@@@@@@@@@@@@@@@@@@@%

@

@

@ ©
© PLASTICS ©
% (PART T) %
% Serial 5654G—Edition 1 %
@ ©
QOO COLROOLE

METHODS OF PROCESSING AND
FABRICATION

EQUIPMENT AND TECHNIQUES
AUXILIARY PROCESSES

1. Production of Plastic Articles.—Plastics, like
other raw materials, are useful only when formed
into articles of commerce. Plastic articles are either
molded or cast, with further fabrication. Several
methods of molding exists, such as the following:

Compression molding Laminating
Heatronie molding Extrusion molding
Transfer molding Blow molding
Injection molding Cold molding

Jet molding

All of these methods require molding equipment
of some kind, whereas the cast or formed products
require only a containing shape. Formation of plastic
articles by casting is probably the simplest method
of fabrication, but such a process is limited to cast-
ing resins only. The equipment consists of master
patterns, or mandrels, around which lead molds are
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formed by a simple dipping process. The casting
resin, usually a phenolic, is poured into the lead
molds and cured in baking ovens for from 3 to 12
days. The plastic pieces may be removed from the
lead molds by pneumatic pressure, or the lead may
be deplated away from the casting. The finishing
operations are usually lengthy and require consider-
able hand operation. Of the two processes, more
molding than casting is done.

2. Development of Pressure for Compression
Molding.—The molding of plastics requires heat and
pressure. Various types of heating will be discussed
under the various molding techniques, but the sub-
ject of pressure will be treated separately. Most
molding plants obtain the necessary pressure for
molding through an accumulator system, having low
and high boosters, commonly referred to as a two-
pressure system. The low pressure runs from 250 to
500 pounds per square inch and the high pressure
from 1,700 to 3,000 pounds per square inch. The low
pressure is used to partially close the mold. A clos-
ing with low pressure provides many advantages,
among which are a reduction in frictional wear of
the mold, low breakage of pins, and the holding of
inserts in place. The high pressure is used to com-
pletely close the press and cure the material.

Some presses are built as self-contained units,
housing a motor and pump which supplies the pres-
sure. Presses of this type are known as self-contained
presses. Hydraulic hand pumps are also used to sup-
ply the necessary pressure. In the last analysis, even
steam may be used as the pressure medium. In the
two-pressure system, the entrance of pressure to the
individual press may be controlled by individual
valves, one for high and one for low pressure, or by
a two-way valve, Presses with a two-way valve are
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usually equipped with a reducing valve to adjust the
pressure for each particular application.

3. Molding Pressure Calculation.—Each material
has a known molding pressure. It represents the
amount of force in pounds per square inch required
to mold the material. In order to determine the
proper molding pressure conditions, three individual
pressures must be taken into account. The first pres-
sure that must be considered is the line pressure,
which is the total pressure exerted in the feed line
by the pump or accumulator. It is expressed as
pounds per square inch, such as a line pressure of
1,800 pounds per square inch. The total line pressure,
which is delivered to the compression press, is ob-
tained through the ram of the press.

The second pressure is known as the ram pres-
sure. It is expressed as the line pressure multiplied
by the area of the ram. Thus, if the ram area is 100
square inches and the line pressure is 1,800 pounds
per square inch, the ram pressure is 180,000 pounds.
The area of the ram is calculated as =»r?. The par-
ticular press cited has a ram pressure, or capacity,
of 90 tons.

4. The third pressure is the mold pressure. In
order to calculate mold pressure, it is necessary to
know the number of square inches of projected area
of the article or articles to be molded. The mold pres-
sure, which is calculated by dividing the ram pressure
by the projected area in square inches of the article
or articles, is the actual amount of pressure exerted
on the parts that are to be molded. For example, if in
the 90-ton press the projected area is 30 square
inches, the mold pressure is 6,000 pounds per square
inch. Where the line pressure is known, the formula
for calculating the ram pressure is
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R=LA (1)

in which R=ram pressure, in pounds per square
inch;
L=line pressure, in pounds per square
inch;
A =area of the ram in square inches.

The formula for calculating the mold pressure is

R LA
M=5=% @

in which M =mold pressure, in pounds per square
inch;
S=projected area of the article, in square
inches.

