PELLEXTRUDER:
IS IT POSSIBLE TO 3D-PRINT
FROM PLASTIC PELLETS?

@0 °
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Best iIdeas come from real needs

* Which Is the biggest limitation of
FDM 3D printing technology? The
most common answer: the filament
(availability, cost, characteristics)

* What if we could 3D print using raw
plastic pellets/granules (maybe
recycled from waste)...??7?

* Many have tried, and there are even
some solutions — within a limited
scope (only for “spiralize” print).




From the need 1o the Idea

* \We analyzed what has been
tested by others:

* Filament extruders with Auger
screw (Archimedes’ coclea)

* |ssues with Auger screw (non
volumetric pump)

* Do volumetric pumps exist?
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paste Extrusion ® Feature

repeatablity Is low. One solution would be
to maintain a consta '
throttle the m
There are vanous industrial valves
just this, and these could be easy to repli-
y using an
syringe and
tage RepRap Support
similar method.

Honestly, most people using DAPES
(mainty for ce s) have stopped using
electronic valves altagether and designed
around the pr 1 by creating cbjects

d in ene cont.nuous

released at the end, again a very ha

on approach. As with the Stepper Driven
Syringe Pump, If you don’t mind manually
controlling the extrusicn process, DAPES are
a great way to start exploring paste extru-
slon, especially for printing ceramics and
other large volume materials.

3) Positive Displacement Extruders

So we want the best of both
worlds don’t we? We want to move the
sytinge out of the extruder, and a stepper
mator would be lovely for compatibiity, we
want a pure volumetric or metere
and we don't
by pushing all
forth but rath
nozzle

Enter the volumetric or positive dis-
placement pump. Frustrated g
pn"uﬂ:s as a starti
sit next to y

nhmmv extruder | started t
various ways in which indus

specifically the dispensin
this problem and started dig
countless websites and boak:

Impiles that a s

is displaced wit

actuation. Positive displacement

influenced by changes in temperature or
viscasity. The Archimedes screw pump is
very consistent, but this consistency
depends on the viscosity and flow charac-
teristics of the material. Archimedes screws
have been marketed as positive displace-
ment pumps, but viscasity metering pumps
is a better definition,*

True positive displacement pumps
should produce the same flow at any given
speed no matter the discharge pressure.
And this is where the last system comes
into view, the Moineau pump. From the
surface this pumps looks pretty much the
same as an auger pump but the geometry
of the auger (the rotor) and housing (the
stator) are a bit mere complicated. In a
Moineau there is no continued path down
the rotor but several sealed cavities be
tween rotor and stator which pr s
when the rotor
common name: p
Every cavity has a known volume so with
each rotation a specific volume is being
discharged from one or more cavities. The
intricate geomeatry ensure the cavities
alterate to avoid pulsatio the extru-
sion.

The only influence the input pressure
has, is that it needs to be high encugh
to feed the material in the pump but not
to high that it would leak past the rotor.
stator seal and this is often a wide range
Other beneficial characteristics Is that the
Moineau is very well suited for pastes and
particle filled slurries. Sa it’s designed for
extreme applications like in the oil drilling
industry 50 very well suited for less
demanding applications.

| never thought it would be possible
(at least not for me) Lo design a printable
Moineau pump but early 2012 Tomi Salo
posted a Moineau stepper extruder on

So the key here in the definition is
the ‘trapping a fixed amount’ part. Eac!
rotation of the pump mechanism traps 4

cific volume of material and sends it
the exit of the pump, the nozzle. If a st
per mator drives this, we have a syste!
which we know that X amount of motor s
results in Y amount of extruded volum|
You place this pump as 5 possibl
the nozzle and let it ‘pul
from a feed line in exactly ¢
your filament extruder pulls in the filam
right before the nozzle

The only difference Is that we don'
have a nice roll of filament but a messy
of paste in a reservoir. So there is the n
for an extemal reservoir. In case of a rui
fluid like a molten chocolate one could
a ity feed system (the material fioy
the pump by gravity when the reservoir
above the extruder) but more often thai
we will need to pressurize the reservalr,
casiest way is by air pressure. Yes, that

bie thing we rejected abave. In
case we apply more than enaugh pres:

paste Extrusion @ Feature

Thingiverse designed in OpenSCAD and
based on the basic parametric rotor and
stator geometry by Emmett Lalish. Tomi's
design is a gravily feed design and not
suitable for working with materials under
p re. | made a quick and dirty update
to seal all the parts and stepper shaft and
tested the updated extruder with clay. In
the initial test, which you can find on
YouTube, the extruder performed very con-
sistent with instant start and stop and
responsive ramping

