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Appendix 11

Failure Mode and Effects Analysis (FMEA) form for Maize
Drying Process
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Appendix II1

Work Instruction for Maize Drying Process
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History of revision
No. | Revised Description of revision (Briefly) Date of revision
Page
1. | First use as formal work instruction | 13 May 2007

document
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Objectives

1. To control maize drying process in drying rooms as standard
2. To reduce the humidity of maize sheaths according to the required

specification of dried products before proceeding to other processes (.e.
milling etc.)

3. To control the temperature of drying uniformly and suitably

Scope
1. Drying to reduce humidity of maize sheaths

Definition
Maize sheaths inspector: staff who works in the process of maize sheaths

inspection

Standard for maize sheath drying

1.1 After maize sheath inspect process, maize sheath inspector place the maize
sheaths into the drying containers in an appropriate position (usually in cross direction,
see work instruction no.7). The maize sheaths inspectors then fill the work details into
the form (WI-PC-03-17) which include dates, types of maize sheaths, batch number,
drying container number, weight and initial humidity before sending to drying
operators.

1.2 Drying operators read and check the data recorded in the form before
adjusting the position of maize sheaths in drying containers. If there is something
wrong, the operators need to inform the maize sheaths inspectors for revision and
correction. The drying operators have to fill the data into the drying record form.

1.3 Drying operators control the drying process and set up the temperature of
drying according to the Direction of maize drying
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1.4 Drying operators regularly check the temperature in drying rooms every
hour and make a record into the form. All temperature indicators in the drying rooms
are recorded every hour. They also need to be calibrated at least once a week using
their operation manuals. If any temperature indicator is false or broken, drying
operators need to inform shift engineers in order to replace it quickly as possible.

1.5 Drying operators take samples at 8.00 and 16.00 daily and send to
laboratory for analysis. Drying operators need to get back the laboratory result in the
form of “Corn and seed moisture report” (FM-QA-01-05) which indicates the
humidity at 9.00 and 17.00 daily.

1.6 Drying operators adjust the drying temperature according to the lab results.

1.7 Drying operators operate the drying process until the maize sheaths have
humidity that passes the specification indicated in the Direction of maize drying

1.8 Drying operators write a report and check before submit to the head.

Sampling Technique
Samples need to be taken from both upper and lower parts of the drying
containers. In the upper parts, five positions which are about a hand depth from the

surface are selected

Direction of maize drying

1. Quantity of maize sheaths to be placed in drying containers for sweet

corn
Humidity Suggested quantity (bags)
>40% Not more than 120 bags
<40% Not more than 150 bags

2. Quantity of maize sheaths to be placed in drying containers for field corn
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Humidity Suggested quantity (bags)
>25% Not more than 300 bags
20-25% Not more than 350 bags
15-20% Not more than 380 bags
<15% Do not need to dry

3. Temperature of drying

Humidity Temperature for drying sweet corn  Temperature for drying
field corn
Switch on fans for 24 hours
>25% 35-37 °C 35-37 °C
20-25% 37-38 °C 37-38 °C
<20% 38-40°C 38-40 °C
(Not more than 42 °C) (Not more than 42 °C)
4. Humidity required for stop drying
Type of maize Sweet corn Field corn

Maize sheaths 11.00-15.00% upper-lowen
Maize seeds 6.50-7.50%

13.00-15.00% (Average)
9.50-10.5%
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Objectives

1. To suggest suitable drying time according to the inlet humidity of the

maize sheaths

Scope
1. To determine suitable drying time to reduce humidity of maize sheaths

Definition
Maize sheaths inspector: staff who works in the process of maize sheaths

inspection

Procedure

1.1 Drying operators carefully read and check the record form from maize
sheaths inspector.

1.2 Drying operators take samples of maize sheaths to send for initial humidity
analysis.

1.3 After receiving the result and record it into the drying form, drying
operators set up the drying time according to the Table III below. First temperature of
drying needs to be controlled in the range specified in the drying temperature Table
(Table II) according to the type of maize sheaths (sweet corn or field corn).

1.4 Apart from that drying operators take samples at 8.00 and 16.00 in order to
send to laboratory for analysis; they have to take samples at the suggested drying time
to send for analysis. This will ensure that the drying time is not too much and the
energy can be saved if the tested humidity from QC analysis passes the specification
reported in Table I.

