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 One of the most common problems faced by briquette machine users in the industry is the failure 

of the cast iron housing unit of the UCF-216 bearings, to which the main shaft of the briquette 

machine is attached. In this study, the failure mechanism of a cast iron housing unit of a UCF-216 

bearing broken during operation in a briquette machine was analyzed in order to develop a solution 

to the problem. Failure was occurring in the bolt hole areas of the housing unit. First of all, spectral 

analysis was performed and it was determined that the housing unit was grey cast iron. Then, the 

macrostructures of both unused and damaged housing units were examined. Some casting defects 

were detected in the bolt hole areas of the unused housing unit. It was also learned that during the 

assembly of the UCF-216 to the briquette machine, no torque meter was used while the bolts were 

tightened. In order to understand the effect of possible overtightening of the bolts, the system was 

modelled as a 3D solid. This model was exported to the finite element software and different bolt 

pretensions were applied considering the stresses created by the bolt tightening forces on the 

housing unit. As a result, it was understood that if the ratio of the stress caused by the axial bolt 

tightening force in the UCF-216 bearing unit to the yield stress of the UCF-216 housing unit is 

above 50%, fatigue failure will occur.       
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1. Introduction 

Concrete building block machines (CBBM) have been 

called by different names such as briquette machine, bims 

(pumice) machine, pumice machine and block making 

machine in the construction industry. This name difference 

is due to the purpose of using the CBBM. Because with the 

same machine, different products could be produced. By 

using several molds in the CBBM, construction materials 

with variable properties and dimensions such as 

interlocking briquettes, curbstones, hollow concrete 

blocks and pumice blocks can be produced. The most basic 

task of the CBBM is to shape the construction material in 

different molds using vibration and pressure. Actually, a 

CBBM is a kind of mass production machine. Because in 

this machine, which generally has an automation system, 

pumice, cement and water mixture in certain proportions 

is taken into molds and compressed with the help of 

vibration and hydraulic press [1–4]. 

The development of a CBBM with movable, adjustable 

dies that could make solid blocks dates back to the early 

1900s. Harmon S. Palmer's "Machine for Molding Hollow 

Concrete Building Blocks" was patented in 1902 and made 

a significant contribution to the development of the 

CBBMs known today [5,6]. Due to the fact that the 

construction materials produced in CBBMs have 

affordable prices, desired quality and repeatable features, 

these machines attract great attention on a global scale. 

Today, CBBMs are produced in both industrialized and 

developing countries. Türkiye is one of the important 

CBBM manufacturers and a significant part of the 

machines produced in Türkiye has been exported. 

The CBBMs can be divided into 3 different categories 

as manual, semi-automatic and fully automatic. In 

addition, there are many types and models of CBBMs with 

different capacities. Molds can be produced and mounted 

according to the desired size and model for the product to 

be produced in the CBBM. The latest models of these 

machines usually consist of different basic parts, namely 

the main body, the picking robot, the belt separator, the 

elevator and other mechanisms. All of the CBBMs work 

with electrical energy, and semi and fully automatic 

machines are controlled by automation software. The 

upper rammer, which is an important part of the CBBM 

and located on the main body of the machine, allows the 

Gok and Sahin, International Advanced Researches and Engineering Journal 08(01): 001-008, 2024 

Failure analysis of cast iron housing unit of UCF-216 type ball bearing 

 

* Corresponding author. Tel.: +90 (342) 360 1200. 

E-mail addresses: mggok@gantep.edu.tr (Mustafa Guven Gok), mehmetbunyaminsahin27@gmail.com (Mehmet Bunyamin Sahin) 

ORCID: 0000-0002-5959-0549 (Mustafa Guven Gok), 0009-0007-2401-836X (Mehmet Bunyamin Sahin) 

DOI: 10.35860/iarej.1311569 
© 2024, The Author(s). This article is licensed under the CC BY-NC 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/). 

http://www.dergipark.org.tr/en
http://www.dergipark.org.tr/en/pub/iarej
mailto:mggok@gantep.edu.tr
https://doi.org/10.35860/iarej.1311569
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-5959-0549
https://orcid.org/0009-0007-2401-836X


 

 
arms to move the compression mold upwards. The arms 

are fixed to the main shaft on the main body of machine 

and this main shaft is connected to the machine body by 

means of UCF type bearings so that it can rotate around its 

own axis (see Figure 1). The UCF type bearings are fixed 

to the machine body with M22 or M23 bolts and nuts. 

