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Abstract Aecepted 12 September 2023

This research aimed to analyze sugar cane and sugar supply chains in Uttaradit
Province, a case study of Thai Identity Sugar Co., Ltd. It started with farmers processing
sugarcane into various products and studied problems and obstacles in the supply
chain system. It also presented a solution and development of sugarcane and sugar
supply chains in Uttaradit Province. The study was divided using the value chain into
primary and support activities. Besides, the analysis tools for quality management were
the cause-and-effect diagram and SWOT analysis that helped to assess the potential
of sugar cane and sugar supply chains in Uttaradit Province.

The above research results were known to the sugar production process from
the beginning to the end products. It would help increase efficiency. Moreover, it was
finding ways to improve the sugarcane and sugar supply chains of Uttaradit Province.
It was helpful for sugarcane farmers to know the basics to improve and continuously
increase efficiency within the cane and sugar supply chain in the future. It also
increased the ability to compete in the market as well.

Keywords: Sugarcane and sugar supply chain, Value chain, Quality management
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1. Introduction

The supply chain concept is a competitive advantage strategy, especially in
business operations, such as increasing trade competitiveness. Because of the trade
competition, entrepreneurs have to adjust their strategies to be superior to their
competitors and meet the increasing customer demands. The effects that will follow
after adjusting strategies and responding to customer needs are management, logistics,
and transportation costs. Inventory Management and increasing costs of various
management are not only the cost impact, but many other factors affect
entrepreneurs, such as internal quality management and corporate credibility.
Therefore, in the current competitive situation, operators need to increase their work
efficiency, equivalent to the same industry or different industries domestically and
internationally.

The attributes of the cane and sugar industry in Thailand are primarily medium
and large industries. Likewise, the cane and sugar industry in Uttaradit province studied
in this research is considered significant. The study found that the sugar cane and sugar
industry in Uttaradit province tended to expand continuously. Because small farmers
prefer to grow more sugarcane throughout the year and have serious support from the
government, this research has foreseen the importance of studying ways to improve
the sugarcane and sugar supply chains in Uttaradit Province to increase operational
efficiency, reduce costs, and reduce losses within the supply chain, and lastly, to lead

to sustainable development in the future.

2. Research Objectives
To study the supply chain of sugarcane and sugar industry with a case study in

Uttaradit Province.

3. Research Methodology
In this research, a case study of sugar cane and sugar cane supply chains in
Uttaradit Province was studied to identify supply chain problems and find solutions by

using analytical principles and tools. The details are as follows:
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3.1 Study basic information and structure of sugar cane and sugar supply
chain in Uttaradit Province

To conduct a study on the sources and importance of data collection related
to research in order to obtain information and structure of the supply chain with the
following sub-steps:

3.1.1 Conduct liaison with relevant parties and make a detailed presentation
of the research objectives, scope, and expected benefits.

3.1.2 Conduct preliminary interviews with people involved in the supply chain,
studying additional document information and summarizing the supply chain structure
as a diagram for further study.

3.1.3 Study information, concepts, principles, and related theories
domestically and internationally.

3.2 Study and research the current situation of sugarcane and sugar
supply chains

After studying the preliminary information on cane and sugar supply chains,
the next step was to study the activities of each unit in the supply chain, from breeding
preparation, preparation of the planting area, maintenance, harvesting, and collecting
data on various activities of the agency from interviews and questionnaires. However,
gathering information from collected documents can be done from both memos and
work documents collected by the following:

3.2.1 Surveying the actual processes of each activity in the work units, from
sugarcane breeding, planting area preparation, and harvesting including trading
sugarcane.

3.2.2 Interviewing the concerned people in each activity about activities or
procedures, such as planting area preparation, maintenance, harvesting, etc.

3.3 Make the application of relevant principles and theories

3.3.1 Record all activities to analyze the activity types by applying the Value
Chain Analysis (VCA) principle. This principle identifies the primary activities and
support activities necessary to operate towards the industry's ultimate benefit: the

expected profit.
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3.3.2 Assess the activities by using the SWOT analysis. It is the analysis of the
strengths and weaknesses of the organization to evaluate the main problems that
threaten the operation of the sugarcane and sugar business. The main problems will
come from weaknesses and obstacles within the supply chain.

3.3.3 Use cause and effect diagrams. This chart is one of the industry's most
widely used quality management tools. The objective is to find the causes that make
problems that can be modified to make work more productive and also solve
problems on the spot, including knowing the root cause from the hidden actual
situation.

3.4 Analyze the problems of the cane and sugar supply chain for the
solutions

From the collection of case studies and survey data, the research team used
for the analysis. The processes started with finding sugarcane needs, procuring varieties,
planting, harvesting, trading, transportation, processing into sugar products, quality
inspection, and sugar distribution. The information mentioned above was analyzed into
various issues and found ways to solve problems within the sugar cane and sugar
supply chains in Uttaradit Province.

3.5 Summary and presentation of recommendations

3.5.1 Summarize the results of the study of the supply chain system, identify
problems, find ways to solve the problems of the supply chain, and consider improving
activities in the supply chain.

3.5.2 Propose guidelines for improving the supply chain system and further

research in the future.

4. Results

This section presents details of the study of the current situation of sugar cane
and sugar supply chains in Uttaradit Province, including a case study of Thai Identity
Sugar Co., Ltd. In order to understand the sugarcane and sugar supply chain system,
value chain analysis, SWOT analysis, and cause-and-effect tree analysis were used, and

the details were shown as follows:
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4.1 Cane and Sugar Supply Chain: A Case Study

It was found from the study that the upstream to the downstream of the
supply chain were sugar cane farmers in Uttaradit Province. Before farmers plant sugar
cane, they contact the factory's promotion unit to enter a contract to deliver the
products obtained to the plant. In the work of the plant's promotion unit, it could
have the consult for plantation to the harvest, including the sugar product sent to the
factory. In addition, the promotion unit would be responsible for recruiting new
sugarcane farmers to persuade them to enter into contracts with the factory to deliver
their products to the factory. From the above steps, when planting until harvesting,
produce would be transported using ten-wheel trucks or trailers depending on the
amount of product. All processes are done under the contract. The sugar products of
these processes would be sent and exported to the food and beverage industry
abroad. Transportation of sugar to various food and beverage factories would be
transported by ten-wheel trucks or trailers. Vehicle usage depends on the amount of
sugar in each round. For the transportation of sugar to foreign countries, the factory
would transport sugar to the port. The cane and sugar supply chain is shown in Figure

1.

LY
L Y Q\&
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Truck
Food and
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Sugarcane Truck Sugar Factory
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Figure 1 The cane and sugar supply chain
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4.2 Value Chain Analysis

Accordingly, the value chain focused on activities within the supply chain that
consisted of procuring varieties, planting, harvesting, processing, and distributing sugar
to end customers, both domestic distribution and exporting. It aimed to build the
ability to compete in business. Therefore, a value chain links activity inside and outside
the organization that affect competition. In the end, it is the success that the Lord will
receive as a return, which is the profit itself (Porter, 1980). The research team collected
information from farmers, academicians, the Office of the Cane and Sugar Board, and
units of the Thai Identity Sugar Factory, and it was found that there were forms and

procedures as shown in Figure 2.

Learning-Demaonstrated-Field Froject
Survey Team for sugar cane insect pests
Support | Acadernic team with experts
Activities Sugar Cane Plantation Promaotion Unit
Inbound Cutbound
Operations Marketing
| Logistics Logistics
-Preparation of | -Harvesting -Sugar comestic | -5ugar cane Profit
sugar cane | -Transporting | distribution procurement
varieties -Frocessing -Sugar exporting for factories
Primary _ -Preparation of | -Packaging
Activities plantation area
-Flanting
-Sugar cane
care

Figure 2 Value Chain

The resulting value chain can explain the connection of operations from Figure
2 as follows.
4.2.1 The main activities include
(1) Inbound Logistics: There were 4 steps in the inbound logistics. The

details are shown as follows:
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Step 1 Preparation of sugar cane varieties: Most of the sugarcane
varieties planted are planted by the farmers. Some of them are taken from farmers
who sell sugar cane varieties. Sugarcane varieties that farmers prefer to grow are Khon
Kaen 3 and U-Thong varieties. The species that will be planted must be complete,
considering that the cane eyes must be complete and covered with leaf sheath to
prevent eye damage. The size of the cultivars used for planting should have 2-3 eyes.
Sugarcane cultivars must be about 8-10 months old.

Step 2 Preparation of plantation areas: The environment and soil
characteristics suitable for sugarcane cultivation must not be dense, friable, and have
good water and air circulation. The pH is in the range of 5.5-7.0, the salinity is not more
than 4.0 decimal per meter, the temperature is 30-35 degrees Celsius, and the rainfall
is 1,000-1,500 mm. per year. The nutrient requirement was 14 kg of nitrogen per rai, 10
ke of phosphorus per rai, and 30 kg of potassium per rai. The soil preparation process
was initially considered as weeding that will allow rainwater to seep through into the
soil well. So, it makes sugarcane roots grow easier. In preparing the soil, it will plow,
plow, and then raise the trench. General soil preparation involves plowing 2-3 times,

about 30-50 cm deep, as shown in Figure 3.

Figure 3 Plowing the soil for planting
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Step 3 Sugarcane planting: Sugarcane planting is suitable to be planted
after the rainy season, which starts planting around October-November. By the time of

the sugarcane planting, it must be at least 12 months.

e i »,
ST RS g,

Figure 5 Sugar cane plantation
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Figure 5 shows a replanting of sugarcane in case the sugarcane planting
machine does not reach the planting area. Another case is the sugarcane that has
already been cultivated without growing. Therefore, it must be planted and repaired
to yield as the farmers want.

Step 4 Sugarcane Care: this step includes fertilizer care. It will be
divided into 2 stages as follows.

Stage 1 Planting sugarcane: Fertilization will be divided into 2 phases.
The first phase is when the cane is 1.5 months old, apply chemical fertilizer formula
16-20-0, rate 100 kg./rai. The second phase is when the sugar cane is 3-4 months old,
apply chemical fertilizer formula 20-5-28, rate 100 kg./rai.

Stage 2 Sugarcane stumps: Fertilization will be divided into 2 phases,
the same as the first stage. In the first phase, fertilizer will be applied immediately after
harvest. In the second phase, when the sugarcane is 3-4 months old, chemical fertilizer
formula 20-5-28 is applied at 150 kg/rai, and will use manual labor to mow grass or
tractors. In the period from the beginning of planting to 4 months, if the herbicide is
used, atrazine is used at the rate of 500-625 g¢/rai. After spraying in the first phase for
2-3 months, chemical spraying will be used again. Supplemental water supply will be
provided on average 3 weeks/time. As shown in Figure 6, fertilizer is applied to take
care of sugarcane during the rainy season. This is a step used to adjust the physical
condition of the soil to be suitable for cultivation. The amount of fertilizer to be added
should be based on the soil's fertility, and the sugar cane's growth.

Figure 7 shows pouring water in the plantation area, which is a cost-
saving and convenient water supply. This type of watering is limited in that the planting

area must be level to flow easily and continuously.
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Figure 7 pouring water

(2) Operations: The first step in the operation is sugar cane harvesting. The
extension unit will plan the harvest from the start, whether to use manual labor or
cutting machines. It was considered whether the planted area could be cut into or

not. Sugar cane suitable for harvesting must be about 13 - 14 months old, and the
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sweetness of sugarcane at this stage will reach the standard. Sugarcane harvesting can
be done by methods, as shown in Figure 8, which is sugarcane harvesting by using a
sugarcane harvester. Sugar cane harvesting using harvesters is the most popular harvest

and is mostly used by farmers today, which is fast and convenient with less cost.

Figure 8 Harvesting sugarcane using cane harvesters

Another way to harvest sugarcane is by using manual labor, and the
harvest is rarely used today due to high labor costs. Harvest labor is few. It's hard to
find laborers, and they need to work faster. So, the harvest is delayed to meet the

demand of factories, as shown in Figure 9.

e = =

Figure 9 sugar cane harvest using manual labor
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Step 2 Transporting sugarcane to the factories: Sugarcane is transported
to the processing plant by ten-wheel trucks or tow trucks, which depends on the
amount of sugarcane transported in each trip. Primarily, ten-wheel trucks are used to
transport sugarcane to factories. The vehicles to be transported will come from
farmers, factories, and truck operators. Farmers hire most vehicles used for

transportation to transport sugarcane directly, as shown in Figure 10.

Figure 10 sugar cane truck

In this step, the factory will have the truck driver come in and grab a
queue card to wait for sugarcane to be poured into the sugar processing process in
the industrial factory.

Step 3 Processing: sugar processing is divided into two main processes
as follows:

The first process is the production of raw sugar, which brings
sugarcane into the sugar production process through sugarcane juice extraction,
cleaning, boiling, chewing, and centrifugation to seal the sugar.

