AST Advances in Science and Technology
\YRJ Research Journal

Advances in Science and Technology Research Journal 2022, 16(1), 15-27
https://doi.org/10.12913/22998624/143936
ISSN 2299-8624, License CC-BY 4.0

Received: 2021.10.31
Accepted: 2021.12.20
Published: 2022.01.01

Automated Production Line Reliability Analysis
of the Crankshaft Manufacturing Process

Abass Enzi"", Sardar Asif Khan?

! Department of Production Engineering and Metallurgy, University of Technology, Baghdad, Iraq

2 A. Leon Linton Department of Mechanical Engineering, Lawrence Technological University, Southfield,
MI 48075, USA

* Corresponding author’s email: aenzi@ltu.edu

ABSTRACT

The producer focuses on producing parts that match the customer’s requirements during manufacturing the auto-
motive engine parts. One of the essential automotive engine parts is a crankshaft used to translate movement from
the pistons to the car axle. The crankshaft is a complex shape and difficult to produce accurate dimensions during
the machining processes. Many machines are used to create the crankshaft. Therefore, many defects happen during
the machining process, reducing reliability and increasing the manufacturing process’s production cost. This paper
focuses on analyzing failure data and reliability of the crankshaft production line that occurs during the manufac-
turing process of one year. The common failure associated with the manufacturing process were ring screw, unbal-
anced crankshaft, broken drill screw, hub machining error, mains part machining error, and setup error. The paper
aimed to determine and analyze the best failure fit between the distribution methods, such as Weibull, normal, log-
normal, and exponential. Also, the reliability, hazard rate, surviving quantity, and failure density were calculated to
evaluate the current situation and predict the reliability of the production line. Results proved the skewness of the
data was positive equal to 3.33; the last months had the highest production failure rate, which is 53.8%, the normal
method had a proper distribution of data depending on the Anderson-Darling (adj) values which is 1.367 when it
compared with other methods, the normal method had the best fitting result depended on failure percentage, from
1% to 95% of the crankshafts production are expected to fail between 47.2676 and 1149.85 months respectively.
The reliability of the production line decreased with manufacturing time increased. To reduce the failure and in-
crease reliability, the maintenance system must be supported, analyze the sources that cause failure and downtime
of the production line, continue the employee training system on an ongoing basis, and support the production line
with modern technology. All analytical results and suggestions could be valuable to the production line to improve
reliability and reduce the manufacturing process’s failure.

Keywords: crankshaft production line, failure data analysis, distribution methods, reliability analysis.

INTRODUCTION

With the increase in demand for cars globally,
factories have resorted to using automated fac-
tories to increase production, quality, and reduce
manufacturing costs. As is known, automated pro-
duction lines are a complex system. Therefore, one
of the industrial challenges is to obtain a reliable
manufacturing process. Furthermore, production
lines apply reliability rules to predict maintenance
and problems that occur during the manufacturing

process. Reliability assessment depends on the
data collected from the production line, such as
the failure data, which is considered an essential
tool for evaluating the production line’s reliabil-
ity by using statistical rules [1]. One of the main
points that play as a tool for controlling the quanti-
ty and quality of production is reliability. The fac-
tors that affect reliability are the production line
machines’ general characteristics, the manufactur-
ing process conditions, the tools available inside
the plant that support the manufacturing process,

15



Advances in Science and Technology Research Journal 2022, 16(1), 15-27

and maintenance [2]. Due to the complexity of
the production operation, the high distribution of
process knowledge among operators, and the dis-
parity of this knowledge (material selection, heat
treatment processes, machining processes, surface
treatment processes, quality processes), online
control is not reliable nor objective [3]. The de-
sign reliability has many methods to estimate the
production process, production line, and manu-
factured parts’ product life efficiency and safety.
In the plants, many failures happen, which leads
to losing control of the manufacturing process.
Therefore, the reliability design should be used to
determine the safety area and critical area.

As is known, there are a lot of automated
and non-automated failures happening in the
production line while producing the parts. Some
failures occur due to manufacturing variables,
machines, and workpiece material. So, research-
ers use statistical and reliable rules to understand
manufacturing and identify factors that increase
productivity and reduce the problems that occur
in production. Most plants focus on studying de-
fects that reduce productivity reliability. There-
fore, if manufacturing defects are not addressed,
parts that do not meet the required specifications
will be produced over time. Applying some re-
liability rules during manufacturing operations
provides high productivity, low manufacturing
cost, and plant improvement.

