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(57) ABSTRACT 

A screW comprising a screW shaft having a thread spirally 
positioned about the screW shaft so as to form a plurality of 
?ights, said screW having a feeding Zone, a compression 
Zone and a rnetering Zone, and means in said screW for 
providing a mass of material in a ?ight in the feeding Zone 
that is substantially the same as the mass of material in a 
?ight in the metering Zone, Wherein said means includes 
?ights formed in the metering Zone having a pitch and depth 
based upon the volume of the material in a molten state and 
?ights formed in the feeding Zone having a pitch and depth 
based upon the volume of the material in a bulk state. This 
design results in a screW Which has a balanced rnass ?oW, 
and thus a constant pressure gain along the screW Without 
pressure peaks. 
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LOW COMPRESSION SCREW 

CROSS REFERENCE TO RELATED 

APPLICATIONS 

[0001] This application is a continuation-in-part of pend 
ing US. patent application Ser. No 09/334,331, ?led Jun. 16, 
1999, Which is a continuation-in-part of pending US. patent 
application Ser. No. 09/283,516, ?led Apr. 1, 1999, Which is 
a continuation-in-part of US. patent application Ser. No. 
09/073,281, ?led May 6, 1998, noW abandoned. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] This invention relates to the ?eld of screWs that are 
used, for example, to melt or soften polymer, such as in a 
machine for injection molding polymer or a machine for 
extruding polymer. 

[0004] 2. Description of the Related Art 

[0005] The use of screWs to injection mold or extrude 
polymer is Well knoWn. Turning to FIG. 1, there is shoWn 
a conventional or standard screW 11 for use in injection 

molding Which includes three Zones: a feeding Zone 13, a 
compression or transition Zone 15 and a metering Zone 17. 
ScreW 11 is housed in a holloW cylindrical barrel 19 having 
a constant inner diameter and preferably a smooth inner 
surface. Polymer resin, Which may be in any form such as 
pellets, granules, ?akes or poWder, is fed through an opening 
21 in barrel 19 into feeding Zone 13 Where screW 11 turns to 
pack and then push the pellets into compression Zone 15. 
The pellets are melted in compression Zone 15 and then 
pushed to metering Zone 17 Where the molten material is 
homogeniZed. AfterWards the homogeniZed melt is either 
injection molded or processed further. 

[0006] ScreW 11 has a screW shaft 23 having a thread 25 
spirally positioned about shaft 23 to form ?ights 25. Flights 
25 are characteriZed by their depth, Which is the height of 
?ight 25 above shaft 23 and by their pitch, Which is the 
length P of the distance betWeen tWo adjacent ?ights 25 plus 
one ?ight Width. The outside diameter OD of a screW 11 
includes the depth of a ?ight 25 above and beloW shaft 23, 
Whereas the root diameter RD of screW 11 is the diameter of 
shaft 23 only, Without including the depth of ?ights 25. 
Conventionally ?ights 25 in a screW 11 have the same pitch 
in each of feeding Zone 13, compression Zone 15 and 
metering Zone 17, but have a changing depth from Zone to 
Zone. Speci?cally, ?ights 25 have a constant depth X in 
feeding Zone 13, a constant depth y in metering Zone 17 
Where y<x, and a gradually decreasing depth of X to y in 
compression Zone 15. 

[0007] ScreWs are often characteriZed by their compres 
sion ratio, Which is a ratio that is used to quantify the amount 
the screW compresses or squeeZes the resin. The concept 
behind the compression ratio is to divide the volume of a 
?ight in the feed section by the volume of a ?ight in the 
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metering section, but the actual standard that is used is a 
simpli?ed method based on the folloWing equation: 

‘ ‘ depth of ?ight in feeding zone 
Compression ratio = i 

depth of ?ight in metering zone 

[0008] This compression ratio is referred to as the depth 
compression ratio. High compression screWs, Which are 
usually used for crystalline or semi-crystalline materials, 
such as polymers, have compression ratios of greater than 
about 2.5. Standard compression screWs, Which are usually 
used for amorphous materials, have compression ratios of 
from about 1.8 to about 2.5, more commonly 2.2. 

[0009] Various problems With high compression screWs 
include: overheating caused by compression that is too high 
or is uncontrolled; “bridging”, Which is When the polymer 
melt turns With the screW and is not pushed forWard; and 
screW deposit Which builds up in the compression and 
metering Zones. These problems limit the maximum screW 
rotation speed and by consequence the output of molten 
material. In an attempt to overcome these problems some 
users sWitch to standard screWs, but the depth of the ?ight 
in the metering Zone of a standard screW is too high to give 
good melt homogeneity under some conditions, especially 
With crystalline materials. 
[0010] Many attempts have been made to improve the 
performance of screWs. US. Pat. No. 4,129,386, discloses 
an extrusion device Which has a grooved barrel in combi 
nation With a screW having a helix angle or pitch D in the 
feed Zone that constantly increases through a transition Zone 
to a helix angle F in the metering Zone. The feed Zone has 
a constant ?ight height G, the metering Zone has a constant 
?ight I, and the t transition Zone has a constantly decreasing 
?ight height from feed Zone ?ight height G to metering Zone 
?ight height I. This screW design suffers from problems of 
overfeeding of the material to be extruded, and requires a 
grooved barrel in order to prevent buildup of excessive 
pressure gradients along the screW. 

