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Abstract

The hesitation phenomena occur while the molten plastic flows into a cavity with variable thickness. When
the molten plastic entering a cavity is filling a thin section and a thick section, the flow velocity of the molten
plastic in each area is different, resulting in the flow position difference (FPD). When the flow hesitation
happens, defects will occur on the part surface, such as weld line, air trap and short shot, etc. Therefore, the
objective of this study was to present solutions for reducing the occurrence of hesitation phenomena by
using various thickness design with difference thickness ratio (THK ratio) and injection speed to control the
flow hesitation phenomena. Seven basic testing models with different THK ratio (1.2, 1.4, 1.6, 1.8, 2.0, 2.2 and
2.4) combine with different injection speeds were used for simulating. Through the simulation, different flow
hesitation level (Flow Position Difference, FPD) could be computed. The engineering plastic material ABS was
applied for the simulation testing to build up the database and produce the design guidelines. Eventually, the
results of this study were used to solve the weld line issue caused by flow hesitation on the actual molding
part. The study result showed that the THK ratio design was the main effect for the final FPD. The injection
speed was a key parameter to reduce the FPD with different THK ratio. In the max THK ratio 2.4 design case,
the FPD could be reduced by 70% (from 156.23 mm to 46.56 mm) by speed control. For the actual molding
case of the motorcycle part, the serious weld line defect could be reduced about 69% by speed control
solutions.

Keywords: flow hesitation, injection molding simulation, flow position difference, various part thickness design.

1. Introduction

The injection molding is the most popular
process in the plastic parts manufacturing industry,
especially the automotive parts manufacturing
industry due to the high production rate and the
ability to produce complex parts precisely [1]. For
the parts of automotive, the surface quality is
always important. Even the part’s surface needs to
paint, a good surface quality still can improve the

yield rate for the painting process.

The flow hesitation is a surface defect that
results from the stagnation of polymer melt flow
over a thin-sectioned area or an area of abrupt
When the flow hesitation

happens, it will occur the defect on the part

thickness variation.

surface, such as weld line (Fig. 1a) [2-3] and short
shot, flow unbalanced or hesitation mark (Fig. 1b).
Therefore, a lot of research attempts to study the
flow hesitation [4] to find ways to limit or reduce

this situation.

doi: 10.14456/rmutleng}.2019.7
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The the

Moldex3D, collects data of analyzing and solving

team of simulation  software,
injection problems that occur in the industry. The
flow hesitation is one of the case studies, the result
shows the flow hesitation can be eliminated [5] by
changing the gate position. The other found that
when increasing the width and thickness of
microfeatures can reduce the flow hesitation [6]
and another research shows the injection speed

and the injection pressure are the key factors

~
(b)

Fig. 1. The flow hesitation cause (a) weld line and
(b) short shot, flow unbalanced or hesitation mark
affecting the flow hesitation [7]. Combining these
research findings, we can find that there are many
reasons for the hesitation of the flow. However,
they have one thing in common. In the hesitant
area, the viscosity of the plastic will be significantly
different due to the unbalanced flow rate.

In this study, we focused on two key factors,
injection speed and part thickness ratio (THK ratio),
which both helped to reduce the difference in flow
viscosity. By using simulation to find out the
relationship between the injection speed and the
different THK ratios. Then, develop a guideline to
address the shortcomings caused by hesitation,

especially automotive parts.

2. Principal of viscosity relative to shear rate
The flow of molten plastic in injection molding
filling is driven by the pressure that overcomes the
melt resistance to flow also known as “Viscosity”. A
high viscosity will increase the flow resistance.
Viscosity is expressed as the ratio of shear stress to
the shear rate [8], as shown in (1)
n=— (0
e
where 77 is viscosity, T is shear stress and ¥ is
shear rate.
the

Newtonian fluid. Therefore, viscosities are a function

In general, the molten plastic used in

injection  molding process is usually non-

of the shear rate. When the shear rate is increased,

the viscosity decreases. As shown in Fig. 2.

A

Viscosity (77)

Shear rate ()

Fig. 2. The relationship of viscosity to shear rate.

= E

]
Z / Velocity Shear rate

profile distribution

Velocity — Shear rate

profile  distribution

Fig. 3. The flow behaviour and related features

regarding the variation of the thickness in filling stage

From (1), when considering shear rate found
that the shear rate is the relationship between the
velocity of flow and the depth of the flow channel,
which is in the form of velocity gradient, as shown
in (2). Therefore, changing the geometry, such as
the depth of the flow channel or the velocity of

flow, significant affecting viscosity [9].

T 4 avuil 2 nsngreu - SuatAu 2562
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. dv

= 2
14 dy 2

where V is the velocity of flow and Y is the
depth of the flow channel. The relationship of the
depth of the flow channel, velocity of flow, shear
rate and viscosity can be explained as shown in
Fig. 3, the higher depth of the flow channel leads
to lower flow resistance (viscosity decrease) due to
shear rate is higher, which results in easier flow of
the molten plastic (velocity of flow increase). On
the other hand, when the lower depth of the flow
channel leads to higher flow resistance due to the
shear rate is lower, which results in difficult flow of
the molten plastic [10].

As described above, it was found that the
thickness and flow velocity were the most
important factors affecting the flow of molten
plastic. Therefore, this study focuses on the
thickness and flow velocity and specifies that these
two variables are the initial parameters to control
the flow hesitation or reduce the occurrence of

flow position difference (FPD).

3. Experimental Works

The model of part used for the flow simulation
in this
different thicknesses, the sides are thicker than the

research has been designed to have

middle as shown in Fig. 4, by creating 7 part model

showing details as shown in Table 1. Then choose

Thick space

Thin space
| |

m
[ —= - |

Fig. 4. The shape of part model for simulation

2 types of mesh to create the part model
(triangular prism and tetrahedral) and set the mesh
size to 1 mm as shown in Fig. 5.

Table 1. Details of model size of part for flow

simulation.
No. Width | Length | Thickness (mm) THK
(mm) | (mm) | Thick | Thin Ratio
Model 1 180 210 3.6 3.0 1.2
Model 2 180 210 4.2 3.0 1.4
Model 3 180 210 4.8 3.0 1.6
Model 4 180 210 5.4 3.0 1.8
Model 5 180 210 6.0 3.0 2.0
Model 6 180 210 6.6 3.0 2.2
Model 7 180 210 7.2 3.0 24

Fig. 5. Mesh type for used that A) Triangular prism
and B) Tetrahedral

mm EPD = 40.93 mm

Injection speed 20%

Injection speed 10%

Fig. 6. Example for flow simulation result and measurement
of flow position difference of the model 4 (THK ratio 1.8) at
injection speed 10% and 20%

0 4 @il 2 nsngrau - Suatau 2562
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Table 2. Measurement results of flow distance difference from simulation of all 7 models at different injection

speeds
No. THK Flow Position Difference, FPD (mm)
Ratio Injection Speed

10% 20% 30% 40% 50% 60% 70% 80% 90%
Model 1 1.2 18.75 10.94 9.38 9.37 9.38 9.37 9.37 9.38 9.06
Model 2 1.4 26.87 23.12 21.25 19.37 18.75 18.07 17.50 17.19 16.87
Model 3 1.6 41.24 31.25 28.12 26.56 25.00 24.06 24.06 23.75 23.44
Model 4 1.8 55.30 40.93 36.56 34.06 32.18 31.25 30.31 30.00 29.37
Model 5 2.0 88.43 52.81 45.62 42.18 39.68 38.24 36.24 35.93 35.31
Model 6 2.2 121.24 64.68 54.37 49.06 45.93 44.06 42.81 41.87 40.62
Model 7 24 156.23 82.18 65.62 58.43 54.37 51.87 49.37 47.49 46.56

