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Abstract
Intelligent integrated production systems are always of interest to production
planners. However, in order to deploy and improve from a mere processing fac-
tory to a processing factory with an integrated intelligent production system, it
requires a team of employees, engineers, and managers to always have a spirit
of innovation, continuously improving existing semi-automatic equipment into
automatic ones, aiming to move towards a smart factory. The result of this
research is to reduce waste in the process of assembling mechanical products
by applying the DMAIC process (Define, Measure, Analysis, Improve, Con-
trol), lean six sigma tools, the test of variance, hypothesis testing and exper-
imental design, IBM SPSS 2020, Matlab2019a and Minitab 18 software are
used for data analysis and Solid work software is used to design and simulate
mechanical parts. This study shows a systematic approach to analysis to find
the root cause of defects in the product assembly process, a method of diag-
nosing defective products as well as the application of charts to the analysis
of waste products, and improving quality by applying basic quality manage-
ment tools such as Pareto charts, fishbone diagrams, value stream mapping,
man-machine chart, and failure tree analysis (FTA). Clearly identify the types
of waste such as components sliding on top of each other without rust, and sur-
face roughness of metal products that do not meet the standards. Experimental
design models and statistical models, and statistical tests are applied to Lean
six sigma’s DMAIC model in the process of analyzing the machining process.
The results of analysis and process improvement have improved in a reduc-
tion of scrap in the assembly line of mechanical products by 59.66% per year,
an increase in assembly-line productivity by 7.8% per year, and a decrease in
waste costs incurred by 59.66% per year. The application of the DMAIC cycle
to improve the quality of the assembly line of mechanical products, in addition
to reducing waste, also reduces the quality cost of the assembly line.

1. Introduction

The significant growth of technology and the current
market mean that rivalry among firms is expanding;
therefore, enhancing quality and production opera-

tions is required for enterprises to compete (Pereira
et al.). Many tools are used by businesses to man-
age quality, such as ISO certification, Total quality
management (Pugna, Negrea, and Miclea Nandaku-
mar, Saleeshya, and Harikumar Hakimi, Zahraee,
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and Rohani). Lean Six Sigma is a technique used
by many firms to enhance production and product
quality, particularly in the last 20 years; Lean Six
Sigma is seen as a powerful tool to help businesses
improve efficiency, remove stages that add little
value, and focus on speed (John and Kadadevara-
math) (Uzorh, Olanrewaju, and I Nnanna). How-
ever, the quality improvement process necessitates
continual improvement and a team of experienced
specialists using the Define - Measure - Analyze
- Improve - Control (DMAIC) cycle (Castro, De
Camargo, and Junior). Businesses may regulate the
machining process, detect variables impacting out-
put, remove irregularities or changes in the machin-
ing process to increase efficiency, and satisfy client
requests as quickly as possible (Hardy, Kundu, and
Latif) (Lizarelli and De Toledo).

In Lean six sigma studies, DMAIC aims to
provide an overview of the supply chain, assist
managers in providing quality improvement solu-
tions, develop a comprehensive defect improve-
ment methodology for quality of manufacturing
processes, and provide supporting documentation
in various fields (Sodhi, D. Singh, and B. J.
Singh) (Kregel et al.) (J. P. Costa, Lopes, and Brito).
Typically, the study by Kregel and colleagues com-
bined process mining with six sigma tools to pro-
cess large volumes of data in manufacturing enter-
prises, showing that the successful application of six
sigma will increase outstanding productivity growth
in operational productivity (De Mast and Lokker-
bol) (Srinivasan et al.). The study of Ismyrlis and
Moschidis on integrating six sigma with the qual-
ity management system (QMS) between practice
and theory (Gaikwad et al.). One of the solu-
tions to improve business competitiveness and sus-
tainable growth is to improve the performance of
the Product Development Process (PDP) or use the
Continuous Improvement (CI) philosophy. Busi-
nesses must pay attention and regularly implement
improvement activities according to the process and
control and closely monitor (Minh, Ni, and Hien).
Therefore, the DMAIC cycle will help businesses
identify areas for improvement and challenges faced
in the improvement process and then offer appropri-
ate improvement plans (Smetkowska and Mrugal-
ska) (Soliman). With businesses increasingly inter-
ested in improving process speed, customer satis-
faction, costs, or product quality, it is indispensable