The second process is producing white sugar production. The process
is the same as the production of raw sugar. It was by bringing raw sugar into the
production line to produce sugar again through the melt spinning, cleaning, bleaching,

and chewing processes, then separating sugar crystals and dehumidifying.
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Step 4 Packaging: White sugar or raw sugar produced will be packed into
sacks for storage and on the line for sale. Each sack will weigh 50 kilograms.

(3) Outbound logistics is divided into 2 steps:

Step 1 Sugar domestic distribution: 80% of Thai Identity Co., Ltd.'s sugar
would be sold to Thailand's food and beverage industry. The beverage and food
industry had made a contract and paid in advance. So that the factory could plan the
production and allocated the amount of sugar correctly. The sugar quota sold to this
group of customers is Quota A.

Step 2 Exporting sugar to foreign countries: Sugar exports will be sugar
type Quota B, which is raw sugar. The export operation will be exported by Thai Cane
and Sugar Co., Ltd. Export operations must comply with government regulations, which
way to export Thai sugar is not sold directly to consumers in the country. However, it
will be sold to a brokerage firm and well-known legal sugar traders in the international
trade.

(4) Marketing: Procurement of sugarcane to the factory is in this process.
The factory will have a sugarcane plantation promotion agency to recruit farmers to
join the contract with the factory. The supporting agencies will provide advice on
planting, maintenance, and even providing services for harvesting sugar cane trucks.

4.2.2 Support activities include

(1) There is a demonstration plot project for farmers to learn about
sugarcane cultivation properly.

(2) There is a team of academics to help survey insects and pests of sugar
cane in all areas promoted.

(3) There is a team of academics from the sugar factory to advise on
planting and harvesting sugarcane to send to the factory.

(4) The Sugarcane Plantation Promotion Unit will supply sugarcane to the
factory. The agency will recruit farmers who want to grow sugarcane or who already
cultivate sugarcane to join the sugar factory. The agency will have academics to advise
on cultivation, care for farmers' cultivation capital, and check the soil conditions of the
participating areas to determine if it is suitable for planting sugarcane. Sugar cane

harvesters are also available to provide services to farmers who join the factory.
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4.3 Evaluation of Potential Using SWOT Analysis

They use SWOT analysis to assess the potential of cane and sugar in Uttaradit

Province by analyzing internal factors, strengths, weaknesses, external factors,

opportunities, and threats. In order to assess and find ways to increase the efficiency

of the sugarcane and sugar supply chains of Uttaradit Province and increase

competitiveness with neighboring regions and neighboring countries, SWOT analysis is

a qualitative method for this case. The analysis details are shown in Table 1.

Table 1 SWOT Analysis

Positive Procedures Negative Procedures
Strengths Weaknesses
1.There are plenty of plantation areas. | 1.There is not enough labors,
o 2There are sugar factories in the | including skilled labors.
48 province. 2.The fields and the factory are far
E‘E 3.There are both domestic and foreign | away from each other.
g academic team and experts who give | 3.lt is bad weather in the areas.
= advice and consult for all processes. 4. Farmers are lack of plantation
4There are high efficiency of | knowledge.
plantation.
Opportunities Threats
1.The Office of the Cane and Sugar | 1.World sugar price has been
5 Board supports water sources and | decreasing continuously since the
E water pumps. sugar production is in surplus.
é 2.The Uttaradit Provincial Agricultural | 2.There is lack of irrigation system.
% Office has a policy to promote | 3.Competitors have high-efficiency
sugarcane cultivation. production technology that make a
production advantage.

4.4 Cause and Effect Diagram

The researchers have used the information from the above SWOT analysis,

weaknesses, and threats to conduct questioning of all involved parties. The problems

of sugarcane were the lack of quality and others. It can be expressed as a cause-and-

effect diagram analysis, as shown in Figure 11.
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The resulting diagram can analyze the factors affecting the quality of sugar
cane as follows:
4.4.1 Workers, employees, or personnel lacked care, so it was caused by

insufficient farm labor, resulting in lower-quality sugarcane.

Method

Lack of knowledze

Not encugh labers Lack of train

Hard work. too exhausted Lack of plantaticn knowledge

Low standard task

Less care

Lack of harvesting knowledge

Lack of quality

Dry weather
Lack of inspection
High cost of

Lisease
Intachion

Lack of water

machinery

Broken machine Climate Incomplete cane varistiss

High
Damaged cane eyes
Investrment cost

Rotten rocts
Low standard of cane output
Lack of maintenance

Figure 11 An analysis of Cause-and-Effect diagram

Heavy Rains Less care

Lack of plantation knowledze

4.4.2 Non-standard work was the need for more knowledge about the planting
process. Improper care, improper cultivation, and less care resulted in better-quality
sugar cane.

Lack of harvest knowledge was a factor that affected sugar cane quality.
Most farm owners set fire to sugar cane before harvesting because of the convenience
of harvesting. Sugarcane burning is very detrimental to sugarcane quality. Burning the
cane before harvesting will reduce the weight of the cane and lower its sweetness.

4.4.3 Machines and accessories

Planting machinery is expensive, making farmers unable to buy machinery
for their own. As a result, farmers need to gain knowledge of modern cultivation
technology and care. Besides, the lack of machinery may result in higher costs for
cultivation, increasing the rental of machinery and equipment. However, when the

machine is damaged, maintenance costs will also have a high price.
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4.4.4 Materials, spare parts and other equipment
The imperfections of the varieties are caused of low-quality sugar cane due
to diseased sugarcane or damaged sugarcane eyes. Cultivation of diseased sugarcane
varieties or damaged sugarcane eyes will cause the sugarcane not to grow, and the
sugarcane sweetness level will not meet the standards. As a result, the sugarcane
planted has less yield and poor quality.
4.4.5 Environment, weather, and places
Dry weather causes the sugar cane to lack water, resulting in the
sugarcane's sweetness not being up to the standard or dying. In the case of heavy rain,
there is water in the area, which may cause the cane roots to rot and eventually die.

Hence, it causes less productivity and poor quality.

5. Conclusion and Discussion
The results of the study of cane and sugar supply chains of Uttaradit Province, a
case study with value chain management, were analyzed by using a fishbone diagram
or a cause-and-effect diagram. It analyzed the potential by SWOT analysis to know the
problems that arose and made the guidelines for increasing efficiency as follows:
5.1 Summary of the study of sugarcane and sugar supply chains
5.1.1 It found that the sugarcane farmers needed knowledge, making it
impossible to plant and take care of sugarcane properly. Mostly, the cultivation of
sugar cane was a plantation that required high costs and were causing some farmers
to lose money in planting investments. It was impossible to cultivate fully, resulting in
a small amount of sugar cane production and lower quality than the standard.
5.1.2 Problems of Sugarcane Processing Entrepreneurs
The researchers directly asked the operators in the factory, and It was
found that the problems encountered were problems in the quality of raw materials
that needed to meet the specified standards. However, they need help promoting
prices because sugar prices tend to fall continuously.

5.1.3 Problem of transportation
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Farmers are likely transported by trucks or tow trucks. The studies showed
that transportation cost to factories is costly because the factory area is located far
from the farmer's area.

5.2 Improvement and Development Guidelines Cane and Sugar Supply
Chain
5.2.1 There should be more training for farmers in various points, including
preparation for planting sugarcane, taking care of harvesting the right produce according
to appropriate agricultural principles, training to educate about technology to increase
productivity, using machinery in the production process appropriately, and controlling
of production costs and product transportation costs. It should continue to provide
knowledge to farmers continuously and thoroughly. Besides, the government should
consider providing financial assistance to farmers for investment in agricultural
machinery and equipment. It is to help them increase the efficiency of sugarcane
cultivation, which tends to increase.
5.2.2 The transport sector should study and formulate measures to reduce
transport costs. The related transport unit has to show the know-how for using fuel
efficiently, including choosing the truck's appropriate size, increasing maintenance

standards, and training truck drivers for efficient and safe driving.

6. Recommendations
This research has been suggested in terms of education about sugarcane
cultivation, operation, and further research as follows:
6.1 Knowledge for farmers
Most farmers still need to gain knowledge about cultivation and care.
Therefore, academics and experts should provide knowledge to farmers directly and
thoroughly with continuous training on sugarcane cultivation and knowledge of
agriculture about proper cultivation. This may result in better-quality of produce sugar
cane.
6.2 Planning
Sugarcane farmers should plan to be more productive by focusing on

production costs, quantity, and output quality.
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6.3 Government support
The government sector should get involved in educating farmers about
sugarcane cultivation, setting prices, and finding ways to reduce production costs. It
should set up funds for them to invest in sugar cane, fertilizer, herbicides, etc.,
including reducing the interest on loans for machinery and technology.
6.4 Research Extension
This research studies the upstream-to-downstream supply chains of the
sugarcane and sugar industry in the overview. Further studies can be extended in other
areas, for example, production efficiency, reduction of production costs, transportation
costs, cost reduction in logistics activities, warehouse and inventory management, and

sales and exports.
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In this research, the work process and methods of work were studied. The
research was selected as a case study of P.E. Technic Company Limited, Phitsanulok
Province. In the signal control product assembly line (HF-1000 W), the principles and
theories of motion and time studies were applied. The method of measuring time was
directly studied, and the Method of Time Measurement (MTM-2) was selected to
collect preliminary data by entering the timer directly by using video cameras to
capture the movements of operators while working. It was able to analyze the problem
condition and find the cause, then make improvements and fix the bugs along with
the standard time and set up a working standard. Improving the work in this research
was able to reduce assembly time by up to 12.37% and increase productivity by
23.20%, which increases the choice of operators to use such methods to further
improve their work.

Keywords: Standard time, Movement, Time study, Product assembly line

1. Introduction

In any commercial business, the importance lies in the distribution of goods and
services. But in order for the business to prosper and stay stable, it is necessary to
follow 3 principles: having customers, improving the quality of the product, and better
service. Accordingly, resources or factors of production must be utilized for maximum
benefit. Improving work is a key factor in the production of goods and services
efficiently, and a technique to increase productivity to produce products while keeping

up with the demands of today's ever-changing market.
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In production operations, there are often many problems that cause production
efficiency to not meet the targets. It needs to be corrected and improved in order to
achieve the goal of increasing plant productivity, which can be solved by the technique
of work improvement. Improving work by studying motion and time is one of the most
important fundamental sciences of industrial enterprises (Jirawat, 2013). It studies the
movement of operators both freelance and working with machines or equipment. This
determines the characteristics and number of operators, type, and number of
machines and equipment required. It indicates the cost with the cost of production in
detail, including the time required to produce as well. P.E. Technic Company, Limited
is @ company that produces electronic equipment. The assembly of the signal control
device (HF-1000 W) as shown in Figure 1 is a device that has not yet been studied.
Therefore, in this research, the research team went to study the work to improve the
assembly of signal control devices (HF-1000 W) to be more efficient and find the

standard time of work to be used to determine the motivation value (Kanison, 2017.)

19 10:07 '

Figure 1 Signal Control Unit (HF-1000 W)

2. Research Objectives
To study the procedures and methods for improving the assembly processes of

flasher HF-1000W in P.E. Technique Co., Ltd.
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3. Research Methodology

In this research, a case study of the procedures and methods for improving the
assembly processes of flasher HF-1000W in P.E. Technique Co., Ltd, and find solutions
by using analytical principles and tools. The details are as follows:

3.1 data collection

The researcher has studied and timed working in each step in the production
line of the product, including direct time study principles and Method Time
Measurement (MTM-2) (Nuntakasikorn, 2005).

The steps in such timekeeping are directly timed, which performs the
preliminary timekeeping of employees in each workstation in order to calculate the
appropriate number of rounds and calculate the standard time value of each job that
uses the following conditions

3.1.1 At the confidence level of 95%, the error is 5% where k = 2 and s =
0.05 as in Equation (1).

Where n = Factors of confidence
S = Discrepancy
n' = Number of timer counts
N = Number of times to be timed
X = Time captured each time

In case n < n’in the calculation, it considers n’.
3.1.2 The pacing system uses the Westinghouse method, employing
expertise, effort, consistency, and conditions.

3.1.3 Normal Time = Selected Time x rating factor
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3.1.4 Finding Allowance Due to the nature of the work it is not very heavy
work. There is not much stress at work, and there is a break period for employees to
rest in 2 periods, namely, working in the morning and afternoon, 10 minutes each,
while there are few delays in other areas. Before the employees’ work, materials and
equipment will already be prepared, and from research, the allowance for fatigue is
set at 4%.

3.1.5 Standard Time = Normal Time + [% of Allowance Time x Normal Time]

3.1.6 Recording of production line operator movements at all stages of
production

3.2 Analysis of Current Work
From the collected data analyze the current working conditions divided int

3.2.1 Analyze the current time spent on each step of work and the total
time in product production using the Direct Time Study and Method Time
Measurement (MTM) standard time studies.