5. Once the mold pressure is known, it should be
compared to the actual amount of pressure needed to
mold the article. The pressure required to mold the
article may be calculated by multiplying the pro-
jected square-inch area of the article by the molding
pressure of the material. For example, general pur-
pose phenolic material of medium flow requiring a
molding pressure of approximately 3,000 pounds per
square inch is used in the 90-ton press. Therefore, if
the projected area of the article to be molded is
30 square inches, a total pressure of 90,000 pounds
is required to mold the article. The 90-ton press,
which is capable of supplying 180,000 pounds pres-
sure, has a capacity great enough for the molding of
the item; as a matter of fact, the pressure is too
great and a pressure reducer must be set in the line.
The line pressure of the press is cut down only until
the mold pressure is correct. Since the ram area is
100 square inches, the mold pressure may be cor-
rected by reducing the line pressure to 900 pounds
per square inch.
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6. Another method of comparison of pressure is
to compare the mold pressure with the molding pres-
sure required by the material. In the example of
reduced pressure, the mold pressure is 3,000 pounds
per square inch and the molding pressure required
by the material is also 3,000 pounds per square inch.
Articles of long draw are calculated for their square-
inch area exactly the same as other articles. Due to
the draw, however, an additional pressure of 600 to
700 pounds per square inch should be added, because
experience has proved that more pressure is required
in long-draw articles.

7. Pull-Back Pressure Calculation.—Semi- and
full automatic presses are equipped with pull backs,
which are used to open the die. Pressure is required
to make the pull backs function. Since the pull-back
pressure is operating against the mold pressure
when the press is closed, the pressure needed must be
subtracted from the mold pressure. The pull-back
pressure may be calculated by multiplying the line
pressure by the area in square inches of the pull-
back rams.

8. Calculation of Number of Cavities Based on
Pressure.—The number of cavities that can be placed
in a die may be calculated from pressure figures,
although in actual practice this is never done. If the
projected square-inch area of the article is known,
the molding pressure required to mold the article
may be computed by multiplying the projected area
by the material molding pressure. Then, the number
of cavities that can be successfully placed in the mold
can be obtained by dividing the ram pressure by the
molding pressure required to mold the article. For
example, a flat disk 4 inches in diameter is to be
molded from general purpose phenolic material that
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requires 3,000 pounds per square inch of molding
pressure in a press having a ram pressure of 180,000
pounds. Since the article has a projected area of
approximately 12 square inches, the pressure re-
quired to mold the piece is 12 x 3,000 = 36,000 pounds.
Hence, since the ram pressure is 180,000 pounds, the
180,000 5
36,000
In actual practice, the molder first determines the
number of cavities needed from customer require-
ments and then determines how much pressure will
be required to mold the pieces. After determining
the total pressure required to mold the specific num-
ber of pieces, the molder then selects a press of
sufficient capacity.

number of pieces that may be molded is

PREFORMING

9. Process of Preforming.—Accurate molding de-
pends on the accuracy of the charge of powder placed
in the die. Where multiple-cavity molds are involved,
it is more often beneficial to use a preformed or com-
pressed mold charge, known by a variety of names,
such ds preforms, pills, tablets, biscuits, and bri-
quets. Without preformed mold charges, it would be
practically impossible to operate the large semiauto-
matic molds on volume production schedules which
call for several thousand pieces per hour. By using
preforms and loading boards, these schedules are
being met as daily routine on such jobs as closures
and radio-tube bases. The preforming process con-
sists in compressing the molding powder into a tab-
let of proper size and weight in a machine or press
especially designed for the purpose.

Aspirin tablets are examples of small preforms.
As a matter of fact, the plastics industry uses the
same type of equipment to make its preforms as the
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pharmaceutical industry. There are two types of pre-
forming presses in current use, namely, the single-
stroke reciprocating press and the rotary press. At
present, there is a great demand for plastic articles
made from high impact materials. Neither of the
preforming presses mentioned can successfully han-
dle impact materials. However, an ordinary hydraulic
press has been adapted for making preforms of this
type of material.

10. Single-Stroke Reciprocating Presses.—Recip-
rocating presses are available in different sizes, but
it is advisable to use the heavy type, particularly in
small plants where often only one preforming press
is used. Both large preforms, 2 inches in diameter,
and small preforms can be made on the heavy type
of press. On the lighter models, however, the sizes
of the preforms are limited to 1 inch in diameter
or less.

A typical single-stroke reciprocating press, capa-
ble of approximately from 20 to 70 strokes per
minute, is illustrated in Fig. 1. Presses may be run
from a line-shaft drive, but most of the modern
machines are operated by self-contained motors with
variable-speed drives. The principle of operation of
the press is a continuous up-and-down motion. The
production of the preforms is based on the size of
the preform and the number of cavities in the pre-
forming die.

