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ARTICLE INFO 

 
ABSTRACT- This paper presents stress and strain analysis of outer shaft shoulder 

(OSS) and inner shaft shoulder (ISS) of a new paddy harvesting head (PHH) using finite 

element method (FEM). Snapping grain unit is a part of this head, with OSS and ISS as 

its members. The analysis was performed using the ABAQUS software with Dynamics 

Explicit Solution Method. Eight-node block and four-node tetrahedral elements were 

used to mesh the parts of the head. After the analyses, the stress and strain curves, and 

their maximum values were estimated for various parts. Analytical method was used to 

verify the FEM results and to calculate the factor of safety (FS) of the OSS and ISS 

components and also to estimate the number of cycles to failure of each component. The 

maximum amount of force applied to each tooth of shoulder was 4.29 Nmm-1. The 

maximum stress in both shoulders was obtained as 44.43 MPa. Other results showed, 

fatigue factors of safety for all components were less than their relevant yield factor of 

safety. Therefore, the fatigue in components would occur first. The study showed the 

predicted life for OSS and ISS components is more than 106 cycles, thus the components 

have an infinite-life. A fitted regression line to the data showed that the calculated 

stresses from analytical method lie within bounds of  7.89 % of the predicted values 

with a coefficient of determination of 0.98. Hence, it could be concluded that there is a 

good agreement between the analytical and FEM results. 
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Nomenclature 
Symbols     

α, β Constant coefficients      Ultimate stress (N m-2) 

c Perpendicular distance to the neutral axis (m)     Yield stress (N m-2) 

f Fatigue strength fraction coefficients  t Thickness (width) (m) 

I Second moment of area about the neutral axis (  )  V Total shear force (N) 

ka Surface condition modification factor    Bending stress (N m-2) 

Kb Size modification factor     Amplitude component of bending stress (N m-2) 

Kc Load modification factor     Midrange component of bending stress (N m-2) 

Kd Temperature modification factor       Maximum bending stress (N m-2) 

Ke Reliability factor       Minimum bending stress (N m-2) 

Kf Miscellaneous-effects modification factor    
 ,   

  Von Mises components stress (N m-2), 

M Moment about the neutral axis (N.m)       Von Misses stress N m-2) 

N Cycles to failure (cycle)    ,    ,    Stress in x, y and z direction, respectively (N m-2). 

Nf Fatigue factor of safety     Shear stress (N m-2) 

Ny Yield factor of safety     Amplitude component of shear stress (N m-2) 

Se Endurance limit at the critical location of a 

machine part (N m-2) 

    Midrange component of shear stress (N m-2) 

Sf Fatigue strength (N m-2)       Maximum shear stress (N m-2) 

Q First moment of area (  )       Minimum shear stress (N m-2) 

Se Rotary-beam test specimen endurance limit (N m-2)     ,     , 

    

Shear stress in x-y, y-z and x-z plans respectively 

(N m-2). 
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INTRODUCTION 

 

