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ABSTRACT ARTICLE INFO 

A typical dynamometer drive shaft was damaged during its working 
condition. This failure was repeated in four cases. In the present article, a 
failure analysis of a dynamometer drive shaft has been performed. To 
analyze the failure, the material investigation was carried out by scanning 
electron microscopy (SEM) images. Additionally, the micro-structure of the 
failed coupling shaft was photographed, the hardness was measured and 
compared to properties of the original material. Besides, the fatigue lifetime 
was calculated based on the high cycle fatigue (HCF) regime and the fatigue 
endurance limit by simulating the misalignment in a finite element (FE) 
model. The possibility of torsional vibrations and the occurrence of the 
resonance condition were also studied. Finally, vibration-monitoring 
practices were done to compare the vibration amplitudes to an acceptable 
criterion. SEM images showed cleavage marks under fatigue loadings. These 
marks indicated the brittle behavior of the material. The micro-structure 
together with the hardness of the alloy was satisfied. Based on numerical 
results, the fatigue lifetime of the coupling was likely to terminate according 
to the misalignment increase, as a cause of the failure. The other cause could 
be the resonance and the shaft critical speed, which was calculated below 
the idle speed of engines.  
 

© Iranian Society of Engine (ISE), all rights reserved. 

Article history: 
Received: 08 March 2014 
Accepted: 19 April 2014 

Keywords: 
Failure analysis 
Dynamometer drive shaft 
Fatigue lifetime 
Misalignment 
Resonance   
 
 
 
 
 
 
 
 
 
 
 
 
 

  

http://www.engineresearch.ir/
mailto:m_azadi@ip-co.com
mailto:r_rohani@ip-co.com
mailto:m_roozban@ip-co.com
mailto:a_mafi@ip-co.com


M. Azadi et al., The Journal of Engine Research, Vol. 30 (spring 2013), pp. 37-46 38 

 

   

 

1) Introduction 
Dynamometers have been used for starting engines 
and also endurance or functional testing in test beds. 
Usually, a drive shaft connects the engine into the 
dynamometer. Based on this coupling, it is supposed 
to work under cyclic torsional loadings. Therefore, 
the fatigue lifetime and vibration phenomenon are 
important in this component. For this purpose, this 
component is usually made of a titanium alloy (the 
Ti-6Al-4V alloy), which has a proper ratio of the 
strength to the weight. 
Such instruments are exposed to torsional cyclic 
loadings in the high cycle fatigue (HCF) regime. In a 
typical vehicle installation, the driveline contains an 
engine coupled to a clutch, a gearbox, a differential 
system, drive shafts and finally wheels. In an engine 
test bed, the engine will be directly connected to the 
dynamometer by means of a coupling system. This 
coupling system mainly consists of a driveshaft and 
one or two flexible elements at ends. 
This kind of testing machine is quite rugged and 
insensitive, however some important considerations 
should be observed to prevent following problems. 

 Catastrophic driveline failure 
 Engine damage-bearing failure 
 Dynamometer damage-bearing failure, drive 

hub damage and electrical failure 
 Excessive engine vibration 

In the current case, internal combustion engines are 
connected to dynamometers by means of a highly 
flexible coupling system. Failures in similar 
couplings were repeated four times according to the 
following chronological order. 

 The coupling number 1 was failed after 
4526 hrs working (about 4 years). 

 The coupling number 2 was failed after 
1763 hrs working (about 4-5 years). 

 The coupling number 3 was failed after 742 
hrs working (about 9 months). 

 The coupling number 4 was failed after 
2700 hrs working (about 1.5 years). 

Root causes were analyzed in a fishbone diagram, 
shown in Figure 1. As illustrated, the coupling failure 
can happen in three parts including the shaft bar, 
elastomer parts and CV-joint components. For each 
component, there exist several reasons for the 
failure. For elastomer parts (rubber elements), the 
environment can be a cause for the failure such as 
the overheating effect and existing aggressive fluids. 
The Hertzian stress, the grease quality, the residual 
imbalance, the misalignment and material defects 
can be reasons for the failure in CV-joint 
components. For the shaft failure, one reason can be 
poor fatigue properties under torsional and bending 
loads. Other important reason can be the 
misalignment and the imbalance, when the coupling 
system is assembled between the dynamometer and 
the engine.  
 