The extruder’s drive mechanism and
shafts falled rather quickly though because
of the substantial torque needed te pump

which still holds: “Positive displacement
implies that a specific volume of material

is displaced within a specific mechanical
actuation. Positive displacement is not
influenced by changes in temperature or
viscosity. The Archimedes screw pump is
very consistent, but this consistency
depends on the viscosity and flow charac-
teristics of the material. Archimedes screws
have been marketed as positive displace-
ment pumps, but viscosity metering pumps
is a better definition.”

True positive displacement pumps
should produce the same flow at any given
speed no matter the discharge pressure.
And this is where the last system comes
into view, the Moineau pump. From the
surface this pumps looks pretty much the
same as an auger pump but the geometry
of the auger (the rotor) and housing (the
stator) are a bit more complicated. In a
Moineau there is no continued path down
the rotor but several sealed cavities be-
tween rotor and stator which progress down
when the rotor is turned, hence it's other
common name: progressing cavity pump.
Every cavity has a known volume so with
each rotation a specific volume is being
discharged from one or more cavities. The
intricate geometry ensures that the cavities
alternate to avoid pulsations in the extru-
sion.

The only influence the input pressure
has, is that it needs to be high enough
to feed the material in the pump but not
to high that it would leak past the rotor-
stator seal and this is often a wide range.
Other beneficial characteristics is that the
Moineau is very well suited for pastes and
particle filled slurries. So it's designed for
extreme applications like in the oil drilling
industry but also very well suited for less
demanding applications.

| never thought it would be possible
(at least not for me) to design a printable
Moineau pump but early 2012 Tomi Salo
posted a Moineau stepper extruder on
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Thingiverse designed in OpenSCAD and
based on the basic parametric rotor and
stator geometry by Emmett Lalish. Tomi’s
design is a gravity feed design and not
suitable for working with materials under
pressure. | made a quick and dirty update
to seal all the parts and stepper shaft and
tested the updated extruder with clay. In
the initial test, which you can find on
YouTube, the extruder performed very con-
sistent with instant start and stop and
responsive ramping.

The extruder’s drive mechanism and
shafts failed rather quickly though because
of the substantial torque needed to pump
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The geometry of the Moineau pump

Jens Gravesen

Technical University of Denmark, Department of Mathematics

26 March 2008

Abstract

The Moineau pump was invented in 1931 by the I'rench engineer René Moineau

and exhibits an intrigning geometry. The original design is based on hypo- and epi-

eycloids and all except one design has either cusps or less severe inflexion points

with infinite curvature. By using the support function to represent planar curves it

is possible to make an explicit analysis of a general design and we can show that
2:1 3:2 4:3 points of infinite curvature arc unavoidable.

Fig. 4. Above the n + 1:n epi-cycloid construction for n = 1, 2, 3, below offsets. Key words: Moinean pump, envelope, support fanction.

Fig. 2. The construction of the pump is illustrated in the first three pictures and
the pumping in the last two pictures.

the thick “rounded rectangles”, the rotor is formed by the thick small circles,
and the space in between forms two series of pump chambers. Tn Tig. 2 the
horizontal sections in ome of the pump chambers are coloured in gray but only
a portion corresponding to half the height of a pump chamber is shown, {any
other portion can be found by syuunetry), As all copies of € now are sbove
each other they form a eyvlinder as do the copies of C4. I the € evlinder now
rolls inside the €y cylinder the thick small cireles moves back and lorch inside
the “rounded rectangles™. As we see from the dillerence between the third
and the last picture this has same effect as a vertical translation followed by a
rotation. i.c., the pump chambers are moved np (or down) by a serew motion.
For more pictures and animations, see (8.9,

Fig. 5. The construction consisting of alternating arcs of hypo- and epi-cycloids. 91 Then + 1 hypo-cyelord construction

2. 3 The n + 1 o 4 3 hypo- epZ- CyClOZd Const'f'uctlon Consider Fig. 3. We have three circles (1, €, and €, 1 with radii 1, n, and n—1

respectively. Rolling O inside €, and (7, ) praduces the two hvpo-eyeloids A,
and H, , respectively. Now consider the motion generated hv lerring ¢, roll

THE GEOMETRY OF THE MOINEAU PUMP




@ Web.arChive.Org The classical cylindrical Moineau pumps

The geometry of the pumps seems quite complicated but it helps that each horizontal section looks exactly the same. A
horizontal plane intersect the pump in two dosed curves that are moved relative to cach other by the motion gencrated by
letting a circle of radius n-1 roll inside a circle of radius n.