to apply lean in production operations. Lean manu-
facturing is a technique that helps businesses effec-
tively eliminate waste and defects in the produc-
tion process (Nandakumar, Saleeshya, and Hariku-
mar) (Ranade et al.) (Sharma et al.).

Implementing Lean Six Sigma, the DMAIC
cycle into continuous improvement or quality
management activities brings many benefits in
machining process optimization, eliminating defects
that have no value in the process produc-
tion (Tsarouhas) (Hakimi, Zahraee, and Rohani).
Each stage will use production process manage-
ment tools Value Stream Mapping, Pareto anal-
ysis, and Total Equipment Efficiency to enhance
productivity and overall quality characteristics of
manufactured products (Priya, Jayakumar, and
Kumar) (Tampubolon and Purba) or applying
many qualities management tools such as SIPOC
analysis, cause-and-effect diagrams (T. Costa,
Silva, and Ferreira). With the DMAIC and six
sigma cycles, the entire process built on pro-
cess capability metrics and developed using sta-
tistical quality control methodologies, DMAIC
will deliver ground-breaking quality improvements
quickly (Ismyrlis and Moschidis) (Klochkov, Gaz-
izulina, and Muralidharan). However, managers
need to consider when applying the DMAIC cycle
because there are still some limitations on the accu-
racy of the methodology and weak data aggrega-
tion techniques [27] [28].There have not been any
applied studies combining statistical testing, empir-
ical research, and computer vision into the DMAIC
cycle of the Lean six sigma method to research
and improve the outsourcing process in actual enter-
prises. Controlling labor safety in the environment
using automatic processing machines is necessary
and urgent. Computer vision technology contributes
to solving this problem.

A successful industrial organization not only has
a good production plan but also a plan to control
and improve the quality of product outsourcing at
the stage in an integral part of the competitive world
now and in the future. Especially, the assembly
process of products depends on the workmanship.
Improving product quality, eliminating dependence
on workers’ skills and improving productivity, and
reducing labor costs and input materials are the cri-
teria that outsourcing companies are always think-
ing about. solution for an optimization. The focus
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of this research is on the development of part selec-
tion and dimensioning testing tools as well as the
operation of assembly components that replace the
working skills of workers, and develop test data col-
lectors and results in analysis using an online test
system. In the present time, with the strong rise
of economies in Asian countries, in which China is
the leader in making the price competition of prod-
ucts, accompanying customers’ requirements on the
quality of output. the higher the product. There-
fore, the top managers in each company have to
think and find a direction for the company, in addi-
tion to maintaining profits for the company in a
time of fierce competition, they also have to find
ways to improve product quality to meet the increas-
ing requirements of customers. Different companies
find their own different directions to meet their own
customer needs. The same goes for Neosy Com-
pany in the outsourcing and assembly stage of Lin-
ear bush, quality control, tool improvement, output
improvement and profit increase are what the com-
pany’s management always focuses on to improve
continuous progress. Linear Bush is shown in Fig-
ure.1, a ball-based linear guide used in conjunction
with a cylindrical shaft. This product provides linear
movements with minimal friction to deliver precise
simple motion. A system of grooves containing iron
or steel balls is fitted instead of a material with a low
coefficient of friction. Working principle: the slid-
ing motion, in this case, is converted into the rolling
motion of the balls inside the sliding bearing.