Accorsi et al. [4] integrated plant manufactur-
ing using computerized tools to control mainte-
nance management systems built on plant failure
history to increase reliability, reduce maintenance,
and reduce downtime during the manufacturing
process. The platform proposed evaluated the po-
tential unexpected failure in the production line
in terms of downtime and other variables that af-
fect the production process. Also, one of the im-
portant points addressed by the proposed platform
was to increase the production rate by reducing
the time required for maintenance by 20%, lead-
ing to increased productivity, increased Mean
Time between Failures (MTBF), and decreased
Mean Time to Repair (MTTR). Dos Reis et al. [5]
studied the reliability of an automotive production
line of machining and assembly by implementing
total productive maintenance. Researchers began
by analyzing the types of failure in the production
line, and then the proposed plan was implemented
by developing preventive plans to avoid failure
during the manufacturing process. Five machines
were selected from the production line to apply the
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proposed method to increase production efficiency.
Several steps have been applied to improve the pro-
duction line’s efficiency and avoid failure during
the manufacturing process. The results approved
18% the operating process increased after apply-
ing improving plans. Ribeiroa et al. [6] worked
to increase the reliability of the production line of
an automotive production system by monitoring
faults that occur during the manufacturing pro-
cess. A preliminary analysis process is performed
for the production line to identify the main prob-
lems by observing Mean Time between Failures
(MTBF), Mean Time to Repair (MTTR), Over-
all Equipment Efficiency (OEE), and Availabil-
ity (A). After the identified problems, a plan was
developed and implemented to identify the main
causes of downtime and failure in the production
line, such as using 5S tools, good management,
maintenance scheduling, and developing work-
ers’ skills through continuous training programs.
After implementing the proposed plan, the results
proved increasing MTBF, MTTR, and availability.
Jasiulewicz-Kaczmarek and Gola [7] presented the
possibility of using Maintenance 4.0 to integrate
new methods in different manufacturing systems
in planning, implementation, and monitoring the
manufacturing processes in modern manufacturing
companies. This research focused on supporting
the maintenance system through Maintenance 4.0,
which replaced the old methods to support the pro-
duction process, increase reliability, reduce down-
time during the manufacturing process, increase
safety, and reduce costs. Conclusions proved the
Maintenance 4 technologies could be applied in
the parts life cycle to reduce downtime, services,
and aftersales to build a strong relationship with
customers and reduce failures. Soltanali et al. [§]
addressed the reliability evaluation through failure
behavior of the automotive production line. Reli-
ability analysis included statistical analysis and
Monte Carlo simulation, and the analysis process
was carried out after collecting data and assessing
the influencing variables. The statistical reliability
estimation indicated that the bottleneck was one of
the priorities affecting the manufacturing process.
The results proved Monte Carlo simulation gave
prediction with high accuracy of reliability. Also,
an improvement of the production line was made
to the reliability of maintenance to reduce down-
time depending on the proposed methods. Zhang
[9] evaluated the piston production line’s reliabil-
ity by statistically analyzing the repair and fail-
ure data. The production line data was collected
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for fifteen months. A failure losses-based impor-
tance measure (FLBIM) method was proposed to
determine reliability defects that depended on the
failure measure of the production line. The results
proved Mean Time between Failures (MTBF) of
the production line machines was smaller than
manual operation due to the heavier workload
and some parts added to convert the manufactur-
ing process to automation, so that causes frequent
faults that lead to low reliability. Improper mainte-
nance and tool change recorded 28.59% of the total
failures, and MTBF was 6.03 h of the production
line. Therefore, tools, equipment, and sensors used
during manufacturing should change before failure
to avoid downtime in the production line.

Mass production lines always produce de-
fects reducing quality, productivity, and increas-
ing production costs. Therefore, in this paper, the
crankshaft production line’s failure data were an-
alyzed using statistical methods. The results were
proved the normal distribution has the lowest An-
derson—Darling value compared to other distribu-
tion methods. Reliability was also calculated to
assess the current and future performance of the
production line. The research also aims to find the
best analytical method that gives a clear picture to
describe the manufacturing process failure.