[0011] What is needed, therefore, is a screW Which Will 
produce a homogeneous melt Without the problems associ 
ated With screWs having a high compression ratio. 

SUMMARY OF THE INVENTION 

[0012] The present invention relates to a screW for use in, 
for example, an injection molding machine or an extruder. 
The screW includes a screW shaft having a thread spirally 
positioned about the screW shaft so as to form a plurality of 
?ights Which are divided into three Zones: a feeding Zone, a 
compression Zone and a metering Zone. 

[0013] The depth, Width and pitch of the ?ights of the 
screW are designed based upon the material to be used in the 
screW so that the difference in the ratio of the actual 
volumetric ?oW to the theoretical volumetric drag ?oW of 
material in the feeding Zone and the ratio of the actual 
volumetric ?oW to the theoretical volumetric drag ?oW of 
material in the metering Zone is less than 0.2, preferably less 
than 0.1, and more preferably less than 0.05. In a preferred 
embodiment the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the feeding 
Zone and/or the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the metering 
Zone is from about 0.8 to 1.0. 
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[0014] This design results in a screw Which has a balanced 
mass ?oW throughout the screW, and thus a constant pressure 
gain along the screW Without pressure peaks. 

[0015] An example of a screW that has the desired differ 
ence in the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the feeding 
Zone and the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the metering 
Zone is a screW in Which the pitch of at least a portion of the 
?ights in the metering Zone is greater than the pitch of at 
least a portion of the ?ights in the feeding Zone; the pitch of 
at least a portion of the ?ights in the feeding Zone is less than 
the outside diameter of the screW; the pitch of at least a 
portion of the ?ights in the metering Zone is greater than the 
outside diameter of the screW; the pitch of at least a portion 
of the ?ights increases through the compression Zone; and 
the depth of at least a portion of the ?ights decreases through 
the compression Zone moving from nearer the feeding Zone 
to nearer the metering Zone. 

[0016] The invention also relates to a method for design 
ing a screW such that each ?ight of the screW has the same 
mass of material, taking into account the physical state of the 
material in such ?ight, either as unmelted pellets or granules 
of material, partially melted pellets or granules of material, 
or completely melted material. To obtain this constant mass, 
the volume of each ?ight of the screW is designed in such a 
Way that the compression ratio in volume of a ?ight in the 
feeding Zone to the volume of a ?ight in the metering Zone 
equals the ratio of the melt density/bulk density of the 
material to be used in the screW. It is preferred that the 
volume compression ratio of the screW is increased above 
the melt density/bulk density ratio by a factor of up to about 
25% to be sure that there is a continuous homogenous 
feeding of the melt in the screW. The physical design of the 
screW is then only a consequence of this method of design. 

[0017] The inventive screW alloWs a higher screW rotation 
speed, has a higher throughput, and decreases the injection 
molding cycle time compared to conventional screWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a side vieW in elevation of a standard 
screW; and 

[0019] FIG. 2 is a side vieW in elevation of a screW made 
in accordance With this invention. 

DETAILED DESCRIPTION 

[0020] The present invention relates to a screW for use in, 
for example, an injection molding machine or an extruder. 
The screW includes a screW shaft having a thread spirally 
positioned about the screW shaft so as to form a plurality of 
?ights. The screW has three Zones: a feeding Zone, a com 
pression Zone and a metering Zone, and in use is mounted in 
a holloW cylindrical barrel having a preferably smooth inner 
cylindrical Wall Which alloWs the screW to rotate Within the 
holloW barrel. 

[0021] As used herein, the term “feeding Zone” refers to 
that Zone of the screW Where the material has not been 
melted. In the case of polymer pellets, for example, the 
pellets are present in their unmelted bulk form. The term 
“metering Zone” refers to that Zone of the screW Where the 
material has been fully compressed. In the case of resin 
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pellets, for example, the pellets are present in a completely 
molten form. The term “compression Zone” refers to that 
Zone of the screW Where the material is compressed. In the 
case of polymer pellets, for example, the pellets are present 
in a mixed state betWeen their bulk form and molten form. 

[0022] A ?ight is characteriZed by its depth, Which is 
de?ned as the height of the ?ight above the screW shaft, by 
its Width, and by its pitch, Which is de?ned as ?ight length 
(the distance betWeen tWo adjacent turns of the ?ight on the 
screW shaft) plus one ?ight Width. If the ?ight has a pitch of 
25 mm, it means that When the screW is rotated once, the 
polymer in the ?ight is moved axially 25 mm in the screW. 

[0023] The present invention is based on the discovery 
that if the design of the ?ights is based upon the mass of the 
material to be present in the ?ights there is obtained a screW 
having a higher screW rotation speed, a higher throughput, 
and a decrease in injection molding cycle time compared to 
conventional screWs. 

[0024] Thus, the invention relates to a screW comprising a 
screW shaft having a thread spirally positioned about the 
screW shaft so as to form a plurality of ?ights, said screW 
having a feeding Zone, a compression Zone and a metering 
Zone. The screW has means formed in said screW for 
providing a mass of material in a ?ight in the feeding Zone 
that is substantially the same as the mass of material in a 
?ight in the metering Zone, Wherein said means includes 
?ights formed in the metering Zone having a pitch and depth 
based upon the volume of the material in a molten state and 
?ights formed in the feeding Zone having a pitch and depth 
based upon the volume of the material in a bulk state. 