 
Figure 1: The fishbone for the failure of the coupling 

system 
 
Furthermore, the incorrect selection of the coupling 
system can be another main reason of the failure, not 
only because of loading characteristics, but also 
because of torsional vibrations. Material defects 
including unsatisfying the hardness, poor mechanical 
properties, incorrect element compositions and 
micro-structures can result in the failure.  
In the present research, only causes of the shaft 
catastrophic failure have been studied, since there 
were no failures in elastomer parts and the CV-joint 
component. Based on the fishbone diagram, various 
works were conducted, as the solving methodology 
to find the root cause of the failure. They could be 
listed as follows, 

 Material investigations 
o Measuring the chemical composition of 

the component and comparing to its 
specification 

o Measuring the hardness of the 
component and comparing to its 
specification 

o Checking the micro-structure of the 
component to verify its production 
process 

o Checking scanning electron microscopy 
(SEM) images of the fracture surface to 
find failure causes 

 Mechanical investigations 
o Calculating the vibration behavior 

(including the natural frequency) of the 
component to find the critical speed 

o Measuring the vibration spectrum 
(including the transient behavior) of 
the component, connected to the 
engine at various engine speeds 

o Calculating the stress and predicting 
the fatigue lifetime of the component 
under various critical loading 
conditions to find effects of the 
misalignment and the torque 
enhancement 
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2) Observation Results 
The highly flexible coupling system, which had been 
verified appropriately for determined test 
procedures and certain internal combustion engines, 
has failed on several occasions. A schematic picture 
of the engine test bed, the coupling system and its 
components are shown in Figure 2. The coupling 
system contains three major components: the 
titanium alloy bar shaft, engine-side joints (including 
the CV-Joint components and the boot) and 
dynamometer-side joints (which was composed of 
elastomer parts, the friction bearing system, the 
trunnion, the casing system and the hub). Figure 3 
illustrates an example of these coupling systems, in 
which the shaft was failed after 1200 hrs operation. 
As it can be seen, a longitudinal crack was distantly 
stretched through the shaft.  
The root cause analysis of the fracture in the 
coupling system highlighted the role of vibrations as 
a main problem in malfunctioning of the shaft. Since 
the torsional vibration is known as a key factor in the 
fracture of shafts, this is more preferable to cover 
this area of thought, rather than studying the 
vibration in general. However, unbalanced 
components, the misalignment of the driveline, the 
design of mountings, induced oscillations of the 
engine and etc. are definitely some main factors of 
vibrations.  
 

 

 
Figure 2: The view of the engine test bed and components 

of the coupling system 

 
Figure 3: A failed coupling system after 1200 hrs operation 

 
This is the nature of any engine test stand that the 
isolation of vibrations in any kind is definitely 
impossible. This is also necessary to notice that the 
unsatisfactory torsional behavior is not only 
associated with the coupling system, but also with 
the whole system including the engine and the 
dynamometer. However, each component may be 
quite satisfactory in itself [1].  
In spite of the importance of other related 
parameters, two factors seem to be at the center of 
attentions. These factors are experimentally proved 
among careful theorists regarding to considerations 
in the design of drivelines; critical speeds and the 
moment of inertia of the engine in comparison to 
that value of the dynamometer. The easiest way to 
calculate critical speeds of a coupling system is to 
use the so-called two-mass system, in which the 
engine is at one side, the dynamometer exists at the 
other side and all other elements of the drive chain 
will be placed between these two masses. 
 