CRANKSHAFT PRODUCTION
LINE DESCRIPTION

Complex mechanical parts such as crank-
shafts, later attached to the complex machines,
are produced following a step-by-step process

that usually lasts for hours depending on the part
complexity. The crankshaft is not easy to manu-
facture; the casting or forging is used to create
a crankshaft. Critical aspects of this process are
the presence of surface defects due to: fails dur-
ing the machining process, irregularities in ex-
ternal dimensions due to malfunction of machin-
ing stations, excess of surface roughness due
to failure in surface treatment processes, high
response time while correcting process param-
eters to mitigate scrape, and practical impossi-
bility to follow parts during their useful life [3].
The machining process of crankshaft involves
many machines. Each operation sometimes has
more than one machine working together, and
the cycle time changes from one operation to
another, depending on the process type. The
crankshaft manufacturing process’s production
line machines consist of twenty-one operations
like rough machining, turning, fillets and holes
machining, finishing, balancing, washing, etc.
see Figure 1. After completing each step of the
crankshaft machining process, the checking pro-
cess starts to measure dimensions and machin-
ing quality using specific gauges before sending
it to the following machining process. The bal-
ancing test is one of the significant steps, so in
this step, some material will be removed from
the crankshaft web zone to make the crankshaft
stable during the rotation process.

As mentioned earlier, the production line for
manufacturing the crankshaft consists of many
processes using different machines depending
on the manufacturing process type. The num-
ber of machines used for each operation ranges
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Fig. 1. Production line diagram of the crankshaft manufacturing
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from two to five. Besides, the crankshaft’s trans-
port in every step of the manufacturing process
is automated using robotics. The cutting process
variables are determined by relying on the cutting
rules by considering the required surface rough-
ness, machining tolerances, cutting type, cutting
tools material, coolant, etc. Table 1 describes all
the production line operations like manufacturing
steps, the number of parts produced per cycle, and
the time required to make each piece.
Furthermore, the operating time varies from
one operation to another because the time re-
quired to run depends on the type of operation, the
number of parts to be operated, and the number of
machines available for each operation step. This
paper uses a casting process to create a crankshaft,
and the production line will produce 60 parts/
hours. After receiving the crankshaft from the
casting plant, the manufacturing operation will
start. Figure 2 shows the crankshaft parts, and
some of the components have complex areas not
accessible to produce, such as the main journal,
crank web, crank ends, oil bore, and web fillets.
Many plants have implemented a new tech-
nique to increase productivity and improve the
product through continuous research on develop-
ing production lines in industrialized countries.
Automated systems, new strategies, robotics,
software, etc., are used in the production line to
deliver the product to the customer on time, pro-
duce a part with high quality, and reduce manu-
facturing time and operation cost. For every sin-
gle step of the manufacturing process, there is a
product inspection to determine the differences

Table 1. Crankshaft production line description

Description Pieces/ Cycle Time
Cycle (sec)
CNC (Rough Ends Machining) 2 264.0
Mill (Rough Mains) 1 66.0
Mill (Rough Pins) 1 132.0
Turn Broach
(Semi-Finish Mains, Flange 1 198.0
Dia., Flange Face)
Mill (Semi-Finish Pins) 1 66.0
Washer 1 66.0
Fillet Roller 1 66.0
CNC (Oil Hole) 3 396.0
CNC (Finish Ends Machine ) 2 264.0
Ginder Multi-Wheel (Mains) 1 66.0
Grinder 1 66.0
Inline Gage (Mains Post) 1 66.0
Grinder (Pins) 1 132.0
w;“: FCIE;%ee) (Pins, Thrust 1 66.0
CNC (Keyway, Final Bore) 1 66.0
Balancer 1 66.0
Ring Assembly 1 66.0
Balancer 1 66.0
Polisher 1 66.0
Washer 2 132.0
Final Gage & Classification 1 66.0

between input and output during manufacturing
to determine whether the product is within the
required limits. This difference is caused by ma-
chine, installation, and manufacturing variables
that produce defects in the work. Employees’ goal

Crank Endznd Crankpin

Mazin fournal

Oil Bor= Wb

Counterweights ~ Crank Front

Fig. 2. Crankshaft that produced of the production line
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is to manufacture a product and match customer
requirements, which is considered a great sign of
the manufacturing process. Critical measures to
accomplish the manufacturing process with mini-
mal errors, increase production, reduce scrap, and
the manufacturing process’s highest organization
indicate that the production line has the highest
reliability to finish the work within the specified
time [10]. One of the critical points during the
production process is to increase the speed of pro-
duction, taking into consideration the quality of
throughput. Therefore, the decrease in reliability
leads to an increase in the machining cost, an in-
crease in the number of failed parts, a decrease in
the production line’s working efficiency through
increased downtime, and a reduction in safety [1].