3.2.2 Analyze the movement conditions of operators using the principles
of motion economy (Principle of Motion Economy)

3.3 Analyzing Ways to Improve Work
From the analysis of work in the past steps above, it can be known the
problem. This will bring the problem to be analyzed to find a way to solve the problem
as well as how to improve and develop the work. It is based on the following principles:
(1) Elimination of unnecessary steps; (2) Integration of assembly steps; (3) Ordering of
steps; (4) Assembling. required for easier assembly.
3.4 Improve the Workflow
Perform the operation according to the modified method and run the timer
again.
3.5 Comparison and Evaluation of Work Improvements both before and
after
A comparison of assembly time before and after renovation is considered,
then look at the percentage difference in performance by looking at the output that

has come out.
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3.6 Set Standards
3.6.1 Set performance standards by recording the steps and methods of the
new work after the improvement in an appropriate format.
3.6.2 Set the standard time by the timer of the new working method standard
and set the standard time for the next work.
3.7 Performance Summary
Summarize all the results from the operation. along with specifying other

suggestions in this research.

4. Results and discussion
In this section, details of the study to analyze the problem condition and find
the cause, then make improvements and fix the bugs along with the standard time
and set up a working standard, including a case study of P.E. Technique Co., Ltd. in
order to improve the work, and the details were shown as follows:
4.1 Assembling Analysis of Signal Control Device (HF-1000 W) with Direct
Timing

After collecting data and studying about components and assembly
procedure of the signal controller (HF-1000 W). There are 6 workstations in total.
Workstations are placed in a straight line in order of work. The characteristics of the
workstation and timer are as follows:

4.1.1 Workstation 1 has assembly steps: (1) Put 4 copper pins into the
fixture, (2) Place the printed plate on the fixture, (3) Place HF 5, and HF 4 on the
printed plate, (4) Place the lid Fixture on the legs HF 4 - HF 5 and bring the Fixture into
the press, (5) Remove the Fixture from the press, (6) Place the print on the press and
press the legs HF 7 onto the print plate, (7) Press the legs. HF 8 on the printed sheet
and take the printout of the pattern, (8) Put the C shape and fold the C legs, and (9)
Send to the next workstation. The arrangement of workstation equipment 1 is shown

in Figure 2.
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Comboressor
Copper Pins
Fod
Tas HF4
HF5
Print Sheet
Leg Pumper
Clamping Pliers HE8
HF7
Fixture

Fixture Cover

Figure 2 Equipment and Machinery used in Workstation 1

4.1.2 Workstation 2 has the steps to assemble: (1) Insert C and fold C-legs, (2)
Put the printed sheet into the fixture to lock legs HF 7 and HF 8, (3) Solder legs C, legs
HF 7, pin HF 8, (4) Cut both pin C, and (5) Send to the next workstation. The

arrangement of workstation equipment 2 is shown in Figure 3.

Suction Hose Soldering Iron
Soldering Iron Holder
C-legs

Fixture for
HF 7 lock

Fixture for

lead pin Cutting Pliers
lock

Figure 3 Equipment and Machinery used in Workstation 2

4.1.3 Station 3 has assembly steps: (1) Insert the relay, pull the relay cable
into the relay cable groove by pulling taut, (2) Insert the LED, (3) Put the braided wire
into the HF 4 pin, (4) Squeeze the HF 4 pin. Clip the braided wire and solder it, and (5)
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Send it to the next workstation. The arrangement of workstation equipment 3 is shown

in Figure 4.
e Suctio.n Hose ‘ Soldering Iron
... a - Clamping r
-: Pliers —
Screwdriver = i
1

Iq- Lead wire .
e | Cautting Pliers

Lead wire

Figure 4 Equipment and Machinery used in Workstation 3

4.1.4 Station 4 has assembly steps: (1) Set the axis distance with the moves
and set the white gold face distance, (2) Apply acetone to the white gold face, (3) Put
the print into the testing machine, (4) Test Relay by pressing the red button, the LED
will light, (5) Put the rubber ball HF 8 and blow air in front of the contact, (6) Blow the
air on the top cover, (7) Put the print sheet on the top cover HF 52, (8) Insert the fuse
by pressing the fuse firmly down with a press, and (9) Send it to the next workstation.

The arrangement of workstation equipment 4 is shown in Figure 5.

2-hole Rubber Ball

Compressor _, F 11:;0.2
Testing
Machine
Acetone
| . : : " § AW Clamping Clear Top Cover /
Fue % ' N Pliers HF52
Screwdriver & 7
Filler 0.6 mm.

Figure 5 Equipment and Machinery used in Workstation 4
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4.1.5 Workstation 5 has assembly steps: (1) Look at the capacitor terminal,
the negative terminal of both capacitors will be white and the negative side must be
facing outward, (2) Connect the Flasher to the test plug. High voltage Flasher must be
working normally, see the LED will blink, the value is at 550-700 ms, (3) Rock the switch
to low voltage and turn the switch ON. The flasher must be working normally. By
watching the lamp flash, (4) Turn off the OFF switch of the LOW Flasher must stop
working. The lamp will stop flashing, (5) Remove the Flasher from the test plug, (6)
Apply silicone glue to all 4 screw holes, (7) Put the bottom cover. Tighten all 4 screw
holes, (8) Test the low and high pressure again, and (9) Send to the next workstation.

The arrangement of workstation equipment 5 is shown in Figure 6.

Electric Screwdriver

Control Panel

Pen '{ vl . Silicone glue injection tube 1

On/Off Switch Lower Cover

Figure 6 Equipment and Machinery used in Workstation 5

4.1.6 Station 6 has assembly steps: (1) Wipe the glue on the bolt head, (2)
Clean the whole thing, (3) Attach the sticker, (4) Look at the neatness of the product,
(5) Fold the Flasher box, (6) Put the Flasher in the box and close the lid of the box, (7)
Pack the Flasher box, and (8) Arrange it in the Flasher box (large box). The arrangement

of work station equipment 6 is shown in Figure 7.
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Cleaning Cloth

Stickers

Box

Box (Big Size)

Figure 7 Equipment and machinery used in Workstation 6

From the product assembly of all 6 workstations, the time value of the signal

control device assembly step (HF 1000 Watt) can be shown in Table 1.

Table 1 shows the time value of the assembly process for all 6 workstations by direct

timing method.

Allowance
Normal Time Standard Time
Workstation Time
(seconds) (seconds)
(%)

1 115.89 4 120.53
2 102.68 4 106.79
3 81.23 4 84.49
q 78.70 4 81.85
5 103.80 4 107.95
6 64.47 4 67.05

Total 568.66

4.2 Analysis of the assembly of the signal control device (HF-1000 W) by
means of a time study. Predetermined Motion Time by MTM-2
4.2.1 The position and layout of the assembly to be analyzed by the MTM-2
technique of workstation 1 are shown in Figure 8.
4.2.2 The position and layout of the assembly to be analyzed by the MTM-2

technique of workstation 2 are shown in Figure 9.
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4.2.3 The position and layout of the assembly to be analyzed by the MTM-2
technique of workstation 3 are shown in Figure 10.
4.2.4 The position and layout of the assembly to be analyzed by the MTM-2
technique of workstation 4 are shown in Figure 11.
4.2.5 The position and layout of the assembly to be analyzed by the MTM-
2 technique of workstation 5 are shown in Figure 12.
4.2.6 The location and layout of the assembly to be analyzed by the MTM-2

technique of workstation 6 is shown in Figure 13.

Compressor
Distance from
Aszembly Point

I PN

Caper -Copper pins 35 em.
C -HF 4 35 em.

Leg Pump B =
Maive | Clg 3 om
Check Sheet | 50 CM. “HF 7 20 em.
-HF & 25 cm.
-Cutting Phiers 15 em.

Cutting
Pliers -Leg-pump machine 40 cm.
F"""—"EI Cover -Compressor 30 cm.
-Delivery point 30 cm.

Figure 8 Location and Layout of Working Station 1

Suction Hose Soldering Iron Dlstance_ fru,n
Holder Assembly Point

Seldering Leg Lock HF § -Lead wire 40 em.
Irea Leglock HF 7 30cm.
Leglock HF 8 35 em.
D/ f: -Cleg 35 cm.
fEng C
Delivery Pliers
Point ) | Delivery
Point

-Cutting Pliers 35 cm.

Leg Lock HF 7 —

-Delivery point 30 cm.

Lead

Figure 9 Location and Layout of Work Station 2
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Screwdrive N - pr— Distance from
Suction Hose Pliers Assembly Point
Soldering Iron | ~Lead wire 40 em.
- -Serewdriver 25 em.
Cutting LED -Fixture 35 cm.
Plierz -Soldering iron 35 em.
1l— -Cutting Pliers 25 em.
35cm. ( Delivery ) -Clamping Pliers 30 cm.
Point -Relay 35 em.
-LED 30 em.
u 117 . " 1
( Lead -Delivery point 30 cm.
b Relay
N
Figure 10 Location and Layout of Work Station 3

Screwdriver

FRubber Ball Bazket

Acerome

Filler 0.2 mm

—_— Coil Tester
/
F 4

,/,(— Filler 0.6 mam,

Diztance from Azzembly

Point
-Rubber ball basket 50 em.
-Serawdriver 25 em
-Acstone 45 em.
-Filler 0.2 mm. 25em
- Filler 0.6 mm 35 om
~Clamping Pliers IS em
-Leg pump machine 30 cm.
-Coil Tester 45 om
-Conver baskat 50 em
-Fuze 45 cm.
-Air Blower 30 em.
-Lead wira 40 em.
-Delivery pomt 30 em

Figure 11 Location and Layout of Working Station 4

Electric Screwdriver

Pen

jl Panel

Contral

@)

Che"‘\[ Switch
Sheet

Knot bowl

/_ Glue injection tube
Meter

Lower cover

hazket

; 40 cm.

Distance from Azzembly Point

-Control panel
-Chacl sheat

- Enot bowl

-Glue imjection tube
-Mater

-Lower cover bazkst
-Electric screwdriver
-Delivery pomt

50 em.
30 em.
30 em
30 em.
45 cm.
30 em.
40 cm.
0 em
0 em
50 em.

Figure 12 Location and Layout of Work Station No. 5
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Diztance from Azzembly Point
Electric Screwdriver
- -Control panel 50 em.
Knot bowl Chack cheet 30 em
Pen Control - -Switch I em
Panel +~— (lue injection tube Pen I em
\ 4[':)— - Knot bowl 43 em.
-Glue mjection tube 30 cm
ivery Check . -Meter 400 em.
< \[ Switch -Lower cover bazket 50 cm.
Sheet -Electric screwdriver 50 cm

-Delivery pomt 0 em

Figure 13 Location and Layout of Work Station 6

From the analysis of these 6 workstations, it can be expressed as the assembly

time of the MTM2 method as shown in Table 2.

Table 2 The time value of the assembly process of all 6 workstations using the

MTM2 method.

Standard Time

Workstation MTM2 Difference % Difference
(second)
1 120.53 113.13 7.40 6.13
2 106.79 102.10 4.69 4.39
3 84.49 82.27 222 2.63
a4 81.85 80.24 1.61 1.97
5 107.95 104.64 3.31 3.07
6 67.05 63.27 3.78 5.64
Total 568.66 545.65 23.01 4.04

From Table 2, the times obtained from standard time and MTM2 have different
values. The assembly time from the MTM2 method was 23.01 seconds faster,

representing 4.04%.

4.3 Problem Condition Analysis and Work Improvements
It was noticed that in the 1st, 2nd, and 5th workstations, the assembly time

was high, resulting in a bottleneck. Therefore, in this research, we analyzed the
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problem conditions and improved the work process in assembling the signal control
device (HF-1000 W), which found that the main problems were as follows:

4.3.1 The placement of the assembly parts is inconsistent with the
movements of the hands in the assembly in Station 1. The research team has arranged
the parts and equipment used in the assembly in Station 1 to make it easy. To pick
up and use by arranging the parts and equipment used in the assembly to be in line
with the movements of the hands and in relation to the order of assembly steps by
placing various parts used in assembly. According to the pre-post process of picking up
by arranging copper pins, printing plates, HF5, HF4, and the C in an arc around the
fixture, HF7 HF8 is placed close to the pin press because the pin press must be used
inside. Recording also prevents the problem of obstructing the work of employees by
eliminating the overlapping workpieces as shown in Figure 14, the workstation before

renovation, and Figure 15, the workstation after renovation.

