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What is Scientific Approach to
Injection Molding?

Understanding Science of Injection molding
Everything substantiated by scientific data
Scientific approach to establishing molding variables
Understanding of four critical components

Material

Part Design

Tooling

Processing
Every decision Must be backed by scientific data



Why use Scientific approach?

RS

e Become more efficient
e Cost Savings <8

e Quality Improvements Q!

Separating from AS@
Old Ways To New Ways
How How & Why
Art (sight, sound and touch) Science
Myth Facts
Jet container approach TDK approach

Decisions based on DATA and DATA only
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we've got to keep pace...
We're meving to
Mmexico.

Co.. how's your
Chinese?




What’s One
Second Worth?

Profit Increases From Cycle Time Savings

Profit Increases

per per
5000 hr year  hour

$60 MHR | S5 MHR,

$12,500 $2.50
% /B0 MHR | coc pm
10,000 2.00 .5.§ «@'ff\/;HDMHR
/ ST
Srg?®
7,500 1.50

. 7

/

2,500 .50
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Materials Drying

Why do we need to dry Plastics Materials?

All Plastics, when exposed to atmosphere, will pick up moisture to a certain degree depending upon the humidity and

type of the polymer.

Hygroscopic

Non Hygroscopic

Polymers with high affinity for moisture

Polymers with very little or no affinity
for moisture

Moisture is absorbed into the pellet
over time until equilibrium is reached

No absorption of moisture into the
pellet. May pick up surface moisture.

Nylon, ABS Polystyrene
Polycarbonate Polyethylene
Polyester PVC,
Polypropylene
Polyurethane Acetal

Desiccant Dryer

Hot Air Dryer

Hygroscopic Pellet
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Moisture is absorbed into the Pellet

Non-Hygroscopic Pellet
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Surface Moisture



Material Drying Issues.......

* TOO hlgh drylng temperature...... Discoloration, Property breakdown

* TOO Iong drying time (OVGI’ drying)*. . ...Loss of impact, property breakdown
» Residence time and processing rate

» Hydrolysis...Molecular breakdown

» Materials that Hydrolyze....Nylon, PC, Polyester, Polyurethane, etc..
 Regrind usage and drying

e If you mold hydrolyzable material wet...May as well throw it away

* Rule of Thumb: Resins which pick up moisture fast, also dry fast!



Dew Point meter Vs. Moisture Analyzer

* Measures actual moisture in the material

* Measures dryer efficiency « Very accurate measurement

siEasyltolcaliviate * Lab environment/very clean production area

* Portable
* $ 800 to $1200

* Preprogrammed material data
« $ 8000 and up

Important Considerations
» Check incoming resin to cut down on drying time (do you really need 3 hours+ of drying time?)
* Eliminate over drying

* Are you paying for water?



Material Mixing, coloring & Loading

e Mixing...... Regrind and its adverse effect
e L oss of additives

e Pellet size variations
 Fines

Static charge

Fast moisture pick up

clogged filters

Fast melting

Black specks, splay, volatiles, burning

NO Hand mixing of reqgrind....

Attaches to grinder



Coloring

e Colorant have pronounced effect on
shrinkage

* Organic pigments have significant effect
since It tends to Interfere with
crystallization kinetics and morphological
structure of cooling polymer
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L Flight length of screw
D ~ Ouiside diameter of screw

Compression Depih nffnulsnnﬂnn

l]'.

Main fiight  Barrier fiight

Meltchannel  Solids channel

Typical Color Master Geometry:







General Purpose Nylon Full-Taper
For use with styrene, polyethylene and Minimizes drool when melding with nylon For use with ABS, acrylics, polycarbonate, sul-
other general-purpose materials fone and other engineering materials




Mold Venting

Why Vent?

e Evacuation of latent air that is in the closed mold

» Allow evacuation of gases produced by low molecular weight polymers and
additives

Problems associated with poor venting

* Burn marks « Decorating problems

« Poor mold filling » Adhesion problems

o Weak weld lines . :
o Stress cracking in presence of chemical

* |Internal bubbles and non-fill areas

 High stress concentration VENT THE RUNNER....

e Sink marks

« Longer cycle time PERIMETER VENTING

* Mold deposit build-up
YOU CAN'T HAVE TOO MUCH

 Down time







Mold Filling Simulation to Optimize
Design & solve molding problems

» Optimize gate locations and number of gates
 Confidence of fill

 Knit line and gas entrapment locations

o fill time

e pressure distribution

» Temperature distribution







Temperature

Where does the heat to melt the polymer come from?

tlo, 10 TEMPERATURE b1-H0LT 24

SBP 10, 2001 MON) 12:34:56
External Heater bands

Internal Screw

Heat Profile settings

Rear Middle Front Adapter/Nozzle

=1 1 | 1

Ascending Profile...... small shot size in large barrel

Reverse profile......... large shot size in small barrel



Temperature

Melt temperature affects cycle time
BTU’s (heat) IN = BTU’s (heat) OUT

Heat always travels from HOT to COLD at a given rate based on each
materials rate of transmission or thermal diffusivity

Some materials give off heat faster than others......

Parts Must be cooled below Heat Distortion Temperature (HDT) of
the Plastics in order to eject it out of the mold without warpage

The Hotter the melt.....Longer the cooling time
Avolid too high or too low Melt temperature........
Refer to material supplier’s Data sheet for recommended settings

And use It as starting point and starting point only




Heat content
of plastics
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Fig. 10-27 Heat content of plastics.




