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Abstract- Gearing is a special component of mechanical 

engineering concerned with transmission of power and motion 

between rotating shafts. Gears are preferred when it is required 

to have a positive drive with constant angular velocity. To 

maintain this, the mating profiles most remain perfect involutes 

during transmission. 

 In this paper gear design for a standard Helical gear tooth was 

carried out by creating a C-Program. Based on the design 

parameters, the gear tooth was modeled. Analysis was carried 

out for two different materials sintered and steel . Sintered 

Helical gears are manufactured through powder metallurgy 

process by blending, briquetting, sintering, repressing, 

infiltrating and heat treating the suitable combinations of alloy 

metal powders. 

Keywords: Standard, Sintered, stress analysis, C-Program, FEM 

I. INTRODUCTION 

ears are machine elements used to transmit motion and 

power between rotating shafts by means of progressive 

engagement of projections called teeth.  Among them we have 

several types of gears like, Spur gear, Helical gear, Rack and 

Pinion ,Internal ring gear, Helical rack gear, Double Helical 

gear, Face gear, Worm gear, Double Enveloping worm gear, 

Hypoid gear, Straight Bevel gear, Spiral Bevel gear, Screw  

gear (Crossed Helical gear).   

The stresses in the gear tooth using FEM for different loading 

conditions like force acting at the tip of the tip of the tooth, 

force acting at the highest point of single tooth contact etc., 

the effect of module , contact ratio, fillet radius and the 

pressure angle have been discussed. The results obtained by 

their FEM code were compared with ANSYS software. 

According to their analysis, the stresses are increasing with 

the loading position, varies from pitch point to the tip of the 

gear tooth. The same stress are decreasing with increasing 

module, pressure angle and mating number of teeth. Here the 

mathematics for the generation of the involute and the fillet 

was developed for a Helical gear tooth. region of the teeth. 

C.V Spitas & Spitas[10] in their paper made a comparison of 

the bending strength between the circular fillet and the 

trochoidal fillet, in which the use of trochoidal fillet proved to 

be advantageous. In 2007, Ivana Atanasovska[11] described in 

her paper developed a procedure for researching the influence 

of base pitch deviation on load distribution between two 

pairs.It was stated that the FEM models represent a very 

important step in the related studies of deviations. Dr.H.G.H 

Van Melick[12] in his paper investigates steel and plastic gear 

transmission using numerical finite element and analytical 

methods to study the influence of stiffness of the gear material 

on the bending of the gear teeth.  The change in the load 

sharing also changes the stresses. Th.Costopoulous et.al [13] 

proposed several tooth alternative design for increasing the 

load capacity. 

II. SINTERING 

Sintering is mainly used for cermets components made 

for a combination of metal and ceramics. prior to sintering the 

sintering the components they are heated to a temperature 

sufficient to evaporate any volatile components .sintering is 

generally based on hearting the green components to a 

temperature above the melting point of a least  one of the 

power constitutes. The process has to be completed in a 

reducing atmosphere or in a vacuum furnace. The sintering 

results in strength, electrical conductivity, and ductility .the 

process also results in dimensional changes. 

 

III. HELICAL GEARS 

Helical gears are manufactured in both right- and 

left-handed configurations with an industry standard 45° helix 

angle to transmit motion and power between non-intersecting 

shafts that are parallel or at 90° to each other. For parallel 

shaft operation, helical gears with opposite-hand helix angles 

are required. For shafts at 90°, a same-hand helix angles must 

be used. For parallel shaft applications, the overlapping tooth 

contact of our helical gears provides smoother, quieter 

operation and higher horsepower capacity than spur gears of 

comparable size. For 90° shaft applications, the tooth-contact 

area of helical gears is very small, making it ideal for 

applications requiring only limited load capacity. 

Table  1.  Helical Gear Design 

Module 8 9 10 

Number of teeth 25 22 20 

Addendum Diameter 216 218 220 

Dedendum  Diameter 180.23 179.14 176.86 

Base circle 188 188 188 
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Tooth thickness 12.5 14.28 15.7 

Tooth height 19.02 21.6 24 

Face width 80 90 100 

Virtual  number of 
teeth 

28 24 22 

Calculation for module 8 

For Module =8,Pitch circle diameter = Number of teeth × 

Module. =200 mm 

Addendum Diameter = pitch circle diameter + 2× addendum. 

=216 mm 

Clearance = 0.157 module =1.256 mm 

Dedendum = Addendum + clearance =180.23 mm 

Tooth thickness = 1.57 module =19.02 mm 

Face width  = 10× module.=80 mm 

For Sintered ( Iron Carbon Copper)  

 Module =8mm 

σb =Bending stress =290N/mm² 

Form factor Y=0.154 – 0. 912/ Zv 

                       =0.154 -0.912/ 28 

                       =0.1214 

Tangential load Ft =σbx π ×m×b×Y 

                              = 22.531 KN 

                         

Calculated stress Fs =Ft×h×6/b×t² 

                              = 195.706 N/ mm² 

Similarly for the module 9 and 10 are calculated are shown in 

table.  