The (green) stator is the envelope generated by the motion of the (red) rotor. The two

closed curves forms n chambers that during the motion epen and close.

\ The classical designs are based on hypo- and epi-cycloids and are described in the
SIAM Activity Group on Geometric Design o b
\ Curves Number of "teeths” on the stator and rotor
\ 2:1 3:2 43
211 3:2 4:3
Hypo- & epi-cycloids 21 32 4:3

CONFERENCES PUBLICATIONS RESOURCES PROBLEM SECTION THE OFFICERS

The general design of cylindrical Moineau pumps

. . . . 3 By looking at a horizontal section the design of a cylindrical Moineau pump is reduced
Sphe rical curves for the des|gn of conical Moineau pumps ' to the design of two closed planar curves that are moved relative to each other by the
3 metion generated by letting a circle of radius n-1 roll inside a circle of radius n. If the
rotor is given then the stator can be determined as the envelope given by the motion of
the rotor. In fact, the stator can be determined by the motion of a single convex arc of
the rotor and the concave parts of the rotor can be found as envelope of the stator

during the opposite motion. The whole proces is described here.

JenS Gravesen . The determinaticn of the envelope is a non-linear problem and can normally enly be

dene numerically. But by using the support funclion to reprasent planar curves, see [2],
the equations can be solvad analylically and it is possible to find new designs in closed
form. see [1,3]

Department of Mathematics Conical Moineau pumps

In the phete to the right a model of a concial Moineau
. ’ = pump is shown (a 2:1 hypo-cycloid construction). The
Techn|ca' Un|verS|ty of Denmark cylindrical motion is replaced by a conical motion. That is,
the motion is ganerated by letting two circular cones roll

on each other,

We now intersect the construction with spheres centered

for Grundfos

Background

The Moineau pump is an invention from 1931 (US-Patent
no. 1 892 217) by the French engineer René Moineau.

In the photo to the right models of the classical 2:1 hypo-

cycloid construction and the 3:2 epi- hypo-cycloid

construction are shown. In both cases the stator is to the

left and the rotor is to the right. The oddly shaped object oy e e e

in front of the 2:1 hypocycloid construction is a model of horizontal planes = = constant.  proportional tc the height =. Observe horizontal plene the
:hat the blue circles no longer are  be positioned over 2

the pump Chambel’ ‘a ) ahove cach other. as to form a blue eyl

black cylinder.

The rotor is moved inside the stator by an eccentric
motion that can be generated by letting a cylinder of
radius n-1 roll inside a cylinder of radius n.

During the motion a series of closed pump champers are
moved up (or down) and in contrast to centrifugal pumps
the speed and thereby the flow can be as small as you
like. The pump chambers have constant volume, and this
makes the pumps ideally suited for incompressible fluids.

(NOW DISAPPEARED) WEB PAGE BY GRAVESEN
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OpenSCAD Interface

File Edit Design View Help

for(y=[0:401){
for(z=[0:40]){

translate([0,5*%y,5*z])
cube([50+20*sin(9*y)+20*cos(9*z),10,10]);
}

script window rendered result

CURL Catiie ISt Givupts GG A L £, U, U5, (0 4,0;
CGAL Cache insert: group(){multmatrix([[1.,0,0,01,[0,1,0,
CGAL Cache insert: group(){multmatrix([[1,0,0,0],[0,1,0,
CGAL Cache insert: group(){multmatrix({(1,0,0,01,[0,1,0,
CGAL Cache insert: group(){multmatrix([[1.0.0,01,[0,1.0,
CGAL Cache insert: group(){multmatrix([[1,0.0,01,[0,1.0,
CGAL Cache insert: group(){multmatrix([[1,0,0,01,[0,1,0,
[0.1,0,
[0.1,0,
[0,1,0,
[0,1.0,
[0.1,0,

155 V10U VEILS]
140 (160 verts)
145 (160 verts) NN
150 (160 verts)
155 (160 verts)
160 (160 verts)
165 (160 verts)
170 (160 verts)
175 (160 verts)
1
1