Since there are 2 main shafts for the mold holding arms, 4 

UCF type bearings are used in a machine [7]. However, it 

is reported that UCF type bearings are suddenly broken 

while working on the CBBM as a very frequent problem. 

 

 
Figure 1. Main shaft and UCF type bearings on a fully 

automatic CBBM 

 

The UCF series bearings are a square flange bearing 

type with four fixing holes and have a wide inner ring 

insert. Ball bearing units have international coding. The 

UCF coding on the housing unit used in this study 

indicates that the housing unit has a square flange type and 

cylindrical bore. The shaft diameter is coded in the 

numbers after UCF (UCF-216). Here the first digit is the 

diameter series of the bearing and the other digits are the 

size code of the bearing bore. They are one of the most 

preferred machine elements in the industry and have 

different codes according to their sizes. The UCF serial 

bearings consist of 2 main parts, a bearing and a cast iron 

housing. There is no doubt that the class and therefore the 

quality of the cast iron material that makes up the body 

(housing unit) of the UCF will vary according to the 

manufacturer [8–10]. In this study, the cast iron housing 

unit of the UCF-216 bearing, which was damaged during 

operation in the CBBM, was analyzed. Therefore, the aim 

of this study is to analyze the failure mechanism in the 

UCF-216 bearing housing unit, which is used in CBBMs 

and is damaged (broken) during operation, and to develop 

suggestions for solving the failure problem. 

 

2. Material and Methods 

2.1. Definition of failure 

Basically, the problem was that the cast iron housing 

unit of the UCF-216 type ball bearings used in a fully 

automatic CBBM were broken. It was reported that the 

housing unit of the UCF-216 was damaged after the 

CBBM was used for a very short time. Moreover, the same 

problem was experienced both in the newly produced 

CBBM and after the replacement of the broken UCF-216 

with a new one. The housing unit of the UCF-216 was 

made of cast iron. The UCF-216 housing unit was 

designed and produced in such a way that no damage 

would occur as a result of the load during operation under 

ideal conditions, and it had an infinite fatigue life. 

However, contrary to this situation, it was broken very 

often. The most important data we had was that the bolts 

were tightened without using a torque meter during the 

assembly of the UCF-216 to the CBBM. In order to 

understand and solve the problem, as explained in the next 

sections, both UCF-216 housing units were investigated 

macrostructurally and different bolt tightening scenarios 

were created in finite element software.  

 

 

 
Figure 2. (a) Exploded 3D view of UCF and main shaft, (b) 2D technical drawing of the system. 
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Figure 3. (a) finite element model showing mesh elements, (b) loading and (c) symmetry conditions of the system. 

 

2.2. Modelling of parts 

For analysis, the 3D assembly diagram and 2D technical 

drawing of the system created according to the actual 

conditions and dimensions in the CBBM were given in 

Figure 2 (a) and (b), respectively. 

SolidWorks software was used for the technical 

drawings and solid modelling of the parts of the system. 

The system consisted of five basic components. Parts 1, 2, 

3, 4 and 5 shown in Figure 2 (a) were the headstock, UCF-

216 bearing (with all its components), main arm, bolts and 

nuts, respectively. The UCF-216 (part number 2) consisted 

of a housing unit (made of cast iron) with 4 bolt holes for 

mounting and ball bearing system parts. Actually, the 

headstock (part number 1) was the body of the CBBM. In 

this part (part number 1), there were 4 bolt holes for 

mounting the UCF-216 (part number 2) and a hole in the 

middle to allows the main arm (part number 3) to pass 

contactless. The housing unit of UCF-216 (part number 2) 

was mounted to the headstock (part number 1) with 4 

pieces M22 bolts (part number 4) and nuts (part number 

5). Thanks to the bearing in the UCF-216, the main arm 

could rotate freely on its own axis. Thickness of the 

headstock was 40 mm. The diameter of the main arm 

mounted on the UCF-216 was 80 mm, while the diameter 

of the other part was 140 mm. 