1.5 Drying operators write a report and check before submit to the head.
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Sampling Technique

Samples need to be taken from both upper and lower parts of the drying
containers. In the upper parts, five positions which are about a hand depth from the

surface are selected

Specification of dried maize sheath
Table 1: Specification of dried maize sheaths

Type of maize Sweet corn Field corn
Maize sheaths 11.00-15.00% pper-lower 13.00-15.00% (Average)
part of drying containers)
Maize seeds 6.50-7.50% 9.50-10.5%
Drying temperature

Table 2: Drying temperature according to the initial humidity and the type of

maize sheaths

Humidity Temperature for drying sweet corn  Temperature for drying field corn

Switch on fans for 24 hours
>25% 35-37 °C 35-37 °C
20-25% 37-38 °C 37-38 °C
<20% 38-40 °C 38-40 °C

(Not more than 42 °C) (Not more than 42 °C)



147

Doc no. : WI-PC-03-11 Rev:01
Work Instruction Page :
gilomsiiau Rev. Date :13 May 2007
Drying time
Table 3: Suggested drying times according to the inlet humidity of maize sheaths
(based on previous data)
Inlet humidity Drying time for sweet corn Drying time for field corn
(minutes) (minutes)
11-15% 0 0
16-20% 2500 + 300 2000 + 300
21-25% 3600 + 300 3050+ 300
26-30% 4750 + 300 4200 + 300
31-35% 5300+ 300 4800 + 300
36-40% 6050 + 300 5500 + 300
41-45% 6600 + 300 6000 + 300
46-50% 7100 = 300 6600 + 300
51-55% 7600 = 300 7100 + 300
56-60% 8000 + 300 7600 + 300

The suggested drying time needs to be revised every year in order to update the data

and provide more accurate drying time.
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History of revision

No. | Revised Description of revision (Briefly) Date of
Page revision
L 1. First use as formal work instruction document | 13 May 2007
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Objectives

1. To suggest procedure to calibrate drying time recorders
2. To specify schedule for checking and calibrating drying time recorders

Scope
1. To describe procedure and schedule of checking and calibrating drying

time recorders in drying rooms

Procedure

1. Drying operators check drying time recorders of each drying room every
hour whether they are still working

2. Drying operators clean drying time recorders every time they check them

3. For calibrating the drying time recorders, standard stopwatches are required.
First operators turn on the drying time recorders and at the same time start timing
using stopwatches. The operators then record the result in every 10 minutes until 1
hour in order to compare drying time indicated by the drying time recorders with that
from standard stopwatches. If they differ by more than 20%, the drying time recorder
should be judged faulty and be repaired.

Quality Records

See the calibration record form below:
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Calibration record form for drying time recorders

Drying time Time of Drying time Stopwatch %Error
recorder number record recorder time
(minutes) (minutes)
1 0 0 -
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Objective

1. To control the quality of raw material (maize sheaths) before sending to
drying process

Scope
This document is used for controlling the quality of maize sheaths after
downloading them from trucks by describing methods to remove impurities or

contaminates from maize sheaths.

Definitions
> PPS =Plant Processing Supervisor
> PPF =Plant Processing Foreman

> PDS = Production Support

Involved documents
» Record form of receiving maize sheaths (FM-PC-03-01)
> Form for labeling maize sheaths (FM-PC-03-16)
> Form for sending samples to QA (FM-QA-01-01)

Procedure

> PPF or authorized persons receive delivery form (DA) from trucks
carrying maize sheaths

» PPF or authorized persons check delivery form (DA) with the name of
farmers, the farmers’ code, type of maize sheaths, batch, grade and quantity of
maize sheaths

> In the case of wrong DA or the trucks do not have DA, PPF or
authorized persons contact with PDS for corrective action before receiving the

maize sheaths every time
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> Place and classified the received maize sheaths into piles and clearly
label each pile (FM-PC-03-16). It is necessary to ensure that the floor is clean and
dry before loading the maize sheaths.

> Sampling each pile of maize sheaths for QA department check
according to the procedure WI-QA-02-01 using the form FM-QA-01-01

> Remove contaminates from each pile by sieving and manual
separation. Contaminates here include stones, woods, metals, etc.

> In the case of maize sheaths that have bad quality (R-Grade), separate
it as a different pile with label (FM-PC-03-16) for selling as waste later on

> In the case of maize sheaths that have very high humidity or visually
wet which cannot be preceded to drying process directly, PPF has to inform
maintenance department in order to perform air blowing or sun drying before
processing.

> PPF or authorized persons need to conclude the maize sheath receiving
daily according to FM-PC-03-01 for recording and informing PPS

> Maize sheaths already checked for contaminates will be labeled with
FM-PC-03-16 and be ready to proceed to drying process.

Safety caution
Use appropriate safety and health device such as safety shoes and caps. No smoking is
allowed. If operators want to smoke, they have to stop working and smoke in the

provided smoking area.
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Objective

1. To naturally dry wet maize sheaths before sending to drying process

Scope
This document is used for reducing the humidity of wet maize sheaths using
sunshine before actual drying process in drying rooms takes place. This helps saving

energy.

Definitions
> PPF = Plant Processing Foreman
> PPS = Plant Processing Supervisor
> MF = Maintenance Foreman
> PDS = Production Support

Involved documents
> Form for labeling maize sheaths (FM-PC-03-16)

Procedure

> After receiving maize sheaths from farmers, PPF or authorized persons
will separate them into piles according to the type of maize sheaths and the quality
of them. Each pile will be labeled with the form FMPC-03-16.