Determining the boundary conditions for the flow

simulation, the polymer material used is ABS 1;2
(Acrylonitrile Butadiene Styrene), the melt temperature
is 210 °C and the mold temperature is 60 °C, then 150
injection speed setting is 10%, 20%, 30%, 409%, 140
50%,60%, 70%, 80% and 90% of the maximum 130
injection speed of the injection molding machine. 120

Then simulate the flow of molten plastic of all /g 110
7 part models at various injection speeds as shown é 100
in Fig. 6. In order to explain the flow results of the \L:j
difference THK ratio, we define the Flow Position % %0
Difference, FPD. The FPD is the distance between %E 80
the hesitation areas to the end of the flow. 5 10

g 60

4. Results and Discussion 5 50

Table 2 shows the results of the simulation of . 20
flow hesitation phenomena by measuring FPD that
occurs under difference THK ratio with various %0
injection speed. Then make a relationship graph 20
between the FPD and injection speed at the 7 10
difference THK ratio as shown in Fig. 7. From the graph 0
shows that the relationship between thickness ratio 0 10 20 30 40 50 60 70 80 90 100
and injection speed has a significant effect on FPD Injection Speed (%)
formation. We can find that the higher THK ratio @—THKRatio 1.2  ——THK Ratio 1.4
design will get higher FPD. In particular, at the - THK Ratio 1.6 —W¥~THK Ratio 1.8
injection speed 10% (with very low speed), the @ THK Ratio 20 @ THK Ratio 2.2

W— THK Ratio 2.4

increase of the FPD is very serious (from 18.75 ] )
Fig. 7. Comparison of measurement results of flow

mm at the THK ratio 1.2 to 156.23 mm at the
THK ratio 2 .4 ). When the injection speed
increases, the FPD value decreases. In particular,
the injection speed to 20% and 30%, the FPD will

- Uil 4 avud 2 nsngrAx - 5U21As 2562
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Fig. 8. The thickness of the edge of an actual case study about 6.3 mm and the thickness of the

Thickness 6.3 mm

middle of the parts about 3.2 mm

FPD = 62.2 mm

Original (Low injection speed, 30%)

FPD = 53.4

After (High injection speed, 60%)

Fig. 9. Case study for reducing the FPD for auto part by injection speed control, the FPD can be
reduced by 14.15% (from 62.2 mm to 53.4 mm)

Original (weld line length is 23.38 mm)

After improvement (weld line length is 7.23 mm)

Fig. 10. The weld line that occurs on surface of the parts before and after the improvement

decrease rapidly. If we keep increasing the injection
speed, we can see the FPD will tend to steadily
decrease until the reduction of FPD values is
beginning to stabilize at the injection speed by 70%
to 90%. In a high THK ratio design case such as 2.0,
2.2 and 2.4 (the max THK ratio), the FPD can be
reduced around 60% (from 88.43 mm to 35.31
mm), 66% (from 121.24 mm to 40.62 mm) and 70%
(from 156.23 mm to 46.56 mm) respectively by
controlling the injection speed to increase. On the
other hand, in a low THK ratio design case such as
1.2 (the lowest THK ratio) and 1.4, the flow
hesitation is not clear causes the FPD is very small.

Therefore, the injection speed control affects less

the FPD. From explaining the results of the
experiment show that the thickness ratio is
important to cause the FPD or hesitation
phenomenon. Meanwhile, injection speed control is
the best solution for solving this issue.

This database and study results can be applied
for solving of the weld line defect in the real
molding part. By using the motorcycle’s fender part
for an actual case study which the edge of the
parts is thicker than the middle of the parts as
shown in Fig. 8. The solution is increasing the
injection speed (from 30% to 60%), we can get the
FPD has been improved from 62.2 mm to 53.4 mm

(14% improvement) as shown in Fig. 9. As a result,

Ui 4 avuii 2 nangreu - SuarAu 2562
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the weld line length on the part surface can be
reduced by 69% (from 23.38 mm to 7.23 mm), as

shown in Figure 10.

5. Conclusions

Different part thickness designs are a common
cause of plastic flow hesitation and many molding
problems. In this study, the basic shape part design
has been used to obtain a THK ratio (Thickness
ratio) relative to the FPD (Flow Position Difference)
the

experimental results, the THK ratio is the main

database. According to simulation and
influence of the final FPD, and the injection speed
is a key parameter for reducing the THK ratio of
FPD. As with the maximum THK design of 2.4, FPD
can be reduced by approximately 70% (from 156.23
mm to 46.56 mm) by speed control. Finally, the
actual forming box for the motorcycle parts.
Through the speed control solution, severe weld
defects on the surface of the part can be improved,
and the FPD can be reduced by 14% (from 62.2
mm to 53.4 mm). This results in a 69% reduction in
the weld length of the part surface (from 23.38 mm

to 7.23 mm).
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Abstract

The objective of this research is to develop and improve the maintenance system of latex gloves
manufacturing.The computerized maintenance management system has been developed in Python to collect
and manage the maintenance information in the database which consists of the employee profile, the
machinery and the spare parts. In addition, the database program can help search the maintenance records
more quickly and conveniently. Based on the results of this study, it was found that the maintenance time of
the new system decreased from the existing system 1,140 seconds to 64 seconds, or reduced by 94.39%, which
leads to higher efficiency of maintenance management system.

Keywords: database program, reduced working time, maintenance management system.
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Abstract

The main objective of this study was to utilise iron ore tailing from Phu-Ang source, Loei as a laterite
colour. It was used to substitute the fine aggregate with -30+200 Mesh sieved size. It was found that the
colour in CIE L*a*b* colour system was nearly identical to the natural laterite from Li source, Lamphun.
With this, iron ore tailing could be replaced fine aggregate in the forms of a natural red colour as compared
to a laterite colour. Besides, the labor cost could be saved, shortly white-wash time, and cheap material
cost. However, the disadvantages were the high density mixture, ore resource distance, and the colour
changing caused by the oxidized time in the ambient air.

Keywords: laterite, iron ore, iron tailing, fine aggregate.
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Abstract

The aim of this research was to design and create the soil shredder for brick blocks manufacturing. The soil
shredder was designed with 1,020 mm of width, 760 mm of length and 1,950 mm of height by using 3
horsepower motor for power. Moreover, the machine could be adjusted soil release drawer in 2 levels. The
capacity test results showed the import rate of laterite soil affects the resolution of laterite soil in 2 levels of
soil discharge during 1 min. The best import rate was the soil discharge channel of level 2, size 300 cm” with
21.0 kg/min. According to the revolution lateritic soil test, the ratio between the soil that could be used to
produce brick blocks and the soil that was not used in the production of brick blocks was 80 : 20. However,
the soil releasing channel in level 1 of size 150 cm? displayed the maximum value of the soil for brick blocks
production with 85.4 : 14.6 kg ratio.