 

2.3. Spectral analysis of UCF-216 

Spectral analysis was performed to determine the 

chemical composition of the UCF-216 housing unit. For 

this, an Oxford Instruments Foundry-Master Pro optical 

emission spectrometer was used. According to the spectral 

analysis results given as chemical composition in Table 1, 

the UCF-216 housing unit was made of grey cast iron. It is 

already stated in the catalogs of bearing manufacturing 

companies that UCF series bearing bodies are produced 

from gray cast iron material. 

 

2.4. Numerical model, material, meshing, contact and 

boundary conditions 

The 3D solid model of the system, which was created in 

accordance with its real dimensions and design using 

SolidWorks software, was exported to Ansys Workbench 

software. The material properties were defined as having 

linear elastic properties. On the other hand, it was very 

difficult or even impossible to define exact mechanical 

property values for cast irons. Because too many elements 

in the chemical composition of cast iron and the fact that 

they can be added to the composition in a wide range 

seriously affect its mechanical properties. In addition, 

especially the amount of graphite has a great effect on the 

stress-strain curve. While the tensile strength of grey cast 

irons was generally between 100 and 350 MPa, their 

compressive strength could be 3-4 times higher [11–13]. 

Therefore, in this study, consistent with studies in the 

literature [14–16], density, yield strength, ultimate 

strength, Young's modulus and Poission's ratio values for 

grey cast iron were chosen as 7.1 g/cm3, 328 MPa, 480 

MPa, 144.7 GPa and 0.28, respectively, since exact values 

must be defined in the software. As given in previous study 

[17], properties of AISI4140 steel were defined for bolts 

and nuts, and mechanical properties of structural steel 

were defined for other parts. 
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Table 1. Chemical composition (wt. %). 

Fe C Si Mn Cu Ti P S Bi Cr Ni Mo Others 

93.0 3.77 2.26 0.541 0.116 0.096 0.091 0.077 0.016 0.01 0.005 0.002 0.016 

 

After the material definition, the contact zones between 

neighboring components were determined. The contact 

surface of the UCF-216 housing unit with the headstock 

was defined as frictional (friction coefficient of 0.15 µ). As 

seen in Figure 3 (a), tetrahedron and hexahedral meshes 

were used to divide the system into finite elements. 

Different body sizing operations were applied to parts of 

the system in order to increase the mesh quality by 

approximating the mesh size distribution. As a result of the 

meshing process, the system contained a total of 174303 

nodes and 107536 elements. In this study, the failure 

analysis of the housing unit of an UCF-216 bearing used 

in the CBBM was made. For this, as seen in Figure 3 (b), 

it has been determined that the maximum force acting on 

the UCF-216 by means of the main arm (part number 3) is 

10000 N. The load was applied to the arm from two 

regions on the arm and in the -Y direction. These regions 

were the real places on the machine where the gripper arms 

were located and therefore the load was affected. On the 

other hand, the entire cross-sectional surface of the 

headstock was set as fixed support and a standard earth 

gravity in the -Y direction was applied to the entire system 

(see Figure 3 (b)). On the other hand, as the system is 

connected to the CBBM from the other side of the arm 

under the same conditions, as seen in Figure 3 (c), the 

cross-sectional surface of the midpoint of the arm length 

was defined as the symmetry region. Also, different bolt 

pretensions were applied to the bolts in order to see the 

effect of the bolt tightening force, since the UCF-216 was 

not assembled to the headstock with a torque meter. The 

stresses created by the axial bolt clamping force (ABCF) 

on the housing unit of UCF-216 (σABCF) were taken into 

account when calculating the bolt pretensions. 

