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Abstract— The present Earthmoving equipment industry is 

booming at a faster pace. Owing to this is a demand for 

advanced stability targets, reduced product expansion cycle 

time and lesser design costs. Numerical methods like FE 

Simulations happen to be an effective and reliable tool to 

meet this demand. The work explains the use of CAE 

software in the modeling and analysis of Rock Drilling 

Machine gear box assembly. Like gears, housing, bearing, 

shafts etc. The gearbox assembly includes important 

transmission components like gears, shafts and bearings. 

Thus the strength of the each part of the gearbox is very 

important while the gear box is functioning in the field. If 

there are any failure in any part of the gearbox it is very 

difficult to rectify this problem and it takes very long time to 

resume the work stopped due to this problem, because the 

rock drillers generally works in remote areas like, fields, 

deserts, mining locations, etc,. Therefore, while designing 

such components extra care should be taken and make sure 

that, these designed parts should work for the designed load 

or strength. 
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I. INTRODUCTION 

Gearboxes of construction vehicles like electric mining 

shovels and dump trucks bear a variability of errors such as 

broken-shafts, tough, damaged, or missing teeth, and even 

broken-cases because of heavy loads and harsh working 

conditions. Early malfunction detection is important to limit 

damage and avoid accidents. The examination of stresses 

produced in gear teeth is measured as a restraining factor for 

gear designers. Hence allowing to the examination of 

generated stresses, transferred load, tooth geometry and 

other design concerns can be unwavering. The position of 

stress examination is motivated on the willpower of stress 

concentration areas that letdown may pledgee at these areas. 

Break of gear tooth be able to be expected at tooth origin 

zone someplace rigidity pressures focus; therefore fissures 

pledgee and propagate at root area when supreme produced 

stress at this zone outdoes the yield stress. Moreover, pitting 

happens due to stress absorption at contact area.These is to 

emphasis the brief methodology adopted in static analysis of 

the gear box casings. the gearbox casing play a vital role as 

they house and transmission components. The different 

components in hosed are gears bearings and shafts. The 

strength of the gearbox casing is important since the 

complete power pack is subjected to static loading. the main 

emphasis of the is static analysis of the gearbox casing ,  

gears, bearing housing, Maine spindle, bearings etc are to 

find stress distribution are studied using FEA. 

II. METHODOLOGY 

A. 2D Drawings: 

IN the project first the2D drawing of rock drill machine gear 

box assembly and its parts is supplied by company and give 

the material data and what he required results in ANSYS 

1) As The Step By Step Procedure Will Follow To Get the 

Results 

Detailed study of the existing gear box is carried out by 

requesting the details of failures existing with present 

design. In addition to this the working environment of the 

gearbox and probable load pattern on the components are 

studied and then taken the 2D drawing there dimensions and 

profile views of that parts consist in the gear box assembly. 

2) Detailed Drawings of Gear Box Assembly and Parts    

 
Fig. 1: Detailed Drawings of Gear Box Assembly and Parts 

B. Designed Model using Catia 

 
Fig. 2: Designed Model Gear Box 

1) Meshing the Model 

 
Fig. 3: Meshed Model of Gear Box Housing Assembly 
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USING 3d modelling of gear box assembly parts create the 

hyper meshed part and it creates the fem elements in these 

the component splits up in to number of  elements and then 

these elemental model is used for analysis purpose . 

III. ANALYSIS AND RESULTS 

A. Boundary Condition in ANSYS 

In ANSYS for the static analysis, boundary condition 

includes the force, moment’s pressure, temperature etc. In 

ANSYS boundary condition applied on nodes/elements and 

the displacement applied on nodes in required directions. 

1) Boundary Conditon: Von-Mises Stress [Mpa] 

Distribution At Reaction Force Of ~2150 KN: 

 
Fig. 4: Von-Mises Stress [Mpa] Distribution At Reaction 

Force Of ~2150 KN 

Maximum stress value developed is 870 MPa is < 

tensile strength of the material [930 MPa] at reaction force 

of about 2000KN [~200 tons]. At this loading condition the 

gear box housing is safe. 