This study offers the following benefits: (1)
Incorporating statistical techniques, experimental
design (Pravin et al.) into Lean six sigma method,
analyzing and improving the operation of the pro-
duction process (Ranjith et al.) at a mechanical
product processing company. (2) Control and
improve labor safety at processing lines using auto-
matic machines by computer vision technology. (3)
Improve productivity and improve product quality
by applying continuous improvement. (4) Create a
stimulating link between the learning environment
and the actual production environment at the com-
pany. Remove barriers in people’s thinking about
the research environment and the practical working
environment.

In this paper, we propose to change the machining
tools to improve the surface roughness and create a
smooth slip measurement system between the ball

and the slider bar to identify the OK NG measure-
ment results by the measuring system. The paper
is made as follows: Part II describes case study
for improvement, methodology and raw materials in
part III, part IV state the results and discussion, Part
V shows the conclusions and directions for future
work.

2. Case Study for Improvement

This study aims to eliminate waste products,
improve productivity and eliminate non-value-
added activities in the production line. Human fac-
tors and machine tool tools are carefully observed
and analyzed using DMAIC techniques, analyz-
ing the current state of the machining line, setting
improvement goals, and implementing improve-
ment measures. Industrial Engineering Tools,
Value stream mapping, hypothesis testing, CIM
(Computer Integrated Manufacturing), and Prob-
lems solving Analysis are applied to analyze the
root causes of non-value-added activities, generate
costs in production, and implement improvement
activities to Eliminate waste and bring profit to the
machining line. Output capacity of Neosy process-
ing factory is 1984 sets per year and waste gener-
ation is 131 sets per year, waste generation rate is
6.6 % per year (cost is 12570 USD per year). The
generation of this waste not only reduces the pro-
cessing productivity but also makes the company’s
profit seriously affected, this study analyzed the cur-
rent status of the processing line and received the
results found that the outsourcer was doing well,
but there were still some activities that gave rise
to errors that needed improvement. This study is
meant to analyze in detail the factors that cause
waste, and the impact of the production environment
that causes waste. The main job of improvement
activities (Kaizen) is to perform improvement activ-
ities to eliminate waste, reduce inefficiencies, elim-
inate downtime, reduce waste, and eliminate repair
work. Post-processed products and improve overall
machining efficiency (OEE). Continuous improve-
ment activities in the 6-step quality control model
follow the PDCA cycle along with positive thinking
about the manufacturing process re-signing through
Poka-yoke theory, see Table 1. Specifically, design-
ing tools, applying statistical techniques (Ranjith et
al.) , designing experiments (R et al.) and replac-
ing human manipulation processes and automating
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operations in production activities.

3. Materials and Methods
3.1. Define
Step 1 (Introduction current situation): Outlining

the production process of an operating process at
a mechanical goods line company, approaching the
process according to the Toyota solution method
(scene, thing, state), approach to the Toyota produc-
tion system. See Table 2 for the manufacturing pro-
cess approach.

Step 2 (Set the goal, creating activity action
and root cause analysis): The model “S.M.A.R.T”
(Specific, Measurable, Achievable, Relevant, Time-
Bound) is used to set goals to realize process
improvement. The more specific the goal, the easier
it is to understand and within the reach of achiev-
able. The control chart (Formula from (1 – 5)) is
used to monitor the stability of the process and the
histogram (Formula from ( 6 - 11)) is used to check
the process performance.

−
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3.2. Measure
Step 3: (Factor analysis, check and evaluate of mea-
surement counter): In the 3 production lines, it is
necessary to determine which lines give rise to waste
products. The Bootstrap ANOVA method was used
to test the mean of k populations. Formulas from
(12) to (18) are applied.
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TABLE 1. Proposed 6-step model methodology
P (Define) P (Measure) D (Action) C (Improve) A (Control)
Step 1: Introduction
current situation

Step 3: Factor
analysis, check and
evaluate of
measurement counter

Step 4:
Implement
measurement
counter

Step 5:
Confirmation of
effect,
standardization
work

Step 6: Reflection /
remaining problems
and plan for the
future

Step 2: Set the goal,
creating activity
action and root cause
analysis

TABLE 2. Steps to approach the production process
Step Approach

implementation
method

Content implementation approach

Step
1:

Workflow Diagram Stand at a fixed position for about 30 minutes and observe carefully and in
detail the operation at the stage to be analyzed.