Rice is the principal main food for more than a third of 

the world’s population and the need for it has increased 

in Iran in recent years (Horgan et al., 2016; Motevali et 

al., 2019). In rice cultivation, harvesting is the most 

important operation. It is harvested either by manual 

labor in traditional method or by rice combines 

(Elsoragaby et al., 2019). Traditional paddy harvesting 

is usually delayed due to labor scarcity which results in 

losing grain due to over maturity, therefore, the low 

performance of traditional harvesting process has forced 

farmers to shift into mechanical grain harvesting 

(Chandrajith et al., 2016). Many studies have been 

conducted to optimize the performance of agricultural 

machinery .This subject has attracted the attention of many 

researchers. Nowadays, analyzing the mechanical behavior 

of the systems in respect of the applied forces, stress and 

strain distributions, deformations, optimization of the 

performance of components and structures is more 

efficient and faster by computer-aided design techniques 

(Jahanbakhshi et al., 2017; Jahanbakhshi & Heidarbeigi, 

2019). The finite element method (FEM) is an efficient and 

accurate numerical technique to perform the stress–strain 

and deformation analysis of mechanical parts and to 

identify the critical points before production of the first 

prototype (Beni et al., 2013; Seyedabadi, 2015; Fadaei and 

Mokhtari, 2015; Fu et al., 2016; Heintze et al, 2018; Ucgul 

et al., 2018; Ushio et al., 2019). The ABAQUS software is 

one of the most commonly used softwares for finite 

element analysis and computer-aided engineering tasks, 

which is widely used to model the farm machinery 

(Muntakim et al., 2016; Gao, 2019; Azimi-Nejadian et 

al., 2019). In this respect, a research was conducted to 

dynamic analysis and reliability design of round baler 

feeding device for rice straw harvest. The FEM 

simulations at different values of displacement and 

throughput was carried out and results were used to 

improve reliability, safety factors for the feeding 

devices (Zhao et al., 2018). The FEM was used for both 

static and fatigue analysis of a low-cost mini combine 

harvester chassis and hitch design by Abdulkarim et al. 

(2017). The stresses, strain and displacements on the 

chassis were determined and the factors of safety were 

found to be 2.48 and 2.80 for chassis and hitch, 

respectively. Then the FEM results were compared to 

experimental data and the results showed that the FEM 

results are more reliable. The frontal combine harvester 

axle analyzed and designed a using FEM and 

experimental methods. The FEM results were verified 

with the experimentally method and this method was in 

good agreement with experimental data. Results 

obtained by FEM showed that the proposed model was 

suitable to install on the modified combine (Khanali et 

al., 2010). It was shown that the success and reliability 

of the results in a numerical analysis were heavily 

dependent upon work material flow stress, friction 

parameters between the tool and work material 

interfaces, the fracture criterion, and the thermal 

parameters (Shaw, 2005; Umbrello, 2008; denguir et all, 

2017). Therefore, the correct selection of these 

parameters plays an important role in the reasonable  

 

 

estimation of the goal. Many researchers simulated the 

behavior of the bolt–nut assembly using three-

dimensional solid elements in order to be closer to 

reality (Yorgun et al., 2004; McCarthy et al., 2005; 

Elsawaf and Hassan, 2018). In some studies, (Bursi and 

Jaspart, 1998; Kim et al., 2007; Reid and Hiser, 2005), 

the bolt shank as well as bolt head were modelled using 

beam elements. Shahani et al. (2015) estimated the 

fatigue life of the bolt connecting two flanges using 

ABAQUS software. The fatigue properties of the bolt 

were measured in the laboratory according to ISO 3800 

standard, while the amount of stress applied to the bolt 

was calculated using the FEM. Finally, given the 

nominal bolt stress calculated by the software and using 

the fatigue properties from experiments, the fatigue life 

of the bolt was estimated. It was reported that when 

members of a system were in contact together, explicit 

finite element should be used to analyze and penalty 

contact algorithm to describe mechanical interaction 

between the members (Fu and Chui, 2014; Jain et al., 

2018). 

In this study a new head of paddy harvesting 

machine is introduced. The ISS and OSS parts are two 

components of the snapping grain unit. To design and 

fabricate the snapping grain unit, it is needed to model 

and analyze the mentioned system. The main objective 

of the analysis was to find the critical sections of the 

snapping grain unit and obtain the maximum stress and 

strain in the critical sections to prevent the failure by the 

applied external loadings. In addition, the factor of 

safety was determined by the Von-Mises criteria to 

ensure the parts work safety. For this purpose, the stress 

and strain analysis of the head OSS and ISS head were 

performed using the FEM. This information can be used 

to optimize the head. 

 

MATERIALS AND METHODS 

 

Introducing the Paddy Harvesting Head (PHH)  

This head was designed for direct harvest of paddy 

grains from its spike (Fig. 1). This PHH can be attached 

in front of a tractor. It consists of gatherer point unit, 

snapping grain unit, power production and transmission, 

shoulders opening and closing units and the frame. As 

the tractor moves through the field, the gatherer points 

are positions between the rows of rice plants. Snapping 

shoulder grab the paddy stalks and pull them rapidly 

down between the shoulder teeth. When a spike paddy 

reaches the snapping shoulder, the paddy grain is 

prevented from going through because of the narrow 

opening of shoulder teeth. The snapping shoulder 

continues to pull on the stalk and snap the paddy grain 

free of the spike (Fig. 2).  

