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ABSTRACT

The objectives of this research were to study and design the plug-assist vacuum thermoforming machine. The
major parts of this machine consist of heater, control system, vacuum set and mold. The infrared heater moved and
generated heat to plastic sheet until it reached forming temperature. The mold was made from resin and its shape liked
water glass. The female mold or die was 7 cm. high. The top and bottom diameter of punch and die were 7 cm. and 5 cm.
respectively. The male mold was 5 cm. high. The working process was controlled by PLC. The experiments were
performed to study the effect of processing temperature and vacuum pressure by forming the high impact polystyrene.
The results showed that when vacuum pressure was increased, the wall thickness decreased from the top to bottom of
a sample. The wall thickness of the bottom was thickest. However, when the processing temperature was increased, the

thickness of the bottom increased.
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Solenoid at rest A
vatve closed LI
i

Solenoid active.
valve open
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3.3.2 YANIUANMIINNY

YARILANMINNIUYEUATENTTNBUAIYARIVANTZUUNITIIITN (PLC) naz yanuguau il
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AIUIOU

3.3.2.1 YAAIUANITUUMINIUY0UATOL (PLC)
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gﬂﬁ 3.14 Ladder Diagram

= sensor I UAWKRUINIZVDNAY A

= Tyfuseniuqunszien A . ]

X
= IyAuesnluquaszuen B X,,  =sensor ILYAMMUINTTUONDN B
X

= lgduseauqunszuen C = sensor STYAWNUINITTUBNAY C

o e TN e

= Tyaussrruguilugyanma Y = Timer ¥U23301

o_ o o ? a Y o :1”
HAUMIY9IUYBI2995 Ladder Diagram a1snaiueldl dail
Line 1 loardn X, IinTesSurinu exild v, fie Tefuesniugunszuen A vivou uaziilenszuen A
4 o [] ] . [ 0 4 . ° Y o 9
e llaudedumda X, HlW T, Timer szmiasnarlumsitaniie Timer o udes Talda v ia
¥ v, ua T, ngashan
. Py ° +'4 a o 4 & a ° 4
Line2 1o Y, ngaiauuda Ilezdsinild v, fie Tafveunivquaszuen B ¥ uazilienszuen B
e Tdaudedwniie X, T, Timer zwiranarlumssieu
. ] o & o 2 o T ° Y b= a
Line3 0 Y, vivusaznszuen A aeulindusudedumis X, 1A v, fe TeAussntununszuen C
M wazdle T, iomudaez ludatviinid v, ngaviheu
Lined 8 Y, amuaznszuen A deulundusufsduonia X, i ld T, Timer szwihananlumisinu
uazilionszuen Cideu lsudsdmmis X, ld v, Ao Tedussnruquiluqannieie

_ S ; . 4 .
Line5 o T, ol v, vhow de v, 9z lilwgaamsioues v,
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P =F/A 2.2)

A = TID/4 (2.3)

) P A® ANUAY
A dy - 8 o g
A fip Wunnihdalumsnaguau

' ¢ o
D fle Wurugudnarslunsnadusiu

o d‘ 9 o 3 ] a a ot [
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1.96X10° m1519ua 3

A =(3.14)x(0.05)/4

92 1A P =900 (N)/(1.9x10°)(m”) = 4.73x10° N/m’

4.73 bar

Aenldannudulday 6 bar
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) 4 v
amvnanszusnanilituiug (1]
hruaaianuaulFau 6 bar

59l lunsily 900N

A10TUNTT A=F/P 2.2)
A=TD"/4 (2.3)
a'ld TID/4 =900 (N)/6x10° (N/m’)
D = (0.0015m x4)/ T
D =0043m
=43 cm