> For the pile of maize sheaths that have very high humidity or visually
wet, PPF or authorized persons will inform maintenance department for performing
sun drying.

> MF or PDS will take the pile of high humidity maize sheaths to
outdoor area for sun drying. The outdoor area is floored with canvas and the canvas
needs to be cleaned and dried before placing the maize sheaths.

> MF or PDS will distribute the maize sheaths to fully cover the total

area of the canvas. The maize sheaths will typically be dried for an hour in the
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strong sunshine or longer when the sunshine is not strong. This relies on the
consideration of PPS. The maize sheaths need to be turned over every half an hour
using spades.

> Maize sheaths already sun-dried will be placed back, labeled with FM-
PC-03-16 and be ready to proceed to drying process.

Safety caution

Use appropriate safety and health device such as safety shoes and caps. No
smoking is allowed. If operators want to smoke, they have to stop working and smoke
in the provided smoking area.
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No. | Revised Description of revision (Briefly) Date of
Page revision
/| 1. First use as formal work instruction document 13 May 2007
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Objective

1. To suggest the types of fuels to be used at the furnace in order to give
enough heat for drying process.

Scope

This document is written in order to provide guideline on what type of fuels
that should be used for burning at the furnace to give enough heat. The scope also
includes the method of how to blend different types of fuels in order to make the fuel
that gives the required heat. At the moment, corncobs, firewood, fuel oil, lignite, and
diesel are used as fuel in the factory. Corncobs are the most often used fuel since they
can be obtained directly from the milling process of dried maize sheaths to maize
seeds. They are by-product which does not need to be bought.

Recommendation of fuel composition used at the furnace

Table 1: Recommended fuel to be used at furnace (ranking based on both the heating
value of each type of fuel generates and the cost of fuel)

Rank Type of fuel Quantity (kg) Ratio of corncob : fuel
1 Corncobs 19.1 -

2 Corncobs + firewood 21 0.9:20.1 kg

3 Corncobs + lignite 17 16.0: 1.0 kg

- Corncobs + fuel oil 17 16.3:0.7 kg

5 Corncobs + diesel 17 16.3:0.7 kg

6 Firewood 21.1 -

7 Lignite 6.0 -

8 Fuel oil 48 -

9 Diesel 45 -
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Note:

- Required heat for the furnace is 150,000-250,000 kJ (from manual of the
furnace). Therefore the average heat required for the furnace is 200,000 kJ.
The furnace has maximum loading capacity of fuel of 30 kg.

- Calculation is based on the average value of high heating values and low
heating values, i.e. Corncob has an average heating value of 10456.5 kj/kg

- The cost of fuel in the descending order is: diesel > fuel oil > lignite >
firewood > corncob

- Formulation needs to be revised in every six months

Procedure for feeding fuel to furnaces

I Check fuel feeding system, fuel quantity and composition, fuel
conveyor to the furnace, water valves, and furnace control system (Figure 1).

2. Make sure that all important equipments are workable. These
equipments include furnace fans, screw conveyor, screw ask and water pump.

3. To start the furnace, first check the fuel feed, water level in the boiler,
and water feed tank.

4. Manually turn on the switches of fuel conveyor and the screw
conveyor in order to feed the fuel into the furnace. The quantity and composition of
fuel required for the furnace are mentioned in Table 1.

5. Ignite the fuel in the furnace.

6. When the fuel is burnt, start the fans of the furnace and turn it to
automatic position.

7: Turn other switches to automatic positions. Now the furnace is
automatically processing.

8. Start running the blowers in each drying rooms one by one.
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Figure 1: Furnace controlling system
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Table 3: Cost per unit of fuel
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Cost per unit
of fuel

Corncob

Firewood

Lignite

Fuel oil

Diesel

(Baht/kg)
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Objectives

1. To control the method of packing of maize sheaths for drying in the drying

rooms

Scope
This document is created in order to inform drying operators on how to pack

maize sheaths for drying in the drying room.

Procedure for packing of maize sheath for drying

1. After maize sheath inspect process, maize sheath inspector place the
maize sheaths into the drying containers in an appropriate position as illustrated in
Figure 1. Maize sheaths needs to be filled layer by layer from bottom to the top part of
drying containers. The upper layer will be cross with the lower layer as illustrated in
the figure. The maize sheaths inspectors then fill the work details into the form (WI-
PC-03-17) which include dates, types of maize sheaths, batch number, drying
container number, weight and initial humidity before sending to drying operators.