CGAL Cache insert: group(){multmatrix([[1.0,0,01,
CGAL Cache insert: group(){multmatrix([[1.,0,0,0],
CGAL Cache insert: group(){multmatrix([(1.,0,0,0],
CGAL Cache insert: group(){multmatrix([(1,0.0.0], 85 (160 verts)
CGAL Cache insert: group(){multmatrix([[1.0.0,0], 190 (160 verts)
CGAL Cache insert: group(){multmatrix([[1,0.0,0],[0,1,0,195 (160 verts)
CGAL Cache insert: group(){multmatrix([[1,0,0,0],[0,1,0,200 (160 verts)
CGAL Cache insert: group(){group(){ multmatrix([[1,0,0,01,[0 (5940 verts)
CGAL Cache insert: group(){group(){group() {multmatrix([[1,0 (5940 verts)
PolySets in cache: 0
Polygons in cache: 0
CGAL Polyhedrons in cache: 5828 s s
Vertices in cache: 96732
Top level object is a 3D object: COI I Ipl a Ion Ou pu
Simple: yes
Valid: yes
Vertices: 5940
Halfedges: 18264
Edges: 9132

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 43.80 0.00 140.10 ], distance = 1593.32

80 (160 verts)




3D primitives

000 - WOprenSJCAD - New Docurmer!tr
$fn=50;

;gcube(size=10);

:isphere(r=10);

* cube (size=10);

* sphere (radius=10) ;

* cylinder (h,r1, r2);

* cube ([width, height, depth ]); =2=°° SRenSCOAD e ocument

| $fn=50;

i?cylinder(h=5,r1=10,r2=5);

* polygon ([points]) ; ] translate([0,0,10])

CUbe( [3 ) 4 ) 5:] ) ’




Transtformations

*

*

*

translate ([x,y,z])
primitives ;

rotate ([x,y,z])
primitives ;

scale ([x,y,z])
primitives ;

mirror ([x,V,z])
primitives ;

o0 @
@«

O:pielnSCAD.- New Dbcumént

;'$fn=50;
-é cube([1,4,10]);

i'translate([lﬁ,0,0])
| cube([1,4,10]);

| translate([-10,0,0])
| rotate([0,45,0])
1 cube([1,4,10]);

-};translate([@,lQ,Q])
| scale([2,2,2])
,? cube([1,4,10]);

z

A
x

~ Viewport: translate = [ -0.87 4.99 3.76 ], rotate = [ 48.00 358.60 20.80 ], distance = 184.79
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Boolean operations

* union ()
* difference )

* intersection ()

[ NN — 7 OpénSCAD- ex:émplerom.scad
3 $fn=50;

| intersection() {

| sphere(r=8);

rotate(90, [0, @, 0])
cylinder(r=4, h=20, center=true);
rotate(90, [1, 0, @])
cylinder(r=4, h=20, center=true);

rotate(90, [0, 1, @0])
cylinder(r=4, h=20, center=true);

: }

2,

- |Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 55.00 0.00 25.60‘], distance = 145.75

@00
| B

OpenSCAD - example001.scad

: $fn=50;

:funionk) {

sphere(r=8);
rotate(90, [0,
cylinder(r=4,
rotate(90, [1,
cylinder(r=4,
rotate(90, [0,
cylinder(r=4,

®0e
. B

0, 01)
h=20, center=true);
0, 01D
h=20, center=true);
1, 01)
h=20, center=true);

Z,

{ $fn=50;

 differencel) {

sphere(r=8);
rotate(90, [0,
cylinder(r=4,
rotate(90, [1,
cylinder(r=4,
rotate(90, [0,
cylinder(r=4,

o OpenSCAD -ré)gerlmpleootrs;'cr:éd

0, 01D
h=20, center=true);
0, 01D
h=20, center=true);
1, 01D
h=20, center=true);

v,

’3 | Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 55.00 0.00 25.6011, distance = 145.75




| 00ps & conaditions

* for (i = [start:end])

P

* If ( condition)

r

* ... other usual stuff

K ) - - OprenSCAD>-'exampIeO1»8.scad

{for (i = [1:5])
| translate([-25+1*10, |-25+i*10, @])
i {
l if (G==1{|i==2]| |i==3]11i==5)

{

sphere(5);

| 3
1}
1}

- Viewport: translate = [ 0.00 0.00 0.00 J, rotate = [ 52.90 0.00 342.30 ], distance = 262.01
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*