 

Gatherer Point Unit 

Rice seedlings are usually transplanted by rice-

transplanters in regular rows. This PHH was designed 

for harvesting crops that planted on rows. Therefore, 

gatherer point arranges the rice plants in a row. This 

action helps the snapping grain unit to do its duty better 
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Snapping Grain Unit  

Paddy grains are connected to a spike with a thin thread 

(pedicel) and they have no cover. Therefore, they can be 

separated from the spike with a small force (Fig. 3b). 

This rice spike property was used to design the snapping 

grain unit. This unit is consisted of OSS, ISS, outer 

shaft (OS), and inner shaft (IS). The OSS and ISS were 

attached to their shafts. The OS has only rotational 

movement but the IS has both rotational and 

reciprocating movements. Thus, ISS has both rotational 

and reciprocate movements because it is attached to the 

IS. The IS’s reciprocating movement cause a group of 

shoulders to be placed in the closing position and the 

other group placed at the opening position. When the 

shoulders are in closing position, they snap the grains 

from the cluster as shown in Fig. 2(d). 

 

Power and Transmission Units 

A hydraulic motor was used to generate the power 

required for the head operation. This hydraulic motor is 

driven by the tractor hydraulic system. The power is 

transmitted by pulley and belt to the OS of the snapping 

grain unit (Fig. 2c). 

 

Shoulders Opening and Closing Units 

As mentioned before, ISS has the rotational and 

reciprocating motions. As the ISS is coupled to the OSS, 

these two shafts turn together at the same rotational 

speed. As the ISS needs to exert a reciprocating 

movement to open and close the shoulders, this 

reciprocating movement is generated by a cam (Fig. 2a). 

Measurement of the required force to snap the 

paddy  

A simple tool was used to measure the tensile force 

required for snapping the paddy grains from the cluster. 

This tool is composed of a shoulder and a rod (Fig. 3a). 

The rod is connected to the Universal Testing Machine 

(Instron) and the paddy clusters are placed between the 

shoulder teeth (Fig. 3b). By raising the upper jaw of the 

unit, the paddy grains are snapped from the cluster by 

shoulder teeth. The experiments were performed at five 

levels of jaw velocity including 100, 200, 300, 400, and 

500 mm min
-1

, and each experiment replicated three 

times. 

 

The Mechanical Analysis of Parts 

The OSS Stress and Strain Analysis 

The OSS components and their dimensions are shown in 

Fig. 4(a). In this figure, part 4 is the OS to which the 

shoulder components are attached. Part a is the shoulder 

and parts b and c are welded to the shoulder and OS, 

respectively. These two parts join the shoulder to the OS 

(Fig. 4a). 

The maximum rotational speed of the shaft 

shoulders was considered as 200 RPM (Azimi Nejadian, 

2016). Therefore, the analysis should be done at this 

angular velocity. Shoulder analysis in a complete cycle 

is time-consuming, so only 45 degrees of the shoulder 

rotation was analyzed. This is the most critical period of 

the shoulder rotation and the loads were applied to 

shoulder only in this period. 

 

 

 

 

 
 

Fig.1. Paddy harvesting head. 
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Fig.2. Paddy harvesting head and its components; (a) Shoulders opening and closing unit; (b) Gatherer point unit; (c) Power 

production and transmission system; (d) Snapping grain unit. 

 

    
(a)                                                     (b) 

 

Fig.3. (a) A simple tool was used to measuring tensile force;   

(b) Display the snapping of the grains paddy from the 

cluster by shoulder.  

 

The dynamic explicit method for the dynamic analysis 

is better to be used for structures that have been 

composed of several parts which are in contact with 

each other (Harewood and Mchugh, 2007; Tanlak et al., 

2011). Thus, in this study, analyses were done using 

explicit dynamics. Two time steps were considered for 

the analysis. In the first step, shoulder speed reaches 

from zero to 200 RPM and the load is applied in the 

second step in which the rotational speed is constant. 

Shoulder components were made from St37 steel. 

