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Abstract

The formability of sheet metal part with smaller radius and prediction of the springback angle size after
forming. It is an important condition in tool design, controlling the bending process and assessing the size and
shape accuracy of high-strength steel sheet finished part. The conditions regarding the rolling direction or
anisotropic value (R) and strain hardening exponent (n) of sheet metal also affected the bendability of sheet
metal which interested. The purpose of this research is determining a fundamental approach to data integration
for evaluating the springback behavior and bendability of high-strength steel sheet by experimental method to
study the effects of anisotropic properties and strain hardening exponents of materials for developed a guideline
for comparative prediction with the effect of bending forces, springback angle size and the bendability due to
changes in surface roughness and damage on the bending surface of sheet metal. The Air-bending tests method
were performed in accordance with ISO 7438 : 2010 at every 15° bending angle from 15° to 75° with high
strength sheet metal material SPFC 980 grade which is widely used as a car component. The experiment results
showed that the bending force varies with the ultimate tensile strength of the material. The size of springback
angle depends on the ultimate tensile strength and total elongation. The bending test specimens on the
transverse rolling direction with higher ultimate tensile strength, that has a higher springback angle. The bending
test on the rolling direction, which has a lower ultimate tensile strength and higher elongation, has a smaller
springback angle. However, the springback angle tends to decrease as the bending angle increases. The
characteristics of bending surface will depend on the nature and direction of the bending force. The bending
surface roughness is increased and the crack size becomes significantly larger and wider as the bending angle

is increased.

Keywords: Sheet metal forming, Bendability, Springback, Bending surface, High strength steel
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2. Faiiun1sive

2.1 Fnvanuannsalumsdatuguvedavsusunsnndaruudussgsfmiielslugramnssuey
gudneluyseinanga SPFC 980 wu1AAumUl 1 adwns neunisnaasunisanaztlaveuduluinsmaaeuus
Adluiianianisincngn fie MuuuINITIA (0°) ¥y (45°) AULWITA KAZYINLUINTTIA (90°) TAENANTITNARBULTIAS

9 -
LEAIANAITINN 1

a3197 1 pasandinanavestunaaeulufienisnisineiie vedlavzudumanndiauudusegafivey SPFC 980

Rolling Direction Yield Stress (MPa) Ultimate Tensile Stress (MPa) Total Elongation (%)
0° 765 1050 16
a45° 740 1020 14
90° 758 1035 12
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Puguuwuudase (air-bending die) fagui 1

= Y o = o X a < v < a
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Abstract

This research aims to efficiency improvement of the bottle honey filling process for demand
recompense of customers with ECRS technique and standard time of filling process. Before, the improvement

of the honey filling process had six steps in the filling process and a standard time of working of 65.98 seconds
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per bottle. After, the improvement of the honey filling process with the fixture design in the filling and the
working step could reduce the unnecessary honey filling step. The process is reduced to 3 steps, which
decreases the working standard time of honey filling to 27.68 seconds per bottle. The efficiency of the honey

filling process increased to 58.03%.

Keywords: Bottle honey process, ECRS technique, Process improvement
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Abstract

This paper's goal was to investigate the mechanical and physical characteristics of paper made from a
mixture of bamboo sprout coat and corn husk fiber. Pulping was processed by steeping in water: the bamboo
sprout coat for 12 hours and corn husk for 6 hours. Boil the sodium hydroxide to bamboo sprout coat at a ratio

of 100: 1800 ¢. and boiling the sodium hydroxide to corn husk at a ratio of 200: 700 g. Finely chop the pulp
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yield in a blender, 3 minutes for the bamboo sprout coat, and 1 minute for corn husk. Subsequently, pulp
beating with the mixed pulp different ratio of bamboo sprout coat to corn husk, spread the pulp evenly to
form paper. Paper desiccated in the sun. The paper was tested for the physical property of paper thickness.
Testing for mechanical properties consisted of; penetration pressure resistance, tensile strength, folding broken
resistance, water reflection of paper, with the paper sold in the market. The results showed that the paper
from bamboo sprout coat mixed with corn husks at a ratio of 20: 80 had a thickness of 0.024 mm. 42.930+3.848
N, tensile strength 44.674+4.899 N, folding reduction adjustment value 733+55.076 times, the water reflectivity
of the paper 9.735 seconds. It was the most suitable and optimal ratio to produce a paper that applicable in

the market.

Keywords: Paper from Mixed Fiber of Bamboo Sprout Coat and Corn Husk, Mechanical properties, Physical
properties
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unAnga

mAteiiinguszasdifiefnudvinatesnsvaeiduiifinadentsvnsvestusudananafinede wodlwsfidu
1A PP110ONK Tagldlusunsy Cadmould Tumsinsent uaziduideadelunsfinuniladosieg veanisvdeidudia
KansgnURen1Tvafivestuy tnstusuilflunsmasesiinnumun 1.5 mm. Mirlumandodu dusinugudnang
yoagndendu nadiil 1 nsdifl 2 waensdid 3 Wawn 6 mm. dumisszeshegvdeiBuiuintunuis 3 nad THwhiy
12 mm. iz&lsﬁwiwfmgwéaﬁgﬂ 3 nsdl 1winfu 30 mm. Tunsdlfi 1 fnsvaeidudi Core waz Cavity n36ifi 2 nae
WWulame Cavity uagnsdlil 3 naeiduians Core naanMsiATwvisnelUsinsy Cadmould wuiMseoNLUUITUY
via'aLﬁwamﬂﬂuﬁﬁgﬂﬁmmuﬂﬁiﬁﬁ 1 fAndesidudnisua (Shrinkage) @um%umuﬁaﬂﬁqm fio 2.056 % wawileth

v o '

UARINAN UNAFIUNITENTS I RURUNAANAERAN WU lFRadLSIaanRdaIn IuNISNEINTl ARALUBSLTUANTS

U

v
o

NAFIVBITUNUNAFDUANUAANIINITINE (AU Y) WU 0.89 % way 1.45 % AwUasiiusin1sundiveanalannmy
AAN19VI19NTITINE (AU X) 17U 2.29 % way 1.83 % wazvtuiaiinauiaduaundats iulunuiiesnwuuld

annsadnlulgeule
AndAey: n1swaeliu nsuadmanadin vudanatain

Abstract

The objective of this research is to investigate how cooling affects the shrinkage of a Plastic Injection
Part. The analysis was performed with a Plastic Injection Part made of Polypropylene: PP1100NK grade. The
experiments were carried out using water for cooling on the different cooling positions of the injection parts
with a 1.5 mm thickness and were simulated by Cadmould program. The diameter of the cooling hole in Case
1, Case 2 and Case 3 were 6 mm. The distance between the coolant hole and the workpiece is 12 mm. for

Case 1 and Case 2 and Case 3. The distance between the two coolant holes in Case 1 and Case 2 and Case 3
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use 30 mm. Case 1 is Core and Cavity cooled, Case 2 is Cavity cooled and Case 3 is Core cooled. Results from
software analysis revealed that the correct design of the cooling system mold according to Case 1 had the least
shrinkage of the workpiece at 2.056% And when using such information to test the actual injection with a plastic
injection mold. Found that the results were successful in accordance with the forecast. is the percentage
shrinkage of the test specimen along the flow direction (Y axis) equal to 0.89 % and 1.45 %, the percentage
shrinkage of the plastic along the flow direction (x axis) is 2.29 % and 1.83 % and the size of the for measurable

workpiece as designed, can be used.

Keywords: Cooling, Plastic Shrinkage, Plastic Injection Part
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aa I & Ao '
ATEUN 3 NaBLYUNALIUS Core
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1.2.5. T Tun1sviaaLdunuliuwg 3 ngel

[

1.2.6. 1isiananainnealnsfidu (PP) Polimaxx 1n5a1100NK uSew loorsiad s1im (usmaw) fuie3 osdn
wanafinuwm 65 Fudio KRAUSS MAFFEL $u KM 65 — 180 CX

v '

U3 ”ﬂﬁﬁi’mqﬂssmﬁlﬁaﬁmsﬂﬁmﬁwamadmwdalﬁuﬁﬁmaﬁiamimf?hﬁuaﬁi}umuﬁgﬂuﬁﬂmdmﬁvl;wal,l,az
fimmansainmislva duansguil 1 Tngldlusunsufiesest Cadmould iuiedesiiolunsfinundadosne vosiumis
nmsvdelduiiinansenusonsuafveiuny eannailunseonuuuuaradraifiud waznanisnaasiild d1unsa
vl dusnmislumsesnuuuidfuidanaadin wiseenuuunansausimatadnlilduuanuwuudidiun Tnevun

Jresiemaniiu uarszezvisvewinlvaeuiiigaunlafuangui 2

fo— v —
X = mswslufirnieseainiunis e
Y = asvaaludidnisnisiva

g‘dﬁ 1 NSNAFIANLAANIINISLavBINaI@RNTaaY

AINSVAFIYvBINANARN MLARINGNS

x 100 % (1)

BNIINSUAG =| 1-

g9l LF Aou1nve93udIu

LW ABuInvaIkid AL

JUT 2 swaenulauagsrzviegnaaiduizay [9]
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1. v BuIg (W) < 2 mm. wagruiadusiugusnans (0) viedwideifuiouin 8-10 mm.
2. sppYi b = 2-5 Whwesdukugudnansietmidelu (D)

3. 528894 a = 2-5 wihweuduhuaudnansviedvaeldu (D)

