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Abstract: Violation of the density between the housing and the cover of gear reducers can lead to gaps, noise 
and impacts from gear engagement, an increase in the load on the teeth, and in many cases, to their failure. 
Therefore, the presented report assessed the reliability of bolted connection connecting the housing and the 
cover of parallel-shaft reducers according to various failure criteria. It was found that the probability of a 
violation of the density between the parts is many times higher than the probability of loss of bolt strength.  
Keywords: parallel-shaft reducers, reliability, threaded connections, endurance, joint density 

Introduction. 
Gear reducers are one of the main components of modern machines and equipment, and the 

correct assessment of their reliability, increasing their durability and maintainability are of great im-
portance. Bolted or screw connections connecting the casing and the cover of gear reducers belong 
to the elements, the risk of failure of which is not too great. The failure of the elements of the con-
nection with the loss of its strength is rare. But deformation of the connecting elements, spontaneous 
unscrewing of the nut and, as a result, a violation of the tightness between the casing and the cover 
can lead to disruption of the normal operation of the gearbox as a whole. A violation of the tightness 
between the casing and the gearbox cover can lead to errors, noise and shocks in the engagement of 
the wheels, an increase in the load on the gears, and in many cases, to their total failure.  

In the presented work, as the main criteria for the functionality of the casing-cover connection 
of parallel-shaft reducers, the tensile strength condition of the threaded part of the bolt, the condition 
of tightness between the casing and the cover and the condition of non-slip between the casing and 
the cover were taken as a basis. 

In the existing literature [1 - 5], the calculation of bolted connections that attach the gear hous-
ing with its cover is performed mainly by empirical formulas. 

In [6] by applying the finite element method to analyse a gear reducer housing, were studied 
the influence of the retaining bolts tightening force magnitude on the stress state and nodal displace-
ments of the housing, for the specified input parameters. 

In [7], the problem of optimizing the gearbox housing using numerical analysis is considered. 
In [8-10], the question of increasing the service life of spur gearboxes by activating the non-

working flank was considered. 
An analysis of the literature on bolted connection connecting the housing and the cover reducers 

has shown that a comparative analysis of their reliability for various failure criteria has not yet been 
considered. Such an analysis can be of great practical significance, and therefore, this paper is devoted 
to this important task. 
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Determination of bolt loads.  
To assess the reliability of the connection, it is necessary to determine the load on the most 

loaded bolt. Using the example of a single-stage cylindrical gearbox, we will consider the problem of 
determining the loads on the housing-cover connections. The reactions of the support Fn

’ and Fn
’’ arise 

in the bearing supports of the shaft from the action of the full normal force Fn arising in the parallel-
shaft reducer (Fig. 1). These forces are transmitted directly to the bolts connecting the housing and the 
gearbox cover. We can also divide the force Fn acting on a more loaded bolt into two components. 
Firstly, the sliding force Fq is transmitted not only to the bolts, but also to the outer ring of the bearing. 
Therefore, this force does not significantly affect the reliability of the connection. Another component 
of the Fa is transmitted directly to the bolts and tries to detach the gearbox housing from the cover. 
The gaping force acting on the most loaded bolt, based on the figure, can be determined as follows: 

 
                                              𝐹𝐹𝑏𝑏 =  𝐹𝐹1𝑎𝑎 = 𝐹𝐹𝑎𝑎(0,5𝑎𝑎+𝑒𝑒)

𝑎𝑎
= 𝐹𝐹𝑎𝑎(𝑎𝑎+𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝛼𝛼𝑤𝑤)

2𝑎𝑎
.                                            (1) 

where a - the distance between the bolts; D - outer diameter of the bearing; e - the distance between 
the axis of the shaft and the line of action of the force Fa; αw - engagement angle.  

For standard gears, αw=200 is accepted [2]. Taking µa=D/a, we can write expression (1) as fol-
lows: 
 

                                                       𝐹𝐹𝑏𝑏 = 1
2
𝐹𝐹𝑎𝑎(1 + 𝜇𝜇𝑎𝑎 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠𝛼𝛼𝑤𝑤).                                                   (2) 

Structurally, it is possible to accept µa=0,65÷0,7 for existing gearboxes of cylindrical gears. 
 

