object data in DEFORM. 
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Figure 28 Defining Inter Object Data in DEFORM 

 

In some cases it is better to use the remeshing function of DEFORM. While remeshing increases 

the simulation time, it was observed that remeshing makes the contact between dies and blank 

smooth even  if we are not using any dense mesh windows around contact points. This smooth 

contact is very important for a good final result in case of flat rolling. 

After setting up all the parameters, we finally generate the data base in DEFORM and run the 

simulation. After first cycle is complete, we have to penetrate in the blank first and then continue 

its motion in horizontal direction. These series of steps are repeated till we achieve the final 

results.   
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4  RESULTS  

 
This part of the thesis report presents the results of the process modeling. The results include the 

stress and strain distribution in the blank after each rolling cycle. After the last cycle the final 

geometry can be derived and its parameters can be measured and compared with a standard 

gear design to define the quality of the roll forming.  

 

4.1. Modelling parameters:  
 

Final Gear specifications: 

Module = m = 4, 

 

No of teeth = z = 26, 

 

Pressure Angle = α = 25⁰ 

 

Blank parameters: 

 

di = 114.0094 mm 

dinternal = 33 mm 

Diameter of inner hole for Supporting Shaft = dinternal 

 

The material parameters are set in Power Law (Equation 1) as follows: 

 

n = 0.37 

m = 0 

Y=280 MPa 

E= 200 GPa 

C=315 MPa 

 

The coefficient of friction between the blank and the die is defined as: 
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μ=0.1 

 

After the above data has been set, we switch to the finite element simulation parameters: 

 

Number of elements= 4000 elements 

Step size= 0.001 s 

Type of problem: Plane strain 

Type of analysis: Lagrangian Incremental Forming 

 

 

Die parameters: 

 

A flat die has two kinds of movements. It penetrates the work piece to specified depth first and 

then moves in horizontal direction.  

 

Penetration Velocity = Vp 

 

Horizontal Velocity = Vh 

 

Initial Pitch = Pi   =  = 13.776 mm 

Final Pitch of the die = Pf =  = 12.5664 mm 

 

 

P1 = 13.695 mm 

P2 = 13.614 mm 

P3 = 13.534 mm 

P4 = 13.453 mm 

P5 = 13.372 mm 

P6 = 13.291 mm  

P7 = 13.211 mm 

P8 = 13.130 mm  

P9 = 13.0494 mm 

P10 = 12.969 mm 
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P11 = 12.888 mm 

P12  = 12.807 mm 

P13 = 12.726 mm 

P14 = 12.645 mm 

P15 = 12.566 mm 

 

The pitch for the die teeth will remain same for one set of teeth i.e. 26 teeth in this case. After 

first rolling cycle is complete the pitch changes for 2
nd

 rolling cycle. In these simulations 5 

rolling cycle were used with variable pitch values for each cycle. The penetrations are listed and 

their respective itch values are listed in table 2. 

 

Rolling Cycle Penetration Value (mm) Pitch (mm) 

1 1.8 13.776 

2 3 13.534 

3 4.2 13.372 

4 5.4 13.0494 

5 6.6 12.888 

Table 2 Penetration values for different cycles 

 

In addition to these 5 rolling cycles with penetration,, 3reverse  rolling cycle were performed to 

improve gear quality. These 3 rolling cycle had no penetration instead the die was moved 

horizontally. During 6th cycles the die was rolled in reverse direction of 5th cycle. Similarly in 7th 

cycle the dies were moved in direction opposite to 6th cycle and so on. After setting all these 

parameters in DEFORM we start the simulations. 

 

 

4.2. Results for gear rolling with module 4mm  
 

 
Effective plastic strains: 

The following set of figures show the effective plastic strains observed during simulations: 
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Figure 29 Effective strain distributions in the blank after the 1
st
 cycle of rolling 

 

Figure 29 shows the strain distribution in gear blank with the die penetration value of 1.8mm. By looking at the 

strain distribution plot we can notice that maximum effective strain is 1.34 mm/mm. 