Step
2:

Process flow chart
and Human -
Machine activity
chart

Re-draw the processing process with a flow chart, outline a human-machine
interaction flowchart using a Man-Machine chart and clearly define the time
of each operation, distinguishing wasteful and profitable operations. that
have value-added and create value stream mapping of manufacturing process

Step
3:

Hand operation chart
or hand operation
chart

Record a video and observe the correlation between the operator’s operation
and the operation of the official machine, determine whether the operator’s
left- and right-handed operation compared to the operation of the machine
mechanism is convenient or not. , determine the operation that generates
waste

To evaluate the accuracy of the type of processing
machine that generates waste products, the expec-
tation test when knowing the variance with a large
sample size is applied. Implement a processing
machine with a large enough number of samples and
apply the formula from (19 - 21) to check the accu-
racy of the cause of the generation of waste.(
−
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)
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Re-check the accuracy as a waste product generated
by the machine, process the same product on a dif-
ferent machine and use the test of expected devia-
tion, known variance with dimensions. Large sam-
ple size for analysis, formulas from (22) to (24) are
applied.(
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3.3. Analysis
Step 4: Implement measurement counter: Ana-

lyze the object and determine the factors affect-
ing the output results of the object by experimen-
tal method and at the same time evaluate the impact
of the physic - mechanical properties of the affected
object to the output of that object by the experimen-
tal method. Evaluate the results of object applica-
tion after experimental design and application to the
machining process by statistical and measurement
methods. Also rebuild the future value stream map
of the whole machining process. To evaluate the ele-
mental composition (concentration) of CBN of the
grinding wheel, the completely randomized design
(CRD) method is applied according to the formula
from (25 - 28) and Analysis of variance ANOVA
factors in the experiment, the formula from (29) to
(31) is applied.

Yij = µ+ τAi + eij, i = 1, 2, . . . , a; j = 1, 2, . . . , n (25)

a∑
i=1

τAi = 0 (26)

E (eij] = 0 vàV (eij) = σ2 (27)

=
1

a

a∑
i=1

−
Y i (28)
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n∑
i=1

m∑
j=1

(yij−)2 = SSTreatm + SSE (29)

ssTreatm = n

n∑
i=1

(
−
yi−

)2
(30)

SSE = SST − SSTreatm (31)

Evaluation of the impact factor between the grind-
ing wheel and the rotational speed of the eyebrow
stone after improvement has an impact on the qual-
ity of the rough surface of the mechanically pro-
cessed products, the binary experimental method,

and the analysis of variance is applied to the anal-
ysis, the formulas from (32) to (38) are applied.
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Re-evaluating the system after improving whether
there is a waste product or not, the method of testing
the rate using the statistical function is the sample
ratio P with a large enough sample size, the nor-
malized sample ratio with a normal distribution is
applied. Used for analysis, formulas from (39) to
(43) are developed.

P − p√
pq/n

∼ Z (39)

P − p0√
p0q0/n

∼ Z (40)

R =

(
P < p0 − Zα

2

√
p0q0
n
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n

]
(41)
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(
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n
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(42)
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R =

(
P > p0 + Zα

√
p0q0
n

]
(43)