FAILURE REASONS OF THE
CRANKSHAFT MACHINING PROCESS

A manufacturing process is an interaction be-
tween the machines and the workpiece on the pro-
duction line to produce the required parts. Also,
the operations are controlled by predefined oper-
ating variables to provide a high-quality product.
Therefore, several factors affecting the manu-
facturing process should be considered to avoid
machining defects [11]. An operating system in-
cludes machines, tools, and machining variables.
All the manufacturing systems are inspected, and
this process should be periodic. Also, the work-
piece should be checked before sending it to the
production line. The checking process includes
material inspection, dimensions, the procedures
required before or after the machining, etc. Dif-
ferent strategies are applied to the workpiece to
avoid failure of operations, machines, and tools

used in the manufacturing process, such as heat
treatment, coating, etc. Furthermore, employees
in the plants consider the core of the manufac-
turing process. Therefore, the plant employees
should follow all rules that maintain the required
product quality (see Fig. 3).

The majority of production lines for mass pro-
duction are connected to a system of sensors and
integrated communications. The strategy aims to
collect all data and information about machines,
tools, product quality, productivity, etc. Due to
the machining process’s many parts and factors.
Therefore, some techniques and programs must
extract information and diagnose the production’s
fault from the measured data [11]. Some points
should be taken into account during the manufac-
turing process to reduce downtime. Those points
are machine description, observing failure type,
failure reasons, failure effects, failure severity, the
probability of failure, criticality index, and cor-
rective action [12].

The automotive crankshaft production line is
a case study used in this paper to analyze machin-
ing processes’ reliability of crankshaft. Errors in
the machining process are widespread. For this
reason, the project will study manufacturing de-
fects of crankshaft machining to reach high re-
liability during manufacturing. The production
line operates 24 hours in two shifts, each one
10-hour, and the remaining time is used to pre-
pare for the next day. The production machines’
input variables are manufacturing parameters
(cutting speed, feed rate, metal removal rate per
minute), and the machining results are dimension
accuracy and surface roughness. Several failures
affect parts quality during the manufacturing pro-
cess, resulting from a machine or manufacturing
tools, workpiece, or manufacturing parameters.
These failures are ring screw produced because

Machining Error Parameters

Machining System Workpiece

Employees

I Material Specifications

| Following the quality rules |

[ operation Monitoring |

Inspection process and

Tools

Machine IMateria[Tvpe |
Tools

— I Workpiece Dimensions |
Machining
Parameters | Post-Processing |

Fig. 3. Essential elements of the manufacturing process must be
taken into consideration to avoid the machining error
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of machining error, the unbalanced crankshaft
is produced because of some material should re-
moved from the crankshaft, pins part error is cre-
ated because of over or under machining, broken
drill screw is made because of the cutting tool
failed during the machining process, hub part is
produced because of machining error, mains part
is created because of over or under machining,
and setup error is made because of an error in the
workpiece setup and/or an error in the manufac-
turing process variables. Furthermore, all types of
product failures are present in the company with
all information about failure, such as time, ma-
chine number, time is taken for maintenance, etc.

All data for production failure were collected
for one year, knowing that the production line
consists of 20 stations. The total number of ma-
chines used to manufacture the crankshaft equals
30 machines. There are many types of manu-
facturing failures for the crankshaft that lead to
rejecting the products. Figure 4 shows that the
crankshaft product’s essential types of failure
during machining on the production line are ring
screw, unbalanced, pins, broken drill, hub, mains,
and set up. Maintenance officials inside the fac-
tory are responsible for maintaining any malfunc-
tion in the production line that leads to product
failure or reduces productivity. The engineers will
also analyze the cause of failure and the reasons
that cause it to avoid its occurrence or recurrence.

Figure 5 shows the Pareto chart of the failure
machining of the crankshaft production line. The
Pareto chart results proved that the highest failure
percent occurred in December, which is 15.4%.
Also, more than half of the failure rate occurred in

350

300 +

[

=]

(=]
1

Quantity
(=Y
un
o

100 A

50 A

the last four months of the year, which is 53.8%.
During the manufacturing process, there are two
types, which are simple failure and complex fail-
ure. The first type can be easily identified and
maintained, while the second type is challenging
to locate and requires high experience to identify
and maintain. Therefore, it is essential to deter-
mine the type of failure to analyze the causes
that led to the failure (the process of study and
analysis is done for all kinds of failure) to in-
crease production and product quality. Mean time
between failures (MTBF) [13] can be defined as
elapsed between failures inherent during produc-
tion line operation and used for repairable parts.
The MTBEF is calculated from Eq. 1 by using total
uptime and the number of breakdowns.