For Sintered (Iron Copper Carbon) 

Young’s modulus ,E= 1.37×10 
5
N/mm² 

Bending stress, σb =290 N/ mm² 

Table 2.  Sintered Helical Gear Details 

Module mm 8 9 10 

Form factor 0.1214 0.116 0.1125 

Tangential load KN 22.531 27.24 32.625 

 

For  Steel  

Young’s modulus  ,E= 2.1×10 
5 
N/mm² 

Bending stress, σb =210 N/ mm² 

Table 3.  Standard Steel Helical Gear Details 

Module mm 8 9 10 

Form factor 0.1214 0.116 0.1125 

Tangential load KN 16.320 19.237 23.634 

Calculated stress N/mm² 145 142 138 

IV. FORCE ANALYSIS FOR HELICAL GEAR: 

Force analysis for helical gears can be made in similar manner 

as in the case of spur gears, because of the helix angle; an 
additional force component is produced, Which appears as an 

axial force. In helical gears tooth force fn  acts normal to the 

tooth surface at an angle equal to the pressure angle α. This 

tooth force is resolved in to three components which act at 

right angles to one another. The interrelations of these 

components can be easily established from below figure 

which shows as three dimensional representation of the force 

pattern. The magnitudes of these forces are given by  

       Transverse force ft = Fsb =σb  

                         Axial force fa = f t tan β 

                         Radial force f r = f t tan α 

Where α are the pressure angle in the normal section, β is the 

helix angle, d is the pitch circle diameter in mm, and T is the 

driving torque in Nm. All the forces are expressed in Newton. 

 

V. BOUNDARY CONDITIONS 

The gear tooth sector considered for analysis includes fillet 

and rim portion such that it subtends an angle of 360
0
/Z, 

where Z is the number of teeth. In chapter – 3, the 

mathematics behind the involutes profiles have been discussed 

using the same equations the software has been developed to 

calculate and plot the output on the computer screen. Now this 

chapter discuss about the graphical output of gear tooth. 

Before interpreting about the tooth profile, we should define 

the rim thickness with the term of ‘back up ratio, B’, In gear 

terminology, the back up ratio is the ratio of rim thickness to 

tooth height. 

 = t / h 

Where t = rim thickness, h = tooth height 

In the presents work, back up ratio factor is assumed 

as 0.5. It should be emphasized that improper specification of 

boundary conditions can lead to erroneous results.  

Boundary conditions eliminate the possibility of the 

structure moving as a rigid body. In this gear tooth, the 

boundary is fixed symmetrically at the sides and  as the 

bottom land of rim is fixed as shown in figure for a standard 

gear teeth. 

 
Fig.1 Force resolvation on gear tooth profile 
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          Fig. 2 Boundary conditions on helical gear 

VI. STRESS ANALYSIS 

 The Helical gear tooth modeled from  the progam 

was then imported to ANSYS. The input required for this is 

the material data, loading conditions and boundary conditions.   

              The analysis has been carried out for different 

modules such as 8, 9, and 10mm. The results obtained for the 

steel helical gear and the sintered helical gear  tooth for 

various modules are compared and the graphs are drawn. The 
complete stress analysis has been done in two stages 

1. Stress analysis for steel helical gear  tooth 

2. Stress analysis for sintered helical gear tooth. 

 

     Fig.3 Stress contours for steel helical gear tooth (module =8) 

 
  Fig. 4 Stress contours for sintered helical gear tooth (module=8) 

 

       Fig.5 Stress contours steel helical gear tooth- (module =9) 

 

       Fig. 6 Stress contours sintered helical gear tooth (module =10) 

 

       Fig. 7 Stress contours steel helical gear tooth (module =10) 

Table  4. ANSYS Stress Results 

  

VII. ANALYSIS RESULT 

The analysis was therefore carried out for a steel helical gear 

tooth and a sintered helical gear tooth. The results were 

Module Steel N / mm² Sintered N / mm² 

8 101.3 139.852 

9 95.179 134.815 

10 62.581 98.565 
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 tabulated in the graph below. 

comparison between steel and 

sintered material
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Fig. 8 Comparison between Steel and Sintered Material 

VIII. CONCLUSION 

In this paper,work was done in carrying out the 

comparison between the stresses involved in gear in a 

standard Sintered and Steel helical gear for different modules.  

Calculation were carried out for various modules and 

compared with the ANSYS results. It was found that the 

results were found to be satisfactory and within limits. The 

graphs were drawn based on the results for a helical sintered 

and a helical steel gear. 
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