[0025] Stated another Way, in the present invention the 
depth, Width and pitch of the ?ights of the screW are 
designed based upon the material to be used in the screW so 
that the absolute difference in the ratio of the actual volu 
metric ?oW to the theoretical volumetric drag ?oW of 
material in the feeding Zone and the ratio of the actual 
volumetric ?oW to the theoretical volumetric drag ?oW of 
material in the metering Zone is less than 0.2, preferably less 
than 0.1, and more preferably less than 0.05. 

[0026] This invention results in a screW Which has a 
balanced mass ?oW along the screW, and thus a constant 
pressure gain along the screW Without pressure peaks. In a 
preferred embodiment the ratio of the actual volumetric ?oW 
to the theoretical volumetric drag ?oW of material in the 
feeding Zone and the ratio of the actual ?oW to the theo 
retical drag ?oW of material in the metering Zone is from 
about 0.8 to 1.0. 

[0027] The above ratios may be calculated on a volume 
per time basis. 

[0028] The actual ?oW of material and the theoretical drag 
?oW of material in the feeding Zone and the metering Zone 
are determined as folloWs. 

[0029] The actual ?oW of material in the metering Zone is 
determined by Weighing the output of material from the 
screW over a given period of time. This mass ?oW rate may 
be converted into a volumetric ?oW rate by dividing the 
mass ?oW rate by the melt density of the material used in the 
screW. By “melt density” is meant the density of the mate 
rial, such as polymer, used in the screW When the material 
has been melted. 
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[0030] The mass ?oW rate of material in the screw is 
assumed to be constant, and the actual volumetric ?oW of 
material in the feeding Zone is determined by taking the 
mass ?oW rate of material from the metering Zone and 
dividing that mass ?oW rate by the bulk density of the 
material used in the screW. By “bulk density” is meant the 
mass of the material, such as polymer particles or granules, 
used in the screW divided by the total volume of the solid 
particles or granules and the voids or open spaces betWeen 
them. 

[0031] By “drag ?oW” is meant the theoretical volumetric 
?oW of material Which results from the relative movement 
betWeen the screW and the internal surface of the screW 
barrel, that is, the forWard ?oW of material due to the turning 
of the helical screW Which forces the material forWard and 
through the barrel. Drag ?oW is proportional to the product 
of the average relative velocity of the material and the 
channel cross-sectional area of the cylindrical barrel. In 
other Words, the drag ?oW is the volumetric pumping 
capacity of material, and is usually calculated on a volume 
per time basis. Drag ?oW is based on a number factors 
related to the screW including the pitch, depth, Width and 
angle of the ?ights, and the speed of the screW. The drag 
?oW, Which is directed toWard the outlet end of the screW, 
may be increased by increasing the speed of the screW and/or 
by increasing the depth of the ?ights of the screW or by 
increasing the pitch of the ?ights of the screW. 

[0032] The theoretical volumetric drag ?oW is calculated 
using Well knoWn, conventional formulae such as shoWn in 
Gerhard Schenkel, “Kunststoff-Extrudertechnik,” published 
by Carl Hanser Verlag, Munich (1963), pp. 123-125. 

[0033] The theoretical volumetric drag ?oW calculated for 
the feeding Zone must be adjusted by a correction factor 
related to the geometry of the ?ights in that Zone and the 
material used in the screW. This correction factor is neces 
sary because of the bulk nature of the material in the feeding 
Zone and the in?uence of the ?anks of the ?ights, and is 
normally in the range of 0.7 to 0.95, more typically in the 
range of 0.8 to 0.95. The correction factor may be obtained 
using knoWn methods, such as shoWn on page 123 of 
Schenkel Where there is presented a graph of the ratio of 
?ight height to ?ight length to correction factor. The cor 
rection factor is determined by taking the ratio of the ?ight 
height to ?ight length and reading an appropriate correction 
factor from the chart. 

[0034] While theoretically the calculation of the theoreti 
cal volumetric drag ?oW in the metering Zone also needs to 
be adjusted by a correction factor, in fact the correction 
factor is very close to 1.0 because in the metering Zone the 
material is molten and because the ratio of the ?ight height 
to the ?ight pitch is very loW, and thus this correction factor 
is approximated as 1.0. 

[0035] A screW having the ratios described above has a 
relatively constant pressure gain per pitch along the screW. 
If pressure peaks occur in a screW, stress Will be applied to 
the material in the screW Which Will result in screW deposit 
and a decrease in the mechanical properties of the material. 