Figure 1: Packing of maize sheaths in drying containers (in cross direction)
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2. Drying operators read and check the data recorded in the form and
adjust the packing if required. The drying operators then put the drying containers in
appropriate positions in drying rooms and fill the data into the drying record form.
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Objectives

1. To control the quality of insulation at drying rooms, furnaces, and

connections between drying rooms and furnaces

Scope
This document is created in order to describe the procedure of schedule
checking the efficiency of insulation, methods to evaluate the efficiency of insulation,

and the time period to replace old insulation.

Definitions
> PPF = Plant Processing Foreman
» PPS = Plant Processing Supervisor

Procedure

1. Daily checking the status of insulation around drying rooms, furnaces,
and connections between furnaces and drying rooms are carried out by PPF. They
need to visually check the surface of insulation whether there is any defect or dirt or
strains. In case of dirt and strains, PPF has to remove them and clean insulation. For
defect, they have to inform PPS immediately for replacement.

For actual checking the efficiency of insulation, the service staff from the companies
that sold the insulation will be called to visit and check the efficiency in every three
months. The time period to replace old insulation depends on the recommendation of
the sale services.

2. The suggested types of insulation to be used at the process depend on
the R-value of materials used as insulation. R-value is a term predominantly used to
quantify the insulative properties of insulation materials. The higher the R-value, the
greater insulation. According to the insulation sale services and the process engineer,
recommend materials to be used for insulation are those who have minimum R-value
of 1 m* K/W.
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Objective

1. To establish a consistent and documented method for the requisition and

management of fuel supply for furnaces

Scope
This document is applied to administrative requests for fuel supply at the
factory from the furnace workstation unit.

Definitions

> FNF = Furnace Foreman

Involved documents
> Fuel supply sheet (FM-PC-03-32)

Procedure
» FNF has a responsibility to look after the quantity of fuel used at the
furnace. Fuel that needs to be remained at the furnace all time is corncobs, firewood,
diesel, lignite, and fuel oil. Each one need to be in stock at least 10 kg. If a
particular fuel is not in stock, or low, FNF are to identify which fuel needs to be
replenished on the supply sheet (FM-PC-03-32) that is posted inside the furnace
workshop.
» The requester then will submit the completed form to the Stock and
Purchasing Department.
> The Stock and Purchasing department after obtaining a determination

of the request from FNF will evaluate and revise their stock control
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> Upon approval of the request, the request will be processed for
acquisition and the Stock and Purchasing Department will also inform the furnace

workstation unit.



Appendix IV

Preventive maintenance plan for blowers



179

€'ON w001 SuIAIp ur waIsAS uoneiuaA 9y} Surues|o el

Aquoy QOUBUDJUIBIA | MO[J J1e 2y} Supjoayd “1amo[q 2y} Surued[d ‘1omolq ay) uonoadsuy € 8
€'ON w00l SulAIp ur walSAS Uone[IUIA ) Furues[o ‘vjel
AqiuoN QOUBUSJUIEIA | MO J1B 2y} SuDjooyd “1omo[q 2y} Surued[d ‘1omo[q ay) uonoadsuy € L
Z'ON wiool SulAIp Ul WISAS UOTIB[IIUIA 3y} Surues[o “djer
ATqiuopN QOUBUSJUIBIA | MO} ITe 9y} SuDjodyd ‘Iomo[q 2y} Surued[d ‘Iomo[q ay) uonoadsu] ré 9
Z'ON wool SurAIp ur wd)sAS UOHB[IIUIA 3y} Furues)d ‘djel
A[qruoN Q0UBUJUIBIA | MO[J JIe Y] Sunjooyd ‘Jamo[q oy Suruesd]d “1omojq ay) uonoadsuy é S
Z'ON w001 Su1kIp ul w2)sAS uone[IuA 2y} Sutued[d ‘vjel
ATqauoN QouBUUIBIA | MO[J 1B oY) Surjooyd 1omo[q 2y Surued]d ‘1omojq dy) uonoadsuy z v
1 'ON Wwoo1 ulAIp ur wa)sAs uone[nuaA ay) Surues[o ‘ajel
A[qiuoy QOUBUQUIBA | MO[J 118 2y} Sunjoayd ‘1omo[q ay} Juiuea]d ‘Iomo[q ay) uonodadsuy I €
[ ON w001 SuIAIp Ul W)SAS UONB[IUIA oy} Surued[o ‘d)el
Aqiuoy Q0uBUAUIRIA | MO[J 1R 2y} Sunjoayd “JomMo[q Y} Jurued[d ‘19Mo[q a2y} uondadsuy 1 ré
[ 'ON woo1 SurkIp ur wojsAS Uore[IuaA Ay} Surues|d vjel
ATpuopy S0UBUIUIBIAl [ MO[J 118 oy} Sunjodyd ‘1omo[q 2y} Surues[d ‘1omolq Yy} uondadsuy I I
e an | uos1dd dqisuodsay [1B1_(] | 'ON w00y Sulki(] | "ON Jamolg

s19M0[q 10J uejd oUBUSJUTRW SATJUIAAIJ




180

9’ON W00 SUIAIp Ul WAJSAS UONE[NUA 2y} SuTued]d “ojel

AqiuoN Q0URUSJUIRIA | MO[J I1B 3y} Surjoayo ‘ramolq oy} Surues[d ‘10mo[q ay) uonoadsuy Ll
9'ON w001 SuIAIp Ul Wa)SAS uone[NuA 2y} Surued]d “ojel