Keywords: mashed soil, lateritic soil, brick blocks.
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11) waznaly Switch Stop LilevgansaUYes
NoLmes

12) nA Switch Emergency \iiadnnszualnih

13) nA Switch Breaker agnwulwindnueinesas

14) panUanlw

5. Wevmuduney 17 Boudesuds inisudy
Fulondudnuestesdassiulfnuizaufusideves
wSasgeRu FeUSUls 2 sEdu Ao sEaufl 1 une 150
AITINTURIAT 1A SEFUT 2 V1R 300 MIIUTURIAT
Fauanagud 10

Q) ()
JUT 10 syiudesddesiiu (n) seaui 1 (V) seaui 2
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UM 11 nsesdegfiumawinnsees

6. Wathauaslureilaesfiunal wIeafazyinnig
dogRunlaadl
7. AUNENUNITERYINNLATDILDEAUILHIUNLLATIN

= a a % q"
HTUINVDIZATHATIVUIN 6 UAaLUNT ﬂ\‘lLLﬁﬂﬂEUW 12

yAU

JUN 12

ATUNTIVOUATBILD

8. Aufldunisdosainiaiecdesiuazinaiy
uansefu faguil 13 (n) Wuduidaldldiueiesdos
Auagiinuneu wasiduteudusuialng dHudglu
o dmiuguil 13 (n) tudufuiiiueiesdesfiuasd
ANAELEANINAIN

9. fufiirunistesanniesdesiu feshuntou
Tunzunse 3 fadwnsanade evinisuenfufuiiugs
Urluftug diafunisseuiuduaslfiaiesdaruniy
Wevhnnswenusudiu é’ummgﬂﬁ 14

o
3y oot
QN PO T A

(n) )
JUT 13 msiSeuiieudu (n) neudiaTesdosiu uag
(v) niadieTegesiiu

Funuglu

JUN 15 Auiun13TouNATeAnvUIARY (n) AU
ansahlundmdudgudonuszauls waz (v) Audlsl
awsahlundndudgudondszaule

10. fufin1uni1ssouaINLATeIRAvUIARYAIN
AZINTT 3 UAdLUAT ﬁm;sﬂﬁ 15 () Jupufianansesily
nandudguionuszanld dmiusud 15 (@) Huiuddl
yunalugiuayliansathlundndudgudenyszals

4. Nan15IY
MNNNseRNLUULATATIaAS I BB AN
naFoUANTINUEYaLATadgasfU Inun1sthAugnian
NAFDUMANTIAULVOASRIREAY 2 EnunizAD N3
NAFDUNIEATINITUNLIVBAUGNTI Uagn1snAaDy
mmazLﬁEJmJ'eNLﬁaﬁuqﬂ%’qﬁﬁmwémﬁgué‘aﬂﬂizam
16 18ns1anuiEiseud 2:1 (700 rpm) raugazunsed
W09 6 faBlans Fallnanismnasdel
4.1 MsNAaeUnIenTINITUNTIVEINUGNII
dasmstiidvesiugnialaesiutesUdosiiuil
AUATIE X AUYTD 2 S¥AU AR 150 Wag 300 1519
WwUAAS HANTNARBULARSINSET 1 NUIRsINs
dndfugnisveuniesgosiulnertutesUdosi 2
seeu Tusgudl 1 vua 150 maaeuens T6sasms
viihAugninedsedil 15.8 Alandu/uit lusgduil 2
1A 300 AFNBUALAST LadnInsdudIAugnTs
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A15199 1 NANINAFRUERIINTUN Li’hﬁug N3

ansnisdndnfugns
AIAUAZIDEN (Alansu/aunil)
valanugnis
150 300
A 1 15.6 214
s 2 16.6 20.6
R E 14.6 212
adait a 16.4 208
adait 5 158 212
Aade
o - 15.8 21.0
(Mansw/und)

4.2 msmameuRazideaTenilofugnis

SnsrdwAuildlunisndndgudenuszaiuls :
duildlunswandgudenyszarulald uanadiniang
7t 2 wuhdnsdrwduildlunimdndguienuszaiu
1% Auiildlunisudndguienuszaulald vesdud
WiudesUaesAu Tusedudl 1 auia 150 n131
wufng 1fduildlunisnandguienyszaiuld -
fuildlunisudndgudendszaulaildadooyd
85.4 : 14.6 Alandu lusedudl 2 aura 300 #1379
wufng 1fauildlunisnandguienyszaiuld -
fuildlunisndndgudonuszaulale 1odoeyd
83.6 : 16.4 Alansu dnwazIIAUfaULAT ALY
\A30sdeBdu uanwdsguil 16

M15199 2 wanlInedeuAIINazidenveliany
ansaignsidrufudaiuisatdinindndguden
Uszaruld : Audildlunswdndgudonysyauldle

, - YuIntesUavsAU
ANAUASLDUN -
& o (ANF19LDURALUAT)
VILUDAUANTIY
v 150 300
Ased 1 86:14 83:17
aai 2 84:16 83:17
RYE 87:13 84:16
aii a 86:14 84:16
it 5 84:16 84:16
Aade
i 85.4:14.6 83.6:16.4
(Alansu)

g2 1

—i-qaun 2

=SauasEn Ttunse@ARagusonUs A le

2 3 4 5 &
£ £
AnnuASIHHINSHaREe (A51)

JUT 16 Sevazduiililunisndndguionyszaula

4.3 gnInIsAININTDYALUAYAURAE
4.3.1 Arso8az

f

P = —x100 (1)
N

Wa P WU ASeuay
fwny anudfsesnswlasidudesay

N WU I1UIUANUDNIVUA
4.3.2 Auadg
X > X

Wi X unuaadgy
TX  UWNURATINYDIALHULTIILALUNGY
N unudwiuezkuulungy

5. afiUTEkHa
MsmaasUSnTINMsitveshiugniiiinadeniny
am%mmauﬁaﬁuqﬂ%’q wuiludosuaseduseiuil 1
YA 150 msuimng Wdnsnsidifugnaes
niesUdesuseiuT 2 fifluuin 300 MITURLAS
uinuIdsnsraduugnieivnlulfluniswandguden
Usgaulfuinnin Ao A1ladegeds 85.4 Alandy
ilesannvesudesurnadniiiliaunsadesiuldetng
H19 Vil AidoRugniifianuasiBengs wanzaudty
nsihlundndguaenyszanu

6. d3U

n1300nKUULATASIIAS B oA uTvuInAIY
A7119 1,020 Jadiuns ANe13 760 Tadluns wazaIw
g4 1,950 fadiuns 31nn1svedeundnsin1sindnfu
gnis wami‘mﬂaa‘ué“mﬂmﬁiwL%’]ﬁuqﬂ%“wmm%ﬂsjaﬂ
fu lnerudealasedy 2 syau Tullal 1 Uil negeu
$u 5 da Tnedanassed

T 4 avvil 2 nsngreu - Suatau 2562



M5FITIAINTIUAIANS U1 TN raginaluladsrvanaa iyl g'