11. The production of preforms, like plastic
molded articles, requires molds. All kinds of shapes
are possible, including balls, crosses, and the like.
Having but two punch parts, an upper and a lower,
and one cavity, it is only necessary to change these
parts to replace one die for another. The cavity of
the mold is mounted on a die table, which in turn is
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(Courtesy of Arthur Colton Co.)
Fig. 1.—Single-Stroke Reciprocating Preforming Press.

supported by the main frame of the machine. The
top force plug is mounted on the eccentric moving
head of the press and the knockout, or ejector, punch
is mounted on the under side of the die table. A
shaker shoe is connected with an irregularly tracked
cam, which causes the shoe to vibrate back and forth
with each stroke of the press. This is the recipro-
cating part of the press. The material hopper is
mounted directly above the shaker shoe so that the
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material pours from it into the shoe, which is cored
so that material may flow through it. The bottom of
the shoe rests directly on the die table. When the
shoe is directly over the cavity in the mold, it dis-
charges enough material to fill the mold. The shoe is
then moved out of the way by the tracked cam as the
eccentric head of the machine starts its downward
stroke. The force plug mounted on the head of the
press enters the mold cavity and, owing to the pres-
sure exerted upon the head, compresses the material
into a tablet.

12. When the eccentric head completes its down-
ward stroke, the force plug starts to recede from the
die. The ejector mechanism ‘at the bottom moves up-
ward, forcing the tablet out of the cavity. The ejector
immediately returns to position. At the moment the
ejector drops into position, the tracked cam is in
position to start the whole process over again. When
the shaker shoe moves into position, it pushes the
preform down an incline into a container. If the pre-
form is small and the shape is not complicated, gang
dies and gang punches can be used. Thus, by one
stroke of the machine, several preforms are pro-
duced. The capacity of a single-stroke machine is
rated by the diameter and the weight of the pre-
form. The knockout, or ejector, mechanism is con-
structed in such a way that it regulates the depth of
fill in the cavity. The pressure of the machine is
directly on the material. It should be noted that a
single-stroke machine uses only one die, one top
punch, and one bottom ejector. This machine finds
its greatest use on odd-shaped preforms and small
orders.

13. Rotary Presses.—A typical single-sided ro-
tary preforming machine, as shown in Fig. 2, is a
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(Courtesy of Bakelite Corp.)
Fig. 2—Single-Side Rotary Preforming Press.

high-speed press capable of producing as many as
800 or more preforms per minute. The rate of pro-
duction is based on the size and weight of the pre-
form. It differs from the reciprocating type in that
the punches and dies are mounted on a revolving
table. The ordinary rotor consists of twenty-three

\
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dies and twenty-three top and bottom punches. The
punches operate in a track. In one complete turn of
the rotor table, twenty-three preforms are made.
During a revolution each of the top punches, while
following the course of the track, enters the corre-
sponding cavity and compresses the material in it. In
like manner, the bottom punches rise and eject the
preform from the cavity. As the preforms are ejected,
they hit a small stock bar mounted parallel to the
rotor table about { inch above it and are deflected
into a chute that leads to the container.

14. The depth of fill of each cavity may be con-
trolled, within the limits of the machine, by adjust-
ment of the bottom punches. The material hopper is
mounted directly above the rotary table and the
material pours directly on the table. A series of semi-
circular scrapers are mounted about % inch above
the table so that the material that comes from the
hopper is smoothed out and retained within the
sphere of the scrapers. Without these scrapers, the
material would simply ride around on the rotor table.
Most rotors obtain their driving force from a self-
contained motor. For obvious reasons a machine that
can produce 800 or more preforms per minute cannot
be used for small orders. In addition to this, the cost
of the dies and punches is prohibitive. The rotor is
not adapted to making complicated shapes, but is
usually employed in making wafers of various thick-
nesses. More preforms are made for buttons than
for any other article.

15. Rotary machines can also be obtained in the
double-sided type, the principle of which is exactly
the same as that of the single-sided in that the same
number of dies and punches are used. The tracks in
the double-sided rotor, however, are different in that
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Feed Shoe
Swings Over,
Covering Mouth
of Die

Tablet from ‘ i Loose Powder
from Feed Shoe

Upper Punch
Receives Energy
from Crank,
Compressing Powder

Fig. 3.—Sectional View INustrating Actual Steps in
Preforming Molding Materials.

each top and bottom punch enters the corresponding
cavity twice during a single revolution of the rotor
table. This means that forty-six preforms are ob-
tained per revolution. A second material hopper and
scraper is mounted directly opposite the first mate-
rial hopper and the material feeds to the rotor table
from both hoppers. The production of a double-sided
rotor may run as high as 1,500 preforms per minute.
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The rate of production depends entirely on the size
and weight of the preform.