 

 
 

Figure 30 Effective strain distributions in the blank after the 1st cycle of rolling 
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Figure 31 Effective strain distributions in the blank after 2nd cycle of rolling 

 

Figure 31 shows the strain distribution in gear blank with the die penetration value of 3 mm. By looking at the strain 

distribution plot we can see that maximum effective strain is 1.42 mm/mm. 

 

 
Figure 32 Effective strain distributions in the blank after 2nd cycle of rolling 
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Figure 33 Effective strain distributions in the blank after 3rd cycle of rolling 

 

Figure 33 shows the strain distribution in gear blank with the die penetration value of 4.2 mm. By looking at the 

strain distribution plot we can notice that maximum effective strain is 0.560 mm/mm. (Note the value is much less 

than cycle 1
st
 and 2

nd
, this is because of a simulation error encountered after 2

nd
 cycle. To remove that error the 

geometry of gear blank was corrected which resulted in the loss of strain data from previous cycles) 

 

 

 
Figure 34 Effective strain distributions in the blank after 3rd cycle of rolling 
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Figure 35 Effective strain distributions in the blank after 4th cycle of rolling 

  

Figure 35 shows the strain distribution in gear blank with the die penetration value of 5.4 mm. By looking at the 

strain distribution plot we can notice that maximum effective strain is 0.839 mm/mm 

 
 

Figure 36 Effective strain distributions in the blank after 4th cycle of rolling 
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Figure 37 Effective strain distributions in the blank after 5th cycle of rolling 

 

Figure 37 shows the strain distribution in gear blank with the die penetration value of 6.6 mm. By looking at the 

strain distribution plot we can notice that maximum effective strain is 1.1 mm/mm 

 

 

Figure 38 Effective strain distributions in the blank after 5th cycle of rolling 
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 Figure 39 Effective strain distributions in the blank after 8
th

 cycle of rolling (After Reverse rolling cycles) 

Figure 39 shows the strain distribution in gear blank with the die penetration value of 6.6mm. By looking at the 

strain distribution plot we can notice that maximum effective strain is 1.21mm/mm 

 

 

Figure 40 Effective strain distributions in the blank after 8th cycle of rolling (After Reverse rolling cycles) 
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Max principal stresses: 

 

 
Figure 41 Maximum principal stresses during 1st cycle 

 

Figure 41 shows the maximum principal stress in gear blank with the die penetration value of 1.8 mm. By looking at 

the strain distribution plot we can see that the maximum principal stress is 273000 MPa. 

 

 

Figure 42 Maximum principal stresses during 2
nd

 cycle 

 

Figure 42 shows the maximum principal stress in gear blank with the die penetration value of 3 mm. By looking at 

the strain distribution plot we can see that the maximum principal stress is 221000 MPa. 
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Figure 43 Maximum principal stresses during 3rd cycle 

 

Figure 43 shows the maximum principal stress in gear blank with the die penetration value of 4.2 mm. By looking at 

the strain distribution plot we can see that the maximum principal stress is 230000 MPa. 

 

 

Figure 44 Maximum principal stresses during 4th cycle 

 
Figure 44 shows the maximum principal stress in gear blank with the die penetration value of 5.4 mm. By looking at 

the strain distribution plot we can see that the maximum principal stress is 181000 MPa. 

 



 

50 

 

 
 

Figure 45 Maximum principal stresses during 5th cycle 

 

Figure 45 shows the maximum principal stress in gear blank with the die penetration value of 6.6 mm. By looking at 

the strain distribution plot we can see that the maximum principal stress is 327000 MPa. 

 

 

Figure 46 Maximum principal stresses after 8
th

 cycle (After Reverse rolling cycles) 

Figure 46 shows the maximum principal stress in gear blank with the die penetration value of 6.6 mm (Reverse Roll 

cycle). By looking at the strain distribution plot we can see that the maximum principal stress is 207000 MPa. 
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4.3 Final Gear Geometry: 
 

The final geometry of the gear is shown in Figure 47. The elements and strain map are not shown 

to indicate a clear picture. 