RMUTL. Eng. J

seAufl 1 vu1e 150 A191aiwuRiung I 15.8
Alan3u/wi
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e 19U 150 msrauiuns 16 85.4 ¢ 14.6
Alansu

sAUT 2 Yunm 300 mMsauRLes 16 83.6 ¢ 16.4
Alansu

nnsnadeusasulain samnisidvesiugnis
fullnaroruasiBemonienugnis Inslutesdosfiu
53UT 1 010 150 MaeuRmsTals 15.8 Alansa/andi
fudusnnmaindfiddan Teldsamdiu Augnied
thililumssandgudenyssanlsl 1 85.4 - 14.6 Alandy

7. inAnssudszne
VDUBUAMANUTIYTIFINTTNNAVNS aATAENS
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qwmaauﬂnwmwa‘h’f&ﬂﬁwﬁuﬂwa‘mmLuﬁm way aﬁﬁwﬁuméumimmsﬁ’] Lﬂumi%’ﬂmm’mLaﬁaﬁuﬁwmﬁqaﬁ
muuma‘ummmLmaﬂmmnﬂgnsma sUouiifindulneflarsseduie thiuuidy Inunadeulonsonles uazi
nfuieuifisudiauadesdna (Mechanical stability time; MST) maqmmﬂﬁss:wmmwiﬂuaumuumamm
2 il ﬂumsmﬂfziauimmawmmiaal,amLﬂuaﬁﬁﬂmmwmaasﬁ ImwﬂﬂmmmwnmmmLaaaim 0.10, 0.25
way 0.40 mumamammm 100 d1u (phr) wuimstdanssnwauatiosd 0.40 phr Whiensdiiaanaadies
\Bsnasnnilan IG]‘EJV]E#‘LJJIWLLWﬁLﬁ?JEJiJIE)aLEJGISLMﬂ’Iﬂ’J’mLﬁﬂ‘c’J‘ileNﬂaﬁjﬂ‘VlEjfﬂ (MST: 41nA11 3,600 3u#l) sosasuleaunn
ayihiuuduainuda (MST: 3,110 Junf) uazayaininduurduinganisén (MST: 2,190 Furil) augdu dlevh
‘5’1&mﬁﬁmﬁlﬂﬁugﬂLﬁuwémﬁ’m%ﬂiﬂaé’wﬂszmumﬂwmjm wudndleriuuTunamssnvinuaiosvivlile
NARSUITITAIUNUIANET kA nsldaylnunageulodfionluyuTuia 0.40 phr aeldndasuafiinnununlndifes

AUNAAAINTIIMUIEAIUTBINAINUINTEA

v
°

ANFIA UNP95ITUVIR @155NYIANLLEDYS UnsuUAY Inunadeuledes ANuLEtysaena

v

Abstract

In this research, palm kernel oil soap and commercial palm oil soap were used as stabilizers for natural
rubber latex. Palm oil soaps were prepared by sponification reaction. Ingredients of sponification reaction
were palm oil, potassium hydroxide and water. Mechanical stability time (MST) of palm oil soap-stabilized
natural rubber latex was compared with potassium oleate soap-stabilized natural rubber latex. The
contents of stabilizers were varied at 0.10, 0.25 and 0.40 phr. It was found that 0.40 phr of stabilizers gave
the highest MST. Potassium oleate soap showed the highest MST (> 3,600 seconds) followed by palm
kernel oil soap (3,110 seconds) and commercial palm oil soap (2,190 seconds), respectively. Natural rubber
product (Balloon) was also prepared by dip-molding process. The thickness of dip-molding product
decreased with an increase of stabilizer concentration. The 0.40 phr of oleate soap-stabilized natural
rubber latex gave the product having thickness comparable with the commercial product.

Keywords: natural rubber latex, stabilizer, palm oil, potassium oleate, mechanical stability time.
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1. Ui

mmLaﬁ85LSTNﬂaLﬂuauﬁ’ﬁﬁﬁﬁzyﬁuamfwsmﬁl,t,am
femuannsalunsasinveniens Tnglidsaninly
FENINNTEVIUNITAN 9 [1] LY Tunsvinienstu 8
Faainistiniens uavvudreiens suddutuney
neenstuaseiiigesdinisniu vieludumeunisty
sUtheradundadus Srufeinsmisnaniieades
wiu Tunsndandndueiendlaenseuiuniskuugy (Dip-
molding process) faainn1snautiesnasaiaaiie
Josfutrersdudnduthiiionda deiudday
dndudoafnansSnwininuaiies (Stabilizer) Tun
1hene ansdnwanuiaiesiiduszansamareayves
nslosiuiitenld Wud indelnunaden uazuouluifeon
voansaldiy [2] Msiinasinwanuaiosnnayan
nsalufuaiuisaliiiivanuadostiuntiondls
\esaniifiiveseyninensgnieviudaedulusiuded
Uszqau dliAnusndnseninseynaesdsaali
gsaansndnuanmnsiuvesvadlild [3] Feaynsn
Ty Wwulnuna@oulodion wazlnunadouasisn 1y
anssnwanuaisssianisuendian fianunsauand il
Uszqau v'iﬂﬁdauﬁl,mﬂﬁaL?Juﬂizaqaulmmzﬁﬁaauﬂ’m
gsdsnal oy Aenaiiuszaauinndy (4] vilvhenad
anaafiosunu egnlsfnumsliaynsalududuas
Snwmnuatosluthensiu ayninludunszatvegns
U3naRieseyniaes slfanufsivesiensanas
Jedmalderadanosemaldnedu dofudleniens
Tuldvindndusivssiangu oranuiymnisingsald
(5]

drsuundudududnieanisinensiidfyves
Uszindalng arurseanalaainualiay 2 dau lawn
Waenvuneuen thiuiildgnSeniiduanideundy
(Palm oil) waranifeluadn tiufildSenininuain

v
°

WwaaUdx (Palm kernel oil) Faisuldudsznauly
sensalutuladuds waznsalududus Taedinselusu
dnlngfinuluisuuduanadalidulaud nsaassn
nsalusafn nsaU1alAn nsaleladn wavnsaaifesnly
USunuSeuay 41-55, 14-20, 6.5-11,10-23 uag 1.3-3.5
Ay waznselutudulngiinuluisiudaduann
Waenviuneuenlauwn nsaualifin nsnawfiesn nsnleia
8n, nsnaluddn waznsnansnlulsuiusevay 32-59,
1.5-8.0, 27-52, 5-14 wazliifiu 1.2 mudeu [6] aman uag
ANy [7] AN®IN191199AUTENDUTOINY) Tudhsuite
U3lnaiinssumhelulszmelng lagdslasulans i
YBINAIRTIAUAILUVLENAINYUIA Wudlu

driunduavivsinanselesulssana 60,608 ppm
wagisuduusavsinsanisdnaiinng q SUsuansa
lasfusewing 3,962-6,326 ppm aziiuirlurhduddud
psAvsEnauransaluiuey Feduisauisatheiiy
Uraunwnsenlviegluglvesaynsnladuliainugisen
azUaudliliaty (Saponification) Ingn15vinufaseniu
ane loun Inunaeulansenla (KOH)
mideiiTauladnunisldaynsalutuilindos
Mnthfudunndiuvesuda waraynanluiufiniou
Mnthifuudunsansianldidumsnvanuades
Tns@nvinavesuIumuayanthiulidudodinai
adondana suiaUisudsuiunsléayinunaidesle
Aion 2ntunanostusUins1stenEULNILUUTY
efnyidnvurvondndasinldannistugudae
gsiltansinuanaadosinsviaiu