 
Figure1. Design scheme of the housing-cover connection of a parallel-shaft reducers 

Given the equal load on the supports (i.e. Fn’=Fn
’’=0.5 Fn) in a single-stage cylindrical gearbox 

and the dependence of the normal force generated by the engagement on the torque transmitted by 
the driven shaft (Fn=Ft/cosαw=2T2/d2·cosαw, [1]), we can determine the force Fa, which tries to break 
the connection of the housing and cover, as follows: 
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𝐹𝐹𝑎𝑎 = 𝐹𝐹𝐷𝐷′ ∙ 𝑐𝑐𝑐𝑐𝑠𝑠𝛼𝛼𝑤𝑤 =
1
2
𝐹𝐹𝐷𝐷 ∙ 𝑐𝑐𝑐𝑐𝑠𝑠𝛼𝛼𝑤𝑤 =

𝐹𝐹𝑡𝑡
2

=
𝑇𝑇2
𝑑𝑑2

. 

where Ft - сircumferential force arising from cylindrical straight-tooth transmission; T2 - torque on 
the driven shaft of the gearbox; d2  - dividing diameter of the driven wheel. 

Considering the last expression in the formula (2), we can write: 
 

                                                        𝐹𝐹𝑏𝑏 = 𝑇𝑇2
2𝑑𝑑2

(1 + 𝜇𝜇𝑎𝑎 ∙ 𝑠𝑠𝑠𝑠𝑠𝑠𝛼𝛼𝑤𝑤).                                                       (3) 

As can be seen from the last expression, the external dividing force falling on the bolt directly 
depends on the torque on the driven shaft of the gearbox, inversely proportional to the diameter of 
the dividing circle of the driven wheel. First, let's consider the issue of assessing reliability by the 
condition of bolt strength. To ensure the density between the parts of the housing-cover connection 
of the gearbox, the bolt is tightened by a certain initial tension force F0, and thus the force Fи is not 
transferred to the bolt completely (Fig. 2, a). Part of the load is perceived by the deformed housing 
and the flanges of the cover. In this case, the calculated force acting on the bolt in the direction of its 
axis should be calculated according to the following formula (Иосилевич Г.Б., 1988): 

 
                                                                𝐹𝐹ℎ = 𝐹𝐹0 + 𝜒𝜒𝐹𝐹𝑏𝑏.                                                                 (4) 

Where is F0 - preliminary bolt tightening force; χ - external load factor. 
The external load factor takes into account which part of the external force is perceived by the 

bolt. This coefficient becomes dependent on the geometric dimensions and elastic modulus of the 
materials of the connected parts and the bolt. Calculations show that when metal elements are con-
nected, it receives values in the range χ=0.2÷0.4 [3]. 
 

 

Figure 2. Design scheme of the bolted connection of the parallel-shaft reducers 

Reliability analysis.  
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In practical calculations, it can be assumed that the load and bearing capacity of the connection 
parts obey the normal distribution (Fig. 3). Then for the case under consideration, the survival prob-
ability of the connection according to the condition of bolt strength can be calculated by the following 
formula [11]: 
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Where 𝑊𝑊�𝑏𝑏 - Mathematical expectation of the bearing capacity of the bolt; 
𝐹𝐹�ℎ - Mathematical expectation of the calculated load on the bolt; 
𝜎𝜎𝑊𝑊𝑏𝑏  - Standard deviation of the bearing capacity of the bolt 
𝜎𝜎𝐹𝐹ℎ - Standard deviation of the calculated load on the bolt; 
𝑉𝑉𝑊𝑊𝑏𝑏 - Сoefficient of variation of the bearing capacity of the bolt; 
𝑉𝑉𝐹𝐹ℎ- Сoefficient of variation of the calculated load on the bolt. 

 

 
Figure 3. Normal distribution of load values and load-bearing capacity 

of the elements of the housing-cover connection of gearbox 
 
When the joint is opened for some reason in the housing-cover connection (for example, as a 

result of an increase in external force or self-unscrewing of the thread), F0=0 and χ=1 occur, so that 
the bolt is only under the action of force Fb (Fig. 3, b). In this case, the probability of trouble-free 
operation of the housing-cover connection of the gearbox according to the condition of bolt strength 
can be calculated as follows: 

                     













+

−
Φ=∗∗

22
FbWb

bb
b

FWR
σσ

   or 
( ) ( ) 














⋅+⋅

−
Φ=∗∗

22
bFbbWb

bb
b

FVWV

FWR .             (6) 

where 𝐹𝐹�𝑏𝑏 - mathematical expectation of the force acting on the bolt when the density is violated; 
𝜎𝜎𝐹𝐹𝑏𝑏 - Standard deviation of the force acting on the bolt when the density is violated; 
𝑉𝑉𝐹𝐹𝑏𝑏- Сoefficient of variation of the force acting on the bolt when the density is violated. 