2) Von-Mises Stress [Mpa] Distribution: 

 

 
Fig. 5: von-Mises stress [MPa] distribution 

IV. RESULTS 

Using ansys program a statically analysis of gear box 

housings, gears, spindle, bearings are analyzed for stress 

distribution and displacement results are obtained. 

A. Gears: 

The von-mises stress distribution along y axis rotation or 

radial axis σ××. The von-mises stress distribution are shown 

in fig: 10.1, 10.2, 10.3 

The von-mises stress value developed is 1140 MPa 

is equal to tensile strength of the material and this maximum 

value is at small region of contact zone, therefore we can 

neglect this small region. At away from this region the stress 

value is well below the tensile strength of the material. 

Therefore the gear parts are safe under this loading 

condition. 

1) Gear Calculation Data: 

z1 =27 

z2 =81 

n1= 400 rpm 

p=N=30 kW 

α = 20 full depth  

Gear and pinion material-high tensile steel (bs970-

1977en26) 

Solution: 

I =n1/n2 = z2/z1 

400/n2 = 81/27 

n2= 133.33 rpm 

i=z2/z1 = 81/27=3 

Allowable Static Stress for High Tensile Steel 

(Pinion and Gear) 

σ01=233.4 mpa 

σ02=233.4 mpa 

Lewis form factor for 20 degree full depth involute  

Y=0.154-0.912/z    (from table 12.5) 

For pinion   Y1 = 0.154 -0.912/27 = 0.1202 

For gear       Y2 = 0.154 – 0.912/81 = 0.1427 

B. Design 

1) Tangential Tooth Load on Pinion Ft1 = 9550*1000* 

P*Cs/ n1*r1 

Service factor = cs= 1.5 (mediumshock, table 12.8) 

r1= pitch circle radius of pinion = d1/2 = m* z1 /2=m*27/2= 

13.5m……mm 

Ft1= 9550*1000*30*1.5/400*13.5*m 

Ft1=79583.33/m…. N 

Lewis equation for tangential tooth load  

Ft1= σ0*b*Y*P*Cv 

Since, pinion is the weaker member 

Ft1 = σ01*b*Y1*P*Cv 

b= face width = 3πm to 4πm or 9.5m<b<12.5m 

b= 10m 

p=π*m 

79583.33/m=233.48*10*m*0.1202*π*m*Cv 

Cv*m3   = 79583.33/ 233.4 *10*0.1202*π 

Cv * m3 = 90.2956    ….. eq 1 

Mean pitch line velocity    Vm = π*d1*n1/60000 

Vm = π*m*z1*n1/60000 = π*m*27*400/60000 

Vm = 0.5655m……… m/sec 
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2) Spindle: 

The von-mises stress distribution and displacement along z 

axis σ××. the von-mises stress distribution and displacement 

along z axis are shown in fig :10.4,10.5, 

Maximum stress value developed is >400 MPa at 

key way region and this stress value is >shear strength 

[assumed 50% of tensile strength (~400MPa) of the 

material], therefore we expect failure of spindle at this 

condition. The tangential reaction force at this condition is 

about 350 KN-m. 

3) 6215 Ball Bearing: 

The von-mises stress distribution and radial displacement 

along z axis σ××. The von-mises stress distribution and radial 

displacement along z axis are shown in fig 11.7, 11.8, 11.9 

  Maximum stress value developed is <2000 mpa at 

radial load of ~95KN and this stress value is <Yield strength 

of the material, therefore the bearing part is safe under this 

loading condition.  

4) 32226 Taper Roller Bearing: 

The von-mises stress distribution and radial displacement 

along z axis σ××. The von-mises stress distribution and radial 

displacement along z axis are shown in fig 11.10, 11.11, 

11.12 

Maximum stress value developed is <2200 MPa at 

axial load of~120KN and this stress value is <Tensile 

strength of the material, therefore the bearing part is safe 

under this loading condition.   

5) Gear Box Housing: 

The von-mises stress distribution and displacement along z 

axis σ××. The von-mises stress distribution and displacement 

along z axis are shown in fig 11.13, 11.14, 11.15 

Maximum stress value developed is 870 MPa is < 

tensile strength of the material [930 MPa] at reaction force 

of about 2000KN [~200 tons]. At this loading condition the 

gear box housing is safe. Hence Gear Box housing will take 

>15 tons of load. 