Checking the quality of the following products for
stability and high accuracy are the two criteria to
evaluate the performance of the system after the
improvement, taking the same product to run on the
same processing machine. The improved system
and the method of testing the variance are applied
from formulas (44) to (47). At the same time, the
same product is run on 2 different machines, and
the method of testing the expected deviation when
the variance is unknown with a large sample size is
applied analysis according to the formula from (48)
to (50).
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3.4. Improve
Step 5: Confirmation of effect, standardization
work: Modeling Integrated Manufacturing System
(CIM: Computer Integrated Manufacturing), Mod-
eling positions, stages or activities in the production
process can apply production methods using com-
puter control production. This integration allows
individual processes to exchange information with
each department. Production can be faster and less
error prone thanks to the integration of comput-
ers (Saravanakumar et al.) . It is very necessary to
build an intelligent control system in the production
process. From Figure 1, the intelligent control sys-
tem is the system that applies computer tools that
can self-adjust or diagnose abnormality, in terms of
parameters of the machining system, it is necessary
to repeat a system calling the program automatically,
called the DNC: Digital Numeric Control program.
In terms of manufacturing process parameters, it is
necessary to iterate an automatic measuring system,
check and feed the results into the system automat-
ically, which is called a measuring system or Poka-
yoke operation.

FIGURE 1. Typicalmonitoring tasks of an intel-
ligent machining system

To use the intelligent production control system,
it is necessary to have a safety warning system in
the control. Specifically, it is necessary to set up a
computer vision system to identify people, control
the operation of trained people using the system, if
not the right person is trained, the system will auto-
matically warn and mirror, do not allow operation.
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FIGURE 2. .Control chart of roughness of hole

Step 6: Reflection / remaining problems and plan
for the future: An activity to improve tools and pro-
cessing machines in the production process with the
goal of eliminating waste and increasing produc-
tivity, increasing profits in business and the post-
improvement result operator is the operator at the
machining line, it is very necessary to investigate
the operator’s satisfaction with the results of this
improvement activity, it is necessary to evaluate the
influencing factors such as in terms of technical fac-
tors, usefulness factors and usefulness factors, the
PLS-SEM model is applied to analyze the opera-
tor’s satisfaction and thereby draw experience for
the times of improvement.

4. Result and Discussion
Step 1 and step 2: Collect the surface roughness
measurement results of 120 products, the results
show the instability of the measured dimensions, see
Figure (2&3) Control chart of Roughness of hole,
need to improve the stone grinding and polishing
the surface of the hole of the product at the finish-
ing stage.

The surface roughness is not up to the stan-
dard and is unstable, causing time (35 minutes) to
both check and calibrate so that the product runs
smoothly, at the assembly stage, and it takes time
to re-check. roughness of the product after process-
ing, this is a wasteful step. The value stream map-
ping chart of the current state of the processing line
shows that the total lead time of a product is 1190
minutes, the total cycle time is 995 minutes and the
value add time is 443 minutes.

Total lead time (1190 minutes) at the machining
stage, need to improve the machining process to

FIGURE 3. Roughness of hole

improve the dimensional stability of the hole sur-
face roughness of the product, the FTA (Failure
Tree Analysis) model is applied for analysis. The
cause of the error of instability of the hole surface
roughness, resulting in additional roughness mea-
surement and time-consuming calibration, checking
the smooth operation of the product after assem-
bly, see Figure 4, FTA analysis model for dimen-
sional instability error of hole surface roughness.
The results of the FTA analysis show that the set-
ting type of the hole grinding wheel is the key fac-
tor causing the instability of the hole roughness. In
addition, it is necessary to design a system to check
the smooth operation of the product after assembly
and link the data on the measuring system. Analysis
of the cause of the error arising by fishbone diagram
found that smoothly Judge NG and Parts Preparing
NG were the two main causes, see Figure 5.

When sliding, Ball will run on the shaft lace track
and is not smooth making the details not work, see
Figure 6. because the Nut surface (Figure 3.b) is not
rough enough to cause the Ball to get stuck, then It
takes a lot of time to fix.

Step 3:Take 10 similar products to run on 3
machines A1, A2 and A3 in the processing line and
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FIGURE 4. FTA analysis model for dimensional
instability error of hole surface roughness

FIGURE 5. Fishbone diagram analysis

FIGURE 6. Ball run on the shaft

use the formula from (12) to (18) and Minitab 18.0
software to run the analysis and output the results,

FIGURE 7. Interval plot analysis

look at the Table 3 results of ANOVA analysis, sta-
tistical value F=14.02 and P-Value = 0.000. There-
fore, the conclusion rejects hypothesis H0. That is,
the roughness quality from the 3 machines is dif-
ferent. The 95% confidence intervals for the mean
parameters and the results for machine A2 and A3
are the same, machine A1 is completely different.

