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Abstract  Straw walker crankshaft has an important role 
in combine harvesters and at high speeds must withstand 
high stresses. At work different forces applied to this 
instrument which can change its shape. In this research, 
stresses on straw walker crankshaft of John Deere 995 
combine harvester has been investigated during its works. 
First a 3D model of this crankshaft has been designed on 
Solid Works 2010 software then by using finite element 
method on Ansys Work Bench 11 software the fabricated 
model has been analyzed and using Ansys 11 software the 
maximum stresses obtained and associated with these points 
(stresses) a safety factor has been determined. 
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1. Introduction 
Crankshafts are one of the power train elements in 

industry and must have this ability to withstand high stresses 
in high speeds. Crankshafts in combine harvesters are like 
crankshafts in engine with this difference that in straw 
walker crankshafts torque applies to crankshafts and with its 
rotation force inserts to cranks and cause straw walker plates 
lift. Forces which are applied to the cranks axle of straw 
walker crankshaft are radial and no force inserted in axle 
direction. These forces, also cause shearing stress on 
crankshaft main axle.  

Ability of commercial packages like Ansys, Abaqus and 
others in numerical analysis field to predict component 
failures are well established and the results can be justified 
according to mathematical and empirical models. Failure 
initiation, maximum load-bearing capacity and lifetime of 
components can approximately be predicted[7]. Reference [3] 
used experimental and numerical methods, for the stress 
analysis of a frontal truck axle beam, and the results verified 
with the finite element method which was graphical stress 
investigation. Reference [4] start numerical and empirical 

analyzing on front axle of a tractor, according to obtained 
results by finite element method the redesign for frontal axle 
was done to reduce weight, improvement and fabrication. 
Five different models were proposed basis on ease of 
production and weight reduction. The results were obtained 
on the basis of finite element method and analysis was on the 
basis of different methods which lead to 13 test certificates. 
Empirical and numerical methods were used to change the 
design from casting to coating based welding [5]. Reference 
[2] worked on stress analysis of front axle of John Deere 955 
combine under static loading conditions and they used the 
commercial finite element package Ansys version 9.0 and 
reported that the calculated value of factor of safety is very 
low and the front axle of John Deere 955 combine isn’t 
strong enough to be installed on the modified combine. 

This research was done to investigate force treatment in 
sensitive parts and modify the crankshaft performance that 
lead to long lifetime. In this analysis by Von Mises theory the 
amount of stresses on crankshaft axle and crank parts was 
obtained and by Ansys 11 software, the maximum stresses 
was obtained and safety factor was created associated with 
these (stresses) point. Also to simplify the analysis, the 
friction effects didn’t mentioned. 

2. Materials and Methods 
First the 3D model of straw walker crankshaft of John 

Deer 955 combine harvester was designed in Solid Works 
2010 software. Then the designed model was surveyed in 
Ansys Work Bench 11 to study and analysis by finite 
element method. Figure 1 shows how power transfers from 
sprocket wheel 1 to the crankshaft of straw walkers. Sprocket 
wheel 1 takes power from engine by belt and transfer it to the 
sprocket wheel of straw walkers. As shown in figure 1 
sprocket wheel of straw walkers transfer power to the 
crankshaft of straw walkers.Power of sprocket wheel 1 is 4 
kW and the rotational speed of straw walkers sprocket is 154 
rpm (BehrouziLaret al., 2007). The transmitted torque from 
sprocket 1 to straw walker sprocket is calculated by equation 

 



10  Analysis of Stresses on Straw Walker Crankshaft of John Deere 995 Combine Harvester 
 

1 [8]:  

T =
30000 ×P
π×n

                              (1) 

 

Figure 1.  Schematic of how to transfer power from the sprocket wheel 1 
to crankshaft 

Where, n is rotational speed of straw walker sprocket in 
rpm, T is the transmitted torque to the straw walker sprocket 
in N.m and p is power of sprocket 1 in kW. After calculating 
the torque of straw walker sprocket, by equation of 2 the 
force to end of arm 1 with 5 cm length is calculated [8]. Then 
by reusing equation 2 and force on arm 3 with 13 cm length 
which is connected to the crankshaft, the torque of crankshaft 
was calculated.  

T = F × L                            (2) 

Where T is torque in N.m, F is force in N and L is length in 
m.  

After computing the torque on crankshaft, analysis of 
crankshaft was done in Ansys Work Bench using static 
analysis. The amount of forces on each crank considered to 
be 9 kg which is because of straw walker plate weight, straw 
and stubble (BehrouziLaret al., 2007). Noted that in this 
study crankshaft considered in four different states. In each 
state one of the cranks is in top point, for example crank 1 in 
state one, crank 4 in state 2, crank 2 in state 3 and crank 3 in 
state 4 is in top point. Then deformation and forces which in 
each four state is inserted to the crankshaft axle and cranks 

was calculated. Crankshaft is made of steel 34CrNiMo6 [9], 
table 1. 

Table 1.  Specification of 34CrNiMo6 steel 

Specification Quantity 
Density 7840 (Kg M-3) 

Poisson's ratio 0.3 
Tensile strength 1180 (MPa) 

0.2 % Proof stress 785 (MPa) 
Modulus of elasticity 210 (GPa) 

Figure 2 shows isometric image of straw walker 
crankshaft of John Deer 955 combine harvester. 