2. /M mAaeg
2.1 wifiun@ananafinfilddnduanuluwuuaiuuiu (Three Plate Mold) 3143 2 Cavity i914UULN (Pin-

Point Gate) FunudunasseunuszasiuuunuenBuld vu1m 65.28 mm. x 157.28 mm. x 12 mm. fauanigui 3

UM 3 PUATUNUNABILUUHLENTULUU 3 TR

2.2 na@annllun1s2nIuaIuas

o

Wunana@nwedlwsiau (PP) Polimaxx 1n3a1100NK Homopolymer LOT 0221005035 US#w loa1sitd §1in

() HEuUR dakandlunsnen 1

A15199 1 autRAnanafnnedlnsnaunbslunisan

YUANAERN Polimaxx PP1100NK

n5lnada Melt Flow Index (2.16 kg/230 °C)  : 11 ¢/10min (ASTM D1238)

ATUNU LU 0.9 g/cm® (ASTM 792)
NIINTUAGT 112-22%

RV ELHGERYH :190 - 240 °C

RV RN 140 - 60 °C
qmmﬁu@iﬁmﬁﬂa@%umu 160 °C

2.3 MATITINsanmelUswnsy Cadmould
e

19lUswnsu Cadmould FLAS1EABNSNAVBIRIALNNISNABLEUNLNAMBNITNAFIVDIUAANAERN TAUALY]
h

N13LAsIEYNgANsTUTRINAIaAnlusEnIaN1sTuUTuOLae Awddlaarlunisdanaiadn (Filling) n1sda

(Packing) wazn13Lusa (Cooling) asauiisgamaivios [10] iednwiaA1n1svadivesduauslufianisnisivauas
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feeraainnisiva usuildlunmsmageunisundivemanainendeuuuriuentuld Snadvosinanaindu
WU Pinpoint eate Tuwmafildlumsieszimelnluieduudlaainnisasne Solid Model Tuluswnsu NX wdadadn

ilulusunsu Cadmould Taguas Solid Model Tioglluguves STL file uazynisaiia Mesh Model fauamagudi

Educational Software

CADMOULD

5UN 4 Mesh ldlunsvaass

MsinTzidnENavesiuiinsraedunilnasensnafvesudanaadin Tinlussuuraeduuifud
Inglumsfnwazldvunaduriugudnarswesiodmasduniniunnnsdl uadunisgudeduiiunnsnsiueanly fs

WARIMNTIN 2 LiBANYIIRIMIUINSYaoLEURRANANRY TNasaN1SafLasIUIAYITUIUEaNaNaRNENals

] = ]
M99 2 Naulsumwaawu

5185 nseift 1 nseid 2 nseif 3
AU (W) . 1.5 1.5 1.5
auilaguaeidu (D) mm. 6 6 6
ssgvhagvdeiBuiuindusu (b) mm. 12 12 12
sygeesznignaeLduiugnaedu (a) mm. 30 30 30
vdewdiutie Core uay Cavity v

yaaduanig Cavity v

naeLulanig Core v
szuunanLBu 1h h 1h
Awsiweslunisidn (mllouruynnsdl) v v v
Sasmslvavesiwaedu (Umin) 8.0 8.0 8.0
qmmﬁmaaﬁwémﬁu 0 30 30 30
gumpiiviesillimaass (°C) 30 30 30
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3. HANISNAADY
3.1 NanaRnMIN15IAs1EnLelUswnsy Cadmould
wanaAnfldlunsieseidunaladnwealnsiiay 1nse BE677AI BORFALIS faudd sawandlun1snei 3 il

AuaudRlndlAgaiunanaiin Polimaxx 1nsa1100NK Homopolymer LOT 0221005035 u3¥w loen$i® d1in (W)

Alglunsd@nTuauase

A1519% 3 aulAnaafnnedlnsnay wnsa BE677AI 91nlUswnsy Cadmould

FUaNaERN Polimaxx PP1100NK

nslmada Melt Flow Index (2.16 kg/230 °C)  : 14 ¢/10min

ATUAU LY 0.9 g/cm?®
aNIINTUAG? 112-22%
RV RLHGE RN : 200 - 260 °C
ELV RO :20- 60 °C
qmwgﬁmjﬁmﬁﬂamﬁumu :120°C

3.2 ANN51AMSINNTIATIEN

AMEwasNialun1sIes1Evineluswnsy Cadmould T518asidennad@ninsean 4

A15199 4 ANS1AMeSIUNTIATIEUR8lUSHASH Cadmould

Process Parameter

Filling Time (s) =0.93
Pressure (bar) =339.1
Melt Temperature (°C) =230
Wall Temperature (°C) =40
Ejection Temperature (°C) = 120
Packing Time (s) =7
Cooling Time (s) =15
Cycle Time (s) =209

3.3 e AT esiesesitevlunisvaeldu nsdlil 1

NANSIATIZIIASNsSaesnsBnsedielUsLn sy Cadmould muieulymsvderdunuunsd 1 Taed
nsvideLfuiimumis Core ua Cavity Iénadauansguil 5-6 gangivesiunueglut 34.7 - 70.2 °C gamgilng
\Avestunuagiusyann 39.1 °C ilasanfimandewduriadiu Core way Cavity fdnvedidudnisvag (Shrinkage)

wInaawiniy 2.056 % AN1siUABUIUITN (Deformation) Tuluiuny Y u1ngaviniu 1.683 mm. uagAn15inea
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(Warpage) Tuuiiunu Y annanfie 0.472 mm. AILanInNTI99 5

a7 02 a8 153 665 ™
002 - Cavity an! Coee Cooling Wil Termperature Cooling ['C]

A [ om ]
|

sve Tempararure « Olf Temparanre <aperator>

Operatar Oparand

Wole Based | Runner Sagment | Elament Select

Ui the calcufated wal temperatur
[

70393 | M Table

=0/ [5es55 | meimum [ oy
z

A

S CADMOULD

' a v

JUT 5 Agaungiienu Cavity nsvideduwuunsdii 1

U

'

e —— ] E— E— (] I I I I — [
489 524 560 535 (2] 666 T2

347 382 118 453

‘Wil Temperatura Cesiing [C)

wEemEicitonal Software

Filng. [ Coalng
I Copy Temperatures l
Haw Tomperaturs = Okl Tamparature <Opecator

{ === |
—— tperatar

Operond

Hodeased  Sumer segment elemant selec: |

Lirat the calculeted wes lempereture

O [958 v | Tabe
=0 [ 34005 ] sanmam [ ool

= CADMOULD
JUT 6 Agaungiisinu Core NsvaBEULUUNTEATN 1

= a oa o o’ ~
M990 5 Naﬂ”li']Lﬂi']S‘WJLﬂi?%‘lﬂlﬁ@ﬂl‘ﬂﬂ”ﬁﬁﬁ@l&lu AgeUN 1

8azIBun Anitld
AUasidudnisnas (Shrinkage) Yosdusuangn =2.056 %
AIN3WUABUIUI (Deformation) Tuwwiuny X w1nan = 0.900 mm.
AmsuaBugUI (Deformation) Tunwaunu Y s1nan = 1.683 mm.
ANTUAE (Warpage) luuiunu X snnge = 0.391 mm.
ANTUAG (Warpage) lukuiunu Y 1nngn = 0.472 mm.
#i1 Reynolds number LG = 35418
A1nsINTsinavesnuden (Heat Flux) 1ngn = 29618 W/m?
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3.4 naMTATIEATEeulumsuaeLfy nsdl 2

NaNTIATIEIATiNsSaesnsEnseielusin sy Cadmould muieulymsuaeidunuunsd 2 Taed
nsvideLfuiisua Cavity duidion Idnaduanssuil 7-8 gangiivestuaueglutag 35.8 - 141.3 °C gamgiilag
\Avestunueyiivsvana 42.7 °C aififlgamgiasanegduluredunuiosmnlafimndodu  fadesidudms
vasa (Shrinkage) 11naAWAY 3.516 %  ANSIUABLTUSI (Deformation) snnaaegluuuanay X winfu 4.971 mm.

warAn130ad (Warpage) snngaagluuuinnu X fie 4.277 mm. Auaninisnd 6

o i N I i = [ ]
TR0 X3 931 1087 1202 17 1413

58 464 569 75

Wall Temgerature Cooting [C]

R Educational Software

27.389, 04.249, 6.500

Fillng Colng

- Swep Temparatures

A 3
42.7 °C - Par 2, Element 11380
Hew Tamparature = Ol Tamperaties <Operatar>

& ) =) (=
i operzier cowand

Mode lasec | | Rumper Segment | Elerient Selea

Limit the calaufated woll temoerature

z

A

e, CADMOULD
a ! Ay . ] Na
E‘U‘W 7 ARUNRNUNU CaV|ty N1TRABDLYULUUNTEUN 2

9 Y

L L T I I
w80 w85 a 09T e 1303 T

358 464 569 575

003 - Cavity Cooling Wall Temperature Cooling 1

115,052, 70,387, 5.000
|

e

1367 °C - Fart 1, Slemant 2610

operator Operand
Node Ensed | Rumer Sagmant | Eement Select

it e

Ui =
=0 [35.845 Mt Roply

&
CADMOULD

' a vy

P ' < N
E‘U‘VI 8 ANRIUNNUATUY Core N1SVABLYULUUNTUN 2

Y
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a a ¢a ¢ P a aa
A5197 6 namTIATIEIATERteulunsuaeLdu NN 2
8azIBun Anitle
Aesiduiniuad (Shrinkage) vosdusTuINgN =3.516 %
mnmﬂ?{augﬂéw (Deformation) Tukuaunu X snngn =4.971 mm.
AmsuaBugUI (Deformation) Tuuwaunu Y s1nan = 3.602 mm.
ANTUAE (Warpage) luuiunu X snnge = 4.277 mm.
ANTUAG (Warpage) lukuiunu Y 1nngn = 1.718 mm.
#i1 Reynolds number LG = 35490
AmsINTsinavesnuden (Heat Flux) 1ngn = 39083 W/m’