3) Results and Discussions 
3.1) Material Investigations 
The shaft of the coupling system was made of the Ti-
6Al-4V alloy. This titanium alloy has been widely 
used in industries due to their high strength to 
weight ratio, good corrosion resistance, excellent 
fracture toughness and attractive mechanical 
properties [2].  
The chemical composition of the material of the 
failed drive shaft was determined by a 
spectrographic chemical analysis method. These 
results are depicted in Table 1. As illustrated, the 
coupling alloy was conformed to the standard of the 
Ti-6Al-4V alloy [3]. Therefore, there was no problem 
with the coupling material.  
Hardness Rockwell C (HRC) tests have been 
performed by means of a diamond indenter, with 
150 kg for 10 s interval on the specimen surface [4]. 
The hardness was measured as 34, 35, 36, 35 and 34 
HRC. It should be mentioned that the average 
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hardness of the material could be determined to be 
34.8 HRC, which was in the range of the 
specification; 34 to 38 HRC [5]. Thus, there was no 
doubt about the material hardness, which was a 
branch of the fishbone diagram, as shown in Figure 
1. 
In order to investigate the micro-structure and the 
heat treatment of the coupling material, a part of the 
shaft near the cracked zone was separated. Micro-
structural pictures were taken by a light microscope 
after grinding, polishing and etching the specimen 
surface in the Keller's reagent for 30 s [6]. 
In Figure 4, it can be seen that the micro-structure of 
the coupling material consisted of α and β phases, in 
which the distribution of the β phase was proper in 
the α solid phase [2]. Therefore, the micro-structure 
of the material (mentioned as a branch in the 
fishbone diagram) could not be a reason of the 
failure.  
 

Table 1: Chemical compositions of the failed shaft 

Standard [3] Coupling Elements 

5.5-6.7 6.3 Al 

3.5-4.5 4.1 V 

- 0.020 Cr 

Max. 0.4 0.1 Fe 

- 0.025 Nb 

- 0.015 Mn 

- 0.020 Cu 

Base Base Ti 

 

 
Figure 4: The microscopic image of the coupling material 

near a cracked zone 
 
 
 
 
 
 
 
 

 

Effectively, the micro-structure resembled to the 
heat-treated Ti-Al6-V4 alloy. Micro-structural images 
of the Ti-6Al-4V alloy, with and without heat 
treatment are demonstrated in Figure 5, which 
shows the effect of the heat treatment process on the 
material micro-structure of the component. It should 
be born in the mind that the heat treatment of the 
alloy includes a solution at 950°C for 1 hr, water 
quenching and ageing at 550°C for 2 hrs [5]. 
To investigate the cracked zone more accurately, the 
fracture surfaces were studied under a SEM. Their 
results are shown in Figure 6 with various 
magnifications to highlight micro-cracks. It could be 
predicted that cracks were initiated due to torsional 
or bending fatigue loadings. Figure 7 demonstrates 
the fracture surface, containing cleavage marks [7], 
which shows the brittle fracture.   
 

 (a) 

 
(b) 

 
Figure 5: Microscopic images of the Ti-Al4-V6 alloy; 
including (a) as-received and (b) heat-treated ones 
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(a) 

 
(b) 

 
Figure 6: SEM images from cracked zones of the shaft with 

various magnifications 

 
Therefore, in the part of material investigations, we 
could say that: 

 Measuring the chemical composition of the 
component showed that there was an 
agreement between obtained results and the 
specification. 

 Measuring the hardness of the component 
demonstrated that the measured value was 
in the mentioned range of the specification. 

 Checking the micro-structure of the 
component illustrated that the production 
process could be verified and the heat 
treatment process seemed to be correct. 

 Checking SEM images of the fracture surface 
showed cleavage marks and the brittle type 
of the fracture. 

Consequently, the branch of the material defect in 
the fishbone diagram could not be the cause of the 
failure. 

 
 
 

(a) 

 
(b) 

 
Figure 7: SEM images from fracture surfaces including 

cleavage marks with various magnifications 

 
3.2) Mechanical Investigations 
To study the vibration behavior, the critical speed 
should be calculated. The so-called two-mass system 
formulation to calculate the resonant frequency of 
the torsional vibration of the system is shown in 
Equation (1), as reported in the literature [1]. 