Aquoy Q0UBUJUIBY | MO[J JIe 3y} Fun[ooyd ‘Jomo[q 2y Surued]d ‘Jomo[q 2y uonoadsuy 91
G'ON w001 SuIAIp ul wd)sAs uone[nuaA 3y} Surued|d ‘vjel

Aqiuoy Q0UBUUIBIA | MO[J 18 9y} Sunjoayo ‘romo|q 9y} Surues[d ‘1omo[q 2y} uonoadsuf Sl
G'ON w001 FUIAIp Ul W)SAS UOTJR[IJUIA Y} Sutued[d ‘)Rl

A[qiuo Q0UBURJUIRIA | MO[J 118 Y] Supjosyd “Jomo[q dy) Surues)d ‘1emojq ay) uonosadsuy b1
¢'ON wool SurKIp ur wajsAs uone[uaA ay) Surued|d ‘oel

A[uon QOUBUSUIRIA | MO[J Jie Y} Sunjosyd ‘Iomolq o) Jurued)d ‘Jomojq ay) uonosadsuy €1
' ON WwooI FurAIp ur wajsAs uone[nuaA ay) Surued]d “vjel

Aruoy Q0UBUIUIRIA | MO[J I1e ) Sunjoayd ‘Jamo[q oy} Surued[d ‘1omojq 2y) uondadsuy Al
' ON wooi SurAIp ur wolsAS uOnR[UIA oy} Suruedpd ‘ojel

A[qiuoy SOUBUIUIRIA | MO[J 11 Y] Sunjosyd ‘1omo[q ay) Surues[d ‘1omo[q ay) uondadsuy Il
#'ON woo1 SulAIp ur wo)SAS UoNR[IUIA 9y} Surued]d ‘ojel

A[qyuopN OUBUIUIRIA | MO[J ITe 9y} Sunjoayd ‘Iomojq dy) Surued[d ‘romo[q ay) uonoadsuy 01
€ ON woo1 Suikip
ul W)SAS uoneMuaA 3y} Surues[o ‘el Mopj Ire oY) Sunjodyd ‘el

ATqyuoN Q0UBURJUIRIA | MO[J I8 3Y) Sunjooyd ‘ramolq oy} Surued[d ‘1omolq ay) uonoadsug 6




181

6'ON W00 SurAIp ur WajsAS UONB[UIA Y} Surues|d ‘sjel

Appuo QOUBUSIUIEIA] [ MO[J JTE 3} 3uDoayd “1amMo[q 3y} Surued]d ‘romolq ay} uondadsuy LT
6 ON W00l SuIAIp Ul Wa)SAS uone[nuaA 3y} Suruea|d ‘sjel

Aquopy QOUBUDJUIBIA] | MO[J I8 3} Supjooyo ‘1omo[q ay) Surued]d ‘1omo[q oy} uonodadsuj 97
6'ON w001 SuIAIp Ul WI)SAS UONB[NUIA 2} Sutued]d ‘ojel

ATqpuopy QOUBUJUIBIA] | MO 1B Jy) Sunjooyo ‘1omo[q oY) Surues[o ‘romo[q oy uondadsug ST
8 ON W00 SuIAIp ur wa)sAs uone[nuaA 2y} Surued)d ‘vjel

A[qpuop QOUBUDJUIRA | MO[J J1e Y} Sunjoayd “I1omolq ay) Surues[d ‘10mo[q ay; uonosadsuy ¥C
§ ON W00 SurAIp ur wWoa)sAs uone[nuaA ay) Surues|d “ojel

A[quo QOUBUSJUIBIAl | MO[J JIe A} up{oayo “Iomo[q Yy} Jurued)d ‘romojq 2y uonodadsuy €T
8 ON W00 uIAIp Ul W)SAS uone[IUIA oy} Surued)d ‘sjer

A[qpuoy S0UBUIIUIRIA | MO[J IIB Y} Sumyoayd “I19MO|q Y} Suruesd “JomMo[q dy} uondadsug w7
L ON W00 SurAIp ur uId)sAs uonenuaA oy} Surued)d sjel

A[qiuoy QOUBUUIBIA | MO[J JIe 3y} uDjOoyd “Jomo[q 9y} Jurues[d ‘Iomo[q a2y} uonodadsuy 12
L'ON woo1 SulAIp ur wa)sAs uone[nuaA oy) Surued)d ‘sjel