After entering straw walker crankshaft to the Ansys 11 
environment and choosing type of analysis, crankshaft first 
has been modeled by tow dimensional elements Solid 82 and 
three dimensional elements Solid 92 [1].  Solid elements 
was used because it is one of the common tow dimensional 
element and it has four node, also in irregular shapesit can 
perform as well. Figure 3 to 5 shows meshing, 39379 nodes 
and 20944 elements has been used for meshing. 

After meshing proper support has been chosen for ends of 
crankshaft, which was cylindrical support. Then the 
calculated torque was inserted to the crankshaft. Then forces 
on each crank were inserted on the crank surface vertically. 
In next step, critical points or points where stress was 
maximum of Von-Miseswere obtained. Finally the safety 
factor has been obtained as equation 3.  

2.1. Calculating Safety Factor 

Safety factor of static analysis defined as ultimate stress 
strength on maximum stress of crankshaft and to calculate 
safety factor of fatigue we used Soderberg equation [10]:  

1
F.S

=
σave
σy

+ K σr
σe

                      (3) 

Where F.S. is safety factor in fatigue state, σave  is 
average stress, σy  is yield point stress, σr  is alternating 
stress, σe  is tolerance stress and K is stress concentration 
factor. σave and σr were calculated as equation 4 and 5 [10]: 

σr =
σmax − σmin

2
                      (4) 

σave =
σmax + σmin

2
                     (5) 

 

Figure 2.  Isometric image from crankshaft of JD955 combine harvester 
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Figure 3.  Image from crankshaft meshing 

 

Figure 4.  Image from crankshaft meshing 

 

Figure 5.  Image from crankshaft meshing 

3. Results and Discussion 
Figure 6 to 9 shows the deformation of crankshaft in 

different states which the deformation in cranks of 
crankshaft is more than other parts of it, like in real 
performance. Figure 10 shows the deformation of each crank 
in four different states. As it clear in Fig. 10, in state 4, the 
most deformation occurs on the axis of the crankshaft which 
is at the junction of second crank to the arm crank.  

Distribution of Von Mises stress in each four state is like 
each other. Figure 11 shows value and distribution of Von 
Mises stress in head of crankshaft in state 4 (in which torque 
transmitted to the crankshaft) in which maximum occur in 
that. In spotted point of Fig. 11 stress is maximum.  

In figure 12 the values of maximum Von Mises stress on 
crankshaft in four different states is shown. As it can be 
observed in state 3 and 4, the maximum stress on crankshaft 
is more than  other states and in state 2 in lower than others.  

Point to note is that in spite of the fact that the maximum 
stress is at the head of the crankshaft in each of the four states, 
however, due to the fact that bending moment is low in this 
area, crankshaft failure in this area is low. But in the middle 
of the crankshaft due to the high bending moments caused by 
vertical loads, fractures usually occur in these areas although 
the stress is lower than the head of the crankshaft. In figures 
13 to 16 some of the areas where a high probability of failure 
is shown. 
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Figure 6.  Image of crankshaft deformation in position 1 

 

Figure 7.  Image of crankshaft deformation in position 2 

 

Figure 8.  Image of crankshaft deformation in position 3 

 



 Universal Journal of Agricultural Research 1(1): 9-16, 2013 13 
 

 

Figure 9.  Image of crankshaft deformation in position 4 

 

Figure 10.  Relation of crank of crankshaft and deformation 

 

Figure 11.  Von-Misesstress distribution at the crankshaft tip in position 4 

 

 

 



14  Analysis of Stresses on Straw Walker Crankshaft of John Deere 995 Combine Harvester 
 

 

Figure 12.  Relation of maximum Von-Misesstress and crank position 

 

Figure 13.  Stress on arm of near the second crank, between first and second crank in position 4 (about 550 Mpa). 

 

Figure 14.  Stress on arm of near the third crank, between third and fourth crank in position 3 (about 700 Mpa). 
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Figure 15.  Stress on arm of near the fourth crank, between third and fourth crank in position 2 (about 700 Mpa) 

 

Figure 16.  Stress on arm of near the third crank, between third and fourth crank in position 1 (about 800 Mpa) 

 

Figure 17.  Safety factor levels in the crankshaft in position 4 
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Figure 18.  Relation of minimum safety factor and crank position 

In Figure 17 safety factor values in the crankshaft, state 4, 
is shown. Its minimum value is equals with state 3, and is 
less compared to other two. As is shown In Figure, safety 
factor levels are lowest in the head of crankshaft. This means 
that in this area stress levels are very high. In general it can 
be concluded that in areas where is the stress concentration 
safety factor levels is low. In Figure 18, the minimum safety 
factor values are shown for crankshaft. As is clear, in states 3 
and 4 are lower than the other two. 

4. Conclusions 
Considering the analysis done and also values and 

distribution of stress and deformation rate can be receive that 
the most of place where there is a probability of failure are 
central and near the crank arms. In Figure 16, the most 
probability of failure is shown in the between the 4 state, that 
first state is related to. 

Considering the values of safety factor, it can be 
concluded that the probability of failure in the part junction 
of the head crankshaft to the arm crank due to stress 
concentration is high. Therefore by choosing a proper angle 
can reduce the stress concentration. This should be possible 
angle greater than 90 degrees. Also, choice of a stronger 
alloy can be largely prevented fractures. 
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