*

Others

many mathematical functions are available: power,

trigonometrical, log, exponential, etc...

functions, modules, include

2D primitives i —

19 ’)h:s?M»QH
2 =40;

aum

¢ rotor parom
angleste

2;
anglestepz=1.1*anglestep;

r_ipg=d;

extrusion

r_ept=r_ipo*ratio;
30 settore-360/ratio;
3 fase=settore/d;

.01;

ipoZ*ratioz;
settorel=368/ratiol;
faseZ=settorez/2;

v=4*RL*RZ*l*360/pht;
40 echo(str("Fumping speed is

export as STL

",v/1800," cc per revolution"));

43 FEmedule flatretor(){
union{

:2vsettore; (36M-27settore)]){
(i = [j:onglestep: j+settore]){

fo

or(l = [J:anglestep:j+set
polygon(points=[[€,0.01*c
‘Uan( rat1ioZ*(1+fases))))-sin(i+fasel) (-r ipo*sin(-ratiol*(i+fasei))),
sinCitfase2)*(r eni2 -r ipp2*(1+cosC-ratioZ*(1+fase2INVicos(itfase2I*C-

re2{

|

47 polygon(points=[[@.0], [cos(i+fase)*(r_ept -r_ipo*(l+cos(-ratio*(i+fasel)))- a
sin(i+fase)*(-r_ipo*sin(-ratio*(1+fase))),sinCl+fase)*(r ept -r ipo*(lecos(- 3
ratio*(i+fase))))+cos(i+fase)T(-r_1po” ratio*(i+fase) )], [cos(i+ El
anglestepz+fase)*(r_epi -r_ipo®(1+cos(-ratic*(i+anglestepZ+fase))))-sinCi+ El
anglestepZ+fase)*(-r_ipo*sin(-ratio*(i+anglestepZ+fase))),sin(i+anglestep2+ a
fase)*(r_ept -r_ipo*(lscos(-ratic*(l+anglestepz+fase)))r+cos(i+anglestepz+ a
fase)*(-r_1po*sin(-ratio"(1+anglestepi+fase))]1);

g L 3

HE for(i = settore:anglesten: j+2*settore]){

50 polygon(points=[[@,e], [cos( ofcsejﬂr epl + r_ipo*(l+cos(-ratio*(i+fase))))- Q|
sin(l+fase)*(-r_ipo*sinC-ratio*(i+fasel)},sin(i+fase)*(r epl +r tpo*(lecos(- 3|
ratio*(i+fase))))+cos(i+fase)*(-r_ipo*sin(-ratio*(i+fase)))], [cos(i+ a
anglestepz+fase)*(r_epi + r_ino*(l+cos(-ratio*(i+anglestep2+fase))))-sin(i+ o
anglestepZ+fase)*(-r_ipo*sin(-ratio*(i+anglestepz+fase))),sin(i+anglestepZ+ @
fase)*(r_ept +r_ipo*(l+cos(-ratio*(i+anglestepz+fase)))r+cos(i+anglestepz+ a
fase)*(-r_1po*sin{-ratio*(i+anglestepZ+fasel})]1);

}
3
medule flatstator(){
aifference(){
| ctrclecr-r eprz=1.5%;
union(){
for(j = [(’.:F'sntr:)rp?:(‘sﬁﬁ—?‘wrn;r‘e?)]){

5(11],[0,0.61*s1n(1)], [cos(1+fase2)*(r_epiz -r_ipoz 2 Normal

root,

Moineau_pentalobo_4 scad
—
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-\ e
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\ el
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CGAL Polyhedrons in cache: O
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30.54 32.48 ], rotat 23.00 0.00 350.50 }, distance = 508.93
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List of all commands

OpenSCAD CheatSheet

Syntax
var = value;

module name(..) { .. }
name();

function name(..) = ..
name();

include <...scad>
use <...scad>

2D

circle(radius)
square(size,center)
square([width,height],center)
polygon([points])
polygon([points],[paths])

3!) ﬂ.iﬁ dl k,: )

2 cylinder(10,5,5);
sphere(radius) cylinder(h=10,r=5);
cube(size)

cube([width,height,depth])
cylinder(h,r,center)
cylinder(h,r1,r2,center)

polyhedron(points, triangles, convexity)

Transformations
translate([x,y,z])
rotate([x,y,z])
scale([x,y,z])
mirror([x,y,z])
multmatrix(m)
color("colorname")
color([r, g, b, al)
hull()

minkowski()