 

 

Figure 47: Final gear geometry
 

4.4 Calculations of Quality parameters 

For calculation of quality parameters, the method explained by Ali Reza [11] was used. The only 

difference is that the geometry files for both rolled gears and standard gears were compared in 

another CAD program rather than DEFORM. Keeping practical constraints in mind, two 

parameters were measured for determining gear quality. (ISO 1328-1) [12]:  

 

 Single Pitch Deviations (fpt)  

 Cumulative Pitch Deviation (Fpk)  

Single Pitch deviation indicates how an actual pitch deviates from theoretical pitch in a 

transverse plane, defined on a circle concentric with gear axis approximately on mid depth of 

tooth. This is determined by measuring individual tooth pitches in right and left flank directions 
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of the gear teeth. Firstly the pitch was measured from left flank of one tooth to left flank of on 

tooth to right flank of next tooth. Similar measurement was done for right flanks as well. 

 

Figure 48 Measuring Single Pitch Deviation on rolled gear 

The results for these parameters are given in Table 3. The standard single pitch for this product 

(at the circle for measuring pitch deviations) is 13.307mm. The pitch deviations are measured 

against this value for determining gear quality. 

 

By comparing the values of single pitch deviations and cumulative pitch deviations to ISO 1328-

1, it is observed that the gear quality for this product is a little less than grade 12, which is the 

lest acceptable quality grade.  This quality can be improved by using a denser mesh and adding 

more reverse rolls to the process. 
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Right to Right 

Pitch (mm) Error(mm) 

Left to Left 

Pitch(mm) Error(mm) 

13,303 0,004 13,356 0,049 

13,266 0,041 13,233 0,074 

13,258 0,049 13,288 0,019 

13,246 0,061 13,256 0,051 

13,215 0,092 13,228 0,079 

13,28 0,027 13,265 0,042 

13,22 0,087 13,235 0,072 

13,26 0,047 13,254 0,053 

13,206 0,101 13,210 0,097 

13,186 0,121 13,207 0,1 

13,238 0,069 13,222 0,085 

13,189 0,118 13,383 0,076 

12,809 0,498 12,883 0,424 

13,352 0,045 12,956 0,351 

13,15 0,157 13,162 0,145 

13,153 0,154 13,175 0,132 

13,345 0,038 13,332 0,025 

13,334 0,027 13,369 0,062 

13,37 0,063 13,386 0,079 

13,498 0,191 13,519 0,212 

13,634 0,327 13,622 0,315 

13,539 0,232 13,384 0,077 

13,392 0,085 13,373 0,066 

13,262 0,045 13,303 0,004 

13,231 0,076 13,215 0,092 

13,3 0,007 13,275 0,032 

Average single 

pitch 

deviation(mm) 0,106 

 

0,108 

Cumulative pitch 

deviation 

(mm) 2,762 

 

2,813 

                                                               Table 3 Gear quality parameters 
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                                                                5  DISCUSSIONS 

In this chapter we will dicuss overview of simulations of gear rolling by flat tools and write some 

observations that were observed during the thesis work. 

 

The aim for this thesis was to understand the process of gear rolling with flat tools by simulating 

the whole process. A lot of work pieces with different diameters were used. But in the end, gear 

with module 4 was used to compare the gear quality and confirm if the modeling technique and 

the process design are correct and valid for other gears as well. 

 

A very important observation during the simulations was amount of penetration of dies. As the 

dies penetrate the material, the material itself is displaced outwards. Thus for achieving full 

height of gear teeth, the penetration depth of the dies will be less than the desired height of the 

gear tooth. For module 4 the total penetration of dies required for full tooth height was 6.6 mm 

which is considerably less than 9mm (Total penetration depth). The exact relationship between 

penetration and tooth height needs to be investigated further.  

 

The selection of penetration value for first cycle (1.8mm) was based on repeated simulations. 

Several other penetration values were tried according to the pitch variation formulae but resulted 

in pitch variation errors. It was concluded by comparing different simulations that this error is 

due to modeling limitations rather than mathematical formulation. The number of element used 

in defining the elements was not high enough to ensure a proper contact between work piece and 

dies. Using a very large number of elements can reduce these issues but this causes simulations 

to take much longer time. 

