31 a
1944
Opavsky
(Gas-Assist Injection
Moldiing) .. 1970
2 (Mr. Friederich) Rohm
.. 1976 (Foam-
Molding Technology)
Friederich
' (Injection Molding Process)
2 2
(Adhesion or Welding) (Blow Molding)
Injection Blow Molding ~ Extrusion Blow Molding 1
1 l 1
(Injection Process) 1]
(Uttrasonic and Vibration Unit)
Ermst Friegrich Rohm GmbH Darmstact
[No 2501314 .. 1979]
(Injection  Molding)
(Nozzle)

(Mold)
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(Forming)
31( )y

31 ~ [Emst Frienderich, 1978] [7]
Peerless 1983 Cinpress | (Controlled Intermal Pressure
Moldiing) 1984 Mike Ladney Detroit Plastics Molding (DPM)
Cinpress | International - Messe
Kunststoffimd Kautschuk  Disseldorf .. 1986 .. 1987 Ladney
Friederich Hendry DPM

Battenfeld, Ferromatik, Stork, Engel  Johnson Control

(Blow Molding)



10%
80%

(Short  shat)
( 32)

(Residual Wall Thickness)
( 33 18], [9

%ﬁiﬁs T ""> e

e

N
FroMmayePed Poymar Modvel

32 [10]

O @ e
@ 7/
&

777727777777777177777777777772727272722777775

[ THIHTTHTH T

33 [10]

2
104Ns/m2 105Ns/m2

( 34)
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A- , Ns/m2
rB- , Ns/m2
<—J$ 4
Ck—
N, Ny
34 [11]
(Packing Pressure)
(Volumetric Shrinkage)
5
L) (Clamping)
2 )
50-90% ( (Short Shot))
35(1)
3) ( ) 352)
' (14 ges penetration)” (Nozzle) (Runner)
(Mould Cavity) 35(3)
(Frozen Layer)
4, ) (Gas Holding Pressure)
2rd gas penetration)” 35(4) (Packing)
(Conventional Injection Molding) (Shrinkage)

(Dimension Stability)
(Residual Stress)



5) (Machine Nozzle

Needle) 35(9)

; PMlastic
snquchion

} Ploue
injochon

STAGE 2

35 [10]

2] 36

21



36()

36(h)
3.6(C)

». Partal fil by ono or
move nozzles

b. Gas In through
mukipte aozzies

¢. Das vented through
oNB OF MOre NOZZIeH

23
(Runner)

36

[10]

37

28
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SHOT™H
20L8s.
MOLD-
Oa gy
Os Oo
200 TON
Q¢ oAs
PRESSURE
500 P
200 TON

@ * @

37 [10]

HFT GA (Hettinga Ligmd Gas Assist)
38
“Co-injection”

( )
(Sink Mark) HELGA

(Conventional Injection Molding)
[10]

38 HELGA [10]



33) 9 »

Injection Molding) I

331)

(Nozzle) (

33.11)

33111
Process)

(Nozzle)

(Shut-offNozzle)

(Gate)

(Convention
(Gas Pressure Generator Unit)
(Short Shot Process)
)
(Normal Injection)
3
(Machine-Nozzle
(Gas Nozzle)
. (Gate)
(Hot Runner)

30

39



Bushing)

Nozzle)

310

a

njectlon Machme

=\
I

7 [/_
==
39 3
33112 (In - Runner Process)
(In-Runner) (Sprue
(Runner)
(Gas

(Frozen Layer)
(Hot Runner Manifold)
(Shot Size)

[Injection Machine| [Nozzle]

|

e
_JIL

3.10 3]
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33119 (In-Mold C
(Gas Pin) '
(Frozen Layer)
(Gas Pin)
3
[Injection Machine] [Nozzlel —
\f

—_— 4 - -
| /
L
c

/] B
Ve —. —|

31 3

3312 (Special Injection)

33121 (Overflow Cavity Process)

(Spill-Over Process)’

312 (Delay Time)

(Switch Over Mark)
33 314

(Rod Shape)



A

11710

g

compiéete filing and
melt holding pressure phase

C

Cih?_:_—:::!-l :Iw

gas holding pressure phase

gas
>

-

pressure removal

312

(Overflow Cavity Process) [3]

313

3.14

(Switch Over mark)

(Sink Mark)
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33122 (Melt-Pushback Process)

Back-to-Screw Process Overflow
Cavity Process ,
315
2
L )
Preset Stroke
2 )
(Screw
Speed), (Back Pressure), (Gas Pressure)
(Gas Hold Time)
(Runner) (Sprue)
(Melt Flow Back)
(Overflow ~ Cavity
Process) (Delay time) :

(Overflow Cavity Process)

[13]



316

35

B
| |
melt Qas l | men
¢ - —
.,
omplete filkng ana Dhow <
meit holding pressure phase
C D
gas
| - 1!_
* 43 - LR
Jas holdng pressure phase pressure temova

315

33129

(Core)

(Melt - Pushback Process) [3]

(Core-Pull Process)
(Core)

(Core)



A B8
jas
>
I‘Iddlr‘g pressure

rrﬁﬁ%]dpﬁﬁeme phase 8829"2 érca%}? nand

0ps holding pressure phase  pressure removal

316 (Core-Pull Process) [3]

33.2) (Full-Shot Process)
!
317
(Polystyrene: PS)
(Polypropylene: PP)
(Polyethylene: PE)

13

317 (Full-Shot Molding) [14]

36



3.4)
2
34.) (Pressure-Controlled Process)
(Gas Compressor)
3
1)
2. ) Pressure Profile
3 )
(Holding) 318 [14]
318 (Gas Pressure-Control Process) [14]
34.2) (Volume-Controlled Process)

(Pressure-Controlled)

(Cooling time) :

37
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319 (Gas Volume-Control Process) [3]

35.0) (Injection Molding)
(Conventional Injection Molding)
[11] 320

Machine nozzle with
gas-injection needle

| SRS |

I'l.:l

Compressor

Nitrogen
pressure bottle

Control
cabinet

000 @

320 11



352) !