Boolean operations
union()

difference()
intersection()

Modifier Characters

* disable
! show only
# hil_:hl?_x_:ht

% transparent

Mathematical

abs
sign
acos
asin
atan
atan2
sin
cos
floor
round
ceil
ln
len
log
lookup
min
max
pow
sqrt
exp
rands

Other

echo(..)

str(..)

for (1 = [start:end]) { « }

for (1 = [start:step:end]) { . }

[acsmsdP g n ¥

[start:end]) { - }
[start:step:end]) { - }

for (i

intersection_for(i

intersection_for(i

intersection_for(i = [.,.,.]) { - }
;) i o 8 el |

assign (.) { . }

search(..)

import("...stl")
linear_extrude(height,center,convexity,twist,slices)
rotate_extrude(convexity)

surface(file = "...dat",center,convexity)
projection(cut)

render(convexity)

Special variables

$fa minimum angle
$fs minimum size
$fn number of fragments

$t animation step

3y Peter Uithoven @ Fablab Amersfoort (CC-BY
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// prototype of a pellet extruder for 30 printer
// code (including mistakes) by Coerlo Fonde (ICTP Scientific Fableb, Trieste, Italy)
// website: http://scifablab.ictp.it

/7 e-matl: cfondao®icep.it
// version 9.1 - updated on Sur|, July 24, 2016

// moineau code adapted from the original version made by emmet (21 april 2011)

// see: http://www. thinglverse, com/thing: 7958 for the Source

/7 multi-lobe implementation with the help of these very useful webpages:

// http://s1ags.s1am,org/staggd/problems/gravesen/HypoZ_1. htel

// http://s1ags.siam.org/staggd/problems/gravesen/Hypotpl3_2. html

// with animation and explatnations. For more mathematical details see:

//https://wan. semanticscholar.org/paper/The-geonetry-of - the-Moineou-pump-Gravesen/964728cZb4Z85¢
2f7¢700fO50430600F0F2C2434/paf

// Auger screm code uses the Auger OpenSCAD Library by wtgibson (7 June 2013)
// CREDIT: "Parametric Printable Auger” by William Gibson
// see: http://www.thingiverse.com/thing:96462 for the source

// credits: the 1dea to combine co-axtally the two type of screw 1s by Marco Baruzzo
// credits: the willingness to move forward with this project 1s by Enrique Canessa
// motivation: this project has been submitted to the Rome Makerfaire (Edition 2016)

// mai\n parameters to set:

// moilneau section:

H=180; // height of the moineau rotor

R.r=30; // radius of the mpoineau rotor (envelope)

lobes=4; // number of lobes of the moineau rotor (valid values: 2 to 9)
shell«f; // moineau stator thickness

flange=5; // bottom/top flange thickness

tolerance=1l; // molneau rotor/stator gap
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ratio=4;

r_ipo=r_epi/ratio;

anglestep=1;

anglestepZ=anglestep+0.2;

v=4*R1*RZ*H*360/phi;
echo(str("Pumping speed 1s ",v/1000,

3 Emodule flatrotor(){
union(){

36 Eifor(i = [0:anglestep:90]){

7 color("gray”) polygon(points=[[0,0],[cos(i+45)*(r_epi -r_ipo*( ratio*(1
+45))))-sin(i+45)*(-r_ipo*sin(-ratio®*(1+45))),sin(1445)*(r_epi
(-Fﬂtlo‘(1¢45))))¢tos(1*45)'(-F_lDO'S'”(*FO(HO’(I‘ﬂﬂ);)].[l”%‘1~Oﬁg1851802‘43

14€OS(
r_1po*(1+cos

Y*(r_epi -r_ipo*(1+cos(-ratio*(i+anglestep2+45))))-sin(i+anglestepZ+45)*(

r_ipo*sin(-ratio*(i+anglestepz+45))),sin(i+anglestepZ+45)*(r_epi -r_ipo*(1l+

cos(-ratio*(i+anglestepz+45))))+cos(i+anglestepZ+45)*(-r_ipo*sin(-ratio*(
anglestepz+45)))11);

