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Trai ni ng Obj ective

After watching this video and reviewing the printed material, the
student/trainee will understand the principles and physical operations of the
pl astic injection nolding process.

« An overview of the process is presented.

e« Aspects of plastic materials is reviewed.

e Descriptions of the injection nmachine are detail ed.
e Ml d types and design are expl ai ned.

I nj ecti on Mol di ng

This is the nost conmon net hod of producing parts nade of plastic. The
process includes the injection or forcing of heated nolten plastic into a
mold which is in the formof the part to be nade. Upon cooling and
solidification, the part is ejected and the process continues.

The injection nolding process is capable of producing an infinite variety of
part designs containing an equally infinite variety of details such as
t hreads, springs, and hinges, and all in a single nolding operation

A plastic is defined as any natural or synthetic polyner that has a high

nol ecul ar wei ght. There are two types of plastics, thernoplastics and

t hernmosets. Thernobsets will undergo a chenical reaction when heated and once
formed cannot be resoftened. The thernopl astics, once cool ed, can be ground
up and reheated repeatedly. Thus, the thernoplastics are used prinarily in

i njection nolding.

There are four major elenents that influence the process. They are:

 the nol der

e the materi al

e the injection nmachine
« the nold

O these four, the injection nmachine and the nold are the nost varied and
mechani cal |y di verse. Mst injection nmachines have three platens. Newer
nodel s use just two platens and may be electrically operated as opposed to
the traditional hydraulic nmodels. They can range in size fromtable top
nodel s to sone the size of a small house. Most function horizontally, but
there are vertical nodels in use. Al injection nachines are built around an
i njection systemand a cl anpi ng system

The injection system mechani sm may be of the reciprocating screw type or,

| ess frequently, the two-stage screw type. Also included is a hopper, a
heated injection barrel encasing the screw, a hydraulic nmotor, and an
injection cylinder. The systems function is to heat the thernoplastic to the
proper viscosity and inject it into the nold. As the resin enters the
injection barrel, it is nmoved forward by the rotation of the screw. As this
nmovement occurs, the resin is nmelted by frictional heat and suppl ementary
heating of the barrel encasing the screw. The screw has three distinct zones
whi ch further processes the resin prior to actual injection.
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Injection is acconplished through an arrangement of valves and a nozzle, al
acted upon by the screw and the hydraulic punp that pushes the resin into the
nol d. This so-called “packing action” occurs at pressures from 20,000 to
30,000 psi and higher. The tenperature of the resin at this time is between
320° and 600° F.

The cl anmpi ng systemis function is to keep the plastic froml eaking out or
“flashing” at the nold' s parting |ine. The clanping system consists of a nmain
hydraulic pressure acting on the nold platens and a secondary toggle action
to maxinmze the total clanping pressure.

The platens are heavy steel blocks that actually hold the nold tightly cl osed
during the injection phase. Most injection nachines have three platens. The
“stationary” platen has a center hole that receives the injection nozzle and
hol ds the cavity half of the nmold. This platen also anchors the machine’'s
four horizontal tie bars. The “novable” platen holds the core half of the
mol d. This platen noves back and forth on the tie bars and as the nold opens,
the nold' s ejection systemof pins and posts expel the finished part. The
“rear stationary” platen holds the opposite ends of the tie bars and anchors
t he whol e cl anpi ng system

Al'l injection machi nes have some sort of safety interlock systemthat prevent
access to the nolds during the clanping and injection phases when the machi ne
is operating sem -automatically. The operator renmoves the finished part,

cl oses the door or gate, which sets in notion the next nolding cycle. In ful
automatic operation, finished parts fall into a container, conveyor, or are
renoved by robot mechani sns.

I nj ection Mol ds

The nol d deternines the part’s shape, acts as a heat sink to cool the part,
is made to vent trapped air and gases, and, finally, ejects the finished
part. Ml ds are npost often nade of special molding steel. Other nmold
materials include berylliumcopper, stainless steel, alumnum brass, and
kirksite. Ml ds are manufactured by nachi ning, EDM or casting. The finished
nmol d surfaces are often polished and coated to resist wear and aid in part

ej ection. The accurate nounting of each half of the nold is acconplished with
| eader pins and dowel s and ensures proper nold alignnent. The injection
nozzle is seated on the nolds “sprue bushing.” The sprue’s tapered center
hole directs the nmolten resin into either the nmolds runner systemor directly
into the nmold cavity.

A nmold may have several and varied types of runners and gates. The function
of the runners is to channel the flowing resin to the nold' s gates, which in
turn lead to the cavity itself. In sone cases where resin goes directly into
the cavity, it goes through a “sprue gate.”

Vents are ground on the nolds parting line to allow the escape of air and
gasses as the nmold fills. The “nolder” determ nes the size, nunber, and

| ocation of the vents according to the parts geonetry, gate | ocations, type
and viscosity of the resin, and the injection rate. The nold al so has an
internal water cooling network. Cooling is the nbost critical part of the
whol e process, contributing to controlled shrinkage, part strength, and
process speed. Wen the nold opens, part ejection is acconplished by pins and
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bushi ngs pneumatically or hydraulically actuated. O der machi nes use
nmechani cal systems while still others use a stripper plate arrangenent.

Many different nmold designs are in use. They include:

e cold runner, two plate nold

e cold runner, three plate nold

 hot runner nold

 insulated runner nold

Each has its own distinct advantages which influence process speed, ejection
ef ficiency, automation potential, and part cleanliness.

Machi ne Contr ol

Machi ne controls range fromelectromagnetic relays and tiners to computer
driven solid state devices. Conputers not only control the process sequences,
but also performquality control functions, real-tinme reject recognition
fault analysis, record keeping, and instant set up procedures. Additionally,
conputer systens aid in the design and construction of the nolds.
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Revi ew Questi ons

1

A “plastic” is defined as a:

a. resin

b. conposite
c. polyner

d. nonnetallic

A thernoplastic is one that:
a. can be reused

b. can be processed just once
c. is the nmost Iight weight

d. is the strongest

The nobst common type of injection machines are:
a. vertical

b. horizontal

c. a conbination of the two

d. electrically operated

Moverent of the plastic material is caused by:
a. a ram

b. conpression in a cylinder

C. gravity

d. a rotating screw

The novenment of the material into the nold is call ed:
a. filling

b. packing

C. squirting

d. flow ng

Leaki ng out or flashing occurs at the:
a. nold gate

b. nold runner

c. sprue hole

d. parting line

The tenperature of the material upon entering the nold is:

a. 800 to 1000 degrees
b. over 1000 degrees
c. 100-200 degrees

d. 320-600 degrees

Most nol ds are nmde of:
a. a special steel

b. al um num

c. copper

d. brass

The function of the nold runners is to:
a. vent trapped air

b. provide entry into the nold cavity
c. provide a path to the nold gates

d. define the nold parting line
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10. The nost critical process function is:
a. speed
b. cl anpi ng pressure
c. mold cooling

d. ejection speed
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