Aqruoy QOUBUIUIBIA] | MO JIe Jy) Sunjooyd ‘1omo[q 9y} Surues[o ‘Yomojq 2y; uonodadsuy 0z
L ON woox SurAIp ur wo)sAs uone[nuaA ay} Surues|d ‘ojel

A[qruopy QouBUSJUIBA | MO[J Iie 3y} FuDjoayo ‘Iomolq 2y} Surues)o ‘romo[q oy uonoadsug 61
90N w00 SurAIp ur wo)sAs uone[uaA 2y} Surued)d ‘vjel

AqiuoN SOUBUSIUIBIAl | MO[J IIe oy} SuD{ooyo ‘Iomo[q Y} Sutues[d ‘1amojq 2y} uonodadsuy 81




182

€1 ON wooI SurkIp ur wajsAs uone[IuaA ay) Suruesd ‘vjel

Apqruopy QOUBURJUIRN | MO[J JIB Y} Supjoayd ‘Jamo[q 9y} Surued)d ‘ramojq a2y uondadsuy €1 LE
Z1°'ON w001 SurAIp ul wa)sAs uone[ruaA ay) Suruespd ‘aer

Aqiuopy Q0uBUAUIRIA | MO[J I1e 3y} Sun[oayo ‘Jomo[q ay) Surues[d ‘romo[q ay) uonoadsuy ral 9¢
Z1°ON woo1 SurAIp ul wa)sAs uone[ruaA ay) Surued)d ‘vjer

ATqauoN QOUBURJUIRA | MO[J I1B Y} Sunjoayd “Iomo[q 9y} Sutued)d ‘1amo[q a2y uonosodsuy A | S€
Z1°ON woo1 SurAIp ur wajsAs uone[ruaA ayj Surued)o ‘oel

Aqruoy Q0UBUUIBIA | MO} 118 oY) Sunjoayd ‘Jomo[q ay) Surued[d ‘1omo[q ay) uonoadsuf Al pe
[ 1°ON wooz Jurkip ur wa)sAs uone[nuai ay) Surued)d oyer

A[qruoy 0UBUUIBIA | MO[J J1e a1} Sunjoayd ‘Jomojq ayj Suruesd[d ‘1omo[q ay) uonoadsuf I €€
[ 1'ON wooz Suikip ur wa)sAs uone[nuai ayy Surued)d ‘el

A[quuoy SOUBUUIBA | MO[J ITe Y} SuDyooyo ‘Iamolq ay) Futued)d ‘1omojq 2y} uonoadsuy 11 z€
[ 1"ON WoO01 SUrAIp ul wid)sAS uone[iuaA oy} Suruespd ‘oel

A[qiuopy SoURUIUIBA | MO[J I1e 9y} Sunjooyd ‘Jomo[q ay) Suruedsjo ‘1omolq ay) uonoadsuf I 1€
01 ON woo1 SurAIp ur wa)sAs uone[nuaA ay) Surues)d ‘ajel

Apuopy Q0UBUIUIBIA | MO[J 11 3y} Sunyoayd ‘1omo[q 2y} Surued]d 1omo[q a2y uonosadsuy 01 0€
01 ON woo1 SurkIp ur wajsAs uone[uaA 2y} Surued|d ‘ojel

Aquopy Q0URUUIRIA | MO[J ITe Y} Surjosyd ‘Iomo|q oy Surues[o ‘1omo[q ay) uonosadsug 01 6T
01 ON woo1 SuiA1p ur wa)sAs uone[uaA ay) Surueso ‘vjer

A[qiuopN S0UBUJUIRIA | MO[J I1R 3Y) Supjosyd ‘Iomolq ay) Surues[d “1omojq ay) uonoadsuy 01 8T




183

9] ON W00l JulAIp Ul W)SAS UOTIR[IJUIA ) SuTURd[d ‘d)Rl

Apqruoy Q0UBUQJUIBHY | MO[J IIB Y} Surjooyd ‘Iomolq ay) Juruedd ‘1amojq 2yl uonsadsuy 91 LY
91 'ON w001 SuIAIp Ul Wa)SAS UONR[IIUIA JY) Surues]d ‘djel

Aquoy Q0URUIUIBA | MO[J ITe 9y} Sunjoayd ‘Iomo[q 9y} Surued[d ‘1omo[q Yy} uonoadsu] 91 op
G1'ON w001 SulAIp ul wa)sAS uone[uaA 3y} Jurues|d ‘vjel

AqpuoN Q0UBUIUIBIN | MO[J IIB Y} Sunjooyd “Iomo[q 9y} Surued]d ‘romojq 2y uonodadsuy Sl Sh
G ON w00l SurAIp ur WI)SAS UOR[IUIA 3} Sutued[o djel

Aqruoy QOUBUUIRIA] | MO} I1e ) Sunjooyd “1omo[q 3y} Surued]d ‘1IoMo[q 3y} uonodadsuy 1 44
G ON w00 SurAIp Ul Wd)SAS UONR[IIUA 2y} Surued[o vjer