Recheck the machining stability of the hole sur-
face roughness size at machine A1, take 50 prod-
ucts for machining and use the hole surface rough-
ness meter from product 1 to product 50, sample
average value calculated as 34.45. Formulas from

(19) to (21) are applied, with α = 0.05 and R=[
−
X>

33.958], H0 is rejected. Concluding that the dimen-
sional quality of the product surface roughness is not
stable.

Continue to perform machining with the method
of taking 50 machining samples on machine A1
and 60 machining samples on machine A2, mea-
suring the size of the surface roughness of the hole
with a specialized gauge. Sample mean and sample
variance are shown in Table 4. Applying the for-
mula from (22) to (24) gives sample mean devia-

tion, D =
−
X1 −

−
X2 = 26.38 − 25.42 = 0.96, with

α = 0.05 and R = (D < 0.57] , sample mean devia-
tion into the rejection region R, so H0 is rejected. In
conclusion, the performance expectation of machine
A1 is not as good as the performance expectation of
machine A2.

Step 4: Carry out a survey of 4 levels of CBN
abrasive powder concentration of 5%, 10%, 15%
and 20%. 6 test pieces are made at each test piece
level and all 24 test pieces are tested for roughness
at the same gauge, the test data shows the load Table
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TABLE 3. Results of ANOVA analysis
Machine No. Sample Mean STDEV SS MS F P-Value
A1 10 71.06 11.42 11366 5683 14.02 0.000
A2 10 104.61 27.87 10941 405
A3 10 117.18 17.56 22306

TABLE 4. Analysis of sample mean and sample
variance

Machine A1 Machine A2
Sample size 50 60
Sample mean 26.38 25.42
Sample variance 3.45 3.06

5 and figure 10, Interval plot analysis. Analysis of
variance ANOVA of factors in the experiment, the
formula from (25) to (31) is applied and the results
are established in Table 6. The results show that F0

= 19.9 and with the significance level of 1%. Con-
clude that the amount of CBN abrasive powder in
the grinding wheel significantly affects the quality
of the hole machined surface of the product.

FIGURE 8. Picture of grinding stone before and
after

Conduct experiments to verify the impact of
grinding wheel concentration (A) and grinding
speed (B) on the quality of the hole surface rough-
ness of the product, with the experimental design
being 3 times with the results as shown in Table
7. Applying formulas from (32) to (38). Calculate
the results of empirical analysis and show in Table
8, analysis of variance ANOVA. Analytical results
show that with α = 0.05 and P-values of A and B
respectively 0.0001, 0.0024, this proves that factors
A and B have an impact on the stability of the hole
surface roughness of the product. The P-value of
AB is 0.1826, showing that the interaction of the two
factors has no effect on the surface roughness.

From the experimental analysis results, we have
selected a suitable grinding wheel for the produc-
tion process, Figure 8 is the improved pre-improved
(supplied by Noritake) and post-improved (supplied
by Koremura).

Take 200 samples run on a new grinding wheel,
then use a roughness meter to check the stability of
the hole roughness size. Formulas from (39) to (43)
are applied to the analysis of the results, with α =
0.05 and looking up the table, Zα = 1.645, the cal-
culation results have R = [P< 0.1535] and R = [P>
0.2465]. In conclusion, H0 is rejected and the rate
of quality stability surface roughness is very good.
Continuing to take 30 product samples for running
on the same machine, formulas from (44) to (47)
were applied for analysis, with α = 0.05 and R=[S2
> 2.201] and H0 accepted. Show that the hole sur-
face roughness quality is stable. Using the same
modified grinding wheel for 2 different process-
ing machines, conduct the experiment as follows,
run machine 1 with 10 samples and run machine
2 with 12 samples, formulas from (48) to (50) is
applied, with α = 0.05 and R=[D<-1.606; D>1.606]
and H0 are accepted, demonstrating that the surface
roughness quality of the hole run on two different
machines and using the same grinding wheels gives
stable results.