1+

40 Hlfor(1 =

[90:anglestep:180]){
color("gray”) polygon(points=[[0,0],[cos(i+45)*(r_epi + r_ipo*(l+cos(-ratio*(
1445))))-sin(i+45)*(-r_ipo*sin(-ratio*(i1+45))),sin( +r_ipo*(1+cos

n(i+45)*(r_epi
(-ratio®*(i+45))))+cos(i+45)*(-r_ipo*sin(-ratio*(i+45)))], [cos(i+anglestepZ+45
Y*(r_epi + r_ipo*(l+cos(-ratio*(i+anglestepZ+45))))-sin( 1+anglestepZ+45)*(
r_ipo*sin(-ratio*(i+anglestepZ+45))),sin(i+anglestepZ+45)*(r_epi +r_ipo*(1+
cos(-ratio®(i+anglestepz+45))))+cos(i+anglestepZ+45)*(-r_1po*s n(-ratio*(i+
anglestepz+45)))11);

Bfor(i =

[180:anglestep:270]){
color(“agray”) polygon(points=[[0,0],[cos(i+45)*(r_epi

r_ipo*(l+cos(-ratio*(1
445))))-sin(1+45)*(-r_ipo*sin(-ratio®*(i+45))),sin(i+45)*(r_epi

r_ipo*(1+cos
(—rot\o'(\445))))+cos(1#45)'(Ar_\po‘sLn(—rot1o'(\qaj)))],[cos(loanglestepZ»4S
)*(r_epi -r,1p0‘(1¢cos(rrot\o'(\‘anqlestep2¢45))))—315(1»angLestepz+45)'(f
r_1po'S\n(—rat\o‘(\*onglestepz+45))),51ﬂ(1+ang\estep2¢45)‘(r,cp1

r_ipo*(1l+
cos(-ratio*(i+anglestep2+45))))+cos(i+anglestepZ+45)*(-r_ipo*sin(-ratio*(i+
anglestep2+45)))11);

color(“gray”) polygon(points=[[0,0],[cos(i+45)*(r_epi + r_ipo*(1+cos(-ratio*(
1445))))-sin(1445)*C-r_ipo*sin(-ratio*(1+45))),sin(i+45)*(r_epi +r_ipo*(l+cos
(Arot1o‘(\;43;)))qrns(1¢45)'(—r,xpo'sxn(~rctxo‘(1+45)))].[ccs(\vanqlestepZoGS
Y*(r_epi + r_ipo*(l+cos(-ratio*(i+anglestepz+45))))-sin(i+anglestepz+45)*(-
r_1po‘exn(»rat\o’(14onglestep2+45))),51n(1+anglestepz‘45)‘(r_ep1 +r_ipo*(l+
cos(-ratio*(i+anglestepZ+45))))+cos(i+anglestepz+45)*(-r_ipo*sin(-ratio*(i+
anglestep2+45)))11);

,l ")
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QoeonTetTes I CaCe: 5697

Geometry cache size in bytes: 143056016

CGAL Polyhedrons in cache: O
CGAL cache size in bytes: 0

Normalized CSG tree has 1 elements
Compile and preview finished.
translate = [ 26.25 51.64 95.70 ), rotate = [ 56.60 0.00 22.00 ), distance =

734.59
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Compiling design (CSG Products normalization)...

Total rendering time: 0 hours, O minutes, 0 seconds

ONE OF MANY VERSIONS OF THE FIRST DESIGN

EXPERIMENTS WITH DIFFERENT NUMBER OF LOBES / DIMENSIONS / RATIOS / ETC...




ONE OF MANY VERSIONS OF THE FIRST DESIGN




FIRST WORKING PROTOTYPE 3D PRINTED IN ALUMINUM

READY (JUST IN TIME) FOR THE ROME MAKER FAIRE IN OCTOBER 2016...







DEMO: 3D PRINTED CHOCOLATE
@ MAKERFAIRE ROME

OCTOBER 2016 ICTP SCIFABLAB
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BADGE OF MERIT (BLUE RIBBON) @

GIVEN BY MATT STULTZ (DIGITAL FABRICATION EDITOR, MAKE MAGAZINE)




SECOND (IMPROVED) DESIGN AFTER ROME MAKERFAIRE

BETTER FUNNEL, LARGER SIZE FOR AUGER AND MOINEAU (MORE EXPENSIVE BUT EASIER TO WORK WITH...)




Zenodo.10.5281/zenodo.59241"

scifablab.ictp.it

Qual é il problema?