V. CONCLUSION 

The results obtained by static analysis are presented in the 

form of stress distribution plot and displacement plots. 

 The static analysis of gear box housing, spindle, 

bearing, gears are the material chosen is satisfies the all 

the condition required to work and the maximum von 

mises stress developed in gear is stress value 

developed is 1140 MPa is equal to tensile strength of 

the material and this maximum value is at small region 

of contact zone, therefore we can neglect this small 

region. At away from this region the stress value is 

well below the tensile strength of the material. 

Therefore the gear parts are safe under this loading 

condition. 

 Maximum stress value developed in spindle is >400 

MPa at key way region and this stress value is >shear 

strength [assumed 50% of tensile strength (~400MPa) 

of the material], therefore we expect failure of spindle 

at this condition. The tangential reaction force at this 

condition is about 350 KN-m 

 Maximum stress value developed in 6215 ball bearing 

is <2000 MPa at radial load of ~95KN and this stress 

value is <Yield strength of the material, therefore the 

bearing part is safe under this loading condition.  

 Maximum stress value developed in32226taper roller 

bearing. Is<2200 MPa at axial load of ~120KN and 

this stress value is <Tensile strength of the material, 

therefore the bearing part is safe under this loading 

condition.  

 Maximum stress value developed in gearbox hosing is 

870 MPa is < tensile strength of the material [930 

MPa] at reaction force of about 2000KN [~200 tons]. 

At this loading condition the gear box housing is safe. 

 So it effectively satisfies all of the design constraints 

like deflection under the load and withstanding 

extreme operating condition. 

REFERENCES 

[1] F. H. Deily, D. W. Dareing, G. H. Paff, J. E. Ortloff, 

and R. D. Lynn, “Down hole measurements of drill 

string forces and motions,” ASME J. of Eng. for Ind., 

May 1968, pp. 217-225.  

[2] R. I. Leine, D. H. van Campen, and W. J. G. Keultjes, 

“Stick-slip whirl interaction in drillstring dynamics,” 

ASME J. of Vibration and Acoustics, vol. 124, no. 2, 

April 2002, pp. 209-220.  

[3] R. I. Clayton and B.S. Ivie, “Development of whirl 

resistant PDC bits,” SPE Paper 26964, in Proc, Latin 

American /Caribbean Petroleum Eng. Conf., Buenos 

Aires, Argentina, April 27-29, 1994, pp. 625-637.  

[4] S. A. Al-Hiddabi, B. Samantha, and A. Seibi, “Non-

linear control of torsional” ASME J. of Sound and 

Vibration, vol. 265, no. 2, pp. 401-415, Aug. 2003.  

[5] T. M. Warren, J. F. Brett, and L. A. Sinor, 

“Development of a whirl- resistant bit,” SPE Paper 

19572, in Proc. of SPE 64th Ann. Technical Conf. and 

Exhibition, San Antonio, TX, Oct. 811, 1989, pp. 537-

552.  

[6] M. Elsayed and D. W. Raymond, “Analysis of 

coupling between axial and torsional vibrations in a 

compliant model of a drill string equipped with a PDC 

bit,” Paper ETCE2002/Struc-29002, in Proc. of the 

ASME, ETCE Conf., Houston, TX, Feb. 2002, pp. 1-8.  

[7] L. E. Miller and H. M. Rollins, “Evaluation of 

vibration damping tool and of drill stem torque 

requirements from data recorded by an instrumented 

drill stem member,” ASME J. of Eng. for Ind., pp. 226- 

230, May 1968.  

[8] C. A. Zamudio, J. Tlusty, and D. W. Daering, “Effect 

of shock absorber on drag bit chatter,” SPE Paper 

17194-MS, SPE/IADC Drilling Conf., Richardson, 

TX, Feb. 28- March 2, 1988, pp. 153-160.  

[9] M.A.Elsayed, and C.Aissi, “Analysis of shock 

absorber characteristics for drillstrings,” Paper 

ESDA2006- 95141, in Proc. of ASME ESDA Conf., 

2006. [11].  