[0036] There is no limitation on the type of material that 
may be used in the screW, although the screW has been found 
to be especially useful in injection molding and extruding 
polymers. An example of a screW that has the desired 
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difference in the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the feeding 
Zone and the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the metering 
Zone is a screW in Which: 

[0037] the pitch of at least a portion of the ?ights in 
the metering Zone is greater than the pitch of at least 
a portion of the ?ights in the feeding Zone; 

[0038] the pitch of at least a portion of the ?ights in 
the feeding Zone is less than the outside diameter of 
the screW; 

[0039] the pitch of at least a portion of the ?ights in 
the metering Zone is greater than the outside diam 
eter of the screW; 

[0040] the pitch of at least a portion of the ?ights 
increases through the compression Zone; and 

[0041] the depth of at least a portion of the ?ights 
decreases through the compression Zone moving 
from nearer the feeding Zone to nearer the metering 
Zone. 

[0042] In a preferred embodiment, the geometry of the 
?ights is such that the pitch of the ?ights in the metering 
Zone is greater than the pitch of the ?ights in the feeding 
Zone, the pitch of the ?ights in the feeding Zone is less than 
the outside diameter of the screW, the pitch of the ?ights in 
the metering Zone is greater than the outside diameter of the 
screW, the pitch of the ?ights increases through the com 
pression Zone, and the depth of the ?ights decreases through 
the compression Zone moving from nearer the feeding Zone 
to nearer the metering Zone. As used herein, the term 
“outside diameter of the screW” means the diameter as 
measured to include the screW shaft and the depth of the 
?ight above and beloW the screW shaft. 

[0043] The compression ratio of a screW quanti?es the 
relative amount a screW compresses a resin, and is based on 
the concept of dividing the volume of a ?ight in the feeding 
Zone by the volume of a ?ight in the metering Zone. An 
approximation that is normally used as the compression ratio 
is the ratio of the depth of the ?ights in the feeding Zone to 
the depth of the ?ights in the metering Zone. 

[0044] Thus, the usual method for changing the compres 
sion ratio of a screW has been to change the depth of the 
?ights in the feeding and metering Zones. Since the depth of 
the ?ights in conventional screWs is constant in the feeding 
Zone and constant in the metering Zone, the compression 
ratio of the screW Would be increased by increasing the depth 
of the ?ights in the feeding Zone, or decreasing the depth of 
the ?ights in the metering Zone, or doing both. HoWever, if 
the compression ratio of the screW is too high it leads to the 
problems discussed above, namely, bridging and the build 
up of undesirable heat build up and screW deposits. 

[0045] The present invention is based on the discovery 
that one can obtain the bene?ts of a high compression screW 
having a relatively high depth of ?ights in the feeding Zone 
and relatively small depth of ?ights in the metering Zone 
Without the disadvantages associated With a high compres 
sion screW, by providing a screW having an absolute differ 
ence in the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the feeding 
Zone and the ratio of the actual volumetric ?oW to the 
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theoretical volumetric drag ?oW of material in the metering 
Zone is less than 0.2, preferably less than 0.1, and more 
preferably less than 0.05. 

[0046] In effect, changing the pitch and the depth of the 
screW of the invention, as described above, loWers the 
volumetric compression ratio of the screW substantially, and 
thereby removes the disadvantages associated With a high 
compression ratio screW. At the same time the screW of the 
invention provides all the bene?ts associated With the rela 
tively high feeding Zone ?ight depths and relatively loW 
metering Zone ?ight depths associated With a high compres 
sion ratio screW. 

[0047] The compression ratio volume, calculated by tak 
ing the ratio of the feeding Zone volume to the compression 
Zone volume, is not simple to measure When both the pitch 
and the depth of the ?ights of the screW change. One reason 
is that the changing pitch causes a variation in the angle of 
the ?ights along the screW shaft. It has been discovered that 
the compression ratio volume for a screW having a changing 
?ight pitches and changing ?ight depths may be approxi 
mated by taking the ratio of the melt density to the bulk 
density for the polymer to be used With the screW. 

[0048] The ratio of the melt density to the bulk density for 
many polymer materials is approximately equal to 1.3, and 
this value of 1.3 is a minimum for the compression ratio of 
the screW. BeloW a ratio of 1.3, the polymer granules are not 
compressed enough to push entrapped air out of the polymer 
during the injection molding process. 

[0049] With the present invention, improved results have 
been obtained With a screW having very loW compression 
ratio, i.e., equivalent to the loWer limit of 1.3 or higher but 
loWer than the compression ratio of a high compression 
screW. 

[0050] The discovery that a screW could be made and used 
successfully designed based upon a small difference in the 
ratio of the actual volumetric ?oW to the theoretical volu 
metric drag ?oW of material in the feeding Zone and the ratio 
of the actual volumetric ?oW to the theoretical volumetric 
drag ?oW of material in the metering Zone and With different 
pitches in the feeding and metering Zones, and a changing 
pitch in the compression Zone, Was unexpected in vieW of 
the conventional teaching that the screW designed based on 
the volume of material in the ?ights and should have same 
pitch in each of the feeding, compression and metering 
Zones. 

[0051] The invention also relates to a method for design 
ing a screW such that each ?ight of the screW has substan 
tially the same mass of material, taking into account the 
physical state of the material in a ?ight, either as unmelted 
pellets or granules of material in the feeding Zone, partially 
melted pellets or granules of material in the compression 
Zone, or completely melted material in the metering Zone. To 
obtain this constant mass, the volume of each ?ight of the 
screW is designed in such a Way that the compression ratio 
in volume, that is, the ratio of the volume of a ?ight in the 
feeding Zone to the volume of a ?ight in the metering Zone 
equals the ratio of the melt density/bulk density of the 
material to be used in the screW. It is preferred that the 
compression ratio of the melt density/bulk density be 
increased up to about 25%, preferably no more than 10%, to 
be sure that there is a continuous homogenous feeding of the 
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melt in the screW. The physical design of the screW is then 
only a consequence of this method of designing the screW. 