MTBF — Total uptime M
"~ Number of Breakdowns

By observing the crankshaft manufacturing
process and the failure that occurred during the
operation process, some failures require less than
an hour to be repaired. Others require more than
an hour, taking into account the type of malfunc-
tion needed to be repaired. Figure 6 shows the
histograms; it shows the relationship between
MTBEF and failure frequency (every month). The
purpose of the histograms was to observe and
analyze failures that happened on the production
line. From the results, 0.5 hr of MTBF had the
most considerable failure frequency, and 8 hrs of
MTBEF had the shortest failure frequency. Table 2
shows the descriptive statistics of the production
line to MTBF, which includes the length of time
used to obtain the data (count), the mean of the
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Fig. 4. Failure types that happen during machining the crankshaft
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Pareto Chart of Failure (Every Month)
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Fig. 5. Pareto diagram of the failure quantity for the crankshaft production line
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Fig. 6. MTBF histogram for the crankshaft production line
Table 2. Display the production line descriptive statistics
Variable Count Mean StDev Minimum Maximum Skewness Kurtosis
MTBF 12 1.502 2.069 0.530 8.000 3.33 11.31

data used to analyze the production line errors,
the standard deviation to find the distribution of
the data used around the mean, the minimum and
maximum data of MTBF, and skewness and kur-
tosis to check the distribution is positive or nega-
tive. The results proved the standard deviation
was close to the mean, and the skewness of the
MTBEF is positive (the proper tail distribution is
longer than the left side).

PROBABILITY DISTRIBUTION METHODS

Probability distributions consider the mathe-
matical basis of statistical theories used in indus-
trial, production, manufacturing, etc. While ana-
lyzing the production lines’ manufacturing pro-
cesses, some mathematical probability functions
are used to analyze the results. The probability
distribution is defined as a random phenomenon
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of the probability of a particular event during
the operation process. There are many methods
of probability distributions used to observe and
analyze plant data. Also, those methods use in re-
liability and six sigma fields. When defining any
probability distributions method, one should con-
sider limitations and distribution parameters such
as scale, shape, source, etc. There are four distri-
bution methods used in this paper to describe den-
sity functions (Table 3). Table 4 shows reliability,
mean, and variance for all distribution methods
used to describe machining failure. During the
calculation, the variables must be defined previ-
ously. Some variables are used in the estimate,
depending on the method type. The variables are
shown in the nomenclature in Table 3.

Distribution methods

It must be focused on studying and analyz-
ing critical points to increase the manufacturing
process’s efficiency. The points are production
rate, MTBF, MTTR, reliability, bottleneck, regu-
lar maintenance, and minimizing material waste
during manufacturing. By looking at some of the
manufacturing processes, productivity is good
when it is 75%. It is also possible to increase pro-
duction by focusing on the previously mentioned

points and improving the production line. Some
researchers [2] explained some essential issues re-
lated to increasing the productivity of production
lines. The first point, increasing the machining of
the production line. In this step, sometimes you
need to change the production line by removing
or adding some machine equipment, considering
the bottleneck during the manufacturing process.
Therefore, this step is sometimes complicated to
implement. The second point is to reduce the er-
rors that occur in the production line and the man-
ufacturing process. In this step, space is needed
along the production line that is called a buffer
between the machines to avoid stopping the pro-
duction line’s work in the event of any malfunc-
tion in a machine in the production line. The third
point, treating repeated failure and reducing main-
tenance time. This step is accomplished through
a continuous follow-up of the production line to
address and identify the common problems.

