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Abstract: The structures of large welded gear wheels are discussed. Analysis is made for the nature of breakage of their gear rim. There 

is a calculation of the stress in the wheel using the finite element method (FEM) analysis. There are instructions for the 
ways to increase structural strength. 
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1. Introduction 
The large gear wheels are made with welded gear rim. Usually 

the form of welded gear rim corresponds to the form of a monolithic 
one. But striving to improve the design of the gears, aimed at 
reducing the dimensions and weight, has led to the use of gears with 
thin-walled gear rim, with gear rim attached with spokes to the hub, 
and finally to hollow gear wheels.  

For example, in gear wheels of "Bradfood" company, the gear 
rim of the wheels of low speed shafts is connected to the hub with 
two symmetrical webs (Fig. 1). To increase the stiffness, both webs 
are connected with the bushes. The stiffness of the structure 
depends on the thickness of the webs, but also depends on the 
number and the location of the bushes and their inner and outer 
diameter.  

It is common to believe that the load of gear trains operating in 
closed housings is determined by tooth bending strength and surface 
durability [4, 6, 11, 12, 13, 14, and 17]. In the case of wheels with 
thin rim, the smallest stiffness of the rim is considered when 
calculating the teeth [7, 14, 16, and 17]. But even with adequate 
load capacity (bending and surface), the gear train may fail due to 
the breaking of gear rim of the wheel [8].  

  
Fig. 1. Gear wheel with welded rim (hollow wheel) 

1 – gear rim  2 - bush, 3 – web, 4 – Hub 

The exploitation of the gears of the above mentioned type 
shows that in many cases, the axle load of the gear rim brings to its 
"downloading" ("sliding" /slipping out) from the web (Fig. 2a). The 
repair of gear rim and the amplification of the weld between gear 
rim and the web allows the continued exploitation of the gear, but 
after several months began demolition of the weld between the web 
and the bush (Fig. 2b). The next repair of the wheel and the 
amplification of the welds allow the exploitation of the gear a few 
months more, after which the teeth break. The reason for the 
breaking of the teeth is the deformation of the gear rim, leading to 
disruption of proper contact between the teeth and the concentration 
of the load at one end of the tooth (in this case - the left one).  

 
a)  

b) 
Fig. 2. Most often shatter welds 

The purpose of this work is to investigate the strength of gear 
rim of welded gears wheels with two webs (Fig. 1) 
and its influencing factors. 

2. Object of study 

The object of study is gear train from automatic line for 
granulation of fertilizer of Bradfood Company, located in 
"Transinvestservis" Ltd., Odessa. 

The train is three-stage with helical gears.  It operates at input 
power 600 HP  (450 kW) and input speed 1470 rpm. The 
deciphering of the parameters of the gears found that they are in 
diametric pitch system. 

The object of study is the gear wheel of the second stage. For it, 
as a result of the measurements is found that the pitch is 2,75 in-1, 
and the center distance is a = 14 in. 

Teeth number of pinion: 18 

Teeth number of gear wheel: 56 

Helical angle: 15○  

Center distance: а = 355,6 mm 

Face module: mt  = 9,564 mm 

Normal module: mn = 9,238 mm 

Face width: 8,8 in = 223,52 mm  

Diameter of addendum (tip) circle: da = 21,8418 in = 554,78 
mm 

Diameter of reference (pitch) circle: d = 21,082 in = 535,48 mm 

Diameter of dedendum circle:  df = 20,208 in = 513,28 mm 

Pitch of helical line on the reference diameter: 6275,9 mm 
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3. Calculation model  
For the study of the stressed-strain state of the gear rim rigid 

calculation model has been created (Fig. 3). The model includes the 
hub, the webs, the bushes and the gear rim with three teeth. To 
reduce its processing time only three teeth are considered. Since the 
contact ratio is less than 2, the load on one of the teeth, part of it is 
brought by the other two. The presence of other teeth practically has 
no effect on the stress at the root of the loaded tooth. This approach 
is widely used in the calculation of the gear wheels with the finite 
element method (FEM) [1, 5, 13, 16]. 

  

Fig. 3. Calculation model of the gear wheel 

To study the stresses the finite element method was used, 
implemented in the Mechanical Desktop 6.0 environment [8, 
9]. The finite elements are tetrahedrons. Their size is set 
automatically by the software and is 0, 75 mm. From the nature of 
the fractures it is obvious that the maximum stress occur in the area 
of gear rim, situated next to the loaded tooth. In the division of 
finite elements the studied area is divided, which includes the bush, 
the gear rim with the three teeth and the adjacent area of the web. In 
the studied area the size of the finite element is selected 0, 25 mm. 
Further reduce of the size does not lead to significantly 
increasement of accuracy [3, 10, 15]. In that case the stress is 
determined with accuracy 0, 5 MPa in time of calculating 35-40 
minutes. 