Apquopy QouBUUIRIN | MO[J J1e JY) Suryodyd ‘1omojq ay) Sumuespdo ‘1omo[q ay) uonoadsuy S1 €y
1 ON wooi SulAIp ul w)sAs uone[nuaA ay) Surues)d ‘vel

AlqiuoN Q0UBUUIBI | MO[J IIe 3y} SuDyooyo ‘IaMOo]q y) Surued[d ‘Jomo[q a2y} uonoadsug b1 w
1 ON WooI SurAIp ur wa)sAS uone[IuaA ay} Surued|d ‘ajer

A[quopy Q0UBUUIRIN | MO[J IIB ) Supjoayd ‘romo|q ay) Suruedjo 1omojq ay) uonosadsuy ¥l 182
1 "ON w001 SulAIp Ul Wd)ISAS UOIR[IIUIA A} SutuBd[O ‘9)el

A[quoN QOUBUQUIRN | MO[J IIB Y} Supjooyd ‘I1omolq ay) Surued)d ‘1omo[q ay) uonoadsuy ! (114
€1 'ON w001 SurAIp ul WI)SAS UOTIR[IJUSA 3} Futued[d ‘vjel

A[quoN QOUBUQJUIBIN | MO[J IIB Y} Supjooyod ‘Iomolq ay) Suruedpd ‘1omo[q ay) uonoadsuy €1 6€
€1°ON w001 SurAIp ul W)SAS UOIB[IIUIA 3} Surues[o ‘vjel

A[quo QouBUIUIRIA | MO[J Itk Yy} Suryoayd ‘Jomolq ay) Suruespd 1amo[q 2y) uonosadsuy €1 8¢




184

61 ON Wwool SurAIp ur WajsAs uone[nuaA 3y} Surued|o ‘ajer

Auo Q0UBUUIRA | MO[J Ire Y} Supjoayd ‘1omolq 9y} Surues[d ‘1omo[q 2y uonsadsuy 61 LS
61 ON Wwoo1 SutAIp ur Wa)sAS uone[IIuaA ay) Juruespo ‘vjel

Aquon Q0oUBUIUIRA | MO[J I8 9y} Sunjoayd ‘Iomo[q 9y} Suruesd[do ‘1omo[q 9y} uonoadsuy 61 9$
61 'ON woo1 SulkIp ur Wd)sAs uone[iuaA ay) Surues)o ‘vel

AqruoN QOUBUUIRIA] | MO} 11 3} SuDjoyd “‘1I9MO[q 3y} Furued[d “1omo[q ay) uonodadsuy 61 SS
8 'ON wooI SulAIp ur wajsAs uone[ruaA ay) Surues)o ‘ael

A[quuoy S0UBUAUIBIN | MO[J JIB Y} SuDjoayd ‘JomMo[q 2y} Surued]d ‘romojq ay} uonoadsuy 81 ¥S
81 °ON woox SurAIp ur wajsAs uone[HuaA 2y} Surued|d ‘ojer

Aqruopy Q0UBUIJUIB | MO[J JIe d) Supjoayo ‘1amojq 9y) Sumued[d ‘1amolq 2y uonoadsuy 81 €S
81 ON w001 FurIp up wd)sAS uone[uaA 3y} Jurues)d ‘el

A[puoN Q0UBUIUIBIA | MO[J IR 3Y) Furjoayd ‘Iamolq dy) Suiued[d ‘19Mo[q ay) uonoadsuy 81 zS
L1 ON WOoOI SUTAIp Ul WId)SAS UOne[IIuaA oY) Surued)d ‘ael

ATqruon Q0UBUUIB | MO[J J1e Y} FuDjoayd “Iomolq Y} Surued[o ‘1omolq ay) uonoadsug Ll IS
L1 ON wool SulAIp ur wdisAs uone[nuaA ay) Surues)d ‘ael

A[qiuopy Q0UBUIUIRIA | MO[J IIe Y} Funjooyd ‘Iomo[q ay) Surues[o ‘1omo[q ay) uonosadsuy Ll 0S
L1°ON W00l SUIAIp ul woisAs uone[uA 3y} Jurueapd ‘vel

A[quopy Q0UBUIUIRIA | MO[J Ire Y} Sunyoayd ‘Iomolq oy Surues[o ‘1omo[q ay) uonoadsuy Ll 6b
91 ON wool FuIAIp ur WwajsAs uone[NuUA 3y} Jurued)o ‘vjel

A[qiuopN Q0UBUIUIBIA | MO[J 11 2y} Sunjoayd ‘Iomolq oy} Surues[d ‘1omo[q ay) uonodadsuy 91 8P