(@ uno stepper motor
gira la vita di Auger, che
a sua volta tramite un
asse eccentrico aziona
la vite di Moineau

Sul mercato sono ormai disponibili
moltissime tipologie di filamento per la
stampa 3D ma, nonostante i prezzi si siano
recentemente abbassati, rimangono ben
superiori all’acquisto dei pellet di
termoplastica per uso industriale (~1€/kg,
circa il 10% del prezzo del filamento).
La reperibilita di questi filamenti nei paesi in
via di sviluppo & difficoltosa, mentre sono
disponibili grandi quantitativi di rifiuti plastici
(ad es. PET) potenzialmente utilizzabili a
questo scopo previa triturazione.

ottenuto da (miscele

Come possiamo risolverlo? o) piastiensl s
Abbinando sullo stesso asse una vite di
Auger con una pompa a cavita progressiva
“di Moineau” e riscaldando il complesso
attraverso lo statore cilindrico.

| granuli di plastica entrano nella vite di
Auger, che li scioglie mentre li porta nelle
cavita della pompa di Moineau. Quest’ultima
garantisce un flusso volumetrico costante di
plastica che alimenta l'ugello di stampa.

a stepper motor
turn the Auger screw,
which acts on the
Moineau connected by
an eccentric axis

@ si alimenta con
pellet o granulato

(2 fed by shredded recycled
plastic (mixture) or pellets

(3 la particolare geometria della pompa di Moineau
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Rt s iy N @ fa avanzare delle cavita @) it moves forward

di volume costante constant-volume cavities

the special geometry of the Moineau pump

Designed with OpenSCAD, shared on Thingiverse
http://www.thingiverse.com/thing:1689212
open harduare MOTE info on: http://scifablab.ictp.it

(8 col risultato di un
controllo molto preciso

Pellextruder: prototype of a pellet extruder for 3D printer del volume di estruso

by ICTP Scientific Fablab, Trieste, Italy

website: http://scifablab.ictp.it e-mail: scifablab@ictp.it

moineau code adapted from the original version made by emmet (21 april 2011)
see: http:/fwww.thingiverse.com/thing: 7958 for the source

multi-lobe implementation with the help of these very useful webpages:
http://siags.siam.org/siaggd/problems/gravesen/Hypo2_1.html
http://siags.siam.org/siaggd/problems/gravesen/HypoEpi3_2.html

with animation and explanations. For more mathematical details see:
https:/fwww.semanticscholar.org/paper/The-geometry-of-the-Moineau-pump-Gravesen/
964728c2b4285¢2{7e7a0f05b43060bf6f2c2434/pdf '

(® giving a fine control of
the extruded volume

eze

Moineau

Bibliographic Reference: "Fonda, Carlo. (2016). Heated volumetric extrusion mechanism with co-axial Auger and Moineau pumps for 3D printing from plastic pellets.

What is the issue?

It is now possible to buy a huge variety of
plastic filaments for 3D printing, but even
though they have become progressively
cheaper, industrial plastic pellets cost a fraction
(~1€/kg, roughly 10%). Their availability in
developing countries is still difficult, while there
is a huge amount of plastic waste (i.e. PET) that
could be used for this purpose after shredding.

funnel

Auger
screw

Moineau
> SCrew

Auger
stator

stator 3
-

How can we solve it?

Coupling on the same axis an Auger screw with
a “Moineau” progressive cavity pump and
heating it all through the cylindric enclosure.
The plastic pellets enter the Auger screw and
while being melted are moved forward into the
cavities of the Moineau pump, then pushed
proportionally to the amount of the rotation into
the extrusion nozzle (volumetric control).

Authors: M. Baruzzo, E. Canessa, G. Fior, C. Fonda, E. Ronchin, S. Sossi






HEATBLOCK

CNC'ED FROM STL (OPENSCAD)
EARLY 2017 ICTP SCIFABLAB




TEST OF OPERATIONS
SINGLE HEATING ELEMENT

"t EARLY 2017 5T SCIFABLAB




TEST WITH PLA PELLETS

HEARING IS NOT ENOUGH, WE WILL NEED TO ADD A SECOND HEATING BLOCK TO HEAT THE AUGER SECTION...
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MORE TESTING
DOUBLED HEATING ELEMENT

HALF 2017 SCIFABLAB




IT’S ALMOST WORKING

BUT ONLY FOR SHORT TIMES

HALF 2017

SCIFABLAB




ISSUES WITH THE AUGER SCREW
MORE TESTS AND MODIFICATIONS ARE NEEDED...
AALF 2017