¥ o 1 4 o ¥
iaiudenldnszueniumsiludugiiduruguinarsauie s om lumsiludugl

v Y
animslva
Q=Hx({qt+q)xh @2.1)
0 9 o [ ~ Y Y Ao @ o
iua 19 Q = 8a51N131%¥ay (NL/min) q,= 8a5IMslgauiy g 1 au. JamIzay
H= ¥24%nve3nszuengy q, = oasIn1s Mauiigasdn 1 wu. Sanazds

v
h = $IUIUATIABUIN

o t [} o o
nnemeg g uaz q asan ldeinmsiedasins ldauszniudurduguinatsnszueauazanuauldau
§ [] [ o s Q e A ° 1
falainsdinnszuenauieiy 3 42 udiimsmisasinsl¥ansiu S nranisAnaausaiag

-1 a
senlddufivanvuia 50 ans1d

[ 4

aay ¥ aq ¥ H v a Y] o o e oA & o ¥
1uﬂu1ﬂﬂnuﬂ‘1ﬁﬂigﬂaﬂﬂd 3al ﬂﬂ]u1ﬂlﬁuﬂ1uf{uﬂﬂa13ﬂlﬂ1nuﬂa 7 cm LWﬂﬂ’]aﬁi']ﬂ’litl‘lfaui?u

J o 3 & a e v
faga uaziirinauaulda 6 bar FuumsdearIAiAunifidna 14

o Y ¥
1AA1T19OATINT LFaY %31@]

q,= 0272
q= 0.246
sruenaunszuend I §$23¥n 35 cm
Q= 35x(0.272+0.246 )x1 = 18.13 Nl/min
szuenaunszUend 2 fvaadn 34 om
Q,= 34x(0.272+0.246)x1 = 17.61 Nl/min
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ASLUBNAVATZUDNN 3 U¥IIFN 3 cm
Q3 = 3x(0.272+0.246)x1 = 1.55 NVmin

Q. = 3729 Nl/min

ANUADINITANINI DU

o y 4y Y o Y . ad (4
WaIUAMNTBUNRABINS = thwiinvesiag x AnmganuTousunz x gamgiinlaeuly
¥
90 dminvesding = Ysmnasxanumuiu
= (0.41x0.29x0.001)(m’) x (1045)(Kg/m>)

= 0124 Kg
armgaudousuwir 1402 JKgK
gamgiifin/aguly 20 K
vz ldndsauanueuifeanis = (0.124)(Ke) x (1402)(I/Kg.K) x (120)(K)
= 20,862 J

o o w a ¢ @ Yy Ay v [
MUK INIAITAUAD TN wmﬂummsaumENmi(J)/rmﬂumﬂﬁﬂ'nui'au(s) (Watt)

wonldBamesuuia 800 W S U Aefy

WInee AuauUAMANLSBuYBIURUWATAAN HIPS uansfsmsngaautalunianuan a.

A Ysinasdaaugyaime
MNFAT (Vo x P) +(V xP )= Vx P,

e v,= UTiasdeay, dszneudaedeiine ludindanuguaaanie
v, = 5nasveslua

V,=V,+Vm

p,= Anuauauyselludean (0.5 psi)

P, = anwdududululuafiszduimeaa (14.7 psi)

P, = anuduldauiidesns (7.63 psi)

USumsveslua = 4x30x18 cm’
3

= 0.0762 ft
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UTinasveavisaugyy n e IFURILAUINAN 12 mm 812 3 m

T’ h = 70(0.6)° (300) cm’

3
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= 00119 &
unua luaums wld (V,x0.5) +(0.0762x14.7) = (VO + 0.0762)x7.63

3

V,= 0.0757 ft

0

V, = (0.0757-0.0119) f’
V,= 0.0638 f’
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wiluuadaluay M, = Fbx/L
(0.45x 0.88x0.22)/1.1

0.08 kN.m

n

Fb/L

<
I

=)
AUTURDU
= (0.45x0.88)/1.1

= 0.36 kN.m

manuRudagegalunu

1

R, = Fb/L (0.45x0.88)/1.1 = 0.36 kN

1

R,= Fa/L (0.45x0.22)/1.1 = 0.09 kN
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