The distribution probability plot analyzes
the failure data using different methods to select
the best fits with minimum failure. The method
selection that gave better results depends on the
Anderson-Darling (adj) values and distribution
data around the diagonal line. Four methods are
used to analyze the failure data: Weibull, expo-
nential, lognormal, and normal. Figure 7 shows

Table 3. Density functions of distribution methods [14, 15]

Method Formula Nomenclature
. A = Parameter Distribution
t)=2 —Ax), t >0 .
Exponential f@® exp (—1x) + = Variable
1 1t —up? u=Mean
t)=—— —=
Normal U0 o\2m exp[ 2[ o ] o = Standard deviation
1 1 t 7 t. .. = Median time to failure
t(t) =—— ——|! —] >0 med
Lognormal fe® tsvV2m exp [ 252 [ " tmed ] s = Shape parameter
t—y7P B = Shape parameter
Weibull F) =1—exp [— [T] ] 6 = Scale parameter
y = Location parameter

Table 4. Reliability, mean, and variance functions of distribution methods [14, 15]

Method Reliability Mean Variance
i -At 1 1
Exponential e X 2
t—p
Normal 1-9 (T) Ln tyeq s?
1 t s2 2 os?[as?
Lognormal 1-¢ (;ln tmd) tmea€’ /2 t2eqe [e5 — 1]
i H° orf1 4+~ 2 1Y
Weibull (s [ + B] 0 r(1 +_) - r(1 + E)
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diagonal line than the other methods. For reasons

the distribution data of the crankshaft failure
data for 12 months. The results proved the nor-

explained previously, the normal distribution

method will be used to analyze the manufactur-

mal distribution given a lower value equal to

ing process. Figure 8 gives the plant’s engineers

1.367 and had better data distribution around the

Lognormal

Weibull
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essential details about probability density, distri-
bution data, survival, and hazard functions. From
analyzing the results, the survival function started
decreasing after 250 months, and the hazard func-
tion started increasing after 250 months. Figure
9 shows the probability plot by using the normal
method with a 95% confidence interval. The plot
proved all the data around the diagonal line and
between the 95% confidence interval lines.

Table 5 shows the failure percentage; the re-
sults show 1% of the crankshafts production is
going to fail in 47.268 months; 5% of the crank-
shafts production is going to fail in 236.481
months; 10% of the crankshafts production is go-
ing to fail in 337.35 months; 25% of the crank-
shafts production is going to fail in 505.898
months; 50% percent of the crankshafts produc-
tion is going to fail in 693.167 months; 75%

99

percent of the crankshafts production is going to
fail in 880.435; 95% of the crankshafts produc-
tion is going to fail in 1149.85 months. Also, Fig-
ure 10 normal method has the best fitting result
and is recommended compared with lognormal,
exponential, and Weibull.

Reliability analysis of the crankshaft
production line

The customers need to produce parts that
have good quality at the best price. Therefore,
the supplier should focus on customer require-
ments to reduce shortfalls that happen in produc-
tion. The engineering approach that integrates all
the consumer requirements and determinants to
produce a functional product is system engineer-
ing. It is known as the designer’s goal to provide
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Fig. 9. Probability plot of the normal distribution method with 95% confidence interval
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Table 5. Failure percentiles values relate to distribution methods

Distribution Duration/Month Standard 95% Normal Cl
Percent Percentile Error Lower Upper
Weibull 1 131.733 61.8173 52.5120 330.469
Lognormal 1 122.863 46.3428 58.6616 257.327
Exponential 1 6.96656 2.01107 3.95638 12.2670
Normal 1 47.2676 154.294 -255.143 349.678
Weibull 5 246.373 80.0016 130.374 465.578
Lognormal 5 195.122 58.6419 108.264 351.663
Exponential 5 35.5548 10.2638 20.1919 62.6064
Normal 5 236.481 122.939 -4.47469 477.437
Weibull 10 324.840 85.4716 193.955 544.047
Lognormal 10 249.688 66.0218 148.705 419.247
Exponential 10 73.0324 21.0826 41.4758 128.599
Normal 10 337.350 108.162 125.356 549.345
Weibull 25 477.780 87.4781 333.717 684.032
Lognormal 25 377.001 81.8390 246.357 576.927
Exponential 25 199.412 57.5652 113.248 351.133
Normal 25 505.898 88.7983 331.856 679.939
Weibull 50 669.762 85.8659 520.947 861.089
Lognormal 50 595.887 116.755 405.867 874.871
Exponential 50 480.467 138.699 272.862 846.026
Normal 50 693.167 80.1492 536.077 850.256
Weibull 75 874.071 96.9177 703.339 1086.25
Lognormal 75 941.857 204.457 615.471 1441.33
Exponential 75 960.933 277.397 545.723 1692.05
Normal 75 880.435 88.7983 706.394 1054.48
Normal 95 1175.13 154.747 907.809 1521.16
Lognormal 95 1819.79 546.920 1009.72 3279.76
Exponential 95 2076.54 599.446 1179.29 3656.46
Normal 95 1149.85 122.939 908.896 1390.81

a product that satisfies the level of performance
required by taking into account the total cost of
the product should be acceptable. Sometimes,
the product’s manufacturing cost increases by
adding some operations that improve product
performance and reliability.