Compr.essor
Copper pins (RHI)
C-Leg (LH2)
HF4 (RH3)
HFS (RH2) }\.
Print Sheet (LHI) ),r Leg Pumper
Cautting Pliers HF8 (RH5)
HF7 (RH4
Fixture ( )

Fixture cover

Figure 14 Work station 1 before renovation
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Compressor
HF5 (RH2)
HF4 (RH3)
C i 1
C-Leg (LH2) | opper pins (RHI)
Leg Pumper
Print Sheet (LHI)
Cutting Pliers HF8 (RH5)
Fixture HF7 (RH4)

Fixture cover

Figure 15 Work Station 1 after renovation

4.3.2 Unnecessary waiting in the assembly process in workstation 1 occurs.

Waiting time occurs

Figure 16 An unnecessary wait has occurred in workstation 1.

From Figure 16, the assembly process in workstation 1 has unnecessary
waiting that occurs when the fixture is put into the pressing machine. Press the lever

to make the compressor work. While the compressor is working, there will be a long
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waiting time. During that time, both hands were free and waiting, resulting in more
wasted time for assembling.

From the process of assembling, there is a procedure for working while
waiting for the compressor to work. while the compressor is recording. The researcher
has come up with a new method of working in a loop. In the first assembly cycle,
when the press machine is finished, take the Fixture out of the press take the print
sheet out of the Fixture, and then put the print sheet on the press machine. Legs and
the rest have returned to assemble from the beginning in the next work cycle and
when the machine compresses both hands assemble the printed plate placed in the
leg press machine until the assembly is complete.

4.3.3 The tools used for assembly are not suitable for workstation 2

From Figure 17, it can be seen that the fixture that helps to assemble is
not efficient enough. and cause unnecessary work steps to increase in order to bring
the Print plate to be soldered, the Print plate must be put into the fixture by inserting
one side at a time according to the characteristics of the fixture, causing redundant

work procedures, aiming and inserting 2 times, resulting in time. to assemble more.

Figure 17 Tools used for assembly before improvement

The research team has created a new Fixture by improving the original
Fixture to look the same piece and have the same size as the Print sheet, which can
reduce redundant work processes, reducing aiming in the process of bringing the sheet.

Print out the Fixture one side at a time, and reduce movement. In the process of
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putting the Print plates into the Fixture one by one by changing to aiming and inserting

only once, causing the assembly time to be reduced as shown in Figure 18.

Figure 18 Tools used for assembly after improvement

4.3.4 Procedures are not suitable in the 5th workstation.
Station 5: To assemble the back cover, it reaches out to pick up the bolts
and fix the bolts at all 4 corners of the cover. each corner, which will cause 4
redundant operations, increasing the assembly time in the 5th workstation as shown

in Figure 19.

Fixing the bolts one
corner at a time
(4 repetitions)

Figure 19 Tools used for assembly after improvement
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After putting silicone glue on all 4 corners, therefore picking up bolts to

put in all 4 corners and fixing all 4 corners of the workpiece in one step can reduce

redundant work. As a result, assembly time is reduced.

From the improvements in workstations 1, 2, and 5, the researcher has

timed the assembly of these 3 stations as shown in Table 3.

Table 3 Comparison of standard times before and after the improvement of Work

Stations 1, 2, and 5.

Standard Time

%Time
Workstation Before After Difference
Reduced
Improvement Improvement
1 120.53 81.57 32.96 32.32
2 106.79 90.60 16.19 15.16
3 84.49 - -
4 81.85 - -
5 107.95 92.73 15.22 14.10
6 67.05 - -

4.4 Comparison of the number of pieces of output per day before and after

the improvement

The work schedule of employees in PE Technic Co., Ltd. is shown in Table 4.

Table 4 Employee work schedule in 1 day

Activity

Time

Morning Work
Morning Break
Meal Break
Afternoon Work

Afternoon Break

08.00 — 12.00 a.m.
10.00 - 10.10 a.m.
00.00 - 01.00 p.m.
01.00 - 05.00 p.m.
03.00 - 03.10 p.m.

From Table 4, total working time = 7 hours 40 minutes, working time (7 x 60

x 60) + (40 x 60) = 27,600 seconds per day.
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Therefore, before improvement, the working time is 27,600 - 568.66 =
27,031.34 seconds, and the number of products obtained = 27031.34 / 120.53 = 225
pieces per day while after the improvement, the total working time is 27,600 - 498.29
= 27,101.71 seconds. and the number of products obtained = 27,101.71 / 92.73 = 293
pieces per day. It can be seen that the number of products increased by 68 pieces,
representing 23.20%.

4.5 Checking the Standard Time

By comparing the yield (pieces/day) of calculating the yield from the standard
time set after adjustment with the amount of output actually coming out of
production, which is obtained from inspecting the number of products that come out
per day in the case study industry.

The output from the standard time set after the improvement is 293 pieces
per day, and inspecting the actual production of 272 pieces per day, it can be seen
that the actual output is less than the number calculated. 21 pieces, representing only
7.18%. From the analysis, it was found that the actual output was different with a
small output from the set standard time. This may be due to the inconsistency in the
work of employees. Because the work process has been set up again, employees are
not as proficient in their work as they should be.

4.6 Establish work standards

The researcher has arranged working standards for employees to use as

requirements that are suitable for employees and to create working habits as shown

in Figure 20-25.
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1. Put 4 copper pin: into
the fixture.

2.Put a print sheet on the
fixture

3. Put HF5 and HF 4 on
the print sheet.

4. Put a fixture cover on HF 4 -
HF 5 leg, then put it into the
compressor, and press.

5. After pressing, take it off.

6. Take a print sheet out of |
the fixture, and put it into the

leg pumper.

7. Press the HF 7-leg on a
print sheet.

Press an HFS-leg on a print
sheet, and then take it off
from the mold.

§. Put C-leg and fold.
9. Send it to the next
workstation.

Figure 20 Standards in the work of Station 1

1. Put a C-leg and fold.

2. Put a print sheet with the fixture,
and HF7-HFS leg-lock.

3. Solder a C-leg, HF7, and
HFS.

4. Cut 2 C-legs.

5. Send to the next workstation.

. 4. Put the knotting wire on the HF4 leg.

F

1. Put a relay, pull it into the groove, and
then pull the sling tightly.

2. Put a LED-tube.

3. Put a print sheet into the fixture, then
plump a relay leg, and LED leg with cutting
their legs.

5. Squeeze the HF{ leg, clip the wire, and
then solder.
6. Send to the next workstation.

Figure 21 Working standards of Station 2,3
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1. Set the distance to the move

sheet. To clean the contact point

Fix with a 0.22mm -filler.

3. Put a print sheet into the tester.
4. Test the relay by pressing a red switch,
and the red LED tube will light up.

5. Put an HFS rubber ball, and blow the air to the
contact point.

Set the distance of the contact
point.

6. Blow the air to a clear-top cover, and cover the
fixture.

7. Put a fuse into the mold, then press it tightly.
8. Send to the next workstation.

With 0.6 mm. filler.

| 2. Use the acetome to clean the
contact point

1. Check capacitor terminals. Both
capacitor terminals are white with
the negative side facing outward.

6. Drop silicone glue into 4-knot holes.

2. Connect the flasher to the high-
pressure test plug. which must work
normally. A tube will blink at 550-700 A
W&

7. Put the lower cover and tight up 4 knots into
the holes.

3. Rock the switch to low voltage and
turn on the flasher, it must work
normally with the LED bulb blinking.

8. Test the low and high pressure again.
9. Send to the next workstation.

4. Turn the low flasher off, then it
stops working and blinking.
5. Pull the flasher out from the tester.

"0

Figure 23 Working standards of Station 5
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1. Fold boxes for packaging workpieces.

2. Wipe the glue on the nut head.
3. Clean the whole workpiece.

4. Stick a sticker.
5. Check the order of HF Flasher.

6. Put it in a box and close the box lid.

7. Put them in a packing box

g S R M ey

A g g g g g g i
g gmum
pugg lumm
ETL| by

Figure 24 Working standards of Station 6

5. Conclusion and Discussion
5.1 Analysis of assembly of signal control devices (HF-1000 W) by direct time
study method and method time measurement method (MTM-2)
5 Entering the timer using the principle Direct Time Study and Method Time
Measurement (MTM-2) standard time study, the results are as follows:
The standard time in the composition of Direct Time Study and Method
Time Measurement (MTM-2) is only 4.04% different, which is caused by the analyzer
not be able to see. Check all the details of the assembly movement in detail.
The Standard Time values that come out can be seen that the 1st, 2nd,
and 5th workstations take a lot of time to assemble, thus causing the assembly line to

become a bottleneck in the said workstations.
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5.2 Problem condition analysis and improvements
From the standard times obtained by data collection, there was a bottleneck
in the 1st, 2nd, and 5th workstations, so we focused on improvements in those
workstations. Accordingly, in the analysis of the problem conditions, it was found that
(1) Work Station 1 encountered a problem, namely, the arrangement of the parts in
the assembly was not consistent with the movement of the hands in the assembly,
and there was unnecessary waiting in the assembly process. Corrections and
improvements are to place tools and equipment used in the assembly in workstation
1 in accordance with the assembly process, and reordering the assembly process to
reduce the waiting time. From solving problems found in workstation 1, it was found
that the assembly time was reduced to 38.96 seconds, equivalent to 32.32%.
Corrections and improvements of the fixture in workstation 2 were renovated. From
fixing problems found in workstation 2, it was found that the assembly time was
reduced to 16.19 seconds, representing 15.16% (3) Workstation 5 found a problem,
including inappropriate work procedures, then the revisions and improvements are to
improve the procedures for assembling the back cover by reducing redundant work.
By solving the problems found in the 5th workstation, it was found that the assembly
time was reduced by 15.22 seconds, equivalent to 14.10%.
5.3 Timing After Improvement
After analyzing the problem condition revised, working, and then entering the
timer for assembly after improvement has the following results: The total assembly
time was reduced to 70.37 seconds, equivalent to 12.37%, and the output increased
to 68 pieces per day, equivalent to 23.20%.
5.4 Setting Work Standards
After fixing and improving the work and finding the standard time after the
improvement has established a work standard that is a certain form for employees to
follow. correctly and as a standard.
5.5 Checking the Standard Time
After the work standards have been prepared the standard time is checked
to see whether it is exactly as set by comparing the output per day of the standard

time set with the actual output. The results show that the employees can actually
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produce less than the standard set of 21 pieces, representing 7.18%. This difference is
due to the inconsistency in the work of employees. Because the work process has
been set up again, employees are not as proficient in their work as they should be.
5.6 Research recommendations
5.6.1 Performance
(1) From the standards that have been set It can be seen that the assembly
time in the 5th station is the most valuable. As a result, the workflow in assembly is
uneven, therefore, work should be allocated to the 6th workstation, which takes the
least time to assemble. It is by dividing the final inspection process from the 5th station
to the 6th station to inspect instead. Because he saw that the factory had another 1
machine to check that it was not working and would result in a continuous flow of
work. more consistent.
(2) In the 6th station, workers should be arranged to fold the boxes. while
waiting for the workpiece to arrive.
5.6.2 Safety
Operators in soldering workstations should be provided with masks or
protective equipment for soldering fumes. Even if the smoke exhaust pipe is used, in

fact, the suction pipe cannot suck out all the smoke.

5.6.3 Motivation Setting
Information should be obtained from research (Production capacity per
day) to determine the incentive value for the worker. It is by charging extra wages for
each group of the entire assembly line when employees can produce higher than the
specified standards. It gives operators a feeling of enthusiasm for work and a good
attitude toward the establishment.
5.6.4 Research Extension
This research is a study of time and improvement of workflow by means
of motion and time studies only. But in the actual establishment can also research
other areas, such as determining the appropriate incentives for employees because it
is a work that produces a number of pieces per day, which results in an increase in the

number of products. Plant layout to reduce movement in other assembly lines, and
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warehouse management, since there is no definite warehousing system in the factory.
It often uses experience in ordering materials, equipment, etc. Therefore, those who

are interested can do further research and can build on it in the future.