 

de

dec
c

II

IIC
n




2

60

 

(1) 

In which, Ie and Id are the effective moment of inertia 
of the engine-side and the dynamometer-side, 
respectively. And Cc is the torsional stiffness of the 
shaft. Table 2 represents the moment of inertia of 
the engine and the dynamometer. Considering Ie = 
0.218 kgm2, Id = 0.371 kgm2 and Cc = 1150 Nm/rad, 
the critical speed could be calculated as 875 cpm. 
This value was related to a four-cylinder, four-stroke 
engine with a maximum speed of approximately 
6500 rpm.  
 
 
 



M. Azadi et al., The Journal of Engine Research, Vol. 30 (spring 2013), pp. 37-46 42 

 

   

 

Table 2: The moment of inertia of the engine and the 
dynamometer 

Engine-side Dynamometer-side 

Components 
Moment 
of inertia 

(kgm2) 
Components 

Moment 
of inertia 

(kgm2) 

Engine 0.137 Dynamometer 0.352 

Flywheel 
adaptor 

0.073 
Dynamometer 

adaptor 
0.005 

Coupling  
half-1 

0.008 
Coupling  

half-2 
0.014 

Total 0.218 Total 0.371 

 
In general, this is proved that the first resonant 
speed will occur at the second order for similar 
cases. It means that when this engine reaches to the 
speed of 438 rpm, it becomes prone to resonate. 
According to a general rule, it is good practice to 
pass the engine speed between 0.8 and 1.2 times of 
the critical speed as quickly as possible [1, 8]. It 
means that the speed range of 350-526 rpm for this 
case needs a certain care.  
The direct connection of the engine and the 
dynamometer leads to the shaft resonance, when the 
critical speed is situated at the operation range or 
near it. One way to put this frequency below the idle 
speed is to use elastomer parts. An elastomer 
damper in the shape of a rubber ring with a hardness 
of 50 shore-A at the dynamometer-side of the highly 
flexible coupling system is a common practice, which 
will basically shift the critical frequencies of the 
drive line to out of the normal operation range of the 
engine. An essential point is that even though the 

utilization of elastomer parts reduces the possibility 
of the resonance, the ambient temperature can 
change the critical speed range. Exceeding a 
permissible temperature (about 85°C for the natural 
rubber) shall be prevented [8]. In this case, no sign of 
overheating was observed and the hardness and the 
torsional stiffness have not experienced any change.  
Besides, the start process shall be done in a quick 
way preferably less than 1 s [8] to certainly hinder 
unexpected exceeding of cranking the speed that 
would expose the coupling system to the 
catastrophic failure. Unfortunately, there is ample 
evidence that shows different reasons have 
lengthened this stage of tests. This fact increases the 
possibility of the failure due to consequences of this 
slow transition. As a result, this could be one reason 

of the failure in the coupling system.  
According to the operating manual of 
dynamometers, the vibration amplitude on bearing 
spots should be in the following range [8]. 

 The vibration velocity (alone) should be less 
than 2.5 mm/s. 

 The total vibration velocity should be less 
than 7 mm/s. 

 

To make sure about the health of machines in this 
aspect, the vibration velocity was monitored in Z-
axis in different engine conditions (shown in Figure 
8). 
In Figure 9, three vibration spectrums in 4000, 5000 
and 6000 rpm of the engine speed are shown. In all 
of them, no extra vibration could be reported. This 
test has been performed for different situations. The 
vibration velocity was lower than the value, 
mentioned before as a criterion. Moreover, vibration 
picks in Figure 9 are mainly due to the residual 
imbalance, the small misalignment and combustion 
knocks, which could be negligible. 
 