3.5 HAN1T AR IEAIeUlunsVidaLdu nIdl 3
a ea ¢ ° a v v a ] P a
NANNTILATIEIIATIEINITINERINTaRA8a8LUTASH Cadmould mukeulunsrasdusuunsal 2 laedinng

wiaoldufisumnus Core sulien lanadauanaguil 9-10 gungivesturueyluyie 41.1 - 127.7 °C gaungilasiade

YosTuegTiUTzINM 45.6 °C Yfillgamailiasgaegiuuurestunuiiesnnlifinmaedu Janwdesidudniswad
fl

(Shrinkage) snngawiiu 2870 %  AN1SWABUFUS (Deformation) annameglutuiuny Y windy 2.017 mm. uas

AM5UAsI (Warpage) snngaagluiuiuni X Ao 2.197 mm. AUaAIRNTIN 7

L —— e T T |
1 758 tad o1 T T4 121 g

Wall Termperature Cooling 1'C1

rang g |

T Swop Temperatres i
News Temperatura = Olé Tempersnure <Operaior>

U

L Cperator Operand

Mode baced | unner segment _element select
Limit the colcufeted woll tempercture

T[22 v [ e
= [ emom [ Ay

CADMOULD
JUT 9 Agaungiisnu Core N1svaRIEULUUNTIN 3
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| I I [

758 844 ET) o7 104 18 1207

et aan 564 611
Wall Tempersture Cooling (€]

04 - Cora Coaling

127,384, 65,810, 5.000

Faing Coalirg
Copy Temparaturss
h = A

New Temperature = DId Temperature <Operator>

3 + 5| ) ]
L o

egment | Eament Select

Hode Bnsed | | Rurner &

perch c CADMOULD
U 10 Agaunnfianu Core NMsvaelduLuuNIaIN 3

AN5199 7 HaN1sIATITITAsIzTeulunIsvaaLdy NSN3

19821380 Al
AUasidudn1snae (Shrinkage) YostusuINNgn =2.870 %
MmsuaBuzUI (Deformation) Tuwwauau X inngn = 1.483 mm.
AnswasugUse (Deformation) Tuuwauay Y annge =2.017 mm.
A1M3Und (Warpage) Tuuuiunu X unnan =2.197 mm.
AN sUnd (Warpage) Tuuwiunu Y 11nga = 0.697 mm.
A1 Reynolds number 111nan = 35549
A8nsINIsinavesnuieu (Heat Flux) 1ngn = 41904 W/m?

3.6 ayUnamsliaseiieseiteulunsnasiiui 3 nadl
1NA1591889N152ATUNUTAEN1TIATIZII8TUTHATU Cadmould Teeflidaulufiwuansvasd ununnsig

filu 3 n3al lonaagudauanansnei 8 Afildainnsdli 1 azlirvingadiowSouiiouiunsdli 2 uasnsdli 3 lagen

wWosidusinisuasa (Shrinkage) Tean1svaedunuunsdlil 1 faviigae 2.056 % Auansguil 11

q
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A13199 8 asUnan1siinzidnellsunsy Cadmould veanisvaeidu 3 nsdl

° a da 1
wan1sINaenN1saaninisuaaulaenis

518N13 Aasgnidaelusunsy Cadmould

nsdlii 1 n3didl 2 nsdi 3
AnUasifusinisunad (Shrinkage) maaﬁ??umumﬂqm (%) 2.056 3.516 2.870
FnnswasugUs e (Deformation) luuwauay X snnam (mm.) 0.900 4.971 1.483
mmimﬁaugﬂéw (Deformation) Tukwaunu Y snga (mm.) 1.683 3.602 2.017
AMsUnd (Warpage) Tuuwawnu X sunnga (mm.) 0.391 4.277 2.197
ANNTUAG (Warpage) lukuaunu Y 11nga (mm.) 0.472 1.718 0.697
#i1 Reynolds number LG 35418 35490 35549
Adnsnsivaresnnuiou (Heat Flux) snnaa (W/m? 29618 39083 41904

anasimugdinisunda(Shrinkage)

flAananisiiaszinasidsuasy Cadmould

3D

2.5

=]

1.5

=

L8 2

dszim 1

Mnsd1 Moz Ennds

JUT 11 Awesidudnisvada (Shrinkage) vean1snasius 3 nsdl

3.7 NN59RNWUULATES LU AUN

'
1o

INNANINAGBINUAITNT 8 Vosn1suaeLdunis 3 nsdl AflaaInnsalfl 1 axfawaadlonSeuiieuiunsd

71 2 waznsdin 3 uasnadilasuilisamnsailudulumaiienmsesnuuusazasiuifinineluduaniguin 12-13
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a 4

JUN 13 msadrausiiian

3.8 NSNABBINITANDI
paennas 1l Ruilaelga1Alaannsiaszseluswnsy Cadmould aunsain 1 tnelawdfuisauwans
UM 13 1530 udfiunumeasin1s@nfieinesdanaain auin 65 fdu 8% KRAUSS MAFFEL S KM 65 - 180 CX

Aananagui 14 uaziiteyanuauiAveunIoisuaninisan 9
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KMBS-180CX

JUN 14 eesdananadniildlunisdnaie

A1519% 9 aulRPSeRnnaadn

YoyainTasdananaiindia KRAUSS MAFFEL JukM 65 - 180 CX Screw

ANulaangan £ 30 mm.
YSuasnsdagean : 85 cm?
uwssUnudlfiuniannan : 650 KN
yuaulRsald 1 610x610
useALAngaan 1 2025 bar
ANUEIEngegn 1106 cm¥/s

3.9 Arwndmesitglunisanass
lumsvaaesdnduiu wanainiildhenedlnsiau (PP) Polimaxx tn3a1100NK Homopolymer LOT

s

0221005035 Us® laansitd 911in (Wnww) Saudd dawanslunisiei 1 amnsidwesnlolunisansawaninisned 10

wagliTuauiauansgun 15
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MM 1 ot

U971 1 aUui] 2 nsng Ay - 5437AU 2565
o ' a & o a a
A15197 10 AT BSTIUNSARTT S

Process Parameter

Filling Time (s) =192
Pressure (bar) = 100
Melt Temperature (°C) = 185-215
Wall Temperature (°C) =40
Ejection Temperature (°C) =120
Packing Time (s) =1
Cooling Time (s) =13.25
Cycle Time (s) = 22.69

v

U 15 Junuileannnisanasa

3.10 NM15IAAINISHAAT (Shrinkage) eRcaan

w19 N3at urdhtunuaiauninlduuenudisonuuu3usel Wewwnwanaiin PP fAn1sundn
o8l 1222 % dsludumeusanuuuuaraireuifuldviinadernsuadvoadanarafnnedlnsfidu (pp)
Poliraxx 415 1100NK Homopolymer LOT 0221005035 U3sw 1o013#id $1im (uvwu) Sand® dawandlumssd 1
iy 2 % lelsildvuisvestunumuiisildoonuuuld Tnanisnasvemanadindildainnisaauda anunse
muadlaann
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gﬂﬁ 15 JunurDandosnunm 65.28 mm. x 157.28 mm. x 12 mm.

Wesidudnsuadiveananafinauiiavienisiva (wnu Y) dauanagui 15

PRIINTUARY = 1- x 100

Tnefl  LF - YWIAVBITUIT (WY )
LW = YUIAVDIUUAUN
= 1-(156.50/157.91) x 100
=0.89 %

- o a a o a
Was @ uUANISUARIURINaERNALAAN1919015 b1a (WU X) PRLAANIUN 15

PRIINTUARY = 1- x 100

Toedl LF - PUINTDTUI (WU X)
LW = YUINVDIUURLN
= 1- (64.80/66.32) x 100
=229%
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AWAUINTIATUNAADUN 2

o o

gﬂ‘ﬁ 16 %umugwmdawmm 62.15 mm. x 154.00 mm. X 12 mm.