16. The actual steps in preforming plastic mate-
rials by using a single-stroke preforming machine
may be studied by referring to Fig. 3. At the start
of the process, the feed shoe swings over the mouth
of the lower punch, or die, and fills the cavity with
material from the feed hopper. At the same time, the
feed shoe pushes the preform from the previous step
down a chute into a box, or receptacle. The feed shoe
then moves back to the feed hopper, leaving a charge
of material. After the feed shoe moves away, the
upper punch enters the lower die and compresses the
molding powder into a preform. In the final step the
upper punch withdraws and the lower punch moves
upward ejecting the preform. As the process is con-
tinued, the steps are repeated. The rotary motion of
the feed shoe and the motion of the upper and lower
punches is entirely mechanical and is derived from
moving parts mounted on top of the press. The
amount of pressure placed upon the material depends
upon the length of the punch stroke.

17. Hydraulic Presses.—The ability to make pre-
forms in either the single stroke or the rotary type
of press depends on the pourability of the material.
General-purpose phenolics and ureas pour readily
and may be preformed without any trouble. High-
impaet materials, however, have high bulk factors
and pouring is very impractical, if not impossible.
As a result, preforms from high-impact materials
cannot be made on automatic equipment. When it is
necessary to use these materials in tablet form, mold
charges are generally weighed out first, and then
compressed in a preform mold in a hydraulic or per-
cussion-type press. Large or complicated preforms in
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standard molding materials can also be preformed
by this method, when the use of the automatic pre-
forming press is impossible or impractical. The ordi-
nary compression press was chosen as the most likely
piece of equipment to make preforms of high-impact
material, since the operation of each stroke of the
press could be controlled by hand. However, indi-
vidual preforms made in such a way were found to
be very costly; in fact, they cost more to preform
than the original cost of the powder.

18. To meet excessive cost, the idea of bat pre-
forms was conceived. Bat preforming consists in
placing a large volume of material in a mold very
similar to a small radio cabinet. The entire charge of
material is preformed into one solid bat, and as a
result the bulk factor is reduced considerably. The
bat is broken into pieces by the press operator. Sev-
eral manufacturers have improved this crude method
of preforming by using knife blades on the force of
the mold, so that, as the material comes from the
mold in the form of a bat, it is cut into small oblongs
or squares. The cut is not entirely through the mate-
rial, but far enough to break the preform by flexing
the bat at the cut. If the charge of material is weighed
before it is placed in the mold, a fair degree of uni-
formity is obtained in the preforms. A good proce-
dure is to set two compression presses side by side
as one unit. The operator makes the preforms on one
press and then uses the preforms in the other press
to mold the article. While the articles are being
cured, the same operator makes the next set of pre-
forms. In this way, no time is wasted.

19. Advantages of Preforms.—The use of pre-
forms presents advantage in three elements of plas-
tic molding: labor, materials, and dies. In regard to
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labor, the use of preforms saves time in that multi-
cavity molds are loaded very quickly. The press may
be closed faster, and the need for flow time for the
material is lessened. Due to the absolute uniformity
of the preform weight, the chance for flash stickage
is minimized and, therefore, less time for cleaning is
needed. In regard to materials, the use of preforms
is the only economical assurance of accurate weight.
In any type of mold, there is a definite weight of
material that will produce a well-defined part. Once
this weight has been established, it must be main-
tained. Preforms reduce the bulk factor of molding
compounds and hence create less flash or overflow,
which is scrapped for thermosetting materials. Bulk
factor is the ratio of the volume of loose powder to
the volume of the molded piece.

A preform machine that has been properly
cleaned will produce clean preforms. These preforms
should be immediately placed in sealed containers, so
that losses due to contamination are reduced to a
minimum. When powder is used, there is a certain
amount of loss due to spillage, but there is no such
loss in a well-made preform. Porosity of molded arti-
cles is a cause of rejects. While not all porosity is
traceable to material, preforming eliminates any that
is. Not-filled-out parts are sometimes due to insuffi-
cient material in the die. Preforms greatly aid the
uniformity of weight. Preforms help to prevent
precure of material. Space and clean housekeeping
always represent a saving. A 200-pound drum of
powder takes up three times as much space as the
same weight of properly bagged preforms. In regard
to dies, proper weight preforms are insurance
against sunken cavities in molds, whereas the con-
tinuous overloading of positive or semipositive molds
eventually results in sunken cavities. Many current
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(Courtesy of F. J. Stokes Machine Co.)

Fig. 4.—Preforms of Various Shapes.

applications contain inserts or complicated pins. Pre-
forms may be designed to fit in and around these
obstacles, so that breakage is minimized.

20. Quality is a measurement of labor performed
on material. It has been found in actual practice that
part for part an article made with a preform rather
than with powder represents a superior part. Pre-
forms should be used wherever possible and when
practical, and the design of the preform should coin-