 
Figure 8: Vibration monitoring on the dynamometer 

 
(a) 

 
(b) 

 
(c) 

 
Figure 9: The vibration spectrum measured at (a) 4000 

rpm, (b) 5000 rpm and (c) 6000 rpm of the engine speed 
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For further investigations, the finite element (FE) 
analysis of the coupling system has been performed 
by the ABAQUS software. A three-dimensional model 
of the shaft was meshed by using the C3D8R element 
(shown in Figure 10). In Figure 10, surfaces of 
boundary conditions and loadings (the torque and 
the displacement) are demonstrated. The meshed 
model includes 82211 elements, 91528 nodes and 
280314 degrees of the freedom.  
The material was made of the Ti-6Al-4V alloy. Its 
elastic modulus and Poison's ratio were 110 MPa 
and 0.31, respectively [5]. An external torque of 400 
Nm and a displacement of 0.2 mm (as the 
misalignment) in X direction are applied to the one 
side of the model and the surface in the other side of 
the model was fixed in X and Y directions. It should 
be mentioned that the applied torque introduces 
loadings from the engine and the applied 
displacement namely represent the driveline 
misalignment.  
Figure 11 demonstrates FE results including Von-
mises and Tresca stresses. These results are related 
to 400 Nm torque. The maximum Tresca stress was 
calculated as 635.7 MPa in comparison to 550.5 MPa 
of the Von-mises stress. It means that the Tresca 
stress is more than the Von-mises stress, since the 
torsional stress is considered by the difference of 
maximum and minimum principal stresses in the 
Tresca criterion.  
As an important note, to account torsional loading in 
the coupling system, the Tresca approach is 
preferable to the Von-mises approach for the 
mechanical analysis. Based on Von-mises criterion, 
considering 786 MPa yield strength of the shaft alloy 
[5], the safety factor could be calculated as 1.43. 
Having used the Tresca criterion, the safety factor 
becomes 1.24. Thus, the coupling shaft could 
withstand more than 400 Nm torque, statically. 
Appling 0.2 mm displacement, as an allowable 
misalignment reported in the literature [8], in 
addition to 400 Nm torque to the FE model, shows 
no significant changes on stresses. These results are 
shown in Table 3. However, by increasing the torque 
to 500 Nm and the misalignment to 20 mm, stresses 
change. Raising the torque by 25% will intensify 
stresses by 25%, according to the linear behavior of 
the material. A 100 times bigger displacement will 
increase the Von-mises stress by 20% and the Tresca 
stress by 15%. If there is an over-range permanent 
displacement during the operation, the service 
lifetime of the shaft will reduce by 95% [7]. A radial 
misalignment less than 0.2 mm is allowed between 
the engine axis and the dynamometer flange center 
[7]. 
 
 

 
Figure 10: The meshed model of the shaft in the ABAQUS 

software 
 

(a) 

 
(b) 

 
Figure 11: FE results including (a) the Von-mises stress 

and (b) the Tresca stress 

 
Table 3: FE results of the coupling system under various 

loading conditions 
Von-mises 

stress 
(MPa) 

Tresca 
stress 
(MPa) 

Misalignment 
(mm) 

Torque 
(Nm) 

State 

550.5 635.7 0.0 400 1 
550.6 635.8 0.2 400 2 
688.2 794.7 0.0 500 3 
661.3 729.6 20.0 400 4 

 
To simulate the reality of loadings, a fatigue analysis 
was carried out on the model. The cyclic loading type 
of the coupling system is in the high cycle fatigue 
(HCF) regime. The strategy of engine stops in the 
dynamometer is a reverse revolution, when the 
engine is working. Therefore, the loading history of 
the coupling can be drawn as Figure 12. When the 
engine works, there may be several fluctuations in 
the torque.  
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In addition, there is a negative value for the torque, 
since for stopping the engine (the shut-down state), 
the dynamometer applies a reverse torque (unlike 
the engine rotation direction) on the engine. If the 
start-up duration is not considered, between the 
time of engine working and the shut down time, we 
can say that loading conditions will be assumed to be 
a fully reversed loading condition with zero mean 
stress.  
The endurance fatigue limit of the alloy was 
considered as 529 MPa at 107 cycles [5]. This limit in 
torsional conditions becomes 305.4 MPa, but the 
coefficient of the fatigue strength (the power of the 
stress-life relation) was not changed [9]. Therefore, 
the fatigue lifetime of the coupling could not be 
infinity based on the Tresca criterion and the 
coupling system had a limited lifetime.  
To find the endurance fatigue limit in real conditions 
(Se), Equation (2) can be used as following [9], 

 efedcbae SkkkkkkS 
 

(2) 