Wesdwinsadivematafnanuiiavensiva wnu Y) dauansgud 16

BNIINITNARY = 1- x 100

Toefi  LF - PUINTBITUI (WY Y)
LW = YUIAVOIUUAUN
= 1-(153.90/156.18) x 100
=1.45%

Wesdwinisadiveanatafnauiiamnerinanisiva wnu x) Aauansguil 16

BNIINTNAAY = 1- x 100
g7l LF = YUINVDITUINU (LN X)
LW = YUINVDILUNUN
= 1-(62.00/63.16) x 100
=183 %
A1519% 11 Aesifuinisuam (Shrinkage) veetuIY
189N15 udenensivawny ) AuAAnIsrMensluanu x)
FusrUanges 0.89 % 2.29 %
Funugiunaes 1.45 % 1.83 %

Journal of Manufacturing and Management Technology (JMMT) Vol 1, No. 2, 2022 (July — December)




m— Nsansmaluladnisuantazn1sdnnis

~.\‘ ~ o o o
sRe R U9 1 aUuy 2 nangIeu - 54IAN 2565

4. NFIATISRHANITNAAD

HANITIAAINIINARIVDITUIUNAINTSEATIRINUURNITIBDNUUUTZUUNE BLEUYNABY WAZIMNIZANRY
Reoulunsdi 1 Wneldteulvsyuunasiduieanuiunsldlusunsy Cadmould $rassnsdadauansmsnedl 11 Using
IFuuUanaediuanguil 15 dandesidusinsvasiivemarainauiiamianisine unu Y) wiu 0.89 % wagen
§ @ (2 £ a a a1 ! L Ay ! £ dl a
Wesidudn1snadivesmaafinauiian1awaemsiva wnw x) Sawiniu 2.29 % wagdunugunaedauansgun 16 &

s 2 s

U § @ i3 v a a 1 v 1 v a
9"’]’1L‘U’e]iL“ZJ‘L!G]ﬂ’]i'VWW]TUEN‘Wﬁ’]ﬁﬁﬂm’m%ﬂ%ﬂﬂ’ﬁiﬂa (N Y) 1MINU 1.45 % WagAWUBITUANITNANIVDINANEANANL

v '
a a1 '

fianavremsiua wnu %) Seuiiu 1.83 % Anvesiuinimmafvesiunuia 2 full dawsfudesintueud
U919 sunmuazUTinaseaty. fsirnsvadaildannmaiatunuilliisendildnnnissasnisiadelusunsy
Cadmould wntin Beiewiiu 2,056 % suesunuiiinldnmsiaassidedluiiraiildosnuuulfanunsathlldny
1§ uanshniseonuuussuuvdaiuignioumnray dwalinisuadvedunuties wltandymiFesdunuiinisme

mldaiaue Funuldldvunn wazantyymaunuinnistaden (Warpage) ansvaInUwANFY0IAINtAINNTT

v
N

AseRae Software fuadilaannnnsdnadeisad
1. Wiananafndilidneetuidanaradniiliiinszsidelusunsy Cadmould Lalvgudmfeadu sivlvnanis
nnassrarLadouls
2. sfwesvenaiodildanass unnseainnisldliusunsy Cadmould Tuuesens wafilldraimadeuly

PIENT0Y AIMMULANATG AILAAINNTINT 12

AN5199 12 Ans1dmesnislunsanasalseuiieunuanlglunisimsieineldsunsy Cadmould

Process Parameter AIN3RAD39 Adildlunsdnsed AULANGY

Filling Time (s) 1.92 0.93 51.56 %

Pressure (bar) 100 339.1 70.51 %

Melt Temperature (°C) 185-215 200-230 -

Wall Temperature (°C) a0 a0 -

Ejection Temperature (°C) 120 120 -

Packing Time (s) 1 7 85 %

Cooling Time (s) 13.25 15 11.66 %

Cycle Time (s) 22.69 20.9 7.88 %
5. @3y

nNMsAnwdnEnavesmsnaaifuiiiinasonmsmasivesiunudanataindnuin Polypropylene lagns
Airs1zsiFaelusuns Cadmould nuinmsesnuuusEUUMaeLIEuYeILsRIiigndesmunsdif 1 Sandedidudmsne
#2 (Shrinkage) Tasd usutiasfian fe 2.056 % wazannisdnaiedandefidudnamafedunuindouasgiu
naewufiavanIsivia (W Y) Wiy 0.89 % wazl.45 % ﬂ"]LU@%Lsﬁuﬁﬂ’1wméh‘*uaa%yumugmﬂﬁam’mﬁﬂmmﬂdmi

via (WU x) WAU 2.29 % wag 1.83 % Faduarnasnndasiuiuinsieinieluswnsy Cadmould
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Abstract

The design and study of a flexible monopole antenna are presented in this work. The proposed
antenna design operates in the Industrial Scientific Medical (ISM) band at frequencies between 2.4 and 2.5 GHz,
which makes it appropriate for wearable technology. The proposed antenna can be used with wireless
technologies including 2.4 GHz RFID and Wi-Fi. An antenna is made from a flexible material. The radiating patch
is a conductive fabric with a conductivity of 1250 S/m. The felt is used as the substrate with a dielectric constant
of 1.38. The antenna is designed and analyzed by CST Microwave Studio with and without a human body. The
antenna simulates and measures at the chest and arm to consider the effect of a human body on the designed
antenna. The radiation pattern, the |S;| and gain are measured to verify the antenna performances. The results
illustrate that the proposed antenna is appropriated for wearable technology using for frequency between 2.4

GHz and 2.5 GHz.

Keywords: Antenna, Flexible Material, Wearable Technology

1. Introduction

With the advancement of wireless communication technology, wearable technology becomes a device
of the future and it is expected to be an integral part of the Internet of Things or loT [1-2]. Many applications
which are based on a wearable device is launched such as wristwatches, life jackets, fitness bands, breast cancer
detection sensors and many others [3-4]. Most of the wearable technology is related to wireless communication
devices because the device is almost on the human body which is not suitable for communication with a wired
connection.

However, in wireless communication, the antenna plays an important role in transmitting and receiving
a signal [5]. The antenna should be designed and developed appropriately for specific applications [6]. The

frequency band of the application and the desired radiation pattern and gain are very important parameters to
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the antenna design [7]. Hence, the antenna for wearable technology should consider both the electrical

properties and physical properties. The wearable antenna should be flexible and can be operated when the

antenna is attached to a human body [8-10]. For this reason, wearable antenna design becomes a challenging
issue.

Many types of antenna are developed nowadays but there are just some types of antenna that are
appropriate for wearable technology. The 2.4 GHz textile antenna using E-shape with a microstrip feed line
technique is presented in [11]. Because a lot of wearable technology is on the human body; hence, the human
effect should be considered. Microstrip patch antennas can have a reduced impact when placed on the human
body, according to J.G. Santas et al [12]. The skin, fat and muscle of a human are relatively high dielectric;
therefore, it can affect the radiation characteristics and the impedance matching of the antenna.

In this work, the antenna is designed and analyzed by a microwave simulation program [13]. The
antenna is flexible and made from conductive fabric and felt. The operating frequency is from 2.4 GHz to 2.5
GHz which is in the ISM bands [14]. The antenna was fabricated and tested with-without a human to verify the

operability of the designed antenna.

2. Antenna Design

An initial antenna design is based on a monopole antenna. The antenna is designed at the centre
frequency of 2.45 GHz. The initial size of the antenna is 29 mm x 70 mm. The CST Microwave Studio program
is used for simulation and optimization of the antenna structure. In this part, the antenna is designed in free
space (without a human body).

2.1. Prototype of Flexible Monopole Antenna

The antenna structure is shown in figure 1. The size of the antenna is 34 mm x 90 mm. The substrate
is felt with a dielectric constant of 1.38. The thickness of the substrate is 1.1 mm. The radiating patch was made
from E-textile which is a conductive material. The conductivity of the material is 1250 S/m with a thickness of
0.08 m. These materials have flexible characteristics; therefore, the antenna becomes a flexible antenna

structure.
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Figure 1 The simulated antenna structure

2.2 Simulation Results of the Antenna
The simulated |S;| of the antenna is illustrated in figure 2. The antenna can be operated, covering the

desired frequency band from 2.4 GHz to 2.5 GHz. The impedance bandwidth is 0.6 GHz from 2.1 GHz to 2.7

GHz.
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Figure 2 Simulated |S;,| of the antenna
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Figure 3 Simulated radiation pattern

The simulated radiating characteristics are in figures 3(a) and 3(b). In E-plane and H-plane, the antenna
radiates a symmetrical beam. From the simulated results, it is obvious that the antenna without the human
body effect can operate very well. However, the wearable antenna is used on the human body; therefore, the

effect of the human on the antenna characteristics should be considered.
3. The Antenna on Human Body
The human body is devided into 3 layers from the simulations. The simulated antenna is located at

the arm and chest of the human model with the electrical properties in table 1.

Table 1 The conductivity and dielectric properties of fat, skin and muscle of the human [15].

Parameter Fat Skin Muscle
Conductivity (S/m) 0.1 1.56 1.71
Dielectric Constant 5.29 42.9 52.8
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Figure 5 Simulated |S;,| of the antenna located on the chest

From figures 4 and 5, it is illustrated that the impedance bandwidth is still effective even though the
effect of the arm and chest is included. The antenna can be operated from 1.9 GHz to 2.9 GHz, covering the
proposed bandwidth.

The radiation considered at 2.45 GHz, when the antenna is attached to the arm and chest are
respectively presented in figure 6 (a)-(d). The results show that the radiation characteristic of the antenna is
changed from a bi-directional to a directional radiation pattern. It can be concluded that the arm and chest
have little effect on the antenna impedance matching but they have a strong effect on the radiation
characteristic of the designed monopole antenna. The antenna radiation pattern changes depending on the
body part under consideration. The changed characteristics such as impedance, radiation pattern, and gain of
the antenna are caused by the fact that human skin is a lossy material with a high dielectric constant. The high

dielectric constant of the human body may decrease the efficiency of the antenna.
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Figure 6 Simulated radiation patterns (a)-(b) located on the arm and (c)-(d) located on the chest

4. Fabrication and Measurement

Figure 7 depicts the proposed E-textile antenna. The antenna structure can bend to suit the human
body because the antenna material is based on flexible textile. The antenna characteristics are measured by
Network Analyzer. The antenna size is 34 mm x 90 mm with a thickness of 1.1 mm. The radiating patch size is

32 mm x 54 mm with a thickness of 0.08 mm. The ground plane size is 3¢ mm x 14 mm with a thickness of

0.08 mm.
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Figure 7 Fabricated Antenna

The measured and simulated results of the antenna without a human body are compared in figure 8.
The antenna can operate from 2.2 GHz to 2.7 GHz. At 2.45 GHz, the |S,| is -38.9 dB. The measured result and
the simulated result are in the same trend. In figure 9, the measured operating frequency when the antenna is
located on the arm is from 2.1 GHz to 2.6 GHz, which covers the desired operating frequency. At the centre

frequency of 2.45 GHz, the |S,,| is -28.62 dB.