[0052] The inventive method for designing the screW for 
use in injection molding or extrusion, Which screW com 
prises a screW shaft having a thread spirally positioned about 
the screW shaft so as to form a plurality of ?ights, said screW 
having a feeding Zone, a compression Zone and a metering 
Zone, may be characteriZed as folloWs. First, the material to 
be used in the screW is selected. Next, the diameter of the 
screW to be used is selected. As used herein “diameter” 
includes the total distance as measured from the outer edge 
of the ?ights, and not just the diameter of the screW shaft. 

[0053] The depth and pitch of a ?ight in the metering Zone 
are selected because this depth and pitch, in combination 
With the diameter of the screW, Will determine the output 
capacity of the melt from the screW at a given turning speed 
of the screW. The depth of a ?ight in the metering Zone is 
selected so as to provide a screW that, in operation, produces 
a molten material that has a homogeneous melt quality. One 
Way to estimate the pitch for a ?ight in the metering Zone is 
the provide a pitch that is from about 1 to 2 times the 
diameter of the screW. 

[0054] The mass of material in a ?ight in the metering 
Zone is determined based upon the volume of a ?ight in the 
metering Zone and the melt density of the material. The 
volume of a ?ight needed in the feeding Zone to provide the 
same mass of material as is present in a ?ight in the metering 
Zone is determined by taking the mass of material in a ?ight 
in the metering Zone and then calculating the volume that 
material Would have in its unmelted state using the bulk 
density of the material. As a starting point, one may estimate 
the depth of a ?ight in the feeding Zone to be 20% of the 
diameter of the screW. The depth and pitch of the ?ights in 
the feeding Zone are adjusted so as to give a compression 
ratio for the screW Which is about the same as the ratio of the 
melt density to the bulk density of the material. In order to 
assure a homogenous melt, this compression ratio may be 
increased up to about 25%, preferably no more than 10%. 

[0055] The depth and pitch of the ?ights in the compres 
sion Zone of the screW are determined so as to provide a 
mass of material in each ?ight of the screW that is substan 
tially constant. By “substantially constant” is meant a mass 
of material that is up to about 110%, preferably no more than 
105%, of the mass of material in the ?ight of the metering 
Zone designed above. 

[0056] Stated another Way, once the diameter of the screW 
and the material to be used in the screW are selected, the 
depth and pitch of the ?ights in the feeding Zone, compres 
sion Zone and metering Zone are chosen so as to provide an 
absolute difference in the ratio of the actual volumetric ?oW 
to the theoretical volumetric drag ?oW of material in the 
feeding Zone and the ratio of the actual volumetric ?oW to 
the theoretical volumetric drag ?oW of material in the 
metering Zone is less than 0.2, preferably less than 0.1. 

[0057] Once the material and the screW diameter have 
been selected, one obtains the depth of a ?ight in the 
metering Zone. Then, a rotating speed for the screW is 
selected and the pitch of a ?ight in the metering Zone is 
determined. As Was stated above, one Way to estimate the 
pitch for a ?ight in the metering Zone is the provide a pitch 
that is from about 1 to 2 times the diameter of the screW. 
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With these factors determined the theoretical volumetric 
drag ?oW of material in the metering Zone may be deter 
mined. 

[0058] The theoretical volumetric drag ?oW of the mate 
rial in the feeding Zone is determined by multiplying the 
theoretical volumetric drag ?oW of material in the metering 
Zone by the compression ratio of the screW, that is, by the 
ratio of melt density to bulk density of the material to be 
used in the screW. As stated above, the theoretical volumetric 
drag ?oW of the material in the feeding Zone may be 
increased up to about 25%, preferably no more than 10%, to 
provide for a slightly higher pressure to be sure of a constant 
output of material from the screW. 

[0059] The depth and pitch of a ?ight in the feeding Zone 
is then determined. Astarting point for selecting the depth of 
the ?ight is to use 20% of the diameter of the screW. The 
depth and pitch of the remaining ?ights of the screW are 
determined so as to provide a substantially constant mass of 
material in each ?ight of the screW. 

[0060] The output of the screW is determined and the 
actual ?oW of material from the screW may be measured or 
calculated. Thus, one may determine the absolute difference 
in the ratio of the actual volumetric ?oW to the theoretical 
volumetric drag ?oW of material in the feeding Zone and the 
ratio of the actual volumetric ?oW to the theoretical volu 
metric drag ?oW of material in the metering Zone. A screW 
designed according to this method an absolute difference in 
the ratio of the actual volumetric ?oW to the theoretical 
volumetric drag ?oW of material in the feeding Zone and the 
ratio of the actual volumetric ?oW to the theoretical volu 
metric drag ?oW of material in the metering Zone is less than 
0.2, preferably less than 0.1. 