6. Recommendations
The research team would like to thank the Faculty of Industrial Technology.
Pibulsongkram Rajabhat University is highly accommodating in various paperwork. and

expenses for traveling and presenting this research.
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Abstract

The purpose of this research was to increase the production efficiency of
venetian blinds sheet cutting machine of Sharp Point Co., Ltd. by preventive
maintenance planning. The research was conducted by collecting working data of
aluminum venetian blinds sheet cutting machine by using check sheet. Analyze the
production efficiency of the machine, find the cause of the machine downtime, set
the target, plan the maintenance, implement the plan, and measure the production
efficiency in 3 areas: (1) Machine maintenance efficiency, including mean time between
failures (MTBF), mean time to repair (MTTR), and failure rate (FR). (2) Overall equipment
effectiveness (OEE), namely availability rate (A), performance efficiency (P), and quality
rate (Q), and (3) Losses caused by machine downtime. The results showed that after
implementing the preventive maintenance plan including daily maintenance plans by
pre-work inspection and post-work cleaning, weekly maintenance plan by lubrication
inspection and operation, and six-month maintenance plan by replacement parts. The
performance according to the plan found that the production efficiency of the
aluminum venetian blinds sheet cutting machine was increased in all 3 aspects,
namely, mean time between failures increased by 3,227.50 minutes, mean time to
repair was reduced by 7.5 minutes, and failure rate was reduced to 0.000%. The
machine has an overall equipment effectiveness increase of 12.64%, which is caused
by an increase in the availability rate of 2.72%, an increase in performance efficiency
of 9.94%, and the quality rate of 0.37%. The losses caused by machine downtime
decreased by 1,437.33 Baht per month, categorized as direct labor decreased by 226.88
Baht and opportunity cost decreased by 1,210.45 Baht.
Keywords: Preventive maintenance planning, Production efficiency,

Equipment efficiency, Overall equipment effectiveness,

Losses fromm machine
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13/12/2565 950.00 30.00 0.003 90.48 88.76 99.62 80.00
14/12/2565 100.00 84.70 99.82 84.55
15/12/2565 907.50 37.50 0.003 85.71 100.00 99.48 85.27
16/12/2565 100.00 90.91 99.83 90.76
19/12/2565 100.00 90.91 99.83 90.76
20/12/2565 972.00 36.00 0.003 92.86 97.25 99.83 90.15
21/12/2565 100.00 88.64 99.49 88.18
22/12/2565 94750 32.50 0.002 96.43 94.12 99.50 90.30
Tnesau 94750 32.50 0.001 96.68 90.06 99.59 86.73

NBLR: *AananavauiaunsoidnIventey

S FIUTUNTNENUINTFIUINAU 3,300 Fumeiu
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4.3 aadmungusganiamnisninveuasesding lnedmuadminglinisvgaves
A3899N5 LAY 1 ASSluNISYIIuRBLeY 2 dUa19 (10 Tusineu) vsewiauarliiiu 2 ASa

finnansgeusiensaliiu 20 w9l uwaslAUseanEnalagINvoLAS0ITNTAWY ALAAIAT

Umsngmuansed 4 uagiun1singeineiaTesdng auandnIuangen 5

i ' a a a a4 o
A15199 4 LanaA L1 UsEaNE AN SHERTDUATOINNT

vﬁ"mﬂizﬁw%mwmiﬂwqa%’ﬂw’nﬂ%"a&é’ﬂi Adagu AUvne
naveuadesinsrewonads (MTBF) (i) 94750 4,200
navigateads (MTTR) (L) 32.50 20.00
dm31n19ide (FR) 0.001 0.000

sulsrdvBnalagsinvoaniesing Adaglu Andang
UsvandnalneTiuvennsesdns (OEE) (Gosas) 86.73 99.50
Snsnsiuedes Govaz) 96.68 99.50
UsyAvdnmnisiuedes (fovaz) 90.06 100.00
gnAunn (Sovaz) 99.59 100.00

a

4.4 mamiLﬁmwiawﬁa%amiﬁﬂmmmLﬂ‘%wﬁmLwiuaqjﬁaauLﬁaaﬂmﬁaumimm

Y

[y

2566 733 20 T wudATesInsinaTunsy 7 Milusieoiu nIesdnveadeniiuiu
2 a3a Wanlunisveageusiu 50 w1yl tnedanns v liaTesdnsneavinauNwRuRn
HaRNTUPURARAANUIN 1ASRITNINANTUULS 65,832 Fu 1WUTFUIUATIUIU 65,807
‘QJ ‘g’ I o ‘;’ A Y a v a v

FU UarTunUdyIIWIL 25 Ju viTeTesar 0.04 LaAITIUALIDUAYBITBYANITHANNEGINTS

GﬁLﬁumumuLLmuﬂwqq%'ﬂmmmmiNﬁ 6
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A1319% 5 wanaunun1sinssnydslesiuniesinuaugdeaiiiley

SHARP POINT | |nyn151015393091 \A3839N5: LATesnUKUYFegliTley
v UTEnmsutiesnt 911n H3uinveu: winauUszdeses
A grun
A C e A
B @uduLpdou
- Bl wewmes
B2 @gn1u
B3 unumiuUIUA
LR
C duUAn/19y
C1 Tuila
C2 uan
C3 wnunyuuiu
ATHYTILHY
AUD R . e
Aanssu AU /NS
1/D(1/W|6/M
v IANNEEDIn | Bl uawmas Warhauazein
$AII9UY
v asvdouney | 1 luilm ANMUANUBILULIR
Y191
v C2 uan AYIHLLUY
YDUNAYIUDA
v B3, C3 unumsu YSuusiaseey
Sy AYIHYTIHL/ T2
LAY
4 NaRAU B3, C3 wnuviyu BYBANINTU
Usu
v c1 Tuilm RIRPTI R
V| Wasueylva B2 @unWIu Wasuaneny
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M1519% 6 ToYAN1TININUVDUATOINNTNEINTANTUNUAMUAUUIFITNY

TAfowd | s [nanl| van | awgnanee | dwudl | owd | owde 1
vgoden| vga | lAuATeq waald | @) @) NSHEN
(0¥ || i) () (Sonar) | nil/iw*
4/01/2566 - - 420 - 3,200 | 3,195 5(0.16) 0.13
5/01/2566 1 20 400 WHuRn 3,190 | 3,190 | 0(0.00) 0.13
6/01/2566 - - 420 - 3,650 | 3,646 4(0.11) 0.12
9/01/2566 - - 420 - 2,983 | 2,983 0 (0.00) 0.14
10/01/2566 - - 420 - 3,284 | 3,280 4(0.12) 0.13
11/01/2566 - - 420 - 3,150 | 3,150 0 (0.00) 0.13
12/01/2566 - - 420 - 3,201 | 3,201 0 (0.00) 0.13
13/01/2566 - - 420 - 3,544 | 3,544 0 (0.00) 0.12
16/01/2566 - - 420 - 2,759 | 2,759 0 (0.00) 0.15
17/01/2566 1 30 390 LHURR 3,688 | 3,680 8(0.22) 0.11
18/01/2566 - - 420 - 3,976 | 3,976 0 (0.00) 0.11
19/01/2566 - - 420 - 3,685 | 3,685 0 (0.00) 0.11
20/01/2566 - - 420 - 3,224 | 3,224 0 (0.00) 0.13
23/01/2566 - - 420 - 3,189 | 3,185 4(0.13) 0.13
24/01/2566 - - 420 - 2,998 | 2,998 0 (0.00) 0.14
25/01/2566 - - 420 - 3,054 | 3,054 0 (0.00) 0.14
26/01/2566 - - 420 - 3,100 | 3,100 0 (0.00) 0.14
27/01/2566 - - 420 - 3,223 | 3,223 0 (0.00) 0.13
30/01/2566 - - 420 - 3,412 | 3,412 0 (0.00) 0.12
31/01/2566 - - 420 - 3,322 | 3,322 0 (0.00) 0.13
394 20 U 2 50 8,350 1 @i 65,832 | 65,807 | 25(0.04) 0.13

VUBMR: *I81N15HER (Process takt time; T/T) = 13a15UNSEW/AUIUTUNUNREA LG

4.5 HaMFIATIEIUTEANS A MAHER AuUsEAnSaImAsThsednaIesdng
wuia3sdausugdegiidey fdnaweuaiosinsdeiieaads (MTBF) 4,175 w1il 1aan
vgatouad s (MTTR) 25 u1il wazdnsIn1side 0.000 dwsusiulszaninalaesiuves
\P3esdns (OFE) fldwinfufesay 99.37 Mszneusnemdnsinsiiuiades (A) fevaz 99.40
AdszAnsawnsiduiaies (P) fepay 100.00 uLagdnsaaAIw (Q) Fe8ar 99.96 Fauand

ANUAITIN 7
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AN3199 7 UTEAVENIMNISHARYBUATEIINIVAINTANTUNUA ML UUI TN

AulsEAnEnmNIsUn e srulsyAvdualasTanveuaisding
wideu/d | MTBF MTTR FR A P Q OEE
(W) (W) (%) (%) (%) (%)
4/01/2566 100.00 96.97 99.84 96.82
5/01/2566 820.00 20.00 0.003 95.24 100.00 100.00 95.24
6/012566 100.00 100.00 99.89 99.89
9/01/2566 100.00 90.39 100.00 90.39
10/01/2566 100.00 99.52 99.88 99.39
11/01/2566 100.00 95.45 100.00 95.45
12/01/2566 100.00 97.00 100.00 97.00
13/01/2566 100.00 100.00 100.00 100.00
16/01/2566 100.00 83.61 100.00 83.61
17/01/2566 | 2075.00 25.00 0.003 92.86 100.00 99.78 92.66
18/01/2566 100.00 100.00 100.00 100.00
19/01/2566 100.00 100.00 100.00 100.00
20/01/2566 100.00 97.70 100.00 97.70
23/01/2566 100.00 96.64 99.87 96.52
24/01/2566 100.00 90.85 100.00 90.85
25/01/2566 100.00 92.55 100.00 92.55
26/01/2566 100.00 93.94 100.00 93.94
27/01/2566 100.00 97.67 100.00 97.67
30/01/2566 100.00 100.00 100.00 100.00
31/01/2566 100.00 100.00 100.00 100.00
U 4,175.00 25.00 0.000 99.40 100.00 99.96 99.37

UGG *FALIAALANDNATONRNINYAYEN T IUIUNMINEANINTZIUYIIU 3,300 FusoTu

a A

Han1siUTeuiguUsEAnTamnInanveuaIosdalH UL feaiiluunaulagnaanis

Y

'
a

AuunIEUU 593N w8l ulaAIn LTI 8 Lagan51ei

a

o a a a a a N o I | [ o
MN1919% 8 LU?EJUL‘V]HUﬂigaWﬁﬂWWﬂqﬁNamsﬂ@\iLﬂﬁ@Q@@ILLNUHG@alILUEJiIﬂ@‘ULLaﬁ‘ViaQﬂqi

Y

AUk §asnegadesiu

sudsEdvBamnstigsdnuiedesing nay Wning Uik
LIA1RATBIINSABLLBRAY (MTBF) (W19) 947.50 4,200 4,175
namqm%ama?a (MTTR) (w1#) 32.50 20.00 25.00
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shulssAnBnmmsthgsdnwuedesdng naw wWhvane UGk
gnsnside (FR) 0.001 0.000 0.000
fulseavsualaesivenaiosding nou g iGN
UsrAvnalaesinveaiesdng (OEE) (fovasz) 86.73 99.50 99.37
Sasnaiueses (fovaz) 96.68 99.50 99.40
UszAvSnmnisiiuedes (fovaz) 90.06 100.00 100.00
gns1nunN (Govay) 99.59 100.00 99.96
M519dl 9 Wisuifsumnugadsnniedssiauniugdegiidoungaviianu deutayvdsns
AU Fasnwgalesiu
nou GN
szezaINIIHER (1) 14 20
SnnunaINITNER (@3l 94.75 139.17
$rurunanan (@u/Aalue) 424.59 437.03
syoglaMIvgaton (Falu) 3.25 0.83
ALSe (Umsedalan) 93.75 93.75
iRy (VI 1.19 1.19
ANLTINNRT (UN) 304.69 77.81
Andalania® (um) 1,642.10 431.65
saummmqaﬁammﬂ%"aﬁmﬁqmﬁmu (V/ihou) 1,946.79 509.46

UNBLUR: *ATUTIN9A59 (Direct labor) = LIAMEATLRL X ALY

“*adelana (Opportunity cost) = LIaMYATEN x IMUIUNEA x IATIRGHU

5. aAuTgnauazasUNa

5.1 8AUs18NANISIVY

1NHANTITENUIINIARTUNUMNLNUNITUI TSN s dadasiundiagliussaany

ANt g uaian Ul sEansnmn1sUn SN wIeTesans wagnuUsEansnalne TN

LATIINTIUAINTIY weivanuInTUTEANTAINNTHENFUUNLIAINNTANTUYDAIAINA 5

WUATBIABLT Y TIUIUATIN LAY DULAZLIAINITVYALAT BITNILN DY OUAART TIUNY

UseAnSralagsiureasesdng (OEE) deiiudunndiu (Bnsinsiuases Useansnimnis

WULATEY LAZENTIAMAIN) TIAIUNIIINAITAALIANVBINITNLAYINUVBAATBIINT LA

WUIIANATEITNIUER (Downtime) Aniludosaz 3.43 vowianAumzes (Operating time)