ISy, 1(dB)

Measurement

1.0 1.5 2.0 25 3.0 35 4.0
Frequency (GHz)

-40

Figure 8 Measured |S;;| of the antenna without a human body
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Figure 9 Measured |S;;| of the antenna located on the arm
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Figure 10 Measured |S;;| the antenna located on the chest

The effect of the antenna attached to the chest on the |Sy| is illustrated in figure 10. The impedance

bandwidth of the measured result becomes narrower than that of the simulated result with the operating

frequency between 2.1 GHz and 2.6 GHz. Considering the centre frequency of 2.45 GHz, the |S| is -21.25 dB.
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Figure 11 Measured radiation pattern of the antenna without the human body
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Figure 13 Measured radiation pattern of the antenna on chest

One of the important antenna characteristics is the antenna radiation pattern because it can show the
antenna directional characteristic. The radiation pattern in the case of comparing the simulated and measured
results without a human body is shown in figure 11. The direction of the antenna is slightly changed but it is
still in the same trend. However, considering when the antenna is located on the human body in figures 12 and
13, the patterns are slightly different from the results in figure 11 (without a human body). From that compared
results, it can be concluded that the chest and arm of a human body affect the antenna radiation properties.
The measured results and the simulated results are different because in the simulation the authors used the
human model just a simple human model in which the body is divided into 3 layers that are skin, fat and
muscle. An organ, bone and cloth are not included in the simulation model. However, the designed antenna

still works properly.
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Table 2 The measured antenna gain

Gain Chest Arm Free-space
Simulation -2.97 dBi -2.47 dBi 4.36 dBi
Measurement -2.02 dBi -1.52 dBi 3.18 dBi

The antenna gain is tabulated in table 2. The gain of the antenna has greatly affected the human body.
That can be caused by the degradation of the radiation efficiency and the reflection efficiency (mismatch) when

the antenna is placed on high dielectric material such as the human body.

5. Conclusion

The E-textile monopole antenna is presented in this work. The antenna is designed for wearable
technology and is located on the human body at the arm and chest. The flexible antenna structure is made of
conductive fabric with a conductivity of 1250 s/m and felt with a dielectric constant of 1.38. The operating
frequency range of the proposed antenna is from 2.2 GHz to 2.7 GHz without a human body. When combining
the effects of the human body structure, the antenna has an operating frequency from 2.2 GHz to 2.6 GHz.
According to the measured results, the presented antenna impedance bandwidth covered the proposed
operating frequency band of 2.4-2.5 GHz. The results show that the human body has a minor effect on |S;,| due
to the dielectric constant of the human body. However, the radiation pattern is considerably changed when
the antenna is located on the human body such as the characteristics and the direction of the main beam. The
antenna radiation pattern will differ when installed on different human parts due to differences in human part
shape, which will directly affect antenna propagation. When placed on human parts, the antenna gain is greatly
reduced because human skin has a relatively high dielectric value, which may reduce the antenna radiation
efficiency. The measured results show that the proposed antenna is appropriated for wearable technology

which is used in the arm and chest of the human.
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Abstract

The objective of this study is to determine the mixture ratio of 925 sterling silver compound that was
feasible to produce complete green part via a metal injection molding process. The mixture ratios of 925 sterling
silver powder to the binder mixture were varied. The particle sizes of 925 sterling silver powders were 100 pm
and less. The binder mixture consisted of high density polyethylene, polyvinyl alcohol, polyethylene glycol,
paraffin wax as plastic flow ability promoting agent and stearic acid as lubricant. All mixtures were then mixed
with an internal mixer. Metal injection molding was performed by using a ram injection machine under constant
pressure and temperature of 190 °C and150 bars, respectively. The highest ratio of 925 sterling silver powder
to the binder mixture that could inject the complete parts was required. The results exhibited that the favorable
green parts were achieved by the formula with the mixture ratio of 90 percent of 925 sterling silver powder
to10 percent of binders by weight. The components of the formula included 120 grams of 925 sterling silver
powder and 13.33 grams of binders, containing 5.067 grams of high density polyethylene, 0.500 grams of
polyvinyl alcohol, 0.167 grams of polyethylene glycol, 7.200 grams of paraffin wax and 0.400 grams of stearic
acid. The green parts of the formula had average green density of 4.507 g/cm’ and average green strength of

17.70 MPa. This mixture ratio can be utilized in the metal injection molding for producing the green parts.

Keywords: 925 sterling silver powder, Binder, Mixture ratio, Green density, Green strength
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1. Introduction

925 sterling silver has been one of the materials most typically used in jewelry industries to produce
silver jewelry items. In accordance with the international standard, sterling silver must contain silver at least
92.5 wt.% [1, 2]. Generally, the rest content is copper (7.5 wt.%) added to improve the strength and hardness
of the alloy because pure silver is too malleable [1]. The investment casting or lost wax casting process has
commonly been utilized in jewelry industries for producing jewelry parts. However, the parts produced by this
process usually have quality problems from casting defects such as gas porosity, shrinkage porosity, interstitial
inclusion and fire scale.

Recently, Metal Injection Molding (MIM) technology is employed in the mass production of parts made
from steel and titanium. The MIM can produce high quality parts, complex and near net shape parts. The
technique competes with traditional manufacturing techniques such as machining, pressing-stamping, and
casting process [3]. German and Bose [4] applied an injection molding process for metal powder and found the
metal powder was not able to inject like plastic injection molding. There must contain binders to keep the
metal powder flowing along the mold cavity like fluid and to maintain its shape upon cooling. The MIM was
developed from plastic injection molding technology. This process has been used for producing small metal
parts with complex shape and having good mechanical properties. Since the complex shape parts producing
by MIM can be more precisely controlled in mass production resulting in lower unit costs compared to
traditional process [5]. The MIM process has four main steps consisting of the feedstock mixing, injection
molding, debinding and sintering [6]. For the MIM process, binder selection and binder ingredients is one of the
most important part. Since the water-soluble binder is environmentally benign, it grows interesting. The
feedstock of silver containing water-soluble binder was successfully prepared using water-soluble polyethylene
glycol (PEG) together with polyvinyl butyral (PVB). The molded green parts are able to retain their shapes during
solvent debinding using water [7]. In mixing of feedstock, the control of mixing temperature and the weight for
each mixing sequence were also important. Mixing machine with high shear rate can make the homogeneous
feedstock. The higher torque was required when the viscosity of the mixture increased at higher proportion of
the powder content. Increasing in the rotating speed and the temperature leading to its low viscosity can help
lessen the torque. It is important that the feedstock is homogeneous and free of powder-binder separation or
particle segregation [8]. In MIM process of the 316L stainless steel powder, part defects caused by the low
specific heat of the powder resulting in the rapid cooling of material during the injection. Consequently, the
viscosity increased which led to short shot problem. Appropriate injection pressure brought about less shrinkage.
Low injection pressure caused sink mark. If excessive pressure was applied, it led to the crack. Mold design was
also an important factor in injection molding [9]. The gate locations had effects on morphology in MIM of 316L
stainless steel parts. A perpendicular gate injection caused a separation between outer skin and core of green

parts. The homogeneous parts without black streak, crack and phase separation were successfully molded by
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the parallel gate injection with low pressure and speed [10]. The MIM has been utilized for fabrication stainless
steel watch cases and bracelet [11] as well as used for the production of precious metal jewelry [12]. However,
there is limited information available about the MIM process for precious metals and jewelry production, the
manufacturing of MIM parts with the 925 sterling silver is not clear.
In this work, the mixture ratio of 925 sterling silver compound for a metal injection molding process
possible for producing complete green parts was determined. The mixture ratios between 925 sterling silver
powder and binder were varied to find the highest ratio of 925 sterling silver powder that could produce the

favorable parts.

2. Experimental setup

2.1 Mixing process

The binder composition for fabricating feedstock comprised high density polyethylene as polymer
backbone to hold the silver particles and pack the powder into desired shape. Soluble polymer, polyvinyl
alcohol and polyethylene glycol were used because they can be debinded by distilled water. Muangwaeng [13]
found that the specimens which were made of feedstock with high polyvinyl alcohol content could be
debinded in a shorter time. Therefore, the binder ingredients referring to that study were primarily employed.
The percentage of binder ingredients was fixed at 3 wt.% of stearic acid as a surfactant to reduce the
agglomeration, 54 wt.% of paraffin wax as a plastic flow ability promoting agent, 38 wt.% of high density
polyethylene, 3.75 wt.% of polyvinyl alcohol and 1.25 wt.% of polyethylene glycol. The sterling silver powder
and binder were mixed together by an internal mixer. The mixing process is shown in Fig. 1. The sequence of
material addition to the 925 sterling silver powder as follows, first, the machine temperature was set to 60 °C,
next the metal powder were transferred to the machine and heated at 60 °C for 15 minutes with inverter
frequency of 10 Hz. Each binder material, stearic acid, paraffin wax and high density polyethylene was added,
sequentially. Later, polyvinyl alcohol and polyethylene ¢lycol were added to the mixture at the same time.
The temperature, time and frequency as shown in Table 1 were employed while adding each component to
the internal mixer. Finally, the heater was turned off while keeping the mixing process continue for 90 minutes.
An example of the feed stocks that were obtained from the process is shown in Fig. 1(c). Table 2 lists all the

eight different mixing ratio of the feed stocks that were prepared in this study.