2. N5 NTEUNISIVY
2.1 mswienaynsalosuainbsiugsu

1) p3dUsznoudmiumanTesayantituldu
TauA dsfuundu Tnunadeulonsenles (KOH) waviin
TusAtedlddsiuidunin 2 unaslunandouay
Tun dhuunduanudnnds (UsEnundunnied) was
dsfulrduinsanisan siamsuduleadundeinfy
MnLioUdu (Uisusnadudanid $iia) Tngnslums
Lm%mgmmfwﬂumém Fapnsnedi 1

A1599 1 gasniswseuayanuidulndy

Usuad (n3u)
oufiUsznau sfuungda Ysfuungdu
AMNUAR NSANNIA
dhshuthda 100.00 100.00
Tnunadeslansenlon 20.60 19.80
ih 27.40 26.33

Tunsarwrmdsualnunadeulansonlan
(KOH) AldsioamsruAragUauiliiiadu (Saponification
value) eanunsarilaainaunisi 1

Saponification value (S.V.) = (56.1 x NV)/W (1)

dlo N Ao pududuresnsmnde, N
V e Bunesvesnsanaedalunsinmse, (m?)
W A thviinuasinsiuiild, (9)
Mt unasnalnuagoulansenlas (KOH)
I§anaunsi 2 dsil

KOH (g) = S.V. x twsnisiulduitld (o) (2)
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Funsuisunaifldlunisazaelnuwnadeulansanlon
mlAanaun1sn 3 sadl

Water (g) = (KOH x 2.33) - KOH (3)

1o KOH Ao YSualnunaideulansonleni
mwalldarnaunisi 2
2) %u’umaumim%‘smaiﬁimﬂﬂiﬂlﬁuﬁumémﬁa wen
drunauoenfuastdiu Tnoudainduluassdu
Wity daudl 1 Aethsuunduuavinndu duit 2 fie 1
ndunazinunaidoulonsonles Yruaniuls
Tnunadeulonsenlosazarsaudfiu fouieosdau
iy feidlifgumgiventune 12 dalu ay
é’aLLamgUﬁ 1

(n) ()

U7 1 ayuhduuidy (n) 9nwdedndu (o) antiiiu
UdunIANITAN

3) WawwSsuayaniniuuidulaud vag
Y v d A % A o &
uduvesaymiseulianaunisi 4 dssieluil

A+B

—  — %100 (4)
A+B+C

AATNTUEY (%) =
Geo A fe dndnvesindulidy (nsu)
B Ao umiinvedlnwwna@oulansenlan (n5v)

C fe Wminves (n5Y)

4) Wensuanuiduduiuiueuudnhayliile
emeililaanududu 10% laeldaunisi 5

CV,=CV, (5)

dle  C, e mnudntuvesayfwiseuld, (%)

C, fie Amnuutuvesaynenis, (%)

V, fe Ysumsvesayiwseuld, (cm’)
V, fie Usinasvesayianududu 10%, (cm?)

2.2 ANWINaYesYilna s snyIAMaRgs (Stabilizer) o
AmuEie T Tinaveniien

NS INssuTisuAALEEe s anaves
ihesiildayinduindunnmdn aydisuundunse
n3fn wazaymansiidenld liun uvadeslodion
Tnefidunounseluanusel

1) wssnieHauasLAdingn LRI
2 Tnefiansiadisng 9 ﬁi‘ﬂug_jmé’m@ammnqmﬁwem
wanaaddSunEn ATt uzUf N sTUIUNTLUY
Rlasismsldasteensiui (8] wWisuisunsld
ans¥nwaraafieninen 3 olin WWud aylwunadenle
Alem ayindfutduainude wazayiiuuidunge
mseiassulalutide 2.1 wsusuadildde 0.10,
0.25 way 0.40 phr

2) g1 aNa@SATRNUA1S199 2 VunelAa

a v I~ <& 1 o
gaumniiviesluszeriia 72 Halus neuwiluneaeu
AULEDYTLTINAVBIUNY1Y LAENAABUNILIAINUNES
Sudsaninduddusiansnatenddlasunsamiana
(Mechanical stability time; MST)

15199 2 gesthenswanasiadildlunimaass

dvinusie

29AUTENAY (phr)
60% 1ensdu 100.00
10% Inunadesulonsanlan 0.50
10% a@nsSnwANuanes 0.10, 0.25, 0.40
50% Mgty (@13A93U) 0.50
50% LUARDT (155139) 0.75
50% Ffuoa (@15vasiugrauden) 1.00
50% Bsedenlen (a1snsedu) 1.00

Tngddunaun1snaaaual MST sasaluil

. tmenaivamdagBina 100 ndu ldadutnnes

v, Feanshensliiivunavesudatmun 55%
prvanTazatsoNliluiutu 1.6%

A. guihendlildgamgl 36 &1 37°C dogunsal
Tipusou

1. nseshenssuiunsomdandimintiens
TilaUsnna 80.0 N3 + 0.5 n3u
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3. Yihenddaslunvuzdmiunsgoudin
w@desienacendes MST (é’fagﬂﬁ 2)

2. Uaaindiades nieuniutiens Budunadly
nsnedevaudunntsasudusidudingn q ade
Wandn anfildfedl MST AldUsvanaInuLaies
\Benaveaingns

o

JUN 2 esesinArAnuatiesidang (MST)

2.3 Anvimavesvinarsinwinuaieslunisiugy
HAn 0T
iielTsuiiisunaveansldansnunuiatiosii

ssriinfuiindonldnugaslumaed 2 wmeaesiugy
Duwdfasiuuuiuuszangnits Inedduneunisda
anlts feil

1) Yuvuiiuifiglazorauazoului gulu
arsteduiinilagld 20% uaaideunaslss quidu
eIl 10 Junil

2) thuvufissifguansteduiaindlueuliuis
v 4 Aeuiluguluhensnauansied Tneguluiens
Juszezioan 1 undl

3) thuuvfinsifguiiensdeuiesuda lueud
gaumQil 70 °C weAsu 3 w19l vinsiiuveugnlds
niinsoUre UL

1) Sumeugaienangnitheananiunilngld
wisiadudustiendedulunmsneagnltsesnanniin
A

Mnduinisiaaianunuivesgnldedild e

i3osiannunuilulasinosvdaudunay siinisin
AR 3 suss T drudiuuy daunang
wazdiuanwosgnlts uazthaumuniidaldainia 3
Fuvsmiede wagsisnunaiuaedsnnnisia
grldetanun 3 Tusiogramannass Wisuifioudnuue

nenennvesgnllailannnislidansinwanuatios
esiaiu lawn sessivesgnlds uazanuatniaue
UBNERRGIRIN