 

Some of the advantages of the gear rolling mentioned in the literature were verified by 

simulations as well. As shown on the strain and stress distributions figures, gear rolling is a local 

forming method. The maximum stresses and the maximum strains occur only in the area around 

the forming zone of the tooth. Other regions of the work piece had relatively lower values of 

stresses and strains. The work piece material has greater contour stability and increased flank 

strength as compared to gears manufactured by traditional machining processes. This is due to 

the fact that traditional manufacturing processes imply cutting of the material fibers. Ali Reza 

[11] mentioned that the surface layer of the generated gear enhances strain hardening, which in 

low-loaded components can result in the elimination of the hardening process after rolling. The 
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material usage is decreased because of “no chip formation”.  This is cost effective and 

environmental friendly as well.  

 

The process parameters for flat rolling were changed a lot of times to achieve an optimum 

process with smooth workflow. The process flow was changed as compared to the process 

mentioned in the literature. In these simulations, the dies penetrate the work piece and then move 

horizontally. This is repeated again and again until we reach the required penetration value. This 

means that when one whole cycle is complete, the penetration depth is increased again and pitch 

is changed according the penetration value.  Different die speeds were tested in both horizontal 

and vertical directions (feed rate). It was observed that vertical die speeds (feed rate) should be 

kept low (0.5 to 2 mm/s) whereas horizontal die speeds can be much larger as compared to feed 

rate. (Tried speeds included 10 to 71.6 mm/s). 

 

 

The required manufacturing time for gear rolling was calculated by summing the number of 

cycles and time taken by each cycle. Total Cycles with penetration were 5 but 3 additional 

reverse rolling strokes were used to improve the final gear geometry. Total manufacturing time 

for current process will be 45.3 seconds (including both feed rate and horizontal die speeds). 

This is a very short time as compared to hobbing gears. However, this observation is only valid 

for module 4 gears with the given process parameters.  

 

The 3 reverse rolling strokes applied during the process are without any feed. These reverse 

strokes had same die speeds as forward strokes. These reverse strokes applied during the process 

help to achieve a higher symmetry on both sides of gear flanks and a more accurate gear profile. 

It was also observed that in flat rolling that reverse rolling reduces defects of gear rolling such as 

rabbit ears however the exact impact of this was not considered in this thesis work.  

 

The most important findings for flat rolling are blank diameter calculation and die design. 

Without exact calculation of blank diameter we encounter pitch problem in the 1
st
 stroke and 

thus the process cannot continue. It should be kept in mind that the central hole in the blank 

during the simulations has two purposes. Firstly it reduced the number of elements required and 

secondly it is fixed around its own axis to let the blank rotate freely in axial rotation. The 

diameter of this hole can be increased to a certain limit only (roughly its diameter can be slightly 

more than half of blank diameter). The pitch error that arises because of inaccurate diameter 

calculation is shown in figure 49. 
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Figure 49 Pitch problem due to incorrect blank diameter calculations
 

The die design was at times adopted to suit the simulations since there were a lot of unintended 

issues while simulating the process. An important finding in this regard is to “round off” corners 

of die teeth that penetrate the work piece. Without rounded off corners a smooth contact is not 

achieved between the dies and the work piece. The radius for rounding off the edges depends on 

the total width of die top land. For module 4 the rounding off radius was 0.15 mm. This is shown 

in Figure 50 and Figure 51. 

 

Figure 50 Die without round off edges
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Figure 51 Die with round off edges 
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Conclusion and future work 

 

In this section the concluding remarks for gear rolling with flat tools are given. These 

remarks show the advantages and limitations of gear rolling along with future work 

suggestions. 

6.1 Advantages of gear rolling  

1. This first advantage of gear rolling is efficient material usage. This is due to the fact that 

diameter of blank used for generating gear is less than diameter of blanks required for 

traditional gear manufacturing techniques. 

2. Along with efficient material usage the process, no chips are formed during cold rolling. 

This improves environmental impact of the process as there is no need for 

disposal/recycle of chips. 

3. The manufacturing time is relatively shorter than traditional gear manufacturing 

techniques. The simulations showed an estimated time of 43 seconds which can further 

be reduced by optimizing the three reverse rolling cycles used in these simulations. Such 

a short manufacturing time is very significant in high volume production.  