Furthermore, the four characteristics used
to enhance product performance are reliability,
availability, maintainability, and supportability.
Analysis reliability (engineering, economical,
and risk) should be considered in the first steps of
the design process to achieve the optimum life cy-
cle and better product results. The purpose of the
analysis is to determine the best way to increase
profits by improving and evaluating the product’s
lifetime. Therefore, to obtain the product’s best
life, this happens through reliability analysis and
finding alternative measures to achieve the prod-
uct’s best functional performance [16].

The empirical method analyzes the free and
nonparametric methods to determine the failure
probability, reliability, hazard rate, and failure
of the crankshaft production line. The statistical
prediction is simply a way to analyze the manu-
facturing operations, which effort to predict and
calculate reliability R(t), failure rate F(t), and
hazard rate h(t). The equations below are used to
calculate reliability R(t), cumulative failure CF,
hazard rate h(t), and failure F(t) [15].

Reliability R(t) = -+~ Ni 2
eliability ()_N—-I-l (2)
CF = FQ; + FQj41 (3)

H d Rate h(t) = !
azard Rate ()_((Fi—Fi—1)XN 4)
Failure F(t) = 1 — R(t) (5)
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Table 6. Reliability results of the crankshaft production line

No. | Failure Quantity | Total Failure | Surviving Quantity Reliability R(t) Hazard Rate h(t) | Failure Density F(t)
1 78 78 8240 0.990 0.092 0.091
2 762 840 7478 0.899 0.079 0.071
3 598 1438 6880 0.827 0.089 0.074
4 616 2054 6264 0.753 0.158 0.119
5 991 3045 5273 0.633 0.145 0.091
6 765 3810 4508 0.541 0.143 0.078
7 649 4459 3859 0.463 0.185 0.085
8 714 5173 3145 0.378 0.310 0.117
9 977 6150 2168 0.260 0.542 0.141
10 177 7327 991 0.119 0.638 0.076
1 633 7960 358 0.043 1 0.043
12 358 8318 0 0 0 0

Table 6 all the information for the crankshaft
manufacturing failure is calculated using Egs. 2,
3,4, and 5, depending on the data in Table 6. The
results showed that reliability decreased with time
increased. The hazard rate increased by increas-
ing the cumulative failure, and the percentage of
product failure increased with increasing time.

CONCLUSIONS

The most considerable failure was observed
in the ring screw, which is 295 times by analyz-
ing the results. Also, through Preto’s diagram, it
was noticed that the most failure rate occurred
in the last four months of the year, equal to
53.8% of the total failure during one year. By
calculations, the most frequent MTBF during
the manufacturing process was 0.5 hr. Four dis-
tribution methods used to check and analyze the
crankshaft production line were Weibull, log-
normal, exponential, and normal. Every method
had a different fitting, and the normal method
had the best fitting failure data, equal to 1.367,
depending on the Anderson-Darling (adj).

Furthermore, the empirical approach calcu-
lates the production line’s reliability to know and
predict the crankshaft production line’s risks. Re-
sults have proved that the reliability of the pro-
duction process decreased over time. Therefore,
elements that contribute to minimizing the reli-
ability of production lines should be identified.
Low reliability leads to inefficient manufacturing
operations due to increased overall production
costs and excessive scrap. For these reasons, the
machines and tools’ inspection and maintenance
processes will increase the production line’s
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reliability. Some recommendations must be car-
ried out for the machines and tools in the produc-
tion line used in the manufacturing process pe-
riodically to avoid downtime during machining
processes. These recommendations are to double-
check: lubricant, temperature, vibration, tools
quality, workpiece, tools setup, system power,
machining parameters, variables setup, and la-
borers. In addition, the product line data should
also review periodically, such as the most critical
issues that cause downtime, the types of product
defects, and the places where the defects occur.
Also, the reliability of the production process
depends on a production line organization, tools
failure prediction, adherence by the maintenance
and lubrication schedules, maintaining the mod-
ernization of the production line by providing it
with expertise and modern technology.
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