3. Nan159guazenuIe
3.1 ANWINAYNYIAF 155N 1A NN THOAIAIIN
wadesidanavenhens

AANULENESIT9Na (Mechanical stability time,
MST) nunefls aansadesvesiiendesninanisna
Aranuaiesidenalfuantiivevendennuaies
Y991n81ReNI5IAAEUEY N1AIU N15UL 1TENNS
nsyhnenalaeizou o ﬁ’lmmmﬁﬁm%nﬂaqam%i’l
131smﬁmmmﬁawia@w%wawwﬂaqq Tun19n et
ﬂ"]ﬂ’mmLﬂaEJSL“?NﬂﬁG%’]LLﬂﬂQ’i’]ﬁ’]EJ’N‘U?N‘«)SQQJ}L%EIWJ’]SJ
afssannsaduifudaldiededsagnnenuiy
Svsnaniana lunismeassiildviinismedeu1Aly
adsidenaluinenefildarssneininuaies 3 vin
un ayiduiduanmde ayiifuundunsansd
wazgaylnunaienledion lnguwusuSuiuanssnm
AT suRazyEasad 0.10, 0.25 uas 0.40 phr
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psdUsznovvedlnunadeuafolsnuzduey 99a1n
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Design and Implementation of Ultrasonic Inverter for Use with Drilling Machine
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unarideiiaueniseonuuuuazaiedanileindunefinesdmivldnuimfvaiuwiuag e ldlunsdnw
WisuieudssansninnisnieTanseninmaangleslilddaniletindunisanslaglddaniledn lunmsesnwuuuas
aswdanileinduneswesazlduoamniasidaussiulnii 500 Thavi Aidanszualni 20 wanuwUs Fauiu9s3es
nszuauind uasndeutaseinds nanmadeuadosdanileindunefinesiiaisiuansoduaiusanilsinanud
25 Alatdsnd 40 Alawdsnd 60 Alatdsnd 100 Alatdsnd way 120 Aladsnd Tumasnulniilats 1.1 Aladnd
deusznouiihfuainuuiunzuagade UL Tagfog1e 4 wia TiuA uwiumvdnuun 1 Tefung uiuawauaa
w1 1.5 Jadwns uiweglideuvun 1 Jaduns uwazuiuezasannun 2 fadluns wuil nsianzleglddanileiingy
nhmsanelaglldsanilednits 4 feths naflilunmaasuiuiagiegedesnnieslunmnnie 14sanslein
audl 25 Aladsed 40 Alawdand 60 Aladsnd 100 Alawdand 120 Aladsnd uarlilddanirlatn audiy

AdARY LoanMae Jariavuianaluasgal a3uliwe danslelinduieiines

Abstract

This article presents the design and implementation of ultrasonic inverter for use with a drilling machine, in
order to compare the material penetration efficiency between non-ultrasonic and ultrasonic penetration. In
the design and construction of an ultrasonic inverter, the 500 V 20 A power MOSFET was used in conjunction
with bridge rectifier and switching transformer. The proposed ultrasonic inverter could drive a 25 kHz, 40 kHz,
60 kHz, 100 kHz and 120 kHz ultrasonic wave with electric power up to 1.1 kW. It was assembled into a drilling
machine and tested the penetration with 4 sample materials, 1 mm. steel sheet, 1.5 mm. stainless sheet,
1 mm. aluminum sheet and 2 mm. acrylic sheet. The results showed that ultrasonic penetration was faster
than non-ultrasonic penetration in all types of sample materials. The time spent in drilling from ascending order
was 25 kHz, 40 kHz, 60 kHz, 100 kHz, 120 kHz, and without ultrasonic, respectively.

Keywords: drilling machine, power MOSFET, small and medium enterprises: SMEs, ultrasonic inverter.

1. umin Tavg manaaeunuulivihane 1a3esdaniienid iedes

Tudlagiiu dnnedusandilein (Ultrasonic) 14 Sandorseiuuar Sl wiesdeduduaiasingna
dognaunsnaneislunugnamnssy umanisunng \iosdsdudrnvesgUnsaididnnseding ia3nenay
warldlundaiiou 1y nansvaeusesinTestuIL ansazaneliduitoifioatu uonanidsdinisussondld
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Tumsvrtniidemendusanilefinldde [1] dnvaw
vosndusaniluiinAodunaudnyanilwiharudgaiu
niywdarliiu Aemuifigandn 20 AlaBsnd (Hertz:
Hz) $uly adudanilsdndinuautfmluniaidunisi
Fananedsenaduldiivesuds seanas uie fw Tag
ausraduildluntsdumazunnieiuluusias
fanans gaandAniadnegramiavesndudaniiledn
Aefifiemnafiviuey uazinisdunsdi (2]
MnauantiinaiidailiinsAnuifedie
Uszgninaudanilednlunuanyianediselos 01d
WU Chang [3] laAnwinisuinanniseanitleinluly
Ium‘ilﬁ]’l%ﬁ’ﬁﬂf;hEJ‘c’,i’NG’h‘c’Jé'G]inié’uﬁmeGiNﬁJuwv’j’l
mﬂ%’é’am%ﬂ%ﬁﬂﬂi’wiumimsﬁmmﬁaqw‘iﬂﬁﬁuﬁa
59819121380 TU (Burr size anad) uinatafssieans
Yenenainuarduas snsdendiualddrelunsadis
4779939 (Drive circuit) wazdaduduauiisesdunns
duiieTediann3n (Piezoelectric actuator) Uszaine
400 peaasuALIAT (CANS) awfiufunisiangdieds
Undilaildsansladin raastundusanilednduuuy
Beta (Polarity circuit) fuseiulviiin £100 Taasi (Volt:
V) Home MF [4] l§@nuideiieafunansenuseauany
sUnuusneg lunisiangdagdimaniiu tileains
WUUTIADINIALNAIENTVDINITNEBanI Letind 1Sy
Waululdlunisians fufian1a§ias Chowdhury,
Sharif way Anwar [5] la@nwinisianglanswausia
Ti6AL4V alloys Fa1uTaniignldsueersunsuarsly
1usud wagnsluuazornaudduianiionsdenisda
W12 Sevhnsaastasunufiegdeies Rotary
Ultrasonic Machining (RUM) miwmaammz%umuﬁ
AfmesTivazauaT AR RTINYU LA
Samnsteuazannsoanusaiildlunsianzasld
el fideiumAnlunsthadusanilednug
Frelunisiangdansiudvaiouwiuiaie (Orilling
machine or Drill press) Gﬁuﬂquﬁﬁm%ﬁﬂuﬁmﬂﬁﬂami
lssujURnuruiadndmivnuiamiagusy was

Fa1unavuInnaliLazg oy (Small and Medium
Enterprises: SMEs) $nquszasivdnaeiiiefinBeuiiie
UsgBvBnmnsiang Janshegaserinamsianglagisunad
Lildsansledinfumsansaildsans teindaelunsiany
waziuwuamadlyusuldlusuiamiaguey sauds
Jaminaruanauasgedluowan

mAdeilEvinsesnuuumssanileiindunesines
(Uttrasonic inverter) fiflindsdu 1 Alarng (Watt: W) uaz299s
yaa¥auiiannsauiuld 5 el leun 25
Aladsed 40 Alaldsng 60 Aladsnd 100 Alaldsnd way 120
Aladsnd wieduidnuluioudusdsnududa
TiAudanilalinnsuaiwes (Ultrasonic transducer) 11
winfuasdurnudmalnihgniledeadundsnums
naluguuumsdu idansledndunesiwesdnandisiu
Al U A va UL ulay lnvdndaninlalin
VAR B ITILT UTuULaEY SRR UUSEANE AN
n1519137an 0819 4 vlin TAuA WHUMAN aunuad
9aiiifloy Uag 92ATAA LI WANINAROUNTIATIEN
LU%‘EJ‘ULﬁawizaw%mwmqnmﬁiﬁﬂummmmui’aq
fetnans 4 wiin