Figure 2-11.  Melt temperature affects required injection pressure for 16 classes of materials.
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IN ORDER TO REPRODUCE THE SAME
PROCESS ON MULTIPLE MACHINES

MELT TEMPERATURE

IS ONE VARIABLE THAT MUST BE
CONTROLLED AND DUPLICATED




How to measure melt
temperature?

* Needle Pyrometer

30-30 Melt temperature Rule

Procedure:

e Spray the probe with mold release

 Heat the probe 30° F above the front zone temperature.
 With the machine on cycle, retract the injection unit, Purge.
* Place the heated probe into the melt puddle (Purging mass).

 \Wait 30 seconds and record temperature shown on the instrument.



Flow rate

All Plastics exhibit Non-Newtonian behavior.........
Newtonian: Shear rate has no effect on viscosity....... Water
Non —Newtonian: Viscosity varies with shear rate

Plastics material’s viscosity decreases as shear rate increases

e Screw speed....... Lower viscosity at higher screw rpm

e Injection speed.....Flows easier with higher injection speed

Flow rate ( Injection speed, velocity) = Time in seconds, measured
from start of injection to
transfer to pack/hold












Why Is plastic pressure important?

Plastic pressure is what pushes plastic melt into the mold
NOT
Hydraulic pressure

Machines are sold with varied intensification ratio and therefore
It generates different plastic pressures

Because of these different intensification ratios one cannot use
the same hydraulic pressure from machine to machine
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Cooling Time

Thickness, mm.
2.0 3.0 4.0 5.0 6.0

0.10 0.15 0.20 0.25
Thickness, inches

—e— M3700, M3BOD
—O— PCI/ABS

0.30
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Flow rate or Water temperature?
Reynolds Number = 3600 x GPM / Diameter x KV

GPM (water flow from hose to mold in gallons per minute)

Diameter of the waterline in inches

KV kinematic Viscosity of water at 78 F is 1.00

Reynolds number should be greater than 4000 to 5000

For Turbulent Flow

» Most plants do not have adequate water flow

Laminar Flow Turbulent Flow







Heat content
of plastics
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Fig. 10-27 Heat content of plastics.




Optimizing Cycle Time

Heat removed Throughput rate Cycle time

* BODF malt termp 36400 Brwhr W00 Itir N.23 seconds
400FF meall termp SO0 Bew'hin POCLOND TEvhe .23 saconds
A400°F melt termp J5400 Bow'hr 12136 Ibihr 077 seconds

Owerall productivity improvement 21.3%
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Source: Injection Molding Magazine article

Polymer Cooling Curve

Raising de-moulding temperature by a
small amount makes a substancial
reduction in time taken for cooling

Temperature

Revised de-molding tem)
Typical de-molding temp s
Mold temp

__________ S

Time

Figure 2: De-mold temperature

Source: Omnexus Article



Flow Rate Monitoring
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Proper water management

Is the supply pressure adequate (50 psi min)?

Is the return pressure at least 40 psi less than
the supply? (10 psi)

NO-NO (oh! No!)
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CLOSED MOLD




Universal Set Up

As long as you push the same amount of
material at the same rate, at the same
position.....

You should be able to to move

a mold and material from machine to
machine with set up data that is universal
to all machines anywhere in the world


















Global market for all-electric injection moulding machines  Sales of all-electric machines in 2006
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1,900 1,500

14,500

17,200 all-electric machines were sold 2008




All Electric Molding Machines

» Technology developed in early 1980 in Japan

e Introduced in USA by Milacron in 1985 at NPE

e Initially available in 50 to 150 tons sizes only

e Today up to 2000 ton all-electric machines available

e Term All-Electric implies use of servomotors on both clamp
and injection end

e 510 20% higher in cost

e Over 30 machine manufacturers offer all-electric machines

 #1 advantage.....Energy Savings



All Electric Molding Machines

& Energy savings form 25% to 60%

& Repeatability, Accuracy, Consistency
@ No hydraulic oil...clean

@ No cooling water cost

€ Quiet

€ Low maintenance

3

@ Slightly Higher cost

& Torque related issues....Long Hold times...PVC
& Injection Carriage pressure

& Unscrewing molds?

@ Core Pulls?






CAL POLY POMONA

COLLEGE OF THE EXTENDED UNIVERSITY
Plastics Engineering Technology Certificate

This four-course certificate program provides practical instruction applicable to
materials, processing, product design and tooling. The program is targeted to
technical and non-technical audiences desiring to acquire basic knowledge, expand
their horizon, enhance their career or simply take as a refresher course. The main
emphasis is on practical aspects of Plastics Engineering Technology without being
extremely technical so that the knowledge achieved can be applied in day-to-day
applications.

PLASTICS: THEORY AND PRACTICE WINTER
SCIENTIFIC INJECTION MOLDING SPRING
PLASTICS PART DESIGN FOR INJECTION MOLDING SUMMER
TOOLING FOR INJECTION MOLDING FALL

WWW.CEU.CSUPOMONA.EDU






C ONSULTEK CONSULTING FOR PLASTICS INDUSTRY

VISHU SHAH
460-D W. Lambert Road,
Brea, CA 92821, USA
TEL : 714-674-1981, FAX : 714-674-1981

Email: vishu@consultekusa.com

www.consultekusa.com