[0061] The features of the screW of the present invention 
alloW the screW to have a higher screW rotation speed, a 
higher throughput, and a decrease in injection molding cycle 
time compared to conventional screWs. The invention is 
illustrated in FIG. 2 Where there is shoWn a screW 27 having 
a feeding Zone 29, a compression Zone 31 and a metering 
Zone 33. ScreW 27 is housed in a holloW cylindrical barrel 
35 having a substantially constant inner diameter. Polymer 
resin, Which may be in any convenient form, such as pellets, 
granules, ?akes or poWder, is fed through opening 37 in 
barrel 35 into feeding Zone 29 Where screW 27 turns to pack 
and then push the pellets into compression Zone 31 as With 
a conventional screW. 

[0062] ScreW 27 has a screW shaft 39 and a thread 41 
spirally positioned about shaft 39 to form feeding Zone 
?ights 43, compression Zone ?ights 45 and metering Zone 
?ights 47. 

[0063] The pitch of feeding Zone ?ights 43 is smaller than 
the outside diameter of screW 27, and, in a preferred embodi 
ment, the pitch of each of feeding Zone ?ights 43 is 
approximately equal. The pitch of metering Zone ?ights 47 
is larger than the outside diameter of screW 27, and, in a 
preferred embodiment, the pitch of each of metering Zone 
?ights 47 is also approximately equal. Further, the pitch of 
feeding Zone ?ights 43 is smaller than the pitch of metering 
Zone ?ights 47. 

[0064] As is shoWn in FIG. 2, the depth of compression 
Zone ?ights 45 gradually decreases moving from nearer 
feeding Zone 29 toWards metering Zone 33, and the pitch of 
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compression Zone ?ights 45 gradually increases moving 
from nearer feeding Zone 29 toWards metering Zone 33. The 
change in depth of compression Zone ?ights 45 is obtained 
because in compression Zone 31 screW shaft 39 has the shape 
of a tapered cone. While the depth of compression Zone 
?ights 45 decreases While moving from nearer feeding Zone 
29 toWards metering Zone 33, it is not necessary that the 
depth of each successive compression Zone ?ight 45 be 
smaller than the previous one. Similarly, While the pitch of 
compression Zone ?ights 45 increases from nearer feeding 
Zone 29 toWards metering Zone 33, it is not necessary that 
the pitch of each successive compression Zone ?ights 45 be 
larger than the previous one. 

[0065] The inventive screW may be used in an injection 
molding machine, or an extruder, or it may be used as the 
melting section of a larger screW. 

[0066] While the invention has been illustrated as having 
one ?ight, as is knoWn to those skilled in the art, the scope 
of the present invention includes a screW having more than 
one ?ight. 

EXAMPLES 

Example 1 and Comparative Example 2 

[0067] In Example 1 a screW according to the invention 
Was made and in Comparative Example 2 a conventional 
screW Was made. The physical dimensions of the screWs are 
set forth in Table 1 beloW. 

[0068] Delrin® 500 P, a polyacetal resin available from E. 
I. du Pont de Nemours and Company (DuPont), Was injec 
tion molded using both screWs. The resin had a ratio of melt 
density/bulk density of 1.16/0.87=1.33. The results are sum 
mariZed in Table 1 beloW. 

TABLE 1 

Comparative 
Example 1 Example 2 

Screw diameter, mm 30 30 
Depth of ?ights in the feeding Zone, mm 8 7 
Pitch of ?ights in the feeding Zone, mm 28 30 
Depth of ?ights in the metering Zone, mm 2.3 2.2 
Pitch of ?ights in the metering Zone, mm 50 30 
Screw speed (rpm) 250 125 
ScreW output (kg/hr) 61 25 
Compression ratio (volume) 1.47 2.6 
Feeding Zone actual ?oW, liters/hr 72 29 
Feeding Zone drag ?oW correction factor 0.81 
Feeding Zone theoretical drag ?oW, liters/hr 73 37 
Ratio of feeding Zone actual ?oW to theoretical 0.98 0.78 
drag ?oW 
Metering Zone actual ?oW, liters/hr 54 22 
Metering Zone theoretical drag ?oW, liters/hr 54 17 
Ratio of metering Zone actual ?oW to 1.00 1.25 
theoretical drag ?oW 
Difference in ratio of actual ?oW to theoretical 0.02 0.47 
drag ?oW in feeding Zone and metering Zone 

[0069] The screW of Example 1 had a small difference in 
the ratio of the actual ?oW to the theoretical drag ?oW of 
material in the feeding Zone and the ratio of the actual ?oW 
to the theoretical drag ?oW of material in the metering Zone 
compared to the screW of Comparative Example 2. Thus, the 
screW of Example 1 produced a homogenous melt, a more 
consistent screW retraction time and alloWed a higher RPM, 
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that is, a higher output of resin that the screw of Comparative 
Example 2 without creating screw deposit, splays, bridging, 
or other defects. 

Example 3 and Comparative Example 4 

[0070] Zytel® 135 F, a nylon resin available from DuPont, 
was also injection molded as in the previous Examples. The 
resin had a ratio of melt density to bulk density of 0.94/ 
0.67=1.40. In Example 3, the resin was injection molded 
using a screw according to the invention and in Example 4, 
the resin was injection molded using a screw according to 
the prior art. The results are summariZed in Table 2 below. 