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 adui 3 weA. 2566




Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 294

nauMTALIUUMULELNITUITISN Y anauvdeligeiaeas 0.60 MaInN1TALTLUAY
LAY

F9n813L991N1591A NS MR UARN LI IUEINTUN15Y a1 waEU1595n 8 (Rack of
maintenance strategy) dssaliiinnisidemensenisngavinauveaai eadnsuuulsifia
Uszand (Efficiency & Downtime) wazidunalaniulssneunisgayideiuazlonialunis
wan Tneansad wagdaimg (2565) wuiimsannaanmsvgaiuaiesdnslaglalsnoum
aamilasesay 48.74 arunsnandunuaNgydslisesas 67.68 uenanil 1ad (Kathy,
2005) l¢@nwrainanuuszneunsansuadmuitniinsihssinmifazansoan
Aldanelasesas 10-30 ﬁmmmamﬁq@ﬁa USunaumandniianas Aussaulugianan
fanam mueenoynafionydeu

winstigeinwudaudly (Corrective maintenance; CM) Adunnsungssnuitlails
fvuananamii fnsdudumsuileiuifieiosdnsngaviay asduisnnsianaunsald
Usslevdanongnisldeugeanvesdintsznaunneg voua3esdng uazirefigalunis
fufumafertunstigesn uwilduisialdanegadign Usgnaufundnnsfiugiulunis
wandhifaouuszneunisladesnislmAnnismgeus invosmsduidun aouuszneunis
dusnndadenldmsthsssnvidalostiu (Preventive maintenance; PM) #afiuisnsidssn
Affmuaununsgont ez LiumsuTanariifmualismiiileanleniatiaziia
Anuauwallusuian (Mobley, 2002)

Nnuansideiliasrernaivenissinsdeilecads (MTBF) uazawa1ven

v oA

deuinde (MTTR) iJudvifnmnindedevesnstigesnu damuiriinmsilulddmsu
wAesdnanannuanseiaislussuugaamnssuuuialug Wy aewiudndes (auws woy
ABly, 2560) 3penudnaiiusnluaienIsHanguA (Uszialy wazUszany, 2563) 1udu
LAZEAANMNTTUIUIANGI 1 1AT0ednsAadnlusiRlunszuIuMIHARIUIETAEUA (Tudin
LazANY, 2564) LA3 03NS an15INEnS (398558 wavame, 2563) 1udu sausranisle
Torauauurdmiunislimanudesiuvesssuurerduaimenisannansudluilonganis
111914 (Time interval between failures) (Patel, 2021)
uenaINMIMEAYIUTBNAIosdnsuuUliflsUszasd uaznsmeuauBIfon Yol
ud SaldudsddniidnansenudeUssansnmus a3 eadnsuaznuiigednuidianiy
Usgnounismaiansand eurg nsufuusaldun n1sdanisuszinnveslusiuten

(Maintenance work order management) Usgdnin1nuazengn1sldauiniasding (Asset

life cycle & performance) Ainlg31eTusugauLarn15U1595N ¥ (Maintenance cost and
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budget) SIUINITHATIENANNAVDIAIINUNNTBILALHANTENU (Failure mode and effect

analysis; FMEA) viailiiteridayafidnwungnisnnausunisingeinwegunseungy

5.2 #5UNan15IvY
nsviuauUseinvasesdnsidedesiu lnemvualiinisnsisaeuiasviiaiy
4291ALAT DTN IHATEUNTINUTAUNAIUTENOUMBRNUTEEEEY (31871 S18FUAM) way
WHUTEEEUIUNAN (6 16BY) FIETLUTEANTAINNITHEAYDLATEIRALK UL AV IUTENYISY
v § o w v dy
Wount 911in Al

) 1

5.2.1 1A3099NIUIIUIUATINVYALOUANAIN 6 ATI WFD 2 AT LHIamengey

]

anaea1n 195 ufl wide 50 wIft 1AdeadnarAnduauldiRuaniuain 40,230 Fu 1y
65,832 T lneil¥erarvestunudsanatainiesay 0.41 wdedosay 0.04

5.2.2 mthgednyiadeadnsiivsedviammdiinandu Tasfarvenaiesdns
sieifioaade (MTBF) Windu 3,227.50 unil navgagomiads (MTTR) anas 7.5 il way
9nsINsLdvanad (FR) imae 0.000

5.2.3 w3siauduyaogdifendaUsyAvinalasuvonaieadng (OFE) ifiuty
Yovay 12,60 AdmIINInALATEs (A) linTudosay 2.72 AussAniammaiunios (P)
diuduferaz 9.94 uarAsaTAmm (Q) HsTuSeray 0.37

a A

5.2.4 AnugadvanninIesdnunugfegiillvuvgaviicnuanas 1,437.33 umse

Y

\Aou lAgNTAYIALAILIIVNINTIANAY 226.88 UM wazALdslon1@anad 1,210.45 U

6. UaLsuauuL
6.1 Nan13ltunun1sUINYINUIT SasInsiiuassaiududaduaiuanining
% 44' Y o a = oA o Y M v o
wiouroaiesinslunishnunidnansenuananagdsilesnniasesdnshilainam

vsonamgailalanunull (Downtime loss %38 Shutdown losses) @aLA304ANUKUL A

a a

29 lgung AYINUIINANNALAT BITNTTATBS (Breakdowns) WagngAIINAITUTULAS

Y

'
a

LA3D99NT (Setup and adjustments) Wudauuin Viﬁawms;u,inL%'m'%ammmmmi’w (Root
causes) inannsiasugunsaiuavesing 1wy angll Tufia udu Tuszesnafimanzay
FrfudniueTosdnsedad uluaenisanuisnanunsndumanniilevngnisyuny
thgsinvidadestuiminzanld vioenafinrsanlduuimianistigsdnudnuass ud
WaNgad LY MU InNann (Condition based maintenance; CBM) N5U1393nw

FaudludFuusa (Corrective maintenance) NM3U1395nwIMEAUeY 7 Tunau [usuy
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wenndusenesiiansauaniudeyanisugasindissdndosiiinanningu
Jougunulisoiios ulliesesdnslingarinanuusinisvninghvieudiaseswilieioasiu
Wanlusgegandus \Wunsagydeysed@nsnin (Performance loss %58 Capacity losses)

FUUUANTIOULNITVINUVDIATDITNS

6.2 WINANTAEIUNUAUUNUNITUI TSN B1REN U BT IR WLINTY Wavisddany

'
= v

Yo defiAinInnszuIunIsHan Fegnsiaunimduanuau salunsndnvesinsiniy

' £
= ¥ a a =

Y o o v . b= .

VBNIMUAYBILATOIINT NTFYLHLAUAMNIN (Quality losses 138 Yield losses) MNATU
wailiansnslduselevdaningiuan danuvauiainanuagydeiileniniuaudsy
(Defects) 1M1 (Rework) uazaugyderaasuiunisundn (Startup loss) Luleniad

UsEnazAumLazkn lugely

7. inAnssuUsEANA
nsAsuukagNIsewnTnEITelasunsatuaywanaIvInInTInnTIan sy

ANEINALLLATRRAIMNTIN UMINENFETIVANE LN wasUTEnsUNeeY 9110

8. 1NA1591994

§ @ a

39394 FUNd, wazUainng 13audegu. (2565). nsanaudgdeNiinann1sng ALy
LA393N5L08 1 lA 1N UAMNUN T UNTEUIUNSHNARTUAILLNGY 28N1TIAUTEANTHA

198573, 21587153 IN1TNILIBUNAMNSTUASIATR, 33(2), 1-13.

Ly o a

oo BuvSENANG, 9 19TuIuwy, waeisqdl

Y 9

|9

Wi, (2564). MTh3einwedesdngde
Unsiu nsalfinen: uSEnNaALUIESaEUA. SAU Journal of Science & Technology,
7(1), 1-14.

Ussiads ynysen, uaruszaau naendng. (2563). n1situusednsaamnisuasesne
nszurunINuA ululssnunEndusn. 21958159AINTINAEAT SIVNIAATEYUS,
18(1), 1-12.

Wevlgy ansnaaudR, wazUalnng Soudeyy. (2563). MIAAANYFEIINIAMELALRY

i v 14

& [ a a A [ [ =3
A3 09TNIAIENTUTUUTIUTEANSHalae TN v AT 09N TIALAIUANEATIANULE Y
ASTUIUMITRURLUUBONGN. 15819015UYTUAZAITIANTT UWIINYIABURIFITAIY
, 12(3), 143-156.
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NSANEININTNITANAUTIVUNIVAIUHLAUKNNELEY 12
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Ay Aa ¢ A a a <
MUY U ﬁ]ﬂﬂizaﬂﬂL‘WE)FIﬂH’]UizﬂVIﬁﬂ?Wiﬂ@imiaﬂm’lllLi’JEJ’mWWiuz(ﬂ’lﬁ,mgmﬂﬁl

9

AMVUAUUN VA NUAUAUVINEERY 12 YmMauenUIuns1e - wenduladu Jandafivalan 7
AIUANAIILET 80 Nal/T. Hudadlesszaeng 14.5 nu. §ideAndensumianisiivdeya
490 lown a9 1 Y. 225 - N 228, A7 2 Y. 228 — NY. 233, 97 3 NY. 233 - NY. 237,

way 907 4 nu. 237 - nu. 240 Ineduiusiunisivuaninsnisananands 3 susuu laun

(% [N

A ¥ LY <@ 14 < Y
1) Uneifou 2) NABIIUAINULIY AL 3) bAUYLADAITNULTINIDUAYYTEULA D UL TUNTNUL

FLYUIEY 6 TN WonTIlNAUTIAIU NalaInnIsAne WU KUuTB LUz dIulwaly
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Abstract

This research aims to study the efficiency of vehicle speed reduction measures
according to the law on National Highway No. 12, from Ban Krang Intersection -
Indochina Intersection, Phitsanulok Province at a speed limit of 80 km/h through the
city, a distance of 14.5 km. There are 4 data collection locations, namely, point 1 at
km. 225 — km. 228, point 2 km. 228 — km. 233, point 3 km. 233 — km. 237, and point 4
km. 237 — km. 240 which related to the determination of 3 types of speed reduction
measures, namely 1) warning signs, 2) speed cameras, and 3) rumble strips with warning
signs for off- peak 6 hours per day. The results of the study found that the majority of
motorists used the speed limit in both directions. In the direction A (Ban Krang
Intersection - Indochina Intersection), drivers used the 85™ percentile speed, equal to
85.3 km/h, 79.4 km/h, 86.2 km/h, and 85.1 km/h, respectively, for direction B
(Indochina Intersection - Ban Krang Intersection) is equal to 89.5 km/h, 80.0 km/h, 86.5
km/h, and 85.2 km/h, respectively, with only in point 2 (speed camera) where drivers
follow the speed limit. The researcher therefore recommends those involved or
responsible for road safety to develop a new road speed reduction measure to
enhance travel safety and make drivers comply with the speed limit.

Keywords: Speed reduction measures, Driving behavior, Road accident, Road safety
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Abstract

This paper presents the design and construction of an electric wheelchair. The
objective is to develop a wheelchair drive system to have a constant speed on both
flat and steep slopes, developed a system to stop the wheelchair to have a shorter
braking distance and stop the wheelchair when encountering obstacles. Use the speed
estimation by the principle of back EMF. Control the motor speed in a closed loop
with a delta- learning artificial neural networks. The motor is powered by a chopper-
fed converter running in battery-powered mode. and uses the energy stored from the
inductor of the motor to stop the vehicle in braking mode. Generate PWM control
signals with a digital signal processor. Tested the movement of the wheelchair on flat
and steep slopes with simulated patients with different weights. The test result showed
that, a maximum average error of 2.33 percent of the moving speed, 46.36 percent
shorter braking distance than geared braking, minimum turning radius 0.9 meters and
the wheel chair will stop when encountering obstacles within 0.8 meters. The
proposed system is 78.16 percent efficient and it can be used for 3.25 hours per charge.
Keywords: Electric wheelchair, Artificial neural networks, Back electromotive force

speed estimate, Dynamic electric braking system
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Abstract

This paper presents the study of vibrations under rotating unbalance, comparing
the results between the experiment and the mathematical model. The optimal
vibration absorber can be solved using the particle swarm optimization (PSO) method.
The test unit is a beam with a pinned support. The unbalanced motor, a spring and a
damper are attached to another end beam. The vibration measurement is performed
with the ADXL345 accelerometer, which is connected to the MEGA 2560 R3 board. The
data is processed and sent to the computer to record the results in the time domain
and frequency domain. The results show that the mathematical model has a similar
acceleration behavior to the experimental results at a damping ratio of 0.1 and a motor
speed of 220 rpm. The particle swarm optimization method is effective for determining
the vibration absorber. If the system consists of a vibration absorber, the results show
that the amplitude of vibration acceleration decreases significantly with an unbalanced
motor.