2. nufuazisnisaniiuniive
2.1 mseenuvulazasNean i lyinduienges
N1999NLUUIaRIelnduIosLnes wanInae
venlaezunsuluzuil 1 1asinianuiifugunss
meuen viniiadsenudteududuanasudliy
199s9aniletinduneines 1uaﬂu3%’851%ﬁ’zyzgwmﬁaﬁgﬂ
Awdey 5wl Mun 25 Aladsed 40 Aladsnd 60
Aladsnd 100 Alawdsnd wag 120 Alawdsed lunsvageu
nstnzwiuiandied e waslidaniledinvsuaiges
Julvan (Load) imiidi Sundanulniwasudeudu
wdnunalugliuumsdunnuienlnezunsuvesdani
Todinduiesinoflusud 1 diungnisesnuuuasas
Sidnsedinduansiaguil 2 lunsesdaniilaindunedines
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axldlalenu3nd (Bridge diode) DBGA uazduiuyszq CC
vimifiFoalnfiinszuaaduain 220 VAC 13ulwdin
nszuanse 310 VDC uaglifauiulsyq CA uag CB viwmiiil
wiseausesuoanifu +155 VOC Tneilen 1 vesmiiouta
ainda (Switching transformer) TR4 Lﬂuﬁ;rﬂﬂinﬁ RPN
2995 Ineussiulwihinesessauiulsey CA asuusadiy
vangniloulifulaleauind DBGL daunssdulyifiniian
aseuduiulsyy CB uuswivaugnieulifiulealeaused
DBG2

gUnsaid1dyveiasiAensanniids (Power
MOSFET) FET1 wag FET2vimiinilduaindilndadae
amudagavinturdusanilainiidounanidi (npud tite
Ramdsinszualyilesiunduludan 4 Faduvaamndu
Ugug il (Primary col) veaniouvasainda TRa 1Tu
nszwalnilruinuaravaduiuly Tuvaeideaiuunadn
MWMmAE (Secondary coll) vemvilauUas TRe agldsu
idsnilwihannswileni S dyanalnig ndandd
Twfindsannmn 5 waw 8 lUiidummsesn CH1 wag CH2 (nsdl
#osnsldan 2 ve9) Fadugedelvan Usunanszualmii
Fuvnseenaiiueg fumsvhnureseamisida FET1 way
FET2 Tuniseanwuuagimualyivinnuluanisieaiin
(Active mode) mmueulutelui (6]

Vps > Vg =V, >0 (1

W Vo Ao wssiuasu-wese (Drain-Source

voltage) Tunilfmuslivingu 155 lan

Vs Ao ussiunm-gese (Gate-Source
voltage) Tumtiivualivindu 10 Tant
V, fio  uswiugaisudeu (Threshold

voltage) unaidnvazianzves
ypawndonu ey Tuntdnnuue
winifu 2 el [7]

nsauaunszkalnanilutuidsudansiledin
NI1UFRIYeTILUDYAUNTTULALATY (Drain current:
I, ) vewean FETL uag FET2 auaunisseluil (6]
k' W 2
I :ET(VGS =V)*(1+AVys) @
Wo W Ao Aunieussuoaig
L fe ANe10U0su0de
L fo A1 Channel length modulation M wndy
WBIHIU Earty (v, ) voseamin
€
k'=p,Cox = Hnfox ©)

tOX

do  p, Ao mmSmsiedeuiivesdidnaseuly
Channel ¥8338@LN#
Cox f2 AnAuUszguannaeanleys (Gate
oxide) deviefiuiivasuaais
Eox AD ANMEaNUDIRRNlYR
tox AD AMuVWIYetDenlys
dwsuneamaviia N azdia k' Un@windu 200
LAIV? fiaramunveseenlasiviniu 100 Sianseu
naumsi 2 uandliiuinAnssiansuasiueg iy
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NIUAABUANWAUG (Transconductance: J,, ) A9A1NTT
woluil

ol W
— D _ L'
Oy = =K' — (Vgs = V) (1+ V) (4)
N L
Wasrgmsiluldnusesnmsauswulninameeen
g0 1000 Taavl wiiA s uinnAson 1 uae 4 vamsle
wlas TRA fAgaaaiiies 310 1ian Jeosiiuvnainnie
LUAlANILTIAUTY AINENNISEASIEIUNITHUAS
(Transform ratio) sauanasalul

. Vg N
Transform ratio=—>=—*% (5)
V, N,
die Vg fie wssdulidhinuyfegd
V,  #e ussdulihdnuygugd
Ny Ae dnnuseuvesunaniuniu)d

N, fe 91uIuseureunadInsuUgull

nMsmuauANivenasanileindunedneiadly
widsiudamnuiineusndeiivnsdiudn lsaswe-ya
(Push-Pull) Q1 Q2 Q3 uar Q4 InszauLsTITUlNAuAL
12V daruvsionuas TR2 uag TR3 Faviumiiniiuenaie
muRuesnanMAids usstulsiivieniuyend
nvdfeutasisresiiazgnutadiu 10 v & R3 Ra RO uae
R10 dadnvuna tlemuaumsduaindusaoamaing
FET1 uae FET2 wonidudauinuavavaduiul lumsashs
agldunamnningsiuss IRFPA60 903U3 8 Vishay Siliconix
FalliAauseiumsu-wosaintu 500 Taavi wazfifnnszus
WsUAAY 20 wenud$ Mgaumgiivinenuund 25 asen
waua [7] dwasiieansenaaldiues RBV2506D 184
UTYMN EIC Semiconductor Afifinuseau 600 13a91 Aifin
nszua 25 ueud$ [8] iwdesuuuudanilaindunesines
fsznauiaauanfag Uil 3
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Coupling mass

JUN 4 Sanleinnsuadages

2.2 sanlvidnnsmanuves
danilafinnauaiuveslugui 4 \Jugunsaldfty

)
1%

Tunsiuthiiulasedudansledndusiuninadie
Audiie iy %q%v‘imﬁwﬁLﬂuimaﬂiﬁﬁ'mwﬂugﬂﬁ 2
fdaniletinnsiuaniwesusenaumeieledidnnsn
(Piezoelectric) aoawrudssnuiu islasunseualnii
ssdnfanuAnuanla sy winisdnmddldiiidenu
winwe dasliiandmineaiillenvuinnemunzyseny
fuudusfinaesduiondn Coupling mass tiodne
fdsnunasenunlusUvesnisdu
lunnsasredanslafinnsnuaniwesaznealud
aufisTouund (Resonance frequency: f,) Aunrd
Sanslatindiguwieen dsaunisaelud

f :# (6)

" 2nJLC

wWa L As Arenuwiieninisueneanvesdansitetin

a a

duUnSWas (vanduniives TRA)

q U

C #e Annudszyuasdansiladnnauaniees

o

Y
gu

Afudszqesdaniletinruaiamesasiueg
29AUTZNBUVDY Coupling mass Imw'i’ﬂﬂa]ﬂ%aqﬁl,ﬁ
99.5% Fafienanineeu (€,) Wiy 10.3 wazfivun
yuInwes Coupling mass lasaunisseldil [9]