To ensure the condition of density in the housing-cover connection of the gearbox, the residual 
force arising at the contact of the connected parts must satisfy the condition Fk=F0-Fd>0 [3]. Where 
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Fd is the part of the force acting on the connection perceived by the details, which can be defined by 
the following expression: 

                                                                       𝐹𝐹𝑑𝑑 = (1 − 𝜒𝜒)𝐹𝐹𝑏𝑏 .                                                       (7) 
Thus, in the housing-cover connection, the density condition can be written as F0>Fd, and the 

probability that the connection will work without failure in accordance with this condition can be 
determined by the following expression: 
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Where 𝐹𝐹�0 is the mathematical expectation of the preliminary tightening force; 
𝐹𝐹�𝑑𝑑 is the mathematical expectation of the force perceived by the connected parts; 
𝜎𝜎𝐹𝐹0  is the mean square deviation of the preliminary tightening force; 
𝜎𝜎𝐹𝐹𝑑𝑑  is the mean square deviation of the force perceived by the connected parts; 
𝑉𝑉𝐹𝐹0 is the coefficient of variation of the preliminary tightening force; 
𝑉𝑉𝐹𝐹𝑑𝑑 is the coefficient of variation of the force perceived by the connected parts. 

 
Figure 4. Scheme for the reliability analysis of the connection 

between the casing and the cover of reducer 
 

Let's use the classical methods of probability theory to determine the ratio between reliability 
indexes according to various criteria for the survival probability of the housing-cover gearbox con-
nection. Suppose that a test was carried out on the housing-cover connection with the number m, and 
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after a certain period of operation, the bolt with the number n failed, losing strength. Of these, the 
bolt n1 of the number failed, provided there is no breach of tightness, and the bolt n2 of the number 
failed as a result of loss of tightness. Suppose that with the number of bolts m as a whole, there was 
no density violation on the number of bolts m1, and with the number of bolts m2, density violations 
occurred. The probabilities of uptime or failure according to various criteria can be described sche-
matically in accordance with Fig. 4.  

The survival probability of the bolt according to the strength condition can be determined by 
the following expression: 

                                                                        𝑅𝑅𝑏𝑏 = 1 − 𝐷𝐷
𝑚𝑚

.                                                               (9) 
Similarly, we can determine the survival probability by the density condition (Rk) and the prob-

ability of density violation (Pk) by the following formulas: 
                                                        𝑅𝑅𝑘𝑘 = 𝑚𝑚1

𝑚𝑚
;                    𝑃𝑃𝑘𝑘 = 1 − 𝑅𝑅𝑘𝑘 = 𝑚𝑚2

𝑚𝑚
 .                                (10) 

The survival probabilities of the bolt according to the strength condition in cases of absence 
and presence of density, respectively, can be determined by the following expressions: 

                                                            𝑅𝑅𝑏𝑏∗ = 1 − 𝐷𝐷1
𝑚𝑚1

;            𝑅𝑅𝑏𝑏∗∗ = 1 − 𝐷𝐷2
𝑚𝑚2

 .                                     (11) 

By solving expressions (9-11) together, we can obtain the following expression to determine 
the probability that the bolt will work without failure due to the strength condition: 

                                                                𝑅𝑅𝑏𝑏 = 𝑅𝑅𝑘𝑘(𝑅𝑅𝑏𝑏∗ −  𝑅𝑅𝑏𝑏∗∗) +  𝑅𝑅𝑏𝑏∗∗.                                            (12) 
As already mentioned, a breach of tightness in the housing-cover connection of the gear reducer 

should also be considered as a transmission failure. Because the violation of tightness also leads to 
the fact that the gearbox loses its function. Given this, the probability that the housing-cover gearbox 
connection will work according to both criteria without failure can be determined as follows: 

                                                                        𝑅𝑅 = 1 −  𝐷𝐷1+𝑚𝑚2
𝑚𝑚

 .                                                    (13) 
Having made some simplifications in the last expression, given expressions (10) and (11), we 

can write the following expression: 
                                                                          𝑅𝑅 = 𝑅𝑅𝑘𝑘 ∙ 𝑅𝑅𝑏𝑏∗ .                                                           (14) 

An assessment of the reliability of the casing-cover connection of a cylindrical gearbox with a 
gear ratio u=4, an axial distance aw=224 mm, a diameter of the division of the bearing wheel d2=360 
mm at the location of the bearings is considered. Standard M12 bolts with a thread pitch of P=1,5 mm 
and an internal diameter of d1=10,16 mm were selected for connecting the housing-cover gearbox. 
Since there were no special requirements for the design, the bolt material was selected steel 20, which 
corresponds to strength class 4.6. The yield strength of the bolt material was adopted as the bearing 
capacity. The yield strength of the selected material is assumed to be σy=240 N/mm2. Depending on 
the magnitude and fluctuation of the torque acting on the bearing shaft of the gearbox, as well as on 
the bearing capacity of the bolt material, the survival probability of the housing-cover connection was 
calculated. 