The mechanical properties of St37 steel required in the 

analysis are listed in Table 1. To assemble the OSS 

components, two (M8     ) 5.8 grade bolts were used 

(Shigley, 2011). 

After modelling the shoulder and selecting its 

material properties, the grain snapping force (see below.) 

was applied on the shoulder teeth. In order to calculate 

the maximum force exerted to each tooth, with regard to 

the dimensions of the rice stem and its smallest cross 

section, the maximum number of clusters that could 

place in the space between the shoulders was estimated. 

Therefore, the number of clusters in the space between 

the two shoulders was estimated and the force necessary 

to snap the seeds from the spike has been already 

measured (Azimi nejadian et al., 2016). Finally, 

according to the length of each tooth (Fig. 4c), the 

maximum amount of force exerted to each tooth of 

shoulder was obtained as 4.29 Nmm
-1

. The purpose of 

the analysis of this part of the head (OSS) was to 

determine the distribution of stress and strain in parts a, 

b, and c (Fig. 4a). It should be noted that part d is not 

subject to analysis as it was considered as a rigid body. 

The required parameters for the analysis by the explicit 

dynamic method (Azimi Nejadian, 2016) are listed in 

Table 2. 

The interactions between the bolt shank and the holes of 

part b and c; bolt nut and part b; and surfaces of part b 

and part c were modeled using surface to surface 

contacts.  In this analysis the eight-node block elements 

were used to mesh the OSS and ISS components. 

Considering computational efficiency, the mesh density 

is an important factor in the analysis. To achieve 

accurate results, the appropriate elements type and their 

dimensions must be properly selected. Simulations were 

launched with the large elements, then elements were 

refined until the results did not significantly change. For 

meshing of shoulder components, the eight-node block 

element (C3D8) was used and it was discretized into 

158211 elements (Fig. 4d). 
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Fig. 4. (a) OSS components; (b) ISS components; (c) Shoulder 

dimension in millimeter; (d) Shoulder components 

mesh.  

 

Table 1. Parts mechanical properties (Shigley, 2011; Soltani 

and Tabatabaei Mirhosseini, 2013). 

Shoulder 
Bolts and 

Nuts 
Property 

Young's modulus (   ⁄ ) 2 10         

Poisson's ratio 0.3 0.3 

Density (    ⁄ ) 7850 7850 

Yield stress ( Mpa) 420 240 

Ultimate stress ( Mpa) 520 370 

 

Table 2. OSS loading and boundary conditions (Azimi 
Nejadian, 2016). 

Step 

number 

Time (s) The amount 

of rotation 

(degree) 

Rotational 

speed 

(        ⁄  ) 

linear 

force 

(   ⁄ ) 

1 0.0125 15 20.92 0  

2 0.025 30 20.92 4.29  

 

 

 

The ISS Analysis 

The ISS components’ geometry are shown in Fig. 4(b). 

Part g is the shoulder driver (IS) and was considered as 

a rigid body, boundary conditions such as rotational 

speed and the degree of freedom were defined on this 

part (Table 2). The force applied on both ISS and OSS 

is equal and consequently the distribution of stress and 

strain in part e of Fig. 6 is similar to part a of Fig. 4. In 

order to reduce the analysis time, part a was considered 

as a rigid body. Solving steps, material properties, loads, 

boundary conditions, and components meshing of ISS 

are similar to those mentioned in the previous section. 

The interaction between the bolt shank and the inner 

surface of the nut, surfaces of part e and part f, surface 

of nuts and part g, and surfaces of nuts and bolt head 

with part f were modeled in the software.  

 

Fatigue Analysis 

The purpose of this section was to calculate the 

components factors of safety (FS) and estimate the 

number of cycles to failure of components. Depending 

on the desired use for a product, individual components 

need to be assessed as accurately as possible for 

expected conditions. Factor of safety is a term to 

describe the load carrying capability of a system beyond 

the expected or actual loads. The Oss and ISS are 

subjected to various components of stress and cyclic 

loading. The shoulder was modeled as a beam. 

Therefore, the shear and bending stresses for this 

component can be written as below (Shigley, 2011). 