In which, S'e is the endurance fatigue limit obtained 
from rotary bending HCF tests. This value should be 
changed to torsional loadings by a factor, which was 
0.577 [9]. Other parameters are correction factors 
for the surface, the size, the loading type, the 
temperature, the reliability and the stress 
concentration, respectively.  
Considering 862 MPa for the ultimate strength of the 
alloy [5], the surface factor could be regarded as 0.75 
for the machined shaft [10]. As the shaft diameter 
was 19.7 mm, the size factor could be calculated as 
0.90 and the loading factor was 0.59 due to torsional 
loadings [10]. Diameters (d and D) of the shaft are 
changed from 37.5 mm to 19.7 mm by a fillet radius 
(r) of 25 mm. Thus, the ratios of r/d and D/d are 
calculated as 1.27 and 1.90, respectively. 
Consequently, the correction factor for the stress 
concentration effect becomes 0.91 [9]. In this fatigue 
analysis, the temperature factor and the reliability 
factor are considered as 1 for the coupling system. 
By applying values of correction factors to Equation 
(2), the endurance fatigue limit could be calculated 
as 192.5 MPa. As a result, the safety factor becomes 
0.35 and 0.30 based on Von-mises and Tresca 
criteria, respectively.  
 

 
Figure 12: The schematic loading history in the coupling 

system 

To find the fatigue lifetime (Nf), Equations (3) and 
(4) can be used as following [10],  

 b
ff NaS 

 
(3) 

 












e
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u

S

fS
b

S
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a log

3

1
,

2

 

(4) 

In which, Su is the ultimate strength of the alloy. The 
value of f could be calculated as 0.815 by considering 
862 MPa for the ultimate strength of the alloy [4]. 
Consequently, a and b coefficients will be equal to 
2563.3 MPa and -0.187, respectively. When a 400 
Nm torque was applied on the coupling model, the 
fatigue lifetime, based on the Von-mises estimation 
will be 3675 cycles, whereas by means of the Tresca 
calculation would not exceed 1705 cycles. Other 
fatigue lifetimes under various loading conditions 
are shown in Table 4. These results demonstrate that 
by the 25% increase in the torque value, the fatigue 
lifetime becomes equal to one third of the initial 
state and it will drastically reduce by 50%, while the 
misalignment increases a hundredfold. 
Therefore, in the part of mechanical investigations, 
we could say that: 

 Checking the vibration behavior (including 
the natural frequency) demonstrated that 
the critical speed was 438 rpm, below the 
idle speed of the engine, which was about 
800 rpm. If the duration time of passing this 
speed during engine starting is not so low, 
the resonance will be occurred. 

 Checking the vibration spectrum (including 
the transient behavior) of the component 
showed that the vibration velocity was 
lower than the value, mentioned in the 
specification. 

 Checking the stress of the component 
illustrated that the safety factor was higher 
than 1, which was satisfactory. 

 Checking the fatigue lifetime of the 
component under various critical loading 
showed that the misalignment had lower 
effect on the fatigue lifetime, in comparison 
to the enhancement of the torque. 

 
Table 4: The fatigue lifetime of the coupling system under 

various loading conditions 

State 

Amount of Increase (%) 
in stress 

Fatigue lifetime (cycle) 
based on 

Tresca 
stress 

Mises 
stress 

Tresca 
stress 

Mises 
stress 

1 
Initial 
state 

Initial 
state 

1705 3675 

2 0.2 0.2 1703 3671 
3 25 25 518 1116 
4 15 20 817 1381 
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3.3) Fishbone Analysis and Failure Causes 
Based on mentioned root causes of the shaft failure 
in the fishbone diagram and according to both 
material and mechanical investigations, for each 
branch of the fishbone, we could say that: 

 Material defect branch: The failure was no 
due to the material. 