For this, using Equation 1, bolt pretensions were applied 

to the bolts to create a stress equal to 0%, 10%, 30%, 50% 

and 70% of the yield strength of the housing unit of UCF-

216 (σyUCF-216), and these were solved separately. 

 

𝐹𝑐𝑓 = %× 𝜎𝑦 ×
𝜋𝑑2

4
                             (1) 

 

Where Fcf, %, σy and d were ABCF, the percentage of 

the desired stress value to be created on the UCF-216 

housing unit, yield strength of UCF-216 housing unit and 

diameter of bolt, respectively. Therefore, the different 

ABCFs applied to the bolts were calculated by the ratio of 

the stress value created on the UCF-216 housing unit to the 

yield stress of UCF-216 housing unit (σABCF/σyUCF-216), 

based on the area where the bolt head contacts the UCF-

216 housing unit surface. Bolt pretension values applied to 

the bolts were given in Table 2. Also as seen in Table 2, 

these ABCF values were converted to bolt tightening 

torque using Equation 2 [18,19]. These bolt tightening 

torque values were the values that should be used when 

tightening the bolts using a torque meter. 

 

𝑇 = 𝑘 × 𝐹𝑐𝑓 × 𝑑 × 𝑙                          (2) 

 

Where T, k and l were tightening torque, constant that 

depends on the bolt material and size and lubrication factor 

(%), respectively. The assembly process of UCF-216 

housing unit to the CBBM is usually done using uncoated 

bolts and without the use of lubricant. Therefore, in this 

study, the k value was taken as 0.2. In addition, the 

lubrication factor was neglected. 

 

Table 2. Applied bolt pretension and bolt tightening torque 

values. 

σABCF/σyUCF-216 

(%) 

Bolt pretension 

(N) 

Bolt tightening 

torque (Nm) 

0 0 - 

10 19746 87 

30 59237 261 

50 98728 435 

70 138220 609 

 

2.5. Analyzes 

Macrostructural analyses were carried out to investigate 

the failure mechanism in the UCF-216 housing unit. For 

this, first of all, it was investigated whether there was a 

macrostructural defect during production on a randomly 

selected and unused UCF-216 bearing system. Then, the 

fractured surface of UCF-216 housing unit, which was 

damaged during working on the CBBM, was examined 

macrostructurally. In this study, deformation stress and 

fatigue analyses were carried out under given boundary 

conditions by using static structural module of Ansys finite 

element software. Since the aim of this study was to 

determine the failure mechanism in the UCF-216 bearing, 

the focus was on the housing unit of UCF-216 in the 

analysis of the deformation, stress and fatigue safety factor 

distributions. During the analyses, the ambient 

temperature was set to 22 °C. In addition to the 10000 N 

load acting on the system, the effect of different bolt 

pretensions was also analyzed. Especially, the maximum 

equivalent (von-Mises) stress and minimum fatigue safety 

factor values and their distributions in the UCF-216 

housing unit were analyzed in detail. Fatigue analysis was 

performed according to Goodman stress theory. 
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Figure 4. (a) photograph of a new and unused UCF-216, and (b) casting defects (porosities) on the inner surface of the bolt hole of 

this UCF-216. 

 

3. Results and Discussion 

3.1. Macrostructural analyses 

Figure 4 (a) shows a macro photograph of an unused and 

randomly selected UCF-216 bearing. As can be seen from 

the photograph in the figure, any defects could be seen on 

the UCF-216 housing unit when viewed in general. 

However, when examined in detail, it was seen that there 

were voids having different diameters changing in 

between 4 and 1 mm on the inner surface of one of the bolt 

holes (indicated by arrows in Figure 4 (b)). Also, the voids 

had irregular shapes. These voids are thought to be casting 

cavities (defects) formed during the manufacture of UCF-

216 housing unit. Dorula et al [20] produced and studied 

gray cast iron. The researchers observed irregularly shaped 

macroporosities in grey cast iron and determined that these 

were the result of shrinkage. The macroporosities observed 

by the researchers in grey cast iron were similar to the 

voids found in the bolt hole of UCF-216 housing unit in 

this study. Therefore, it was concluded that voids found on 

the on the inner surface of the bolt hole of UCF-216 

housing unit occurred due to shrinkage during 

crystallization and solidification of cast iron. In this case, 

the use of appropriate inoculants has an important place in 

solving the problem. However, the voids were also likely 

to be gas porosity defects. The problem in this case could 

have been eliminated by using molding sand having high 

gas permeability or by removing excess moisture from the 

molding sand or by ensuring that the molding sand was not 

over rammed [21]. 