TABLE 2 

Comparative 
Example 3 Example 4 

Screw diameter, mm 32 32 
Depth of ?ights in the feeding Zone, mm 8 5.9 
Pitch of ?ights in the feeding Zone, mm 26 32 
Depth of ?ights in the metering Zone, mm 2.1 2.1 
Pitch of ?ights in the metering Zone, mm 48 32 
Screw speed (rpm) 275 300 
Screw output (kg/hr) 40 33 
Compression ratio (volume) 1.56 2.4 
Feeding Zone actual ?ow, liters/hr 59 48 
Feeding Zone drag ?ow correction factor 0.80 
Feeding Zone theoretical drag ?ow, liters/hr 81 76 
Ratio of feeding Zone actual ?ow to theoretical 0.73 0.64 
drag ?ow 
Metering Zone actual ?ow, liters/hr 42 35 
Metering Zone theoretical drag ?ow, liters/hr 58 36 
Ratio of metering zone actual ?ow to 0.73 0.95 
theoretical drag ?ow 
Difference in ratio of actual ?ow to theoretical 0 0.31 
drag ?ow in feeding Zone and metering Zone 

[0071] The screw of Example 3 had no difference in the 
ratio of the actual ?ow to the theoretical drag ?ow of 
material in the feeding Zone and the ratio of the actual ?ow 
to the theoretical drag ?ow of material in the metering Zone 
compared to a difference of 0.31 for the screw of Compara 
tive Example 4. Thus, the screw of Example 3 produced a 
homogenous melt, a more consistent screw retraction time 
and allowed a higher RPM, that is, a higher output of resin 
that the screw of Comparative Example 4 without creating 
screw deposit, splays, bridging, or other defects. 

Example 5 and Comparative Example 6 

[0072] Delrin® 500 P is injection molded as in the pre 
vious Examples using a screw having a diameter of 65 mm. 
In Example 3, the resin is injection molded using a screw 
according to the invention and in Example 4, the resin is 
injection molded using a screw according to the prior art. 
The results are summariZed in Table 3 below. 

TABLE 3 

Comparative 
Example 5 Example 6 

Screw diameter, mm 65 65 
Depth of ?ights in the feeding Zone, mm 10 7.8 
Pitch of ?ights in the feeding Zone, mm 40 65 
Depth of ?ights in the metering Zone, mm 2.7 2.8 
Pitch of ?ights in the metering Zone, mm 75 65 
Screw speed (rpm) 180 140 
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TABLE 3-continued 

Comparative 
Example 5 Example 6 

Screw output (kg/hr) 185 110 
Compression ratio (volume) 1.6 2.5 
Feeding Zone actual ?ow, liters/hr 212 127 
Feeding Zone drag ?ow correction factor 0.84 
Feeding Zone theoretical drag ?ow, liters/hr 248 279 
Ratio of feeding Zone actual ?ow to theoretical 0.85 0.46 
drag ?ow 
Metering Zone actual ?ow, liters/hr 159 95 
Metering Zone theoretical drag ?ow, liters/hr 170 121 
Ratio of metering Zone actual ?ow to 0.93 0.79 
theoretical drag ?ow 
Difference in ratio of actual ?ow to theoretical 0.08 0.33 
drag ?ow in feeding Zone and metering Zone 

[0073] The screw of Example 5 has a small difference in 
the ratio of the actual ?ow to the theoretical drag ?ow of 
material in the feeding Zone and the ratio of the actual ?ow 
to the theoretical drag ?ow of material in the metering Zone 
compared to a difference of 0.33 for the screw of Compara 
tive Example 6. Thus, the screw of Example 5 produces a 
homogenous melt, a more consistent screw retraction time 
and allowed a higher RPM, that is, a higher output of resin 
that the screw of Comparative Example 6 without creating 
screw deposit, splays, bridging, or other defects. 

We claim: 
1. A method of designing a screw for use in injection 

molding or extrusion which screw comprises a screw shaft 
having a thread spirally positioned about the screw shaft so 
as to form a plurality of ?ights, and said screw having a 
feeding Zone, a compression Zone and a metering Zone, 
comprising the steps of 

selecting the material to be used in the screw, 

selecting the diameter of the screw, 

selecting the depth and pitch of a ?ight in the metering 
Zone to provide a volume of a ?ight in the metering 
Zone, 

selecting a depth and pitch of a ?ight in the feeding Zone 
based upon the volume of a ?ight in the feeding Zone 
needed to provide substantially the same mass of 
material as is present in a ?ight in the metering Zone. 

2. The method of claim 1, further comprising the step of 
selecting the depth and pitch of a ?ight in the feeding Zone 
such that the depth does not exceed 20% of the diameter of 
the screw. 

3. The method of claim 1, further comprising the step of 
adjusting the depth and pitch of the ?ights in the feeding 
Zone so as to give a compression ratio which is about 25% 
greater than the ratio of the melt density to the bulk density 
of the material. 

4. The method of claim 1, further comprising the step of 
adjusting the depth and pitch of the ?ights in the feeding 
Zone so as to give a compression ratio which is about 10% 
greater than the ratio of the melt density to the bulk density 
of the material. 