 Imbalance and misalignment branches: 
Their effect was less than the effect of the 
torque enhancement on the fatigue lifetime. 
However, they could be one cause of the 
failure. 

 Coupling selection branch: It was not 
checked in this research and it was 
supposed to be correctly selected. 

 Vibration branch: No extra vibration was 
observed. However, the critical speed was 
less than the idle speed of the engine and 
this passing the critical speed was the cause 
of the failure. Since the time duration of 
passing this speed was not so low, when 
engines have been started. This would be 
caused to the resonance phenomenon. 

 Fatigue branch: Since the working hour of 
four failed shafts was not the same, the 
fatigue lifetime of the component was not 
the main cause of the failure. However, it 
was terminate, when the torque and the 
misalignment increased. Besides, it was 
shown that the torque enhancement beside 
the misalignment had a significant effect on 
the lifetime reduction. 

Consequently, we predicted two root causes for the 
failure of the coupling shaft including the critical 
speed (especially the high passing time of the engine 
start) and the misalignment. Therefore, vibration 
monitoring would be a proper suggestion to prevent 
such there failures in the coupling system of 
dynamometers. 
 
4) Conclusions 
In this research, a failure analysis of an engine test 
bed, includes a failed coupling system, has been 
carried out. For this purpose, material and 
mechanical investigations were performed based on 
the fishbone diagram. Obtained results showed that 
no material defect was observed. SEM images 
demonstrated cleavage marks under fatigue 
loadings. The critical speed of the coupling system 
was calculated as 438 rpm, which has been placed 

below the idle speed of internal combustion engines. 
To prevent failures, the engine should run quickly in 
order to avoid possible resonance. Unfortunately, 
this caution was not done properly and thus, the 
critical speed was a cause of the failure. Another 
failure cause was the fatigue lifetime reduction 
according to the misalignment. In other words, 
misalignments higher than allowable values could 
severely decrease the lifetime. Based on this 
important point, we suggest an accurate alignment 
device to monitor the system during engine testing.  
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 اطالعات مقاله

 ليتحل ي. براشودارائه مي ،با چهار دفعه تكرار شكست لگام ترمزمحور  يخراب ليدر اين مقاله، تحل
انجام شد. به عالوه،  يروبش يالكترون كروسكوپيم هاي مواد با استفاده از عكس يبررس ،يخراب

و با خواص ماده  ديگرد يرگي اندازه زيآن ن يشد؛ سخت ريبردا عكس ده،يد بيمحور آس زساختارير
محدود،  ءاجزا يالگو کيدر  محوري ناهم يساز هيبا استفاده از شب ن،يشد. همچن سهيمرجع، مقا
. ديقطعه، محاسبه گرد يو حد دوام خستگ بسامدپر يخستگ ةاساس محدود آن بر يعمر خستگ

 ةارتعاشات و محدود با مقدارمطالعه شد. در انتها،  ز،ين ديتشد ةديو پد يچشيپ اشارتعتأثير  احتمال
 برگي رخاثرات  ،(SEM) يروبشبين برقي ذره هاي . عكسديگرد سهيمقا ،يارتعاش ةمجاز دامن

(cleavage )اند دهشكست شكننده ماگوياي اثرات،  ني. اندنشان داد يخستگ يرا تحت بارها .
محور، به  يدر عمر خستگ. براساس نتايج عددي، تنداش يماده، مشكل يهمراه سخته ب زساختارير

 يوجود داشت. عامل ديگر خراب يمشكل ،يبه عنوان يک عامل خراب ،محوري دليل افزايش ناهم
 محور باشد که کمتر از دور آرام موتور، محاسبه شد. يو سرعت بحرانة تشديد ديپد توانست يم
 

ست.محفوظ ا نجمن علمي موتور ايرانتمامي حقوق براي ا  

 مقاله: ةتاريخچ
 9012 آبان 32دريافت: 
 9012دي  30پذيرش: 

 ها: کليدواژه
 يخراب ليتحل

 لگام ترمزمحور 
 يعمر خستگ

 محوريناهم
 تشديد 
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