 

      ⁄  (1) 

      ⁄  (2) 

 

Fluctuating stresses in components usually take the 

form of a sinusoidal pattern. Thus, the amplitude and 

midrange components of shear and normal stresses are 

as follows (Shigley, 2011). 

 

             ⁄  (3) 

             ⁄  (4) 

             ⁄  (5) 

             ⁄  (6) 

 

 

 

Finally, the modified Goodman failure criteria was used 

to calculate the factor of safety. Therefore, the equations 

to calculate the FS are as follows (Shigley, 2011). 

 

  
            (7) 

                 
  (8) 

  
  (  

     
 )

 

  
(9) 

  
  (  

     
 )

 

  
(10) 

   ⁄    
   ⁄    

    ⁄  (11) 

       
    

 ⁄  (12) 

 

Also, the modified Goodman failure criteria was used to 

estimate the number of cycles to failure of components. 

Therefore, the equations to estimate the number of 

cycles to failure are as follows (Shigley, 2011). 

 

     
     

    ⁄⁄  (13) 

  (   ⁄ )  ⁄  (14) 

  (    )
   ⁄  (15) 

   (  ⁄ )    (      ⁄ ) (16) 
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RESULTS AND DISCUSSION 

 

Grain Snapping Force 

The force required to snap the grain paddy from the 

spike, over the displacement of shoulder was plotted for 

each upper jaw velocity. Also, the force required to 

rupture the stem at 100, 300, and 500 mm min
-1

 upper 

jaw velocities were measured. The test was carried out 

as a completely randomized design experiment in three 

replications. The results showed that velocity had a 

significant effect on the required force to thresh the 

paddy grain from spike, at probability levels of 5%. 

With an increase in velocity from 100 to 500 mm min
-1

 

the grain snapping force decreased from 4.77 to 1.09 N 

and the required force to rupture stem decreased from 

33.43 to 8.41 N. Also, the normal stress acting on the 

stem due to grain snapping force and the ultimate stress 

of stem due to stem rupture force were calculated. 

According to the results obtained from this experiment, 

it can be concluded that the stem is not ruptured when 

the grains are being snapped from the spike. As 

illustrated in Fig. 5,. the maximum tensile force required 

to snap the grain from the stalk (4.77 N) was acquired at 

the velocity of 100 mm min
-1

 Therefore, this force (4.77 

N) was used to design various parts of the PHH.  

 

 

 

Fig. 5. The average of three replication of grain snapping 

force at a speed of 100 mm min-1. 

 

The OSS Analysis 

Fig. 6(a) shows the stress distribution of the OSS in the 

most critical position (Just at the start of the second 

step). The maximum stress in the shoulder was 44.43 

Mpa. Shoulder’s critical point is shown in this figure. In 

order to have a closer look at the amount of stress and 

strain in the shoulder, some paths were defined on it. 

Fig.6 (b) shows the first path. This path starts from the 

open end of the shoulder tooth and continues until the 

vertical shoulder wings. 

Stress and strain curves of the first path are shown in 

Figs. 7(a) and (b), respectively. In these figures, the 

horizontal axis is the distance from beginning of the 

path. The amount of stress and strain have increased 

along the path. Maximum stress and strain in the 

shoulder tooth were 42.45 MPa and 0.00021, 

respectively. 

The type of the mentioned stress was bending, which 

increases by the distance from the tip of the tooth. The 

strain diagram had similar trend as stress one. The 

second path was selected along the horizontal shoulder 

wing (Fig. 6c). This path starts from the open end of the 

shoulder and continues until the closed end of the 

shoulder. Figures 8(a) and (b) show the stress and strain 

curves for this path. The maximum values of stress and 

strain occured at the distance of 274 mm from the open 

end of shoulder which were 43.21 MPa and 0.00051, 

respectively.  

 

The ISS Analysis 

The purpose of this analysis was to determine the stress 

distribution in the bolts and part f of the ISS. Fig. 9 (a) 

shows the stress distribution in this shoulder at the most 

critical position (just at the start of the second step). 

Maximum stress in this shoulder was 66.68 MPa that 

occured at the shoulder bolt shank. The third path was 

defined for a closer examination of stress and strain at 

the top of the part f holes (Fig. 9b).  