5. A method of designing a screw for use in injection 
molding or extrusion which screw comprises a screw shaft 
having a thread spirally positioned about the screw shaft so 
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as to form a plurality of ?ights, and said screw having a 
feeding Zone, a compression Zone and a metering Zone, 
comprising the steps of 

selecting the depth and pitch of the ?ights based upon the 
material to be used in the screW so that the difference 
in the ratio of the actual volumetric ?oW to the theo 
retical volumetric drag ?oW of material in the feeding 
Zone and the ratio of the actual volumetric ?oW to the 
theoretical volumetric drag ?oW of material in the 
metering Zone is less than 0.2. 

6. The method of claim 5, further comprising the steps of 

selecting the material to be used in the screW, 

selecting the diameter of the screW, 

selecting the depth of a ?ight in the metering Zone, 

selecting a rotating speed for the screW, 

calculating the pitch of the ?ight in the metering Zone, 

calculating the theoretical volumetric drag ?oW of mate 
rial in the metering Zone, 

calculating the theoretical volumetric drag ?oW of mate 
rial in the feeding Zone by multiplying the theoretical 
volumetric drag ?oW of material in the metering Zone 
by the ratio of the melt density to the bulk density of the 
material, 

selecting the depth or the pitch of a ?ight in the feeding 
Zone based upon the theoretical volumetric drag ?oW of 
material in the feeding Zone and then calculating the 
value of the depth or pitch, Whichever Was not selected. 

7. The method of claim 6, comprising the step of calcu 
lating the theoretical drag ?oW of material in the feeding 
Zone by multiplying the theoretical drag ?oW of material in 
the metering Zone by up to 125% of the ratio of the melt 
density to the bulk density of the material. 

8. A screW comprising a screW shaft having a thread 
spirally positioned about the screW shaft so as to form a 
plurality of ?ights, said screW having a feeding Zone, a 
compression Zone and a metering Zone, and means in said 
screW for providing a mass of material in a ?ight in the 
feeding Zone that is substantially the same as the mass of 
material in a ?ight in the metering Zone, Wherein said means 
includes ?ights formed in the metering Zone having a pitch 
and depth based upon the volume of the material in a molten 
state and ?ights formed in the feeding Zone having a pitch 
and depth based upon the volume of the material in a bulk 
state. 

9. In a screW comprising a screW shaft having a thread 
spirally positioned about the screW shaft so as to form a 
plurality of ?ights, said screW having a feeding Zone, a 
compression Zone and a metering Zone, Wherein the pitch of 
at least a portion of the ?ights in the metering Zone is greater 
than the pitch of at least a portion of the ?ights in the feeding 
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Zone, the pitch of at least a portion of the ?ights in the 
feeding Zone is less than the outside diameter of the screW, 
the pitch of at least a portion of the ?ights in the metering 
Zone is greater than the outside diameter of the screW, the 
pitch of at least a portion of the ?ights increases through the 
compression Zone, and the depth of at least a portion of the 
?ights decreases through the compression Zone moving from 
nearer the feeding Zone to nearer the metering Zone, 

Wherein the improvement comprises that the depth and 
pitch of the ?ights are selected based upon the material 
to be used in said screW so that the mass of material in 
a ?ight in the feeding Zone is substantially the same as 
the mass of material in a ?ight in the metering Zone. 

10. A screW comprising a screW shaft having a thread 
spirally positioned about the screW shaft so as to form a 
plurality of ?ights, said screW having a feeding Zone, a 
compression Zone and a metering Zone, means in said screW 
for providing a difference in the ratio of the actual volumet 
ric ?oW of material to the theoretical volumetric drag ?oW 
of material in the feeding Zone and the ratio of the actual 
volumetric ?oW of material to the theoretical volumetric 
drag ?oW of material in the metering Zone is less than 0.2, 
Wherein said means includes ?ights formed in the screW 
such that the pitch of at least a portion of the ?ights in the 
metering Zone is greater than the pitch of at least a portion 
of the ?ights in the feeding Zone, the pitch of at least a 
portion of the ?ights in the feeding Zone is less than the 
outside diameter of the screW, the pitch of at least a portion 
of the ?ights in the metering Zone is greater than the outside 
diameter of the screW, the pitch of at least a portion of the 
?ights increases through the compression Zone, and the 
depth of at least a portion of the ?ights decreases through the 
compression Zone moving from nearer the feeding Zone to 
nearer the metering Zone. 

11. The screW of claim 10, Wherein the pitch of the ?ights 
in the metering Zone is greater than the pitch of the ?ights 
in the feeding Zone, the pitch of the ?ights in the metering 
Zone is approximately equal, the pitch of the ?ights in the 
feeding Zone is less than the outside diameter of the screW, 
the pitch of the ?ights in the feeding Zone is approximately 
equal, the pitch of the ?ights in the metering Zone is greater 
than the outside diameter of the screW, the depth of the 
?ights in the metering Zone is approximately equal; the 
depth of the ?ights decreases through the compression Zone 
moving from nearer the feeding Zone to nearer the metering 
Zone; and the depth of the ?ights in the feeding Zone is 
approximately equal. 

12. An injection molding machine Which includes the 
screW of any of claims 8-11 

13. An extruder Which includes the screW of any of claims 
8-11. 