Table 1 Mixing condition of the 925 sterling silver with each binder material.

Material Temperature (°C) Time (min) Inverter frequency (Hz)
Stearic acid 100 10 10
Paraffin wax 100 10 10
High density polyethylene 100 10 15
Polyvinyl alcohol and polyethylene glycol 150 20 15
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(b) Internal Mixer (c) Feed Stock
Figure 1 Mixing process.

Table 2 Mixture ratio (wt.%).

No. Silver powder Binder
1 98 2

2 94 6

3 90 10

4 86 14

5 82 18

6 78 22

7 74 26

8 70 30

2.2 Metal injection molding

Metal injection molding was performed by using a ram injection machine to prepare the green part
samples as shown in Fig. 2. The metal injection molding condition is shown in Table 3. The barrel temperature
at the extruder was set to 190 °C. The rotational speed of the screw was 40 rpm. The feed stock of 925 sterling
silver compound was transferred to the extruder and melted for 15 seconds. The injection was conducted with
the pressure of 150 bars, holding time of 30 seconds, and cooling time of 150 seconds. Finally, the mold was
opened, and the samples were ejected out. The mold has two cavities; therefore, two samples were obtained
per one injection. The injection was repeated at least three times for each mixture ratio and then five samples
were taken for investigating physical and mechanical properties. The density and the strength of molded parts
before sintering are green density and green strength, respectively. The powder molded parts must have enough
green strength to withstand the handling load prior to sintering. Although, the shape of samples seems like the
tensile test specimen, these samples were employed for three-point bending test for evaluating the green

strength.
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(a) Feed Stock (b) Ram Injection (c) Sample

Figure 2 Metal injection molding process.

Table 3 Metal injection molding condition.

Temperature (°C) 190
Pressure (bar) 150

For the physical property, green density of samples was evaluated. The volume of the green parts can
be found by Archimedes’ principle. The principle states that the upward buoyant force that is exerted on a
body immersed in a fluid, whether fully or partially, is equal to the weight of the fluid that the body displaces.
Since the volume of the known fluid can be calculated from its weight, the volume of sample is determined.
The samples were weighted by a four-digit weight scale. Therefore, the density P of the samples can be

calculated as the equation (1):

(1

©
I
I3

Where m is mass of the sample, and V is volume of the sample which obtained from to the volume of the
known fluid. For the mechanical property, the three-point bending test was performed to evaluate the green

strength.

3. Results and discussion

3.1 Injection results

Variation in mixture ratio has an influence on viscosity. Sample obtained from mixture ratio of formula
No.1 and No.2 with higher proportion of the silver powder content caused short shot. One of the causes of
short shot in injection is high viscosity of the compound. Considering binder matrix, the viscosity of molten
polymer depends on the temperature. Since the barrel temperature was fixed at 190 °C, the effect of
temperature on viscosity is same for all mixture ratios of the 925 sterling silver compound. Therefore, the factor

affecting viscosity of the compound was higher proportion of the powder content resulting in higher viscosity.
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The samples were incompletely filled due to high viscosity as shown in Fig. 3. To confirm the failed outcome,

the injection with formula No.1 and No.2 was repeated two times.

=

Figure 3 Incomplete shape of green parts with mixture ratio of formula No. 1 and 2.

Increasing in binder ratio affects on the filling of compound into the mold during injection. The
compound gets good flow ability with higher binder content assisting by paraffin wax, which is a plastic flow
ability promoting agent. The green part samples made of the formula No.3 to No.8 feed stocks were favorable.
The binder materials contained stearic acid functioning as the lubricant and surfactant, thus, increasing amount
of stearic acid help reducing the viscosity of compound. Large amount of binder or lowering silver content led
to completely fill resulting from its low viscosity as shown in Fig. 4. Next, debinding and sintering will be

conducted in further work.

(a) Formula 3 7 (b) Formula 4 (c) Formula 5

(d) Formula 6 (e) Formula 7 (f) Formula 8

Figure 4 Green parts with different mixture ratio.

3.2 Physical property of green parts

Green density alters with changing in binder content. Average green density of five samples for each
mixture ratio is shown in Fig. 5. The formula No.1 with the mixture ratio of 2 percent of binder or 98 percent of
925 sterling silver powder shows the highest green density of 4.693 g/cm’ resulting from the highest silver

powder content. The green density of sample decreased when the percentage of binder increased from 2 to
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30 wt.%. Because the density of main contents of binder, paraffin wax (Ppy = 0.91 g/cm’) and high density

polyethylene (P ppe = 0.95 g/cmB), are lower than that of 925 sterling silver (Pgysy, = 10.37 g/cmB), consequently,

the density decreased with increasing in binder ratio.

5 14.693 4.679 4.507
—I— —~F T 4.261 4204 4.203
q = —E =
=
S . 2.754
3 2.404
2
o
1
0
2 6 10 14 18 22 26 30
Binder (%)

Figure 5 Green density of samples with different mixture ratios of binder.

3.3 Mechanical property of green parts

It is essential that the green parts have to withstand handling before they are fully fused in sintering.

Green strength from three-point bending test is shown in Fig. 6. In the injection process, only a binder portion

of compound was melt but the silver particles remained solid. They did not bind together with diffusion.

Although higher powder content exhibited higher density in previous section, higher unbounded particles

caused lower green strength. The green part maintained its shape with holding of binder matrix; therefore, the

green strength depended on the amount of binder. The green strength increased with increasing in percentage

of binder.
30
24.55 2566
25 - 2243 o [T
& 1954 2004 =
= 20 - 1770 o =]
= —
2
& 15
»
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5 4
2 6 10 14 18 22 26 30
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Figure 6 Green strength from three-point bending test.
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4. Conclusions
This work aims to investigate the mixture ratio of 925 sterling silver compound that was feasible to

produce complete green part via the metal injection molding process. Although there is the utilization of MIM

for the fabrication of precious metals and jewelry components, there is limited information available. The

mixture ratios of 925 sterling silver powder to the binder mixture were varied to find the highest ratio of 925

sterling silver powder that could produce the favorable parts. The following conclusions were drawn from the

results obtained in this study.

1. Higher proportion of the silver powder content caused short shot. The optimal mixture ratio was the third
formula which had the highest sterling silver powder content that could produce the complete parts.

2. The third formula mixture ratio contained 90 percent of 925 sterling silver powder and 10 percent of
binders. The components of the third formula included 120 grams of 925 sterling silver powder and 13.33
grams of binders, containing 5.067 grams of high density polyethylene, 0.500 grams of polyvinyl alcohol,
0.167 grams of polyethylene glycol, 7.200 grams of paraffin wax and 0.400 grams of stearic acid.

3. The density decreased with increasing in binder ratio, whereas the green strength increased with increasing
in percentage of binder. The green parts of the third formula have average green density of 4.507 g/cm’
and average green strength of 17.70 MPa. This mixture ratio can be utilized in the metal injection molding

for producing the green parts.
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Abstract

This research study aims to find the welding deposition rate of Gas Metal Arc Welding (GMAW) tandem
Flux Core Arc Welding (FCAW) of Quenched and Tempered High Strength Steel. To study the effected of welding
condition as the welding current of lead solid wire electrode and tandem with flux core wire electrode for
heavy equipment industry as steel construction fabrication. By determined the first weld condition with low
welding current of lead electrode and high welding current tandem electrode, the second condition weld with
high welding current of lead electrode and low welding current tandem electrode and the last condition weld
with equal welding current of lead and tandem electrode respectively. To compare the welding deposition
rate, relate with the welding current of lead and tandem electrode and inspection of weld quality as weld
profile, penetration, width of weld and compare the mechanical test with microstructure. The experimental
procedure preparation of base metal is quench and tempered high strength steel has the dimension of width
100 mm long 380 mm and thickness 10 mm. Use the solid wire electrode ER100S-G diameter 1.2 mm and flux
core wire E111T1-GC H4 diameter 1.2 mm. Welding speed 34 cm/ min, electrode extension 15 mm and inter
distance between leading electrode with tandem is 10 mm. The result shows the highest of weld deposition
occur from the high welding current of leading electrode as 270 Ampere and tandem electrode welding current
as 250 Ampere and produce the high deposition rate as 9.569 Kg/hr. The welding deposition rate of the
condition high welding current leading electrode (GMAW) and low welding current tandem electrode (FCAW)
can produce the high deposition rate more than welding condition as low welding current of leading electrode
and high welding current electrode as 108.22 %, and high deposition rate more than welding condition equal
welding current of leading and tandem electrode as 148% respectively. The weld quality of welding condition
with high welding current leading electrode and low welding current tandem electrode provided the complete
fusion of fillet weld and complete penetration. The weld microstructure of the base metal show as bainite
structure and the heat affected zone consist of the matrix of ferrite grain and the small pearlite phase on the

grainboundary, the weld metal zone has the fine grain structure.