185

€7'ON w001 SurAIp Ul W)SAS UOHR[IJUSA ) Surues[o ‘vjel

Apqruopy Q0UBUJUIRN | MO[J 11 Y} Fupjooyd ‘Iamo[q dy) Surues[d ‘1omo[q a2y} uonoadsuy €T L9
7T ON wool SurAIp ur wo)sAs uone[nuaA ay) Suruedpo vjer

A[quopy Q0UBURJUIEN | MO[J ITe Y} Sunjooyd ‘I1omo[q ay) Suruespd ‘1omo[q ay) uondadsuy ZZ 99
770N w001 SurAIp ur wd)SAS UOIR[IJUdA o) Suruedd djel

Aqruo QOUBUDIUIBIA] | MO[J I8 3y} Sunjoayd ‘19MO[q 2y} Surued]d ‘1omojq a2y uonosadsuy Z S9
7T ON w001 SurAIp ur wajsAS UOR[IJUIA o) Surueso djel

Agruoy SOUBUDJUIBIA] | MO[J I1R 3} SUPOayd ‘1I9MO[q ) Furues[d ‘1amolq ayj uonodadsuy 7T $9
[Z°ON w00l SurAIp ul wa)sAs uone[iuaA ay) Surues)d ‘ojer

ATquuoN SOUBUJUIRIA] | MO[J I1B 3} Suroayo ‘19mojq Yy} Jumes]d ‘1omo[q ay) uondadsuy 12 €9
[Z°ON woo1 SurAIp ur wd)sAs uone[nuaA oy} Suruedpd ‘oyel

Aqruoy QOUBUJUIRIA] | MO[J J1B 3y} Sujooyd “1amojq ay) Jumues[d ‘1omo[q oy} uonosadsug 1z 79
[ Z'ON W01 SuTAIp ur widlsAS uoNB[IIuaA y) Suruedd “vjel

A[uoN S0UBUDJUIRIA] | MO[J I8 JY) Supjoayd 1omo[q 2y} Suues]d ‘1amo[q 2y uonodadsuy 12 19
0Z ON w001 SulAIp ur wa)SAS UOIR[IUIA 2} Suruedd ‘ojel

A[qiuoy Q0UBURJUIRIA | MO[J I1B 3y} Sunjodyd ‘1omo[q 2y} Surued]d ‘romo[q 2y} uondadsuy 0z 09
07 ON w001 SurAIp ur wa)sAs UOne[IuUIA oy} Suruedd ‘vjel

Aqpuon Q0UBURJUIRIA | MO[J JIB JY) Sunjoayd ‘1omo[q 2y} Surued]d ‘1omo[q 2y} uonsadsuy 0z 6S
0Z ON wool SuIAIp Ul W)SAS UOIR[IUIA Y} Surtued[d ‘ojel

ATquo Q0UBUIUIBIA] | MO[J JIe JY) Fupjoayo “Iamo[q 9y} Juruedd ‘Jomo[q 2y uonoadsug 0z 8¢S




186

$T°'ON woo1 SurkIp up wojsAs uope[uaA oy} Suruedpd ‘ajer

Aqruon QOUBUSJUIBIA | MO[J IIe 9y} SuDjaayd “1omo[q 9y} Surued]d ‘1omo[q oy uonoadsu] v L
$Z ON Wo01 SUTAIp Ul WSJSAS UONR[IIUIA 1) Sutues[d ‘o)l

Aqruoy QOUBUUIBIA | MO[J ITe 9} SuDjdayd “1omo[q ) Suruea]o 1omo[q oy} uondadsuy $T IL
$Z°ON w001 SurAIp ur wa)sAS uone[IjuaA Y} wa_ﬁo_o ‘ore1

Aquopy QOUBUDIUIRA] | MO[J JIe JY) Fun{ooyd ‘1amojq 2y Surued[d ‘1omoyq ay) uonosadsuy ¥ 0L
€Z'ON Woo1 SuIAIp ur WId)SAS uone[HuaA 9y} Surueapd ‘ol

Aqruon Q0UBUIUIBIAl | MO} JIe 3y} Sunjooyd ‘1omo[q oY) Jurues]d “Jomo[q oy} uonoadsuy € 69
€Z'ON w001 SulAIp ur walsAs uonenuaA ay} Suruedpd vel

Ajquopy QOUBUJUIBIA | MO[J 118 3y} Sunjosyd ‘1omo[q Y} Surues]d ‘romo[q ay) uonosadsuy €T 89




187

BIOGRAPHY

Pachara Laoaraya was born in Phrae, Thailand, 1980. He graduated from
Sirindhorn International Institute of Technology, Thammasat University, Thailand in
2002 with a Bachelor’s degree in Industrial Engineering. He continues his study in
Engineering Business Management for Master’s Degree at Regional Centre for
Manufacturing Systems Engineering, Chulalongkorn University (TH) and University
of Warwick (UK).



	References
	Appendix
	Vita

