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Abstract: From the study of lapping machines which are bottleneck of a process flow, we found that machines’ availability 
is only 73 percent.  Main cause came from machine breakdown due to improper maintenance strategy.  Currently, a run to 
failure strategy is used to replace parts.  This paper focuses on studying parts’ lifetimes and their maintenance and 
replacement costs to find out the optimal points to replace parts by using computer simulation.  The result shows that 
changing sensor, power supply, voice coil finger, and control panel 2-months before the end of lifetime and changing motor 
at the end of lifetime, machine availability increases to 77 percent and net profit increases 0.38 million dollars. 
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I. INTRODUCTION 

 
1.1. Problem Statement and Literature Review 

Nowadays, demand of hard disk drives has 
increased. This affects need of lapping machines 
which are bottleneck of a read/write head production 
process. However, due to machine cost and fast 
changing of machine technology, a company wants to 
maximize utilization of existing machines before 
investing new ones. 

From the study, we found that lapping machines’ 
availability is 73 percent.  That 27 percent loss of 
working time came from machine breakdown 36.4 
percent, waiting for input from the previous process 
(bonder machines) 25.4 percent, waiting for repair 
17.6 percent, lapping plate changing 16.2 percent and 
others 4.4 percent. Detail is shown in Fig.1. 
 

 
Fig.1. Causes of machine breakdown. 

 
The main cause of lost time is machine 

breakdown, which is affected from spare parts 
replacement plan that currently uses a run to failure 
strategy.  Maintenance after machine breakdown 
takes a lot of time.  Therefore, this paper tries to find 
out the optimal point for spare parts replacement in 
order to reduce breakdown and improve productivity. 
 

There are many papers using preventive 
maintenance to improve machine availability and 
efficiency.  Pan et al. [1] optimized scheduling with 

preventive maintenance on a single machine with the 
objective to maximize machine availability. Hsu et al 
[2], [3] studied maintenance plans on a single 
machine using 3 different criteria. First is comparison 
between a fixed maintenance time interval and fixed 
number of jobs performed before maintenance on 
single machine. Second is considering scheduling 
problem with linear deteriorated jobs.  All studies 
were subject to minimize makespan. Low et al. [4] 
considering flexible maintenance planwith subject to 
minimize makespan. 

Furthermore, many papers discussed about 
preventive maintenance that related to process 
reliability and various types of costs such as 
preventive maintenance cost, scrap cost or lost sale 
cost. Rux et al. [5] scheduled preventive maintenance 
by integrating optimization and simulation with the 
objective of minimizing unavailability time. Nguyen 
et al. [6]used Makov decision to study optimal 
maintenance and replacement decision with 
considering spare part inventory and technology 
changing. Widyadana and Wee [7] studied production 
inventory cost with random machine breakdown and 
stochastic repair time. Same as research from Chiu et 
al. [8]that using mathematics model to solve a 
random machine failure problem.Li et al. 
[9]minimized preventive maintenance cost with 
considering machine reliability, avoiding failure, 
unnecessary production loss and safety 
violations.While Ramirez-Hernandez et al. 
[10]developed preventive maintenance optimization 
software tool (PMOST) based on an algorithm for 
optimal scheduling of preventive maintenance tasks. 

 
1.2. Lapping Process 

A lapping process involves in thickness 
reduction of read/write heads. The process starts from 
putting the head on to carrier and soldering between 
head and PCBA by a bonder machine.The bonder 
machine performs 1 unit operation per cycle.  The 
cycle time of the bonder machine is normally 
distributed witha mean of 0.0143 hour and a standard 
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deviationof 0.0024 hour. After that, carrier of 
read/write head moves to a lapping machine. The 
lapping machine operates 4 units per cycle.  The 
cycle time of a lapping machine is normally 
distributed witha mean of 0.2 hour and a standard 
deviation of 0.0105. Soldering and Lapping 
operations are shown in Fig.2. 

 

 
Fig.2.Soldering and Lapping Operation. 

 
II. METHODOLOGY TO DETERMINE A 
REPLACEMENT PLAN 
 

From machine breakdown problem, we found 
that one of the causes is due to currentlyusing a run to 
failure strategy.  Parts are changed only after their 
damages and it requires a lot of time in changing 
parts after machine breakdown. Therefore, if we can 
changeparts before the end of their lifetimes, time 
loss due to machine breakdown should be reduced. 
This ideabecomes research objective to find outthe 
optimal points of part replacements. However, it 
takes long time to perform this experiment in a real 
setting and also needs high investment cost.  This 
paper will applycomputer simulation to develop the 
optimal replacement plan. 

Before developing a simulation model, we 
study a lapping machine and process involved. From 
machine breakdown statistics, we found 9 parts that 
affect machine loss time due to breakdown. There are 
sensor, motor, power supply, voice coil finger, 
control panel, arm, pogo pin, scanner alignment and 
computer.  From a Pareto chart as shown in Fig.3, top 
5 parts that affect loss time include control panel 24.7 
percent, voice coil finger 23.1 percent, sensor 16.6 
percent, power supply 10.5 percent and motor 8.1 
percent.   

 

 
Fig.3. Ratio of machine fails time per each spare part. 
 