FIGURE 9. DNC program screen interface

Step 5: Build an intelligent system in processing
factories using automatic lathes, deploy the method
of calling the CNC machining program using the
DNC model according to Diagram 1 the DNC pro-
gram call flow diagram for machine automatically
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TABLE 5. Test result analysis
Observation

CBN
abrasive
powder
concen-
tration
(%)

1 2 3 4 5 6 Total Mean
−
Y

5 7 8 15 11 9 10 60 10.00
10 12 17 13 18 19 15 94 15.67
15 14 18 19 17 16 18 102 17.00
20 19 25 22 23 18 20 127 21.17∑

ij yij = 383= 15.98

TABLE 6. ANOVA analysis table of CBN abra-
sive power composition in grinding wheel

Variation D.F S.S M.S Statistics
F 0

How to
process
CBN
grind-
ing
wheel
powder

3 382.79 127.60 19.6

Random
error

20 130.17 6.51

Total 23 512.96

TABLE 7. Experimental results
Experiment Y S
A−B− 28 25 27 80
A+B− 36 32 32 100
A−B+ 18 19 23 60
A+B+ 31 30 29 90

and as a result, eliminates human dependence on
selecting the machining program and entering the
machining parameters required by the design table.
The DNC program links from the customer’s ID
number, the ID of the order to be processed and
the type of machine, the machining program and the
selection of the most suitable machining tolerance.
The DNC program interface screen is shown in Fig-
ure 9

A system of data collection to check the smooth
functioning of the product is implemented, and as a
result, the inspection time is significantly shortened,

Diagram 1: DNC program flowchart

as well as the quality assessment that is mistaken for
an OK product that is judged as a waste products.
Figures 10 show the automatic test system.

To evaluate the linearity of the product smooth-
ness measuring instrument system, we used 5 sam-
ples (with different measuring ranges running at 0.1,
0.5, 0.7, 0.9 and 1.2) and each sample measured 5
times. Apply the linearity evaluation formula (51)
and the result is a stable response system, the mea-
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TABLE 8. Analysis of variance ANOVA
SOVSS DOF MS F 0 P
A 208.33 1 208.33 53.15 0.0001
B 75.00 1 75.00 19.13 0.0024
AB 8.33 1 8.33 2.13 0.1826
E 31.34 8 3.92
Total323.00 11

surement linearity response graph is as shown in
Figure 11.

I t I = I a I / [s/(
∑

(xi-x)2)1/2] ≤ tgm-2,1-a/2 (51)

FIGURE 10. The automatic testsystem

FIGURE 11. Linearity rating

Carry out an assessment of the measurement sys-
tem error by taking 12 samples and giving 1 per-
son to measure under the same measuring condi-
tions, apply the formula from (52) to (55) calculate
the measurement result and the result is the accu-
racy. Sample standard deviation = 0.23 is within the
allowable range. Demonstrate that the measurement
of the measuring system is stable.

Biasmean =

∑n
i=1Biasi
n

(52)

−
X =

∑n
i=1 (Xi)

N
(53)

σr =

√√√√√∑n
i=1

(
Xi −

−
X

)2

n− 1
(54)

Biasmean −
(
σb
(
tv,1−α

2

)]
≤ 0 ≤ Biasmean +

(
σb
(
tv,1−α

2

)]
(55)

In addition, in order for the intelligent production
system to operate safely and for the best results, the
operator of the automatic processing machine sys-
tem must have sufficient skills and operating quali-
fications. This is the reason why it is necessary to
develop a safety alert system at work with a com-
puter vision system that identifies the right people
to operate. Specifically, only qualified, trained and
certified employees on the computer vision system
can operate the specified machine correctly. If the
person is not recognized by the computer vision
system, the alarm will immediately sound and the
system will be locked. Computer vision algorithm
flowchart, see Figure 12.