Keywords: Optimization, Particle swarm, Absorber, Rotational unbalance
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[ 1

AN IARINANEINTNLTANUALARIE 10-1,000 Hz wazatunsanazuszaianadunss

9

¥
a o o A

nseviiuiuauuls audng (2562) mhauensieeianudemevaanaugntulaenis
a ¢ a Y o a ¢ a v Al Y

Aasrzinud Ingluunanuladiausnisiasigianudlnenslginiesin Spectrum
Analysis & Field Balancing A31u8 719 NUIN1TLATIE L UIETAGIUG 7 -140 Hz 910U

= aNa ¢ a 9 & A A v °

nsAnwInsaiiiaseimgiuulauaudvewaugnUuivinansvaedulagniiaus lag
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n3z3n (Displacement amplitude) suaaimaa%ﬁwé’n&i"wﬁq@ X, Beanansadiwaadlaann
aunsnsAdufideindandnadu dafuilerduingUsrasdazegluguuuudgmeanni

WingaunmNaanLaunisi (1) wagieulvdsAuauaunisi (12)
min: f(x;) =X (11)
Xq <s ; Ll' < X < Ui (12)

laefl fudseenuuuAe x; = [mgk,] f3uUs s [m] Aeszezinianuadigadu

o w 1

nsdulLIAd Ul Li ag Uj L'fJ‘LJﬂI’W’mWU’eJUa’NLLﬁ%“UE)UU‘lJGU’eJ\‘ig]J’JLL‘Ui’eJE]ﬂLL‘U‘U dmsulu

snquaunia (PSO) dwmsutuneulunismien

a

unauildliisnsmemInzanigauuul
nganfigauuungueymaldgmitiauslag Yang, (2010) uaziidunsudail

fumeudi 1 AMYUATIUIUBYNA aj’mauﬂ%u’ﬂumiLﬂﬁlauﬁmaqaumﬂﬁaﬁmu
A3AUINIEN (Iterations number) WA¥ANAIRILILITEIOYNIALALATULITTOUAAYNG
luraunAumMAINBY

funoudl 2 Aruanmensumisiiafianuesnduouna (Global best, G*) #11su
seunsAuntigiuuasiiisuiuaneuntinlnemuasisualenduingussasavesusas
9UNIA LAYALIUMFAWSRTIgnvaseynIAfleusaz (Personal best, x;) Tngiitey
Ailsiduinguarassdagiiutudnounth fudui 6* uay x; Ssgnuiudsilvidutlagdy

Tunoud 3 Aurmmdumiddydvesudazeynia lnenisindouiivesuday
9UNIALENDIIUNUT G* way x] 1Tudfmuaiianis lagdundslnlvesunazaynie

Awandldpuaunsh (13) wag (14) aus
vit = gvf + ae (G — x}) + Bey(xf — xf) (13)

xf*t=xf + vt (14)

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 adui 3 weA. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 335

I N o = B I E‘L [ = B I a I SL ° A
ngN v ADATAINULITITIDULNN U; ABATAINULITIIDULAN LAULUNTTATUIUN AN

i

' [
a td v J

Sudutiuaziualiidugud (vf=° = 0) dmfu a waz B AeAriauusmsiseuidady
fAnsit ¢ g &1, Wuagulugaa [0, 11 xf ey xf Aeasunusveusias
aunAseulvliayToURNMINA1GY

Fupeud 4 runduludundilutuneud 2 uay 3 augiindmeunudouly
y3oAugnduIusouNsAIAILTTifIuA Induneu 1 - 4 awnsafandeusanady

WAUAIWLARILATNT 2

nuedwInaunIa, i @

y

v w1 G x| ] min: f(x)
MAKBAM I WIWT, I ¢ .
t+1 __t+1 > Usuen
L xi .V P
v ¢ a, ,8
1 t=1

T AV
FUALSUE X[, v; W1 £

i Yes

—»| U, LHAFIHA

WINITwiaqUsaIn =1 (x)

No

“r;!ﬂ@'i’u.mmmaamim’m, {
l Usuen vf = vt xf = Xt

v

@ dsuant =t + 1 —p@

AN 2 uRuNINTURBUNTAWINLAEIENgNaYNIA (PSO)

3.2 ManadUNsAUAzLioy
Al 3 uanseMaFsUNsAUazieunsnaiilesnmsvyuTiliauna awd 3 (n)
uansnalnudnvesyanageulsznoufeyelnenouaumuiidsnailiauna Muvuves
ueweiAnfuaUis Iuvesueimesazinmigadunisduasifieunaysimii fvisesnuuy
Tidunsguenauimainesasanlngdignauaziatsguarnelunseuenguizussnveumad

dwsuluunanuillduussylunszuengu
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(M) )

AN 3 Gq@mmaa‘umié’mﬁammsﬁﬁmimaau (n) NEUNISVNAZBU (V) mama%ﬁwyu
(A) LLauwﬁgmmﬁﬁu (+x) () LLauwﬁgmmﬁﬁu ()
d' a & d'd' o‘q' o va
AN 3 () WAASAANIINTVYUVRINBINES wuwmamamummwﬂwmeﬂ
nsnyunldaunaililasairafansduludnuaeniueundgavenisnszdnveuaines
19U (FX) $AZN9AU (—x) LEAIAIUNINT 3 (A) kA (1) AUAIRU
AN 4 u,amsqmqﬂmaimﬁmLLazmﬁmUQm Taenseualudn AC %Qmmau‘ﬁlu DC
| o ¢ ) o ~ = < A o P
ADULUIUDLIDS LLasLLiqmuIWﬂwzgﬂUimwamuqummmsau ANUL55UN TRl Ay
a a a a a a Y
LAAINANVBAIUNRAAUNINT 4 (N) TUIULNAINT 4 (V) wag AT 4 (A) LARIRIIALAY
FIWAUINTAVDIANULEITOULAZ AT ANUEU taeNiITaAuTaduluwma ADXL345
WiTnausszdetayaluiiveda Arduino $u MEGA 2560 R3 auandlunini 4 (1) wie
Uszinanadeloyauaztuiinadulamuvesiariineniiumes audiu lnean Sampling

a v

rate (SR) gagailAviniu 1000 Hz Feiiveyaiigsnad miunisnageuilonsinosvineui

AV
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AIULEITOU 150 — 300 rpm (2.5-5 Hz) satiuduaudaya (N) Tugaenisdunilesouiiosan

WSINARINNMSHUYBIBWEITIANITITEU @ lumine rad/s Awindldmuaunisi (15)

N =Zx SR (15)
w

dmuniTedimuall SR = 100 Hz waznagouRinuEIsay 220 rpm oty
Tumsnyunemesnilssovaziidoyauszunm 27 Yeya dmfuuvasdoyaanlamunaniy
Tnunrudtusuudeyafitunfinseiduasdeseylusuidsans wu 16, 32, 64 wie
128 1Husfu (Singiresu, 2011) Tuauideilidenld 128 deyavunefaardoufutoyanisduly
ynuruewmesvyueesifos 4.74 seudaiisanelunsuszmanamananisnouausslugy
Tnwueud Wewmnmsduinanmsnsefuainnsvyuitliaugaveseinesiiesodiaien

Jalsifesordedoyadnuiuinlugag 1 aunatluniswendyanandosanniadodu
dmiunsulasteyafidulanmnandulawunnuieziSonldileitunisuan
\Su50e1057 (Fast Fourier transform, FFT) lnesuteyaninunsslugulamuia dmiudeya
mNusniia @, Suduiezdosuivdniosniiaanussezuansandumiedou
whassAaasaliudas defulunsafilifansduluwuniofiezuanindu 1 (6=9.81
m/s?) wteftagusuiuluming m/s? waimuaAianuisafugudidolifinmedu dufudeya

PNTIIAAULIENUTONLUTUAILAAIILTINARDY Ay [M/s7] ANUANNTTT (16)

Aexp = (ap — 1) X g (16)
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(n) (2)
A 4 gunsalnmsiannusiazauEITeu (n) Musuanusisey () Minnusisey
(A) FuneInAAEITeU (1) voinUsyuiadn

ASUTUIATRIRILUIHN  vesanadaulazANltlunITAIMLERdlUANT1N 1

A15199 1 VUIAFILUS WAL AT UNNTANUIE

fianus YU
AMue1IAY L [m] 1.0
szzuowos Lo [m] 0.1
52823700 S [m] 0.2
wranewes M (ke 25
wialdauna M (ke 0.2
@A My, (ke 12
ﬁsasﬁaqqué e [m] 0.08
Apaitaus K IN/m] 1033
AasiiaU3sigady kg IN/m] 350~1,120
wadagedumsau My kel 1.0~45
ANUSITOUBIADS @ [rpm] 220
AMLUINTSEL; o 0.1~0.7
Adudsnsseus B 0.1~0.7
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4. Nan1538

nan1sAnElanUsaaniuatudlulann nsissusulunaniendineansnigiuna

d{' [y 1 LY} a{' 1 1 v 1 d' I~ ) Ly o

nMneaesivelFumfmuUsnlinsuaivansay diufiaesasdunisanumifmgadunis
dumeisngusunauazdruianudunanisfinfsigadunsduasiiiou il 5 wanansm
WiguiiguAmanisnavauasnisduluguausimakuutandlaglamunaiwazlaiuuaiug
1agvnN1IUasuLlasA18nII@IUAMUNLN £ 1HB99INAITRTIEIUAIIUNULINVBITE UL
o [ a 6 a’;’cz Y] a{' 1 1 1 [ [ gj = ) [
Ausuluman1enmineans tluunanuiiudnusn lins uaeg19taa ua 1Ll sinnsusu
ATz aulng81989ANNNANTSNARBIN TR lA LUYI@N1IEAIA (Steady state) INKE
nsusuan &€ muand 5 (n) lunsdl &= 0.1 danusslusulamunaalndifssiuaanis
VARBIUINNAAKALLITUIAIAINLLTIVIINANITNABDIALHANITAIUIUA E= 0.1 UIAIUIUMN
anusdugulaumuanudaiuaIng 5 (2) wuinlaaiaudfinseiu daluAdnsdi

| P a cal Yo ' Y o U A &
Anundn ¢ Mdenldlulinandamansiagldmuinmannunzaudigdunisduiianidu

0.1

B Experiment
—_—e.]
- - =02
- === &=05
£=0.7

Acceleration (m/sz)
(=}

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time[s]

(n)

B Experiment

3

Amplitude [m/s

Numerical solution, £=0.1

0 5 10 15 20 25 30
f[Hz|

()

AN 5 mamimauaummié’udaua@mmmm%mamﬂugﬂmmm’q

Y

(M) ALY () LA UANLD
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M13199 2 Aflenduingusvasddleyuadmuusnmsiseus af f= 0.1

saun1sAIuded  f(x), a=0.1 f(x), «=0.2 f(x), «=0.3 f(x), a=0.4 f(x), «=0.5 f(x), «=0.6 f(x), «=0.7
1 131575 131575 131575 131575 131575 131575 131575
2 0.63491 0.79148 1.33877 0.98947 0.34969 1.19455 030717
3 0.44519 1.23827 1.11716 0.92909 0.86466 0.16046 0.33877
4 0.70314 0.30281 0.93234 0.56598 0.21675 0.35662 0.45275
5 0.78404 0.92257 1.24287 0.72108 0.04544 0.10702 035175
6 0.04340 1.69301 0.49477 0.82604 0.03149 0.15730 1.19431
7 0.72827 132646 0.20109 156421 1.57049 1.06570 0.81365
8 0.87022 1.05393 0.04874 0.07517 0.85457 0.10321 0.27236
9 1.44014 0.41619 0.62865 0.11724 0.30995 0.12089 0.18585
10 1.28979 0.07577 0.07068 0.53966 0.04177 0.18470 081918

M13199 3 AiladuinguszasadlouSuriiudsnisiseus S a=0.5

saunisAIuany  f(x), B=0.1 f(x), p=0.2 f(x),$=0.3 f(x), B=0.4 f(x), p=0.5 f(x), B=0.6 f(x), p=0.7
1 131575 131575 131575 131575 131575 131575 1.31575
2 0.74479 0.92007 0.53316 0.28560 0.48545 0.23280 012017
3 1.17992 0.13831 0.21078 0.17930 0.09867 0.71386 0.35955
4 136455 0.39195 0.45542 0.41444 0.28840 0.29135 0.11779
5 0.50594 0.44005 0.56209 021933 0.16751 0.14649 0.19824
6 1.63880 0.32195 0.02938 0.04941 0.22868 0.15332 0.10901
7 0.34840 0.22985 0.29839 0.03412 0.04186 0.31404 0.25661
8 1.89148 0.35983 0.71179 0.15698 0.30976 0.26259 0.32007
9 1.13600 0.05664 0.34215 0.14605 0.06811 0.11511 0.12981
10 0.23312 0.05197 0.17229 0.03111 0.13043 0.13417 0.37388

dmiutupsuMIMANMIIZAN AL UUNGNaUNATIUAMILUINITISENS auay Say

LY

danasian13giinAmeu (Xin-She Yang, 2010) fsdudalgvinisnmaaeudinusmaisous

1Pevinn1sUSUA a Aum 0.1 ~ 0.7 wazliian £=0.1 muilauansainisAulaaIlendu

[

nnUszasAlums1ei 2 lagnvinsduasiiumiseuniaiseuAnsuauimilouiuvinli

LAY I

(3 o d' 3 v o Al 14
Wanduinguszasaluseumwiad 1 duagdiavindy 91nA1SAUIMNUIg = 0.5 azla

q

3.