 

2.1. Simulation  
The simulation model of a lapping process 

includesobjects (read/write heads) which are released 
from bonder machines. The bonder machine performs 
1 unit operation per cycle.  The cycle time of the 

bonder machine is normally distributed with a mean 
of 0.0143 hour and a standard deviationof 0.0024 
hour. After that, objects are grouped into batch of 4 
units before moving to a lapping machine as first 
come first serve.The cycle time of a lapping machine 
is normally distributed with a mean of 0.2 hour and a 
standard deviation of 0.0105. The lapping machine 
hasbreakdown that follow thefailure rate of9 spare 
parts. The breakdown of lapping machine can be 
occurredevenonlyone part got failed.The process flow 
is shown in Fig.4. 

 

 
Fig.4 Process flow simulation. 

 
2.2. Data Collection 

 
Based on data, the failure rate of each part 

increases with ages and significant difference in 
during each month. The failure rateof each part is 
shown in Fig.5.Due to limit data, the failure rate is 
assumed uniform distribution. 

 

 
Fig.5.The failure rateof each part. 

 
For example,sensor lifetime is around 14 months. 

The failure in 1st – 8th month, 9th month, 10th month, 
11st month, 12nd month, 13rd month, and 14th month is 
0-2 times, 3-7 times, 5-10 times, 7-15 times, 16-21 
times and 23-30 times, respectively. The failure rate 
of sensor is shown in Table1. 

 
Table1:The failure rate of sensor 

 
 
From failure rates, we can calculate MTBF by 

dividing total working hour per month (720 hours) 
with failure rates, so MTBF of sensor in 1st – 8th 
month, 9th month, 10th month, 11st month, 12nd month, 
13rd month, and 14th month is uniform [360,1440], 
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uniform [120,240],uniform [103,240],uniform 
[72,144],uniform [48,103],uniform [34,45], and 
uniform [24,31] respectively. MTBF of each part is 
showed in Table2. 

 
Table2: MTBF of each part per month 

assume by Uniform(Mean, Max) 
 

 

 

 
 

From all data, the simulation model has been 
validated by comparing the result with real data. 
From sample t-test, the average ofbreakdown time 
that isgenerated by simulation model is 9.8 percent 
while the realbreakdown time is 9.818 percent. At the 
confidential interval 95 percent, the hypothesis is 

accepted with p-value 0.73. The Minitab result is 
shown in Fig.6. 

 

 

 
Fig.6. One-sample T test of simulation model 

 
2.2. Design of Experiment 

 
In experiments, the paper objectiveis to 

determine proper time to replace these 5 parts before 
failure to reduce loss of machine availability.  
Therefore, replacement plans of these 5 parts become 
independent variables of the experiment.  The 
replacement plan of other four parts will do not 
consider since they not much affect machine loss 
time. However, they are assumed the current failure 
rates in experiment.    

This study focus on 3 replacement plans. First 
plan is to replace spare parts at the end of lifetime. 
Second plan is to replace spare parts 1-month before 
the end of lifetime and third plan is to replace spare 
part 2-month before the end of lifetime. 

According to the theory of central composite 
design (CCD) with 1 replication, 5 factors and 3 
levels; a one-half fraction design requires the total 32 
experiments.  

The result from simulation is percent of 
breakdown times that are changed regarding to spare 
part replacement plan. This affects machine capacity 
and machine requirement. The difference of machine 
requirement is capital gains which have value 0.48 
million dollars per machine. However, machines have 
lifetime is only 4 years. So, capital gains per year are 
divided by 4. 

The changing of spare part before end of lifetime 
leads to increasing spare part cost. For example, price 
of sensor is 4,658 dollars with lifetime 14 months. If 
we replace 1-month or 2-month before the end of 
lifetime, cost of using spare part per month is 
changed from 333 dollars to be 358 dollars and 388 
dollars respective (part price divide by lifetime),so 
each replacement plan will be calculated total spare 
part cost per year.Detail of spare part cost is shown in 
Table3.So the response surface of DOE is comparable 
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of capital gain and additional cost from spare part 
replacement. 
 

Table3: Spare part cost 

 
 
III. RESULTS AND DISCUSSION 
 

The optimal solution is created by Minitab. 
The result shows that the best solution is changing 
sensor, power supply, voice coil finger, and control 
panel 2-month before the end of lifetime and 
changing motor at the end of lifetime.From this 
solution, a percent breakdown times is reduced from 
10 percent to be 6 percent. Productivity is improved 
from 20,679 to be 21,746 units per day.  

Based on demand requirement in 2015 
are1,495,000 units per day. Current replacement plan 
required 73 lapping machines compare to new 
replacement plan that required 69 machines. This 
replacement plan can delay investment of 4 machines, 
capital gainstotal 1.92 million dollars, or 0.48 million 
dollars per year. The capital gains is compared to 
additional cost from spare part replacement 119 
dollars per month or 0.1 million dollars per year. Net 
profits is 0.38 million dollars per year. Response 
surface result is shown in Fig.7. 

 

 
Fig.7. The optimal solution of spare part replacement. 

 
CONCLUSIONS 
 

The main cause of machine breakdown is a 
spare part failure. The long used part effected to 
machine performance and loss time availability. The 
replacement spare part is a good solution to solve this 

problem. However wemust have to consider all 
impacts especially cost associated. 

In this case study, a lapping machine which is 
bottleneck of read/write head production process, has 
low efficiency. This research provides the optimal 
replacement plan that can beincrease machine 
availability from 73 percent to 77 percent, net profits 
is 0.38 million dollars per year.  
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