 

4. In Neugebauer  et al [13] it was observed that gear rolling increases the strength in the 

flank zone gears by as much as 60% . 

 

5. Gear rolling improves load bearing capacity. This is caused by contour-related fibre 

orientation. 

 

 

6.2 Limitations in gear rolling by flat tools 

 

During the course of these simulations and from literature certain limitations were observed in 

gear rolling by flat tools. These are described below: 
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1. The process of gear rolling by flat tools is a complicated kinematical process therefore 

problems can arise if dies are not synchronized with each other. While this is very easy to 

achieve in simulations, in reality it can will require machines with very high accuracy.  

 

2. The penetration values for first cycle were found after a series of simulations in this 

thesis work. With the change of diameter of work piece the initial penetration value will 

change and at the moment there is no mathematical formulation for it.   

 

3. In this thesis work, one continuous die with variable pitch zones was not used. Instead a 

number of dies were used with different pitches. The reason was design limitations for a 

longer die in design softwares. This does not affect the actual process flow but still was a 

limitation for modelling. 

 

4. The linear velocities and the feed rates of the dies were based on values used by Ali Reza 

[11] in his thesis work. These values can be further examined for optimizing the process 

 

5. The reverse rolling of dies does have impact on the end-product quality. It was observed 

that reverse rolling has a very positive effect on defects of gear rolling such as rabbit ears 

and asymmetrical flanks. However, the reverse rolls during this thesis were applied 

whenever needed.  It needs to be investigated when and how often the reverse rolls 

should be applied on the work piece.  

 

6. The limitations imposed by flat rolling on size of gear have not been investigated. 

Because of the increase in height of gear teeth with increasing modules the size of gear 

generated will be limited to certain modules. 

7. The simulation time is directly proportional to the number of elements used to define the 

work piece. Using a higher number of elements gives relatively accurate results but it 

increases the simulation time as well. Thus a compromise has to be made between 

accuracy and available time. 

6.3 Future research suggestions  

 

For future studies in gear rolling with flat tools various suggestions are listed:  
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1. Mathematical formulations for Penetration: 

 

In the current work it was observed that penetration of the dies was always less than actual 

predicted penetration required for final gear geometry. This was due to the fact that material of 

work piece was being displaced in outward direction as we penetrated the dies into the work 

piece. This material displacement resulted in the desired tooth height being achieved before 

calculated penetration values (i.e. at penetration of 6.6 mm the tooth height for work piece was 

achieved). In future more work is recommended to be done on formulating the relation between 

penetration of the dies and gear tooth height. 

 

2. Effect of reverse rolling: 

 

It was observed during thesis work that reverse rolling of dies helps in improving gear quality 

and reducing the effects of rabbit ears. But this reverse rolling was done in current work without 

any predefined sequences and done whenever the defects started to arise in the work piece. More 

research can be done to see when and how often we need to do reverse rolling to get the best 

results. 

 

3. Improving product quality parameters 

 

The usage of limited number of elements in FE simulations to describe work piece resulted in 

affecting end product geometry. Though denser mesh positively impacts the geometry of the end 

product, it takes a very long time to finish simulation. In future the mesh density can be 

increased to see the impact on the product quality and to reduce certain geometrical defects in 

the finished work piece.  

 

4. Research on Dies : 

 

Since dies will be exposed to very high stresses, future research can be directed to study the die 

forces required for this process and the material for dies. Another option will be optimize die 

designs in order to optimize the process. 

 

5. Simulation Modes: 
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The current simulations use plastic material behaviour of the work piece. In future elastic-plastic 

behaviour can be considered as well. Simulations based on this kind of material behaviour 

usually take a very long time as compared to plastic behaviour based simulations. However, 

Elastic-plastic behaviour is more realistic as compared to plastic behaviour. 

 

Secondly, 3-d simulations can be used in future. Current thesis work was based on 2-D 

simulations which take less time to complete. However 2-D simulations do not tell us about 

material movement in Z direction. Thus with 2-D simulation we cannot investigate the effects of 

barreling. 

 

6. Effects of Friction: 

 

During this thesis the value of frictional coefficient between the work piece and dies was 0.1. 

This parameter can be changed in future to make the simulations as realistic as possible. 
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