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Improvement of Fluidity of Plastic Material in Injection Molding Assisted
by Diode Laser

Kimitoshi SATO, Suketsugu NAKANISHI and Koji UTSUNOMIYA

Abstract

(Received Sep. 8, 2004)

The excessive cooling in the filling stage of injection molding stops flow of polymer melt and

gives insufficient filling of material in to the mold. In order to enhance the fluidity of the

material, it is desirable to prevent the decrease in the temperature of molten polymer. One

solution is radiative heating of molten polymer by lasers passing through the mold wall. The

authors adopted a diode laser, which allows comprehensively inexpensive equipments of light

source. In this study, an experimental test of molding of disk with laser irradiation was

performed and a numerical simulation for analyzing the temperature profiles within the flow of

polymer melt was also investigated. The results show that the fluidity of polymer melt by

laser heating is improved and it is especially effective at high injection rate.
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Fig.1 Concept of an injection molding process assisted by
diode-laser radiation
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Fig.2 Details of experimental mold
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Table 1 Optical properties of tested material

radiation
coefficient [m™]

absorbance [%]
(t=0.5mm)

polypropylene | gray 88.9 4400

material color

Table 2 Molding condition in experiment

injection pressure 19.6 MPa
injection rate 188 mm/s
mold temperature (radiation side) 30T
mold temperature (injection side) 40T
temperature of polymer melt at a nozzle 215C

Outer diameter: ¢ 48

Thickness: t=1.0 Gate

Fig.3 Shape and size of molded article and positions of laser
irradiation
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Fig.4 Flow behavior of a conventional molding without laser
irradiation
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Fig.5 Flow behavior of the molding with laser irradiation
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Fig.6 Relationship between projective area of molded article
and position of laser irradiation
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Fig.7 A model of numerical simulation for flow of molten
polymer assisted by the laser irradiation
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Table 3 Thermal properties of used plastic and molds

Polypropylene r Steel Crystal Glass J
p [kg/m’] 850 [ 7860 2190
¢ [J/kgK] 2100 473 860
x [mm¥/s] 011 139 0.80
A 10.8 - -
T: 150
, ' 15000
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Table 4 Size of control volumes

\ x direction y direction
Steel mold 0.25mm/div. 0.025mm/div.
Polymer melt 0.25mm/div. 0.025mm/div.
Glass mold 0.25mm/div. 0.025mm/div.
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a) irradiation intensity, L= 1.15W/mm?
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(¢} irradiation intensity, L= 5.15W/mm?
Fig.8 Influence of irradiation intensity on temperature profile
within the flow of polymer melt
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Fig.2 Influence of irradiation area on temperature profile
within the flow of polymer melt (laser diameter, d =
8mm)
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(b) injection rate, Up=588W/mm?
Fig.10 Influence of injection rate on temperature profile within
the flow of polymer melt
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Fig.11 Influence of injection rate on temperature profile within
the flow of polymer melt ; irradiation intensity, =
5.15W/mm?, laser diameter, d =8mm, injection rate,
Up=588W,/mm?

6. &

AL T, FHREAOEBRIZOWT, WEMEm %
F =y MIEBEEEL S PIZ L —F—BEERO SR RO
BAATIC LD, UM ERBET L. EREHVTOREE
BRIZBWT, PEAL — - BEINEIC X D BHR O wE A
RESh, ZOMREHHAT LBz ERWICHBATES
CEERL, FSEOKERPLIE, RIEERICBWT
7= MRNOBREOMESHREEI T L TRLFET S 2
Lo, B 2BFEHFHREOBRILLHLE
EORELHERE L TG COMBAIENTHL I &8
MR s,

i

X 7

1) K. M. B. Jensen and A. A. M. Flaman: Polymer
Engineering and Science, 34-11, pp894-897 (1994).

2) K. M. B. Jensen and A. A. M. Flaman: Polymer
Engineering and Science, 34-11, pp898-904 (1994).

3) J. L. Ming. and P. 8. Nam: Polymer Engineering
and Science, 29-7, pp441-447 (1989).

4) By, femE, AEE B, 62599, pp2894-2871
(1996) .

5) AHEE, B, fo#k : #RE(B), 63-613, pp3114-3122
(1997).