1 (% (3

AlantuInnUseaan

9

Miian (0.03149) wazldmsmuingiNteyanmunuanimewnuady

1%
v v =

MuuUILdonA1 a= 0.5 uagyinsusual B faum 0.1 ~ 0.7 amuinlauanslunisieil 3 a1n

nsAuIMNUIINsidan =03 aglaarflanduingussasanianfan (0.02938) waglinis

9

AN ITeean (6 50U) AMUTILARIMIBUNUAFN IINNITATUIUAINAITIN 2 kag 3 WU

nslian auaz B iundaluazinlieuniawmdeuimduiuliuaziassunusidudneu
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=

Tuvueznldrdosfazpdauindn yieassnsalidvenwaztards satuluunanudlslawurfns
v ° v v 1 A ° Y = A v 1o A @ A %
wldan auar B luseunsawiusu q Wnllianagvilieunandounididmneuniieeld
a=0.5, f=0.3 uazluya9sauduing1vig q asUsuA1 @=0.1, f=0.1 Liialvinguaynialdl
d‘ d‘ < a )
WwanusHAUlUIUEeAInBU
~ ° | ' ° ) ° Y o = P ' )
AN 6 UAAIFILNUIYBINALOUNIAFIMSUTOUNMIAWINGIN 1.0 - 6.0 Faagluiemu
YBINITAIUIUGT LABLAT DINUIENINUINKAAITILNUI0UNATNTOUTIUY x; wagdIwns
o 8% a & o | Aad ° ] *
aun1AndnanduItuseulumuvianangalusaunisAuinuy x; (Personal best)
waziwusdursnandsndusiuniauss G* (Global best) Faudusunuanusouiisuan
x; nounthilamua fmuviswessuniaLnueIvediklsoentuy (Design of variable) wnu
x WuAnnamgadunisduluguliming M, = mg/m, 10 my = 1.0 kg unu y 1ueAd
auSeigadunsdulugulinuie K, = k,/ko W08 ko =350 N/m dmsuseunisiuiui 1
(fteration=1.0) fusiseynainInNsduAdasiiuldinoynauiaziiaznssateuazey
PANEIAUIVDS G* BAZLIBTIUIUNTTAIUIUTUANT UM UN AR UTDUNITAIUIUTIN 3,

5 uaz 6 (iteration= 3, 5, 6) pUNIAILLARBUAILINATUAIMIUIYDY G* 11nTU Tunisaay

" a <

ARcumisTgaufigatueymenniftasindeuiinnssanvidosgidumiadeaturiaun
fafpsendediuausounsiuniinniusasmsuiuaiudinsteud auay B

Al 7 wansmissuamAngaufigalunmTsteIndaus soUN ST 1
(Iteration=1.0) aufsnsAaluseuganedaimunlifl 100 (teration=100) lnglunmag
LARslaNIEsOUT 1,10, 80 waz 100 (teration=1,10, 80, 100) Fafvualiluzasnisduia
Tusaudaus 80 - 100 aglmmuusmaoudifu a=0.1, f=0.1 dwalieyniandeuiiiias
vioyneieszormsAsuiumiseseynaduaaie liliadeusniasgaiidudneu an

NSANUIUILNUTINTBUNTAIIND 100 BUAANNILNUILNTEINBY N U UFe iU Tne

Y

oo = %

sundansnanduunlduiiasdumneuiifngadnsanu M, ~ 2.0 wag K, ~ 3.0 3847
wlandumusnfindigagliuiadinadunisdu m, = 2.0 kg uavArAsiiaU3sweiagadu

A3&u kq = 1,050 N/m

o o
Y o v

dmiudiugariguaninanisanaeiigadunisdunmuganlussuundnisnyunly

Y

auna lAgNaImi 8 WAAINANITAIUIUNITADUANDIYDITEUUIUTUAITS alt) waznIs

o

n3edn x(t) Massaimdnvisenawmasiivyuliauna (Unbalanced motor) wagiifianadunis

Y
(Y U U

du (Absorber) mnnmaziuliinfigaduazgadundsulussuueliTeihlinisdudiu

Y

Ingjvesszuvaziinduifmgadunsduununnsdunuemesmuiuanamienvduduag

6

danalvivlaseasrandnuieusnesinisdunsluguainuis wazn1snsedanidi Inaaued
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Tngianglugisidiganeasia (Steady state) Avianunnin 2.2 s Wudulu(Time>2.2 )

a v < a4 % a d' al = 1 1 1
auflananadunsndundu a9 LanInISIUSsUTBUAIAINMLSISERINNAIINATT

AIMLAENAN INAARINATIET maNYS onuewmes vy uliaunalunsalldfadinadunas
aaa v o Y

nsdnfamgadunisdu Tngvinisiseudieulurrsiiiduaniizais duludeyaninius

Y

a(t) NEAINMTAWIUMUNINN 8 YNARNTIUYINIEAT 2.2 s — 3.2 s WagyiINTUTUAILNY

narlmiiethunlseuiisuduteyaannisnaaesdaiunisifvteyalugiafiszuuidng
AN1ILAIILET MNNANITAIWINLATNANITARNUIEmaenndeslUlufiamaieIiy fe
szuuniRamgadunsdurihlinisdunuewmesanatasiininaaudnanneasiuazliaunse

al Na o o A a v s ¢
'Vi'ﬂ@LiJUﬂ']’]MﬂlmUﬂimmﬂme@ﬂ‘?jUﬂiaﬂqLL@NW@Qﬁm@Qﬂ?W@J Li\‘iﬂ]'ﬂﬂﬁijﬂ

Iteration=1.0
3V ’ ®/, - i -
- X
L/ =
b p X
LN /- X
e 2/ =
<
: F’/ i = X |
1 1.5 2 25 3 3.5 4 45
M
a
Iteration=3.0
- ; T - ; :
v > //f’_,( X X%
6§ > '
-<= 2t ,/O,’./; =Z X=X
N . l =
1 1.5 2 2.5 3 3.5 4 45
M
a
Iteration=5.0
“.T / /,/ P 4
; AP
X/ X
} /xx/’@X .
l<=2”',",:v’, - XXX
I F/ 1 E
1 155 2 25 3 35 B 45
M
a
Iteration=6.0
2 [ 7 AT = Z ]
’ ¥ /e A
L £ ;Z‘,,d}ﬂ %
\<§2§" - X
[ <&
b Z
I k’ A 1 J
1 1.5 2 2.5 3 3.5 4 4.5
M

ANA 6 NMFIFIMANBUTLMUIZAUNAAVBINGNDYN ALY (2=0.5, =0.3)
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3.5 4 4.5

3.5 4 4.5

AN 7 MTIUTWMNAINBUTNMNIZAUTIAAYDINGLOUN AT Y NAURAL Y IAATINY

NIaFINswaluladonamnIsulayiaIngs IIMeae v iyaaInsI
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Unbalanced Motor, a.

Absorber, a,

Ay
v | | U \/ U

Transient P Steady state
-10 ! L L | | I I ! I

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time(s)

a(t),[m/s’]
(=]

Unbalanced Motor, x,

Absorber, x,

x(t)[m]

-0.01 N | \/ I‘I\‘/ ViIY, \ ‘-v:"l I"g,-‘": ",H,‘-‘"I ‘-‘U‘:’: \/ "-J;‘

\
I‘J Transient P Steady state
|

-0.02 I | I | I | | I
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Time(s)
AN 8 HANTINDUAUDINITAUALLTIDUVRITTUUNSIRATIATUNITAY

10 T
% Exp.no-absorber
X Exp.absorber
Theory.no-absorber TR —
Theory.absorber < X«
% . S ;
X X )\
x
*
X
~ i
-10 ! | | I | I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time[s]
4 : |
—— Exp.no-absorber
—_ —*— Exp.absorber
E
o
= —
£
=
E —
<
" " s "
10 15 20 25 30
f [Hz]

M 9 MsdunveweivyuliaunaneuLarnadnfinadunsiulutanzash
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5. dyunauazn1senusena
unAnuildvhnmsfnsmsduaziieuannemyuitliaugauaginnisesnuuudage
Funsduileanmsduazifiou nnsAnwausafiaragUnalddsil
1) nsduasiieuninnsnyuitldaunaislunanisadamansildeumuiug
naaevIziimuaenndesiuiloldrsnsdiumumiislulynansadinaans
W 0.1 (£=0.1)
2) nsfaksgadunisduansaiisranmsduanieululassaandnlsn
3) MsmAIRIgeTUNIAUT IIraNTigadieinquennaduszAns ami sz
fmeu Sunliianaviluussgndldlunsmuumsdunuusnlusi

4 MImATImINzaRiaawuungiaun1A AITIEANAIRILUTNITSEUNS @ wae B Uy

Liiman TnefisoumsAuinggusnansidadwdsnsseusivinlidnganeun

Y

= ° 5 v R = yala 1 d' a
Li’sLLﬁﬂHi@Uﬂﬁﬂ’lWﬂMWNVI’]EJﬂ’Jﬂ“Uﬂ’WDLL‘Uim’iLiEJug UATUBDYAIUNBDITLAU

Whmnameulagliiaeyadiney

6. NAANIsUUTZNA
YOYDUAMNIAIYTIAINTTULATONG ATIANTTUANENT UM INeSeysaiuayy

anufuazatiuayuAlgIneng 9

14 a

7. 1NA1919B9

a a s J a (% = a a

Andnsd ysylas, wagnnsn Juasa. (2564, N3NHIAN). NIANEITMABRILAILAIINA VDY
vaauus snteldnasvinaui vanasuaed u. n15UseyuIvInIsiAs e
AFNITULATBINaWAUTEWALNY ATIN 35, JIMTAUATUTL.

N833 13QYI1EY3. (2558). N1EITMIMANMINEaNNgALUUNGNRUNIATANITINTITVRYR
Tumsevglaweanion. nsarswalulagasaumnd, 11(1), 43-52.

181591 NIAITIUATY. (2561). FFN1INTIVTIANTAUALTIDULUUNATAVDINURID UM
nauRetayadntulATARUlNIALEns. 19A15AVINTTNTEIRUNAINTEUATINT D,
28(1), 135-145.

WG nuyuning, wasUseialy Usveiusees. (2552). msimunnalnuenussduasiiiou

AMUDRIAULUUMIEEUSIAN. FAINTTUES AUUIBLAZWAILI, 20(2), 40-44.
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Abstract

The purposes of this research were to study on Ban Tha Sala coiled bamboo
work and wood work in Chiangmai, develop the products of coiled bamboo work by
applying local wisdom of real wood in Chiangmai to be used as a guideline for furniture
design to enhance the identity of Chiangmai Province, and assess the satisfaction of
100 distributors and consumers towards furniture products made from coiled bamboo
and real wood. The study revealed that the form of coiled bamboo furniture had never
been produced for sale. The only products that could be sold were small items such
as trays and lamps. It was found that there were many pattern of coiled bamboo such
as simple coiled circle, cornered cut, triangle, and spiral pattern. Nowadays the pattern
of the furniture found in the market is now new, with the use of rain tree wood for
formation because it is easy to find in the city. The results also indicated that there
were needs for tables, chairs, home furnishing, and they wanted to develop a set of
tables and chairs. Six styles were designed by the researcher and the members of the
two communities based on the concepts: simple, strong and sturdy, focusing on usable
function, convenience, and beauty. The patterns were geometric shapes which were
easy for the members of the communities to produce in their real life. Regarding the
satisfaction of manufacturers and consumers towards furniture from coiled bamboo
and real wood that they redesigned, their satisfaction was at a highest level with the
mean of 4.88.

Keywords: Ban Tha Sala coiled bamboo, Woodwork, Identity, Wooden furniture
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Abstract

Ergonomically, a user’s anthropometry and furniture are related. However, to
produce furniture of exactly the right size for an individual is quite difficult. If multiple
sizes are available, there will be a greater chance that a user can find an office desk
and chair that is ereconomically suitable. Hence, the objectives of this research are to
investigate the appropriateness of the current popular office desks and chairs, and
propose the measurements for desk and chair sizes that would be more ergonomically
appropriate for Thai office workers using k-mean clustering technique. For the furniture
considered in this study, the office desk is 75 centimeters high, and the chair has seat
height of 42 centimeters. The match between the sample anthropometry and desk
and chair size is 5.83% or 50 out of 857 participants. However, after defining 2(S and
L) and 3(S M and L) sizes of desk and chair sets, the percents of match increase
significantly; the two-size and three-size are 89.38% and 96.03%, respectively.
Therefore, the 3 sizes: S, M and L are recommended for Thai office workers.

Keywords: Ergonomics, Furniture, k-Means clustering
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