To obtain a reliable picture of the volume-stress state of great 
importance is the proper selection of loading conditions and the 
supporting (constrines). The calculations showed that the external 
load can be defined as a concentrated force applied in the middle of 
the tooth. When the thickness of gear rim is less than three modules, 
the external load must be equal to the real one - evenly distributed 
across the width of the tooth [16]. This is particularly important in 
helical gears, where the contact line is tilted, and in one end of the 
tooth (in this case the left) is located close enough to the weld 
which connect gear rim and web. 

The supporting of the wheel is given as constrains (bearing 
reactions) located at the internal circles of the hub shoulder. This 
supporting is rigid, as when mounting the wheel to the shaft with 
firmness. In the inner circle on the right shoulder surface of the hub 
is located the axial constrain. The calculations showed that the right 
radial and axial constrains don’t need be applied in the same 
circle. In that case the radius on which the axial constrain is acting 
was adopted by 5 mm larger than the radius of the bore in the 
hub. In terms of actual structure it is recommended the axial 
constrain to be positioned on a circle, in which the chamfer and the 
hub shoulder intersect. Made available with modeling key groove 
and considering the load on its surface showed that this leads to 
unnecessary complication of the calculation model, without 
increasing the accuracy of the results in the studied area. It was 
determined that the changes in terms of the supporting of the wheel 
almost have no impact on results in the studied area. 

4. Results of the calculations 
The loading of the studied gear wheel is determined at input 

power of 600 HP (450 kW) and speed of input shaft 1470 rpm. 
Calculations are made using the program MechSOFT. Fig. 4 shows 
the specified parameters of the meshing of the second stage of gear 

train. The forces in the meshing are calculated, which are needed to 
calculate gear rim of the wheel. 

Using the developed software product by the authors (Fig. 5) 
the profile of the tooth is defined cutted with 9 teeth pinion cutter 
with 0,27 mm wearing.  The cutter is with standard profile (α = 20 
°, c *= 0, 25, ρf *= 0, 38) without modifications. Fig. 5 shows the 
profile in module m = 40 mm and shift coefficients x = 0 and x = 
0,048. 

The described in paragraph 3 calculation model is loaded with 
the actual load. The stresses in the gear rim are set with the program 
Mechanical DeskTOP 6.0. 

Calculations showed that the maximum stress (294,5 MPa) is 
obtained at the nearest to the wheel centerline point from the 
surface of the assembling of the web and the bush. In that case this 
is a point on the left front surface of the web. In the point of the 
surface of the assembling of the web and the bush, which is farthest 
from the wheel centerline, the stress is 267,5 MPa. The highest 
stress on the surface of the assembling of gear rim and the web is 
187,0 MPa. 

5. Analysis of results 
The pattern of the distribution of stresses and the obtained 

values show that a decisive role in the destruction of the gear rim 
play axial load. The most loaded element is the bush and its 
adjacent area on the web. 

 
Increasing the structural strength can be achieved by increasing the 
number of bushes or increase their thickness. Increasing the load 
capacity without increasing the mass of the wheel is possible on 
behalf of: 
- Change of the location of the bushes according to the tooth space 
(while maintaining the distance from the bush to the wheel 
centerline); 
- Deployment of the bushes at a higher distance from the wheel 
centerline; 
- Increasing the external and internal diameter of the bushes while 
maintaining the size of their cross-section; 
Changing the location of the bushes according to the tooth space is 
appropriate for wheel with spur teeth. 

 
Calculations are made with different ways of deployment of the 
bushes at a different radius and increasing the external (from 80 to 
90 mm) and internal (from 45 to 60 mm) diameter. It turned out that 
most effectively reduce of the maximum stresses can be achieved 
by increasing the outer diameter of the bush. 

6. Improving the design of the gear wheel 
After analyzing the results, a new structure has been created. 

In the improved structure, the outer diameter of the bushes was 
chosen as high as possible, proceeding from the need for 
deployment of the welds between bush - web and between gear rim 
- web. The outer diameter was increased by 15%  where  the 
maximum stress dropped to 176,5 MPa, which is less than 
acceptable for the material of the wheel - steel A576-1015 
according to standard ANSI case hardened with the 
permissible stress 29,730psi (205 MPa). 

 
Experimental researches were conducted in "Transinvestservis" Ltd. 
At nominal load of the gear train, the gear wheel 
with improved structure showed sufficient strength. 
Made as given in [18] methodology calculations showed that the 
change of structure does not significantly influence the acoustic 
parameters (modal frequencies and forms) of the wheel and will 
not increase the noise level of the gear train. 
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Fig. 4. Specified parameters of the meshing of the second stage of gear train 
 
 

 
 

Fig. 5. Determining the profile of the tooth using original software 
 

7. Conclusions 
 

As a result of the studies of the structure of large welded gear 
wheel the following conclusions were made: 

1. The use of welded gear rim allows reducing the mass of the 
gear wheel. But the load capacity of such wheels may be limited by 
the strength of gear rim. 

2. The deformation and the fracture of the gear rim are 
connected, with the axial load acting in helical gear wheel.  

3. The greatest effect in increasing the strength of the wheel is 
achieved by increasing the diameter of the bushes connecting the 
two webs.  
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