Keyword: Welding Deposition Rate, High Strength Steel, Penetration, welding Microstructure
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a

nanuulsbilunsteuainuwuuasaduaidoumumdsiunadilinuitanunsadusuadouldistu dnsnisidu

o

diutudlowSsuiisuiumsdoudemnies domnuslunsdeuaavinfuniedias auuldinnsidauddy
uazAnuiiduesnadeioadteiiunamsndnsonsiiusnsuinvesidon sgdlsinunszuaumsidoundndaesiiy
nszuuMsdeniilisanmsiugausdilifnanisnenufeiulinssuumsidendinansmiunszuiunadendue

Fatumsfnuidelua el fnguasasdifiodnwtnanszualmdonifinadesasmafunadeudniiumy
shensieundndaes Anvinanszvuresannenisionsesudnunzvesuuiiousenin wasiSeuifisunudniug
serisandinisnauazlasiainsganiavesuuaden edudeyalunsfinnsanidenldnszuiunmsidoniinfunude
nszvuMsdeundndresdmiuenamnssunsifounaneesdinsnantin enamnssunsidensznaulasainaman

gravnIsuN1sBenyseneuussiugudui

2. N5ANTIUNITNAGDY

2.1 fvupannzlunsden

fvuntisnszua ensaliadins mnmdalumsiden Menqudmiunsidensioan (Fillet Joint) dnndnna
wausagausiumin 10 1. dhenssuaumsdesinfumudasniadendaendndnesidoniunuminndinruudusgs
Tdmivanugnaminssueeud fanuvulaisiindy 10 u. Uszneuludnwaigsessionn (Fillet Weld) ioslusiumia
virsuldnszuiumadontin (MIG) sunaiduriugudnatsaandon 1.2 ua. IAULLILSN LA TONANABNTLUILNS

Wousgnandaes vunaduruAugnasaInden 1.2 uu. ldieersneuunaguuwuiiiey Tnefdmunanidzlunisives

v
v

ARSI 1 fadl
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A15197 1 MUUAANILUTENIENSTDUTUIUNAF DY

uhaildluns n1sUsuReAAil nautinguiuewuden  nssuslwidonfin  nszudlwifen
NARBIUIY waasedou AuEN1ZN5TousNS 9 (#21dn) Wandaos

(Fattouna)

NO.1 170 190

naut 1 NO.2 210 230

NO.3 250 270

- AnuslumsiAunwn NO4 190 170

ondne 3AURNAT/UT neudl 2 NO.5 230 210

NO.6 270 250

- sverduvesmniden 15 NO.7 170 170

fiadituns NO.8 190 190

Nt 3 NO.9 210 210

NO.10 230 230

NO.11 250 250

e 911n013197 1 wansiuusildlunismeaesnuide newistiununeaeudu 3 nqudail
- ngud 1 Avualinszualdendin (MIG) wadieuh fiendesniinssualvieundndnes (FCAW) Witioumy
- ngud 2 Amualinseualidendin (MIG) Fdienih fdnunnnitnssualiieundndnas (FCAW) Walteumy

- nguil 3 Amvualinszualldendin (MIG) Wadienih fdwidunszualweundndass (FCAW) Hadaunu

2.2 MIWTENTUNUNAFOY
lunsneassaziinseaniuuiunu dnsuniseseudunuiieiinmeaeuluaseilldunsgrunesiung

Wewvoseudmduduiide (American Welding Society: AWS D 1.1 — 2020) é'fﬂgﬂﬁ 1

100 mm.

100 mm. 380 mm.

(ETCHINTERIOR FACE)

UM 1 MswieuUsyneviununagaeu
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nsdnwssuturieThmaveaeulnemslatiugulsiivunn 100 x 380 faduns \Fesudsiitusnuaiansu

afiy thdusuunnsieann (Fillet Joint) tilewm3sudmdunsidenseannviisu WodeuadadmlanstumnusuiSudu

WonuarsuAUaANITITeNeaNAUa 1 dmMIUNISIWTENVAAOUNITUANTINTDNUTDN UARINNFUT 2

- -~
JUN 2 msUsznaudunufsunsitey

sUT 2 (@) Wunslawmeuaunduaunaasy (b) kanin1sigsyinALazeInRvinduaunaunIsou (c) wanans

Y

wisnUsznavduanulusesseain(Fillet weld) Aren1siuainduey (d) Wunsdsudaduaiusoain

2.3 Jaouazwnsoenldlunisvinidy

'
o =

FandldlunsvinideTanildlunsvinidensell Mwanndannuudanssgasauausia(High-strength low-alloy
steel : HSLA Bis80) 3ei3en31 Jawwan 80 (Bisplate 80) Ao MANTINAINUTILIIETIANANAT TAUUDIUTI AR

gudu 3 whweandnndrnsueu WWumdnfinunsguuduazaufuidnuaznisldauie gunsaluuds lassasses

=

finas gunsalniles azwiu Yeuarlanadsayadamuvn 10 fadwes udnhudaduiunudenswinniis 100

a a

Taduns 8717 380 Jaaluns wazdauuRnenNanIun1sIen 2
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A13197 2 AanURVNAMANNAIAURTINTIGISHNENA (HSLA Bis80)

PROPERTIES SPECIFICATION TYPICAL
0.2% Proof Stress 690 MPa (Min) 750 Mpa
Tensile Strength 790 - 930 Mpa 830 Mpa
Elongation in 50mm G.L. 18% (Min) 26%
Charpy Impact (Longitudinal) — 20°C (10mm X 10mm) 40J (Min) 160J
Hardness - 255HB

lunsnaaenslildinsontouiindnediugu KC-350A uaziniadieidauiingyie HUAWEI 1 HK-100 Auto
welding machine @usatoulagnisloualni@entiielitinnisensnivdunusalud@vinlinianimasuazaigegis

savies lngazdufaorsneuviminiiresuneaudesiueinimainaieuendiluinufisenduveaesuazaevinliiie

\ a'

Anulisoles 1w susu nssomalunuandeuld nswenagldinsostedouiiesnumaniznswenlvinsivianssua

[ =

Wou anusilunisidon sresvinesenineideulneinisusenaudnsanasun 3

5UN 3 MsUszneuRnnaATelen LATeItELYeN

'
=]

5U7 3 (a) uansmsusznauiidendiuasiideuiuny (b) wanansusudmilisuiuiunu () Lananis
Uiuslaszarorinvesieniiiuagiilieudiniu (d) Lanananseasufue1sniue Msuiuasman1iznmsdey
wunszudliiden anusdlumsilien sveversn snsnisteuntanguiluszuuidnludfamnsanivnguaniienis

Wouldnsnuanslugun 4

Journal of Manufacturing and Management Technology (JMMT) Vol 1, No. 2, 2022 (July — December)




U9 1 atuil 2 nsngIeu - 542IAN 2565

W Nsasmaluladnsndauagn1sinnig
(NS N / o o

[ .
3UN 4 msufusamanniznsivey

JU 4 (a) uanemsususzer Buvesminendniuaziiniy (b) WanINISoNLAZNTNSIAULLITENTUI
(©) wanan1sUFumIANaNIENSYeN

3. NansiveuLazanusigna

KamsnaaeRnSIMainrestuudonsnsnaimilavsvomnssuiunmsdeudnfumudisniaidou
dndmetensoanuaandnndauulusgesinuans wuidununagounguil 2 Aflanignsdeunszudlidend
nunninseualidoundndaes Tastunumneas 06 nszualmBondin (MIG) 270 weuuy$ nszudlideundndees
(FCAW) 250 ol Wiminvesiunuiutundsinnisdemnniignde 0.185 Alanfu Aniudosay 2.998 voq
dwiinfununouden waedidammadutlavsanniiaaie 9.569 Alansusodalus uaswuirdununaaoungud 1 9
anmenmadounszualid sufindesnitnssualiidoundndnod Fusumaieias 01 nszualideudin (MIG) 170
weuuy$ nazualwmidousdndaos (FCAW) 190 wouu$ Thininveduruiivdundninnadeudesiiandio 0.095

Alansu Andusosar 1.548 venmtinfununswden wazlsnsnsiiuilavedosiignde 4.914 Alansusedalug

nam QREEFTIIE Tuaunegay

No.06
No.03

No.05

anznn./va.)