Since the connection of the housing and the gear reducer cover is designed with a large margin 
factor according to all failure criteria, it is practically impossible for the connection to fail at rated 
load. The loss of operability of this connection occurs due to accidental overloads or shocks that occur 
during operation. Therefore, it is important to assess the reliability of the housing-cover connection 
depending on the load according to various performance criteria. To this end, on the basis of the 
methodology described above, an assessment of reliability indicators was carried out according to 
various criteria for the operability of the connection in question. In these calculations, the coefficient 
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of variation of the bearing capacity VWb=0,05, the coefficients of variation of the calculated and ex-
ternal forces acting on the bolt, VFh=VFb= 0,07, the coefficients of variation of the initial tightening 
force and compression forces created on the part, VF0=VFd=0,1 are adopted. The results are graph-
ically shown in Fig. 5. 

 
Figure 5. Dependence of the reliability indicators of the housing-cover  

gearbox connection on the transmitted torque 

Conclusions.  
As can be seen from the graph in Fig. 5, the reliability of the casing-cover connection of a 

parallel-shaft reducer is mainly determined by the condition of joint density. Since the bolts are de-
signed with a large margin factor, even with a load many times higher than the nominal one, the 
indicator of their reliability gets the maximum value. And with a load exceeding the nominal by about 
two times, the probability of trouble-free operation drops sharply due to the tightness condition. And 
violation of the tightness condition can lead, as already mentioned above, to the occurrence of gaps 
in the engagement and shaft supports. This can eventually lead to the appearance of sound and vibra-
tion, as well as to increased impacts during engagement. Therefore, it is very important to control the 
initial tension force created on the bolts in order to increase the tightening in the housing-cover con-
nection. 

REFERENCES 
[1] Abdullayev A.H., Güməyev M.H., Məmmədov H.S. (2014) Tətbiqi mexanika. Dərs vəsaiti. – 
Bakı: “Təhsil” NPM. 
[2] Дунаев П.В., Леликов О.П. (2013) Детали машин. Курсовое проектирование. Учебное 
пособие. – Москва: «Машиностроение». 
[3] Иосилевич Г.Б. (1988) Детали машин. Учебник. – Москва: «Машиностроение». 
[4] Khurmi R.S., Gupta J.K. Machine Design. Eurasia Publishing House, Ram Nagar, New Delhi, 
2005. 
[5] Decker K. –H. Maschinenelemente: Funktion, Gestaltung und Berechnung Carl Hanser Ver-
lag, München, Wien, 2018.  
[6] Miklos I. Zs., Miklos C. C., Alic C. I., Raţiu S. Analysis of gear reducer housing using the finite 
element method. International Conference on Applied Sciences (ICAS2017). IOP Publishing. Series: 
Materials Science and Engineering 294 (2017) 012034 doi:10.1088/1757-899X/294/1/012034. 



Iftikhar CHALABI 
Reliability analysis of the housing-cover connections of parallel-shaft reducers 

 

 

69 

[7] Korka Z.-I., Cojocaru V., Miclosina C.-O. Modal-based design optimization of a gearbox hous-
ing. RJAV, vol. 16, issue 1/2019.  
[8] I. Chalabi, Comparative Service Life Analysis for Gears According to Different Failure Crite-
ria. Journal of Failure Analysis Prevention 20. p. 2137-2144 (2020. https://doi.org/10.1007/s11668-
020-01029-y  
[9] Iftikhar Chalabi, Beyali Ahmedov, Shahin Charkasov, Shahid Yusubov. Comparative service 
life analysis for Novikov gears of mechanical drives of sucker-rod pumps. Journal SOCAR Proceedings. 
2022. Special Issue 2. Pp. 53-59. DOI: 10.5510/OGP2022SI200776 
[10] Chalabi I., Ahmedov B., Hajiyev A. Comparative analysis of gears service life of mechanical 
drive for sucker-rod pumps//Oil Qas European Magazine. -2021. 47. Edition, Issue 1, p. 39-45. 
[11] Tschalabi I., Jäger P. (2005) Systematische Sicherheits- und Zuverlässigkeitsanalyse für 
Schraubenverbindungen//Konstruktion. Nr.1-2, S. 59-64.  
 
 
 

Received: 16.03.2023 
Accepted: 19.11.2023 

 
 