According to the stress and strain distribution 

diagram along the path 3, the maximum stress and strain 

values (Fig. 10) occured at the top of the hole centers of 

part f (Fig. 9 b). The maximum amount of stress and 

strain occur within 37.5 mm of the path beginning and 

were 39.83 MPa and 0.000155, respectively.  

Due to the existence of two hole, the stress 

concentration occured. Therefore, the maximum stress 

and strain happened in the region near these two holes. 

To connect each shoulder to the axis, two bolts were 

used. The bolt shown in Fig. 9(c) is closer to the loading 

area, so it can withstand more stress. The fourth path 

was defined along the shank of this bolt (Fig. 9c). Stress 

and strain curves of this path are shown in the Figs. 11a 

and b, respectively. In these figures, the horizontal axis 

is the distance from the beginning of the path. 

At the first 11.8 mm of the path, the bolt shank is in 

perfect contact with the inner surface of the shaft hole, 

so the stress and strain are low in this distance. At 

position of 5 mm (between the first nut and the IS) the 

strain and strain values are instantaneously increased. 

These values increase in the distance between the first 

and second nut (like as a beam). A sudden drop in stress 

and strain values in the range of 23.8 to 30.6 mm is due 

to contact between the inner surface of the second nut 

with the bolt shank. The maximum amount of stress and 

strain occured at the position 12 mm of the path 

beginning and were 65.45 MPa and 0.00161, 

respectively. 
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Fig. 6. (a) Stress distribution of OSS (Stress values are in Pascal); (b) Path 1; (c) Path 2 (Dimensions are in millimeter). 

             
(a)                                                                                                              (b) 

    
Fig. 7. Stress and strain analysis through the Path 1; (a) Stress diagram; (b) Strain diagram. 

         
(a)                                                                                                   (b) 

Fig. 8. Stress and strain analysis through the Path 2; (a) Stress diagram; (b) Strain diagram. 
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Fig. 9. (a) Stress distribution of ISS (Stress values are in Pascal); (b) Path 3; (c) Path 4 (Dimensions are in millimeter). 

 

 

 

 
(a)                                                                       (b) 

 
Fig. 10. Stress and strain analysis through the Path 3; (a) Stress diagram; (b) Strain diagram. 

 

Fatigue Analysis 

The factor of safety was used to provide a design 

margin over the theoretical design capacity to allow for 

uncertainty in the design process. The factor of safety 

for each component of OSS and ISS was calculated and 

results are shown in Table 3. As can be seen from this 

table, the fatigue FS for all components is less than 

yield factor of safety. Therefore, the fatigue in 

components will occur first. The stress-life method was  

 

 
 

used to predict the life in number of cycles to failure, N, 

for a specific level of loading. The predicted life for  

components OSS and ISS is in infinite-life region 

(Table 3). The selection of the appropriate FS to be used 

in the design of components is essentially a compromise 

between the associated additional cost and weight and 

the benefit of increased safety and/or reliability. 
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(a) 

 
(b) 

Fig. 11. Stress and strain analysis through the Path 4; (a) 

Stress diagram; (b) Strain diagram. 

 

Table 3. Factor of safety and number of cycles to failure for of 

OSS and ISS components. 

 
Part 6 Bolts Shoulder 

Shoulder 

tooth 

   4.23 4.9 2.15 4.56 

   7.44 7.89 2.3 4.96 

Number 

of cycles 

to failure 

5.12 
     

5.9 
     

2.1      3.3      

 

 

Model Validation 

In the next step, an analytical method was exploited to 

verify the stress analysis of components. For this 

purpose, a number of sections were chosen through each 

path and the Von Misses stress was calculated for each 

section by Eq. (17) (Shigley, 2011; Li et al., 2008). 

 

        *,((       )
 
 (       )

 
 (     )

 
)  -⁄

  (   
     

     
 +  ⁄  

                                                                                  (17) 

In order to examine the overall validity of the FEM 

results, all the predicted values of stress were plotted 

against the calculated values (Fig. 12). A regression line 

fitted to the data shows that the predicted stresses from 

analytical model lie within bounds of  7.89 % of the 

predicted values with a coefficient of determination to 

0.98. Hence, it could be concluded that there is a good 

agreement between the analytical and FEM results. 