No:10No-tt

o4, No.08 No.09
& e No.07

SATINTTRNUT

ngui 1 naqui 2 nquil 3

Buaunaday

JUN 5 T INSIANAIATIAN1IENTITRUANS 9

sglsfinuaziiuldananisuaasufioiunseualndongelvaziilidnsnisiuiilanzadulenasy
avanedunuideniiugaunuddunuaiu Inedununagey Junui 06 lunguil 2 Jadmualinssualidendn

(MIG) wiriu 270 weuwUsdiAnszualrionainiinszualideudndaes (FCAW) Wiy 250 wonuUsTgnsnsiiy

v v '
a a P

Wilanegeign sesaunfsTununagey Jusui 03 Tungui 1 Fadmualinszualvideudn (MIG) ity 250 weuuys
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fannszualiidousniinszualiifeundndaes (FCAW) Wiy 270 wouud$ Fauanswanismsnsnisfuiilansds
wuinszualmdeniigatuasyinlildsnsnaduilans figaumalude ldhasdmuslinssudlndondin (MIG) fidy
nszudlvldeuganin sndn wiewihdufunszualiiBeundndaas (FCAW) wagnuinszualvldensin (MIG) fifmunen
nszualimdosliganindnszualnidoundndans (FCAW) agvinlilddasmaidudilaveiuniign duandugui 6
wandlififiudmanininvesilanslunudeundud 2 isdufesar 8.1 Waiflsusunsdanmaiulundudl 1 uaz
dintuSoray 32,60 daifisuiunguil 3 wandiifuinnszualideuvosmaduigansnaauiaruouifigungd
aadunsliirnufeuthgsisennsoneouararsaindnuldinniuilmansnmnafufifiugeiunuddy Tusued
anznmafeungui 1 Innnninsesamnifosndnssudlmdouiivudousigi udldsnsinmsvasuazanei
dintunnideudamuifinszualiideugdudureosannenadeungud 3 Wuanmemadenilinmniniuan

e PgatiiosnANuTouninaINNI5e1snveIaInaIll kagAIn U

nuarsmaAui ey sy rassn M iauAI Y

NN/
\‘\\
o7 ("fo.,.'_ |

'?E asta 2 i ,H-* e —

:'é Ffef —

1]

=

=

B

B

=

[

=

]

Ak 1 Aaak 2 neEui 3 . el
—s—InTIMaALh

NN IMaEaNTULIURTS 1 Tauz (nn./yu.)

JUN 6 wunltunsfiuinlaveintudensewdliiengau

HANNIRTIARULATETUNAA VBIFUSNUAITUNUNAFOUNUIITUIUN 06 TITAN1IENSWoNAIENTTIALTRY
fina3ndiat 270 wonuUs uaznselaaulandAasuataINfInTy 250 warkUs dNunrthdnuuIeuLNanfe 61.53
M5Ndadun aenadeiuAdnsNsindlavglunudon Wedhsnsidudilavsuniunnthfnuuideuasiiuy

AUy dauansluguil 7 msmuivindauwwilen
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No.06-Weld Area = 61.53 mm2

Funuil 06 Fadudunuiidsasnnduilansanniigeiinsasuararsuiwedansidonduilelany
auysal Amthuuadensudey Unaangngy uaslnssomea lusueiitunuiiBoudenssudlidendiinnsvasy
azangliauysaiuinannesuden manasuazansliauysaiuinamuuuden auuadeulns (Overlap) ilasan
nsviaesvesmndeiiAnilaneUsinaannuwindanuanudouliiiissmedemsvaouieturudowiliilavy
druiulvariuuuden

ansTvaeulassaiganialassaingania Fununszualideuiin 270 weunuuasnszudlideundng
Ao$ 250 ueawUs wuiusaielansiiiu (BM) axillaseaiaity (Matrix) Wuuulud (Bainite) Lilosndumdnndnil
HuNsEUIUNIYULT warauAufiiainliuinaidetunuiimuudsdeuttegs duuinaildfunanssuneni
$ou (HAZ) fllassasaiisalari (Pearlite) vunadng anudndiveunsuiulassadrauulusi (Bainite) iiesainanusou
Mnmsdenfuninssegielavzuinalassouuadeuiiiuinasindniamudanas luduieguinalnduwn
Wewdeswnlduanudeunnnadensnniliuinasinanivumnsulaniusiouty q livusousaislddesus

@

Winnumileniingu wazluuinaniewundon (WM) fdnvazlasasansuazdeavilivuidouiinnuuds [7] dsgud

8 NMINTIAULATIATNIANIANLANEINGIVDIUTBY
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No.06(4.5X) - GMAW=270A.,FCAW=250A. "

5U% 8 lassasneganiadunumageu

wansnaaeUaNTAnIang Taunsvnaeunsuanyin (Fracture Test) Gusmunszualdendin 270 usuud$ uag
nszuallideundndnes 250 ueuuus nudrdinsneonsudveuuidontuiielavsdunuanysal sosunnvinifingu
vinafinatmasanuidouuandiiiuisnisvasuaraises ey saivosuuaienfuRitunuden esnanioy
madoufingauilianuiouannszualilunsideuvaeuararsiunudouussandeuldanysaiaisni
whausdiuidouuaionuinamvenuadonanniaiuusarinnismaseulagliifinmatmasuinamnve suuanides

A11908UTUNANITNARBUNIUAUNATININTFINVDS AWS D1.1-2020 [8]

3U# 9 nan1snaaeuN1sanaY (Fracture Test)

NANNSNAABIENIIENI5H oY AesiulaI1an1IEn1s e uiidaunienseualnidouiinguni 270 wouwds

nszualideundndaoiiiniu 250 wouuls aglignsmaiuiilanglunuifonsnniandenszualvdouiing W
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doannszuaideasagyilinafumilanglusuadouanasieduiu lunasiefunsdeudenssuaieuasin
demhfinnninssuadeuvesindounuannsanaouazarsandoulinaneduilangldunnainnisdendld
nssuadenvesideuhiiesninnssuadenvonindenny ilesnnsdeusensuageausavassazaioainiion
dutusnitadumsifiunnudoudluadenligiuhlifunisusouasaevesmasamuldinniunuluge
nan1snsaeusUanualvesuadon Usnginndensenszualndeniivanzanlaensylvioudingiat
270 wouuv$ nszudlideundndaosiudonniud 250 wonuus aunsavaeuazatsiuuldetsauysaiiinivasy
&n manaenvinauITNfUTuNL BTN v weundonGsuidou ahavednuasfamihiunuay
wuusIUYIN 45 pamiutusuien
Han1snTIvdeulaTiaiganIaLasdeuanUAnena 9nran1snageulaTIaiIIganIANUIAINTauIN
nszualumadoudenseualilunindoumfiuged uasvi it unuvaouazarslfifiut uuardsnansenuselassadng
QanAnndundniefimvensiivesnsuuinanansenuananufeulunsdenduuiinuniahliuinudangn
annnuudusasiuil luvasiidendeannzmadouiifinszuadoush qeenuhnmavaeuazanslaiauysaifsnues
wuden uasdnmeuesudenasinailisoionintuasinae
nansageuaNTAnIsna nuinsideudisannznndeniinay aunsnaiigudnuaivesundould
Hueghed ianisvaevaraeludoifisaiauuidenuartunuinlannsasuusminnsmaseuldilasliiinns

wanFnNanateluNUNY UV VB U T

4. Anfnssudsznnd

[ v = A o w

Ainviveveunm dlinudnw Aedinaunsidourand (3v) nsensumsgeudne Inemans ITouay

q

a a

WINNTIU UNEAIRILTTT WIATNY UATUNEEaAEN aI35ain HINWSEUTUNUNAFEY NAFRULA TUTINHE #1913

q

=

ATANARSERANVNNT AMEATAMARSENAMNTTN UnTineaemaluladsyinadyys Nideilewnesdle gunsal uasiaTes

nAdoy wazymaInsnvinuiilalinugiewmde vilinuideatuilaseauysal
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fifsiudsiavan 346 ausiotu S1unuansudsiome 43 9a uasilsndesunadn 12 il 2 My snaeunilg 35 fids 2
fu wazsaUasuds 55 s 4 Ay 3§§a%aﬁﬂéﬁﬁwmﬂiwﬂﬁ% 4 75/ Nearest Neighbor Heuristic, Clarke - Wright
Saving Heuristic, Sweep Heuristic Wwag Cluster First Route Second 31nn1siUIsulisunaniliausadatdunis
aeldidoulaiidmun wuinnisusegndld Cluster First Route Second Tasnsldsndasuds fszssmaiiduasainiiy

287.65 Alawns vseAndu 28.11% wazlifidruiuitaniuninfinvuals

AEAgY: NMIIALEUNIS sosudsiniGe 8i3aRnd
Abstract

This research aims to propose a heuristic method to optimize the routing of student shuttle buses. The
study of the problem of arranging the shuttle bus route for school appointments found that, the route to pick
up students has a large total distance. As a result, it takes a lot of travel time, and found that the travel of all
routes has a limited time. They must arrive at school before 8:00 AM. In addition, found that some routes had
more students than the required number of seats. This will affect travel safety. The case study had a total of
346 students per day, 43 pick-up points, including 2 minibuses (12-seat), 2 minibuses (35-seat), and 4 buses (55-
seat). The applied 4 heuristics are Nearest Neighbor Heuristic, Clarke - Wright Saving Heuristic, Sweep Heuristic
and Cluster First Route Second. The conclusion from the comparison of the results of the experiment provided

a result showed that using Cluster First Route Second with a bus to transfer can get the shortest distances in a
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shorter distance relative to the original route, with a reduction of 287.65 kilometers (28.11% of original route)

and no more than the number of seats allowed.

Keywords: Routing, School Bus, Heuristics
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Abstract

The objective of this research is to select the geometry of the lower electrode tip used in the single-
sided resistance spot welding of weldments between carbon steel tube STKM 13A with a 12.7 mm outer

diameter and 1.4 mm of thickness and cold rolled carbon steel sheet SPCC with 1.2 mm of thickness. The spot
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was welded using a 50 kVA AC, 50 Hz RSW machine, while the quality of the weld was assessed by considering
the weldment visual examination and nugget diameter. The results of the study explained the weldment
appearance of both the top surfaces of SPCC and the surface of the tube STKM 13A. The electrode geometry
type 3 is where the arc area of the electrode is the support area for the pipe during welding. optimal physical
appearance without arcing on the pipe surface. The average nugget diameter was 6.018 mm, which meets the

JIS 23140 standard.

Keywords: Single-sided resistance spot welding, Electrode geometry, Nugget diameter
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