352.)

3

352.2)
(Pressure-Controlled)

322

(Pressure Generator Unit)

(Volume-Controlled)

3A

(Volume-Controlled) [13]

(Compressor)

322

(Compressor)

39



353

(Monomodlule)

353.)

323

353.11)

323

35312

(Module)

324

40

(Module)

(Loop) 2

[14]
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324 [14]
3532)
325
325 [14]
35.4) (GasNozzle)
3
1) (Nozzle Machine)
2. ) (In-Runner)
3)
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3541) (Nozzle Machine)
! (Nozzle) 326

Gac inlet and valve

3.26 B

(Gate) 2

354.11) 327

SHUT OFF

SCREW TIP
-&|ll cas Tuse

327 1]
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35412) 38
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Needle Spring

Pressure pin

38 14

(Gat)

329

39 (Rumner) [15]



3542) (In-Runner)

(Mold Nozzle) Mold Nozzle
354.21)
35422)
(3-5mm)
(Mechanics)  f
(Moclule)
330 (GasNozzle)
330 14
2 (Nozzle)
L )



355)

355.)

3552

356) (Hot Runner)

(Silver Mark)

45

(Sorap)



(Oxication)
3.7)

31
(Polypropylene), (Nylon)

31

Acrylonitrile butadiene styrene (ABS)

Acrylonitrile butadiene slyrene/polycarbonate
(ABSIPC)

Acetal

[li-Impaet Polystyrene (HIPS)
Polyamide (nylon)

(unfilled and glass-filled grades)

Polybutylene terephthalate (PB 11
(glass-reinforced grades)

Polycarbonate
Polyetherimide
Polyethy lene (11DPL)

(Polycarbonate) ~ PBT

(Turbulent Flow)

46

(Polytutylene terepthalate: PBT)

GAIM 1]

Polyethylene terephthalate (PFT),
glass-reinforced

Modified polyphenylene ether or modified
polyphenylene oxide (M-PPL or M-PPO)
Polypropylene (glass and mineral grades)
Polystyrene

Polysulfone

Polyvinyl chloride (PVC)

Syndiotactic polystyrene (SPS)

GE Plastics

(laminar Flow)
Battenfeld



Front) ,
Bettenfeld
Flow)
(Urea Formaldehydk),

(Melamine Phenol Formaldehyce),

~N o o1 B o O

~— — —— —— ' — ~——

47

(Non-Laminar Flow)
(Flow

(Non-Laminar

(Phenotformadehyd),
(Melamine Formaldehyde),
(Unsaturated Polyester) 21 (Epoxy)

(Laminar Flow)

(Resicual Pressure)

Past integration



(Blow molding)

39) 8

Nozzle)

8) ,
U 15

1)

2 )
(Melt front)

3 )
32

4.)

5 )

» aamnni (Design Consideration!

;1
(Melt Flow Inoex: MF)
(Material Balance)
(Gas Holding)
(19
(Close Loop Channel)

331

48
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) 4T W BT L7 BT L L by LT L9 57 7 P ) N A 25 A L LD L 4

3% (el i) [16]

21-251

115

(Melt Front Freeze-Off),

Freeze-Off
(Conventional Injection)

(Gas Fingering)
[17] 332

3.32 (Gas Fingering) [17]
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(Gas Blow-Out (Flow
Front) 2 Blow out

[
3B

Gas Channel

Very low wall thickness /

Gas Channel

Improved wall thickness ratios

3.33 [11]



334
334
(Rib)
(
3.10)
L) (Rod-Shaped Part)
2 ) (Panel-Shaped Parts)
3 )

increased wall thickness)
3100)

, 33

51

(Rib)

(14

(Sink Mark)
[19]

(Panel-Shaped Parts with locally



52

33 [14]

L) (Cooling time) ~ 50%
2 )
3)

(Sink Mark)
4 ) (Warpege)

Pressure)
d )
3102

3.36 (Garden table) [14]

(Cavi
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3% Rib)

(Rib)

L) "(Clamp Force)

2 ) (Residual Stress)
3 )

4.)

3103)
(Sink I\/la-rk)
(Holding)
1)
2 )

(Fingering  Finger Effect)

3.11)

“External Gas-Assisted Injection Molding”
Battenfeld, Asahi, Incoc ~ Gas Injection Limited

“Externdl Gas Molding”
(Core Mold)
(Parting Line) Ejector pin



(Coaling)
(Sink Mark)

14 337

S :
———
= .-

fl

NH

\
e ,\\\\
3 il

. , —r A \’:]

with Airmould Contour®

Principle of surface gas pressure in preventing shninkage
defects

337 External Gas Molding [14]
“Water Assist Injection Molding”
for Plastics Process in Germany)
(Liquid Phase) 20 bar (290 psi)
(2176 psi) (Holding Phase)

12

IKV (The Institute

338

150 bar



nozzle

338

“HELGA Process of Hefting”
resin

(Hat Plate),

HELGA process

(thin wal

§

Rib)
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