 
Fig. 12. Comparison of analytical and numerical Von Misses 

stress. 

 

CONCLUSIONS 

 

The stress and strain analysis of OSS and ISS of a new 

PHH were performed using FEM. The important 

findings of the current study are briefly reported as 

below. 

1- The maximum amount of force applied to each tooth 

of shoulder was 4.29 N mm
-1

.  

2- The maximum stress in both of shoulders was found 

to be 44.43 MPa.  

3- A regression line fitted to the data showed that the 

calculated stresses from analytical method lie within 

bounds of  7.89 % of the predicted values with a 

coefficient of determination to 0.98. Hence, it could be 

concluded that there is a good agreement between the 

analytical and FEM results.  

4- The Fatigue analysis was conducted based on 

modified Goodman failure criteria and the results 

showed that the fatigue in components will occur first 

because fatigue FS for all components is less than yield 

FS. Also, the modified Goodman failure criteria was 

used to estimate the OSS and ISS components life (N). 

The predicted life for all components were in infinite-

life region (N     cycle), thus the components have 

an infinite-life. 
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در ایي هقبلِ تحلیل تٌص ٍ کزًص ضبًِ هحَر بیزًٍی ٍ ضبًِ هحَر درًٍی ّد  -چکیذه

ضَد. ایي ّد بزداضت ضبهل  ارائِ هی بزداضت خدید بزًح بب استفبدُ اس رٍش الوبى هحدٍد

ّبی هحَرّبی بیزًٍی ٍ درًٍی عضَی سبهبًِ خدا کٌٌدُ داًِ اس سبقِ بَدُ کِ ّزیک اس ضبًِ

اس  ٍ ،ٍاکبٍیافشاس اببکَس بب حلگز صزیح دیٌبهیکی بزای اًدبم  ببضٌد. اس ًزماس ایي سبهبًِ هی

پس  بٌدی قطعبت استفبدُ ضد.َر الوبىّبی تتزاّدرال بِ هٌظای ٍ الوبىّبی ّطت گزُبلَک

ّب در ّز سبسی، ًوَدارّبی تٌص ٍ کزًص قطعبت رسن ضدُ ٍ هقبدیز بیطیٌِ آىاس اتوبم ضبیِ

سبسی یک اس قطعبت تعییي ضد. اس رٍش تحلیلی بِ هٌظَر صحت سٌدی ًتبیح حبصل اس ضبیِ

بدُ ضد. حداکثز تعییي عوز ّز یک اس قطعبت استفهحبسبِ ضزیب اطویٌبى ٍ  ٍ ّوچٌیي

بَد. حداکثز تٌص در ًیَتي بز هیلیوتز  29/4هیشاى ًیزٍی اعوبل ضدُ بز رٍی ّز دًداًِ ضبًِ 

هگبپبسکبل بدست آهد. ًتبیح ًطبى داد ضزیب اطویٌبى خستگی توبم  43/44ّز دٍ ضبًِ 

-ّب کوتز است. بٌببزایي قطعبت سٍدتز دچبر خستگی هیقطعبت اس ضزیب اطویٌبى تسلین آى

بَد. بٌببزایي قطعبت )ضبًِ  106ًَد. عوز هحبسبِ ضدُ بزای ّز یک اس قطعبت بیطتز اس  ض

هحَر بیزًٍی ٍ ضبًِ هحَر درًٍی( در هحدٍدُ عوز ًبهحدٍد قزار دارًد. خط رگزسیَى بب 

بیٌی ّبی پیصّب اًطببق دادُ ضد ٍ ّوچٌیي اختلاف بیي دادُبز دادُ 98/0ضزیب تبییي 

بَد. بٌببزایي  ±89/7ضدُ اس رٍش الوبى هحدٍد ٍ هحبسبِ ضدُ بب رٍش تحلیلی در هحدٍدُ 

بیٌی ضدُ ٍ هحبسبِ ضدُ، ّبی پیصتَاى ًتیدِ گزفت کِ اًطببق قببل قبَلی بیي دادُهی

 ٍخَد دارد.  
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