As a result, finding casting defects in mounting bolt 

holes of UCF-216 housing unit is a major problem; they 

have a notch effect, negatively affecting the mechanical 

properties and especially the fatigue strength. In Figure 5 

(a), the macrostructure of UCF-216, which was damaged 

during operation in the CBBM, was given. The housing 

unit was broken in one of the bolt holes. In addition, when 

examined in general, it is seen that the damage did not 

cause a large number of broken pieces. The UCF-216 

housing unit was broken in only two pieces. This could be 

evidence that the damage was not caused by a force acting 

as an impact, but by a statically acting force. In addition, 

the fact that the failure occurred in the bolt hole region was 

proof of our theories of both casting defect and abnormal 

bolt tightening torque. Because, as indicated by the white 

arrows in Figure 5 (b), the damage probably caused by 

over-tightening the bolt was clearly noticeable. These 

damages were formed in the areas where the bolt contacted 

the housing unit and progressed into the bolt hole. 

Moreover, areas of porosity thought to be casting defects 

were also observed in Figure 5 (b) (shown in blue circle in 

Figure 5 (b)). Moreover, beach marks and macrocracks, 

which were thought to have occurred due to fatigue, were 

seen in Figure 5 (c). The rough and dimple-like 

morphology of these macrostructures was a sign that 

ductile fracture was dominant in the failure. Rihan [22] and 

Cullin [23] studied the fatigue failure of cast irons under 

stress and corrosion in different studies. Researchers 

observed fracture surface macrostructures having ductile 

fracture traces similar to those in this study. 

 

Figure 5. (a) Fracture in the housing unit of UCF-216, (b) 

general macrostructure of the broken piece, (c) traces of ductile 

fracture and fatigue failure. 

 

005         Gok and Sahin, International Advanced Researches and Engineering Journal 08(01): 001-008, 2024 



 

 
3.2. Stress and fatigue analyses 

As a result of different bolt pretensions applied to the 

bolts, the maximum von-Mises stress values on the UCF-

216 ranged from 32.29 to 265.57 MPa. The graphical 

representation of these values were given in Figure 6.  

 

 
Figure 6. Graph of max. equivalent (von-Mises) stress and 

fatigue safety factor vs σABCF/σyUCF-216 (%) and bolt 

tightening torque. 

 

Since all of these values were below the yield stress 

value of UCF-216, it was understood that the load applied 

to the system (10000 N) and the pretensions applied to the 

bolts (19746 – 138220 N) did not pose a problem on the 

UCF-216 in terms of static stress safety. When the factor 

of safety for stress (FOSS) coefficients obtained by 

dividing the yield stress of UCF-216 to the maximum von-

Mises stress occurring on the UCF-216 under the specified 

conditions were calculated, it was understood that the 

lowest FOSS value was 1.24. However, this situation was 

valid for the materials that did not have manufacturing 

defects. As shown under heading 3.1 in this study, it will 

be almost impossible to calculate the FOSS values 

correctly in case of manufacturing defects such as casting 

voids in the UCF-216 body. 

On the other hand, von-Mises stress distributions on the 

UCF-216 were given in Figure 7. Figure 7 (a) shows the 

stress distributions in the system without bolt pretension. 