Step 6: Survey of operators at Neosy on the
results of using improvement activities. Machine
maintenance technicians, machine operators and
plant field managers were selected for the survey.
Implement a random drawing method as this is easy
for researchers to do. Everyone takes a survey at
least once. The survey sampling criterion was that
all were aware of tool improvement activities. The
survey questionnaire refers to Neosy’s past improve-
ment activities. Each research variable is imple-
mented through at least three measures. The survey
questionnaire was conducted in Vietnamese. Use
5-point Likert scale to conduct data collection sur-
vey. To ensure that the questionnaire was appro-
priate, it sent three managers (production manager,
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technical director, and quality assurance director)
for comments. The author completed a question-
naire survey based on the opinions of three man-
agers. Survey a total of 200 questions and elimi-
nate 50 samples because the survey results do not
meet the requirements due to not carefully reading
the required content of the survey questionnaire. A
total of 150 questionnaire samples give valid results
and are used in the PLS-SEM analysis model. To
use Smart PLS 3.0 software for data analysis. The
results data collection shows that 66.67% are male
and 33.33% female. Their qualifications are mainly
12, accounting for about 80% of the details in Table
9.

FIGURE 12. Face recognition system

FIGURE 13. PLS-SEM path model

TABLE 9. Sample characteristics
Vari-
able

Item Fre-
quency

Percent-
age

Gender
Male 100 66.67%
Female 50 33.33%

Age

20 – 30 80 53.33%
30 – 40 60 40%
40 – 50 8 5.3%
Over 50 2 1.3%

Aca-
demic
degree

Upper
University

1 0.6%

University 23 15.33%
College 46 30.67%
High school 90 60%

To evaluate the reliability and validity of the scale,
the two criteria CR and Cronbach’s Alpha must be
greater than 0.8. The survey results are considered
reasonable to start analyzing the PLS-SEM model,
see Figure 13, PLS-SEM path Model and the AVE
index is greater than 0.5. This proves that the ana-
lytical values of the scale are valid and have high
reliability to accept the research model. Smart PLS
3.0 software to analyze survey results; The results
show that the improvement factor affecting loyalty
(H1) has a strong correlation with the P value of
0.01, the factor of convenience. The advantage in
using the improved result of the stone surface sander
has a strong impact on loyalty (H2) when using the
highly improved result with a P-value of 0.00. How-
ever, in terms of technical factors, the loyalty inter-
action is unsatisfactory (H3) with a P-value of 0.54.
This shows that from a technical perspective, the
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improvement team needs to re-evaluate and consider
improving the technical improvement activities for
the next improvement activities. The content of the
analysis is presented in Table 10.

TABLE 10. Path coefficient, T-value and P-value
of PLS estimation

Path Path
Coeffi-
cient

T-
value

P-
value

Result

Useful ->
Loyalty

0.33 2.54 0.01 Sup-
ported

Convenience
-> Loyalty

0.33 2.92 0.00 Sup-
ported

Technology
-> Loyalty

0.10 0.61 0.54 Non-
supported

5. Conclusion
Replace the hole grinding wheel with new type,
apply the smoothness check system after assembling
the product, apply the automatic programing sys-
tem and the operator safety control system on each
stage. The result is productivity up 7.8%, elimi-
nating the step of measuring the surface roughness
of the hole after machining, before assembling and
smooth defects have not to reduce cost for defects
in process. Result to reduce cost in production plan,
total cost reduce 33375 USD per year. Details about
reduce costs. (1) Reduce cost for reducing defects
about 28305 USD per year and (2) Reduce cost
for improvement productivity (set/hour) about 5070
USD per years. Rebuild the future value stream map
and as a result total lead time is reduced by 20 min-
utes compared to pre-improvement.
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