C=¢gp8, A (7)
d

S |

Wie g, Ao anmeaNgyyINAlALYINU 8.85 pF/m

A A Wuinthdnwes Coupling mass 9
Usznuiuiiieledidnyan
d Ao IruER1aUes Coupling mass #1fiu

feiiely BLdnnsn

o

JUN 5 Iasesilaianaasusundudyaudansiledn
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Huaddwdsy (Square pulse) ifdruusznauaes
g15lufln (Harmonic) Aaud19u1n

i 4 avuii 2 nsngreu - SuarAu 2562



RMUTL. Eng. J

2158153AINTIUAIENT Wn1Ingraeinaluladsivuinaauuyl

|

@

o

nrsTanaaauaiuni1stuidsaulida wuqn

5899831 lefinduLesnesnasaluaunsaduniaa

Re

P

nulnilads 1.1 Aladaed (kw) Wenelnansansn
Tadnnsuadnees 25 kHz Sndyaaldiduaiusy
3] (Sinusoidal wave) A3l 25 Alalgsad Liflens
Tuin seilfanunuaindandlednnsuaineosd
Al slenuudasetupnuiniadiuaieenimvun
Falinsmevavsaanizamudiimuuauazlinevaues
anudensludin dauandlugui 11

1=5U 2=100 W 1Dps Trig: 11

'
Ao @ 1%

JUN 6 gundudyaudaniletinanud 25 Aladsed
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Ultrasonic Inverter
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uNAnga

AT TUsrasiitoiulsdvs ammlunssrumsdianssenasvlifundgsiamiagummuinetoumn Tasannauay
audleedlunszusunsdanszenansy dunszuiumsnasnsanansvltusanuaudundn aundnnguandngidulaseny
AnugfATuiimdnnsdesenoudae matda (Eliminate) mssamitu (Combine) Msdalvai (Rearrange) uagmavtiliiing
(Simplify) (ECRS) Tneld S (Simplify) UFutganszuaumavhandiidnetu faemsesnuuugunsallumsannarlunmsinnszenansm
Tngldvdnnisvesnaln ieliingdemsldan mavhgsdnm wanzaufugsiavwadn waeduulunsinadisinans
AL asnannaTluMsAANsgenay ndNneuUulgdliog 6 wiiends (126 wfisie 34 Alansa) wagvaaUTuUse
nsvtaumanszenansn i 0.5 wiinends (10,5 wfl o 34 Alansy) aunseeenalunsings 5.5 wideads (1155wl
#o 30 Alandy) Smansindunuideansafiuussansamlunssuumsianszenamifistudosas 916

AdAg N1sAnwInY nadan1suTuuTe ECRS nszenansy

Abstract

The objective of this project is to reduce the time and fatigue in the process of cutting Krayasart (a type of Thai
dessert) for small enterprises Kanom Thai Ban Tak. Traditionally, this process was done by hand by the
enterprise members, most of which were the elderly people. We applied the ECRS principle by using S (Simpilfy)
to improve work process in designing the equipment, and using the mechanical principle to improve ease of
use and maintenance to make it suitable for small businesses and low cost for the instruction. The result
revealed that Krayasart cutting time was greatly reduced. Before the improvement, it took 6 minutes per piece
(126 minutes per 34 kilogram) whereas after the improvement, the cutting time was 0.5 minutes (10.5 minutes
per 34 kilogram) which showed that after improvement, the equipment was able to reduce cutting time by 5.5
minutes per piece (115.5 minutes per 34 kilogram). As a result, the equipment can increase the efficiency of
the cutting process by 96.1%.

Keywords: work study, ECRS, krayasart.
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1.1 TngUseavd

1. ileUfuussnszuaunsianszeransnlii
nawdamnaguvwvutnetiunn Jaminain

2. \leanianazauilosdilunssuiunis
nanlitungaiamfaguyy vudlvetiuain Jamdanin

3. ilerinuszansnmlunszuaunsdanszen
arsvlinunguiamisgusuunlnediuain Jamdn
1N
1.2 Yszlemiiilasuanauisy

1. anunsadinyszansamlunszuiunisde
nsvenansnbinunguIaniagusuvunlvediuain

2. awnsafislonaaineseldanyiumnis
wanTiiinulsunduiamAagusurusilnedhunn

2. Neuardsn1sniiun1side
2.1 ngufiiigatouazinioslonIsinsrzitiym
UUTUFRUNGUAZHA VTOUNUHTAINYAT (Cause and
effect diagram)

wugduanamvguazng neunuginial uay
vafagendnegnemilei "ununfiddnan’ (shikawa
Diagram) ﬁ’qﬁlﬁaLﬂumﬂﬁtﬁsﬁaudﬁﬁmu’nmuqﬁmﬁm
iHudueuusnlae mansa1sdailesdinii (Professor
Kaoru Ishikawa) Wisumningaslaiie) (The University
of Tokyo) Wie a.a. 1943 Tnondausniu n3.58m30 16
Tunugidlunisedueanuduiusvestiadosineg i
HasenunnlunSHARLAIAINTIINUTENAIIT AdRA
e 911n Ingidiiauenuduiusseniniaveuay
wadnsdmivusziiuiymifionsandedizuineadie
nedan Fadlgdeansendn “unugiinnean” (Fishbone
diagram) d11nannsgIugRavnssuwiadgu (IS) 16
feruarununevesurugduanunauazua 13udu
wrugifiuansmuduiusosadszuussninanai
wiusuUszmsuiafuanimgngg MAeides (1)
2.1.1 wann15 ECRS

wdnn1s ECRS Wundnnisfivszneudie n1sidn
(Eliminate) N15531A YW (Combine) n159alud (Rearrange)
wazn1svialidne (Simplify) ndundnnisine q
ﬁawmiaii’ﬂum‘aL"%'ué]'uammmqmmmw% MUDA adla
\Juedhad

N33R vaneda nsiasansintaulagtuuas
ﬁwmiﬁﬁmmmqmmmﬁgﬂ 7 finulumswaneenly Aens
ARl Msserey mswdeuindeudieilisdu
msvauiildiauseleninsfivaudiiuniull s
wdoulmitlisniu uay veude

MsTwiy dansaannsieuiidsiluaddlag
msfiTsaninansassdunounsvnalianaddvielsl
WU ndeey 5 Juseuismunsduneuddeiu v
T dunouigenianasmniy mswanfazannsarileis,
Funaranmsipdeuiisswinuneuadngay wsedniins
satumeuiy msraeufissmineiuneufianas

mMydalml fe Msdadumeumstaslmiiielianns
wdeuiiftlisndu vie mssenee

Myl wneds Msuudsmsiandlideuee
ey IngeanvazeanwuugUniaidulin (ig/fixture) 11
Faelumsrauiie sy nuasmnuazisuganndu
Feanunsnanvendevadldiudunisannisiadeud Al
Sudusaranmsvinuiilisndu [2]
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2.1.2 ¥anns aM
n3zUIUNITNARveINAn Saueilag Aaildeanun
UoNINFINANS T TIReIN15T597 uaznAndueidrafes
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(Machine), ¥y (Material) 4a¥35n15 (Method) dxa
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