As can be seen, the maximum stresses were concentrated 

on the bolts due to the shear effect. Because, as described 

in section 2.4, the contact surfaces were defined as 

frictional contact in the assembly process of UCF-216 to 

the headstock surrounded by fixed support. Furthermore, 

as seen in Figure 7 (b), the maximum stress on UCF-216 

was 32.89 MPa without applying bolt pretensions to the 

bolts, and the stresses were concentrated in the bolt hole 

near the bolt head. When the bolts were tightened enough 

to create 10% of the yield stress of UCF-216 (19746 N) on 

the UCF-216, it was observed that the maximum stress on 

the UCF-216 was concentrated on the bolt hole interior 

surface (see Figure 7 (c)). As seen in Figure 7 (d-e), the 

regions where stresses were most intense in UCF-216 with 

the increase of applied bolt pretension were again the 

surfaces of the bolt hole near the bolt head. Therefore, the 

areas with the highest risk of fracture in UCF-216 were 

those close to the bolt holes. As explained in the previous 

section, in UCF-216, the region where the fracture 

occurred was the same as the regions where the maximum 

stresses were concentrated. 

 

 
Figure 7. Distribution of equivalent (von-Mises) stress for different bolt pretensions (a) 0 N (for all components of system), (b) 0 N 

(for UCS-216), (c) 19746 N, (d) 59237 N, (e) 98728 N and (f) 138220 N. 
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Figure 8. Distribution of fatigue safety factor for different bolt pretensions; (a) 0 N, (b) 19746 N, (c) 59237 N, (d) 98728 N and (e) 

138220 N. 

 

However, as seen in Figure 8 (e), when the bolt 

pretension was increased to 138220 N, the minimum 

FOSF value decreased to 0.73. As it is known, if the FOSF 

value is below 1, the system does not have an infinite 

cycling life. In order to use the system safely, a maximum 

bolt pretension of 98728 N should be applied to the UCF-

216 bolts (Figure 8 (d)). This meant that the stress created 

by the bolts in UCF-216 could be a maximum of 50% of 

the yield strength of UCF-216. In one study [24], 

researchers demonstrated that axial force from over-

tightening causes deformation and fatigue damage in 

cylindrical roller bearings. At the same time, previous 

study [17,25] had also shown that excessive bolt 

pretension could cause premature fatigue damage in the 

material. On the other hand, the presence of manufacturing 

defects in the material will seriously and negatively affect 

the fatigue life of material. Stress will intensify in the 

regions where casting voids exist, and these voids will be 

the places where fatigue cracks start and propagate by 

showing notch effect in cyclic loading. Therefore, the risk 

of failure was significantly increased, when the UCF-216 

had manufacturing defects such as casting voids, as in this 

study. 

 

4. Conclusions 

In this study, failure analysis of cast iron housing unit of 

an UCF-216 bearing used in a CBBM was performed. 

Unused and damaged UCF-216 housing units were 

macrostructurally examined and finite element modelling 

of their use in the CBBM was made by applying different 

bolt pretensions. Obtained results and recommendations 

were given in below. 

• The cast iron housing of the unused UCF-216 

contained casting defects. These casting defects were 

voids ranging from 4 to 1 mm in diameter and were 

on the inner surfaces of the bolt hole. 

• Traces of damage caused by over-tightening were 

seen on the broken housing unit. In addition, both 

casting defects (voids) and beach marks of fatigue 

failure were observed in the macrostructure of the 

fractured surface. 

• As a result of the finite element analysis, the highest 

von-Mises stress on the housing unit was found to be 

265.57 MPa. Also, in all cases, stresses were 

concentrated in the bolt hole regions where failure 

occurred. 

• It was concluded that the stress to be created on the 

UCF-216 housing unit by tightening the bolts can be 

up to 50% of the yield strength of the housing unit. 

The fatigue safety factor value became less than “1” 

when the bolts were tightened further. Minimum 

fatigue safety factor values were also concentrated in 

the bolt hole regions. 

• Failure to the UCF-216 housing unit was caused by 

over-tightening of the bolts and casting defects also 

contributed. 

• Appropriate inoculants could be used to eliminate 

casting defects from shrinkage. Moreover, casting 

defects caused by gas porosities could be eliminated 

by using molding sand having high gas permeability, 

by removing excess moisture from the molding sand 

or by ensuring that the molding sand is not 

compressed too much. 
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• The use of a torque-meter was essential when 

tightening the bolts 
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