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ABSTRACT 
 

 A need was seen for the ability to convert waste plastic from the 3D printing process into 

printable filament. This would lower printing costs and eliminate the waste plastic by 

recycling it. 

 Research showed that while there are several filament extruders on the market, they are 

designed to use pellet plastic media. Those designers who address the recycling of waste 

printer plastic grind the plastic into pieces the size of the pellet media and feed it into the 

pellet type extruders. 

 An extruder based on the Lyman Extruder (1) was conceived. This extruder would have 

a heated melt pot instead of a hopper. The melt pot would allow the feeding of scrap printed 

plastic material directly into the extruder where it would melt and gravity feed into the 

extruder body to be extruded.  

 Additionally to desiring to produce an extruder that would recycle the 3D printer waste, 

it was decided to limit cost to $250 if possible. To do this the extruder would use ‘off the 

shelf’ parts as much as possible. As many parts as possible would be printer on the 3D 

printer. 

 An additional decision was made to salvage and repurpose as many parts as possible. 

This salvage would keep in the spirit of recycling and limit the costs of the project. 

 The extruder was designed using DC motors to power the screw and take-up spool 

system as well as the cooling fans. The heating elements were an AC band and cartridge 

heater. The AC current was chosen for the heating element to lower power requirements for 

the extruder system. 

 The extruder was built, tested, reconfigured and has produced filament capable of being 



 

xii 

used in the 3D printer. There remain several issues to work out. Filament diameter varies too 

much for consistent print quality. The take-up spool system needs refined to produce a more 

tightly wound spool of filament. 

 The Recycling Filament Extruder was displayed in the 2016 Tech Expo. It extruded a 

continuous line of filament over the course of five hours filling one spool and part of another. 

 The extruder project won first place and received the Brinkerhoff Award of Excellence.  
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THE PROBLEM OF SCRAP GENERATED DURING 3D PRINTING  
 

 

 In February of 2015 I began operating a 3d printer I had purchased as a Christmas gift to 

myself. The printer was purchased as a kit and is based on a General Public License design 

called a Prusa I3. (1) Following assembly I have experienced a learning curve which has 

resulted in the generation of several five gallon buckets of scrap plastic. 

 I have reached a place where my printer is capable of consistent repeatable precision of 

+0.02 mm however every successful printed object has a certain amount of scrap plastic in 

the form of support material. This plastic could all be recycled except that none of it has 

recycling identifiers on it so the plastic is refused for recycling. (2) I have found that as much 

as one third of a spool of filament becomes scrap either as a result of failed prints or when 

used as support material. One kilogram spools of 3d printer filament cost anywhere from 

$15.00 at the low end to in excess of $50.00 at the higher end of the supply spectrum. The 

value of scrapped prints and support material quickly adds up to a significant amount and 

much of this value can be recovered if the waste is remanufactured into printable filament. 

In my research I have found plans for filament extruders on web sites where the 3d printer 

community shares STL files and ideas for printing as well as plans for printers and other 

related devices. (3) 

 Many of the filament extruder designs are based on the “Lyman Extruder” and that is the 

design my extruder will be based on. (4) This extruder is an “open source/creative commons” 

licensed device. (4) The majority of filament extruder designs available are designed for use 

with the pellet form of the plastic media which is how the plastic is used in injection 

molding. This raw plastic is of significantly lower in cost than the cost of buying the same 

weight of finished filament, $6.31 per kilogram, so overall printing costs are lowered for the 
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person willing and able to extrude their own filament. (5) 

 I have found no extruder designs set up to recycle plastic scrap from printing projects 

unless that scrap is first ground to small pieces the same general size as pellet plastic. There 

are several designs for grinders to break the scrap material from 3d printing into pellet size 

pieces. (6) (7) 

 These designs require access to a machine shop and skill in machining with mill or lathe. 

(6) The resulting grinder assembly has, in my opinion, a number of operational safety issues 

with grinding blades turning at speed and open feed hopper where fingers could enter the 

blade area and shrapnel can exit injuring the operator. 

 I want to design and build an extruder that is capable of converting my waste plastic as 

is, in the state, size and shape it was removed from my printer. I want this extruder to be 

made from “off the shelf” components available from hardware stores or on line and built 

and assembled using hand tools and basic mechanical skills.  

 My plan is to design an extruder that has a melting pot rather than a hopper where 

chunks of scrap plastic can be placed to melt and gravity feed into the auger to be extruded. 

 

 

OPEN SOURCE FILAMENT EXTRUSION RESOURCES 
 

 

THE LYMAN EXTRUDER 
 

 The filament extruder that is the benchmark design for the open source 3D printer 

community is an extruder designed by Hugh M Lyman and is called the Lyman Filament 

Extruder. (4) This extruder is very simple in design and is available under creative commons 

license (8) and is very well documented. (4) 
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 This extruder is imitated in many of the other DIY extruders available. The extruder 

consists of a tube assembly to which a band heater and a hopper have been attached. A 

custom made auger is inserted into the outer housing. An end plug with a hole of the proper 

diameter for the desired diameter filament extrusion caps the tube at the end where the band 

heater is attached. This is also where the auger spiral ends. The opposite end of the tube 

assembly is securely mounted for stability and the shaft end of the auger is attached to a 

motor assembly which turns the auger.  

 This heater provides the heat to melt the plastic pellet material as the pellets are driven 

toward the capped end of the tube by the rotation of the auger. The heater is controlled by a 

temperature controller sensing heat level using a K type thermocouple. The temp controller is 

powered by 115v AC and outputs a DC control voltage for heater control. (4) 

 Depending upon the type of controller used, the controller either controls a solid state 

relay (SSR) or a standard coil type dc relay. The SSR’s can control either AC or DC circuits 

but cannot control both. The choice of SSR will be based on the type of heating element 

chosen. There are AC and DC powered heating elements and they come in several shapes. 

For the purposes of the extruders either a band type or cartridge type ceramic heating element 

are used.  

 If a standard relay controller is used, an automotive style 10 to 20 amp relay can be used 

to control the heater. The relay will handle AC or DC power through its main contacts.  

Back toward the shaft end of the auger, a slot is cut into the tube of the auger housing. To this 

slot a hopper is attached and the pellet media is fed into the extruder from this point. With 

most of these projects as many parts as possible are printed using a 3d filament printer so 

most often the hopper is printed plastic. 
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 The motor is usually DC and gear reduced to increase torque and lower speed. The 

motor may be directly coupled to the auger shaft or as in the case of the Lyman extruder the 

motor chain drives the auger with further speed reduction provided by the sprockets. (4)  

 The power supply for the motor is provided by a DC power supply with loading capacity 

of at least 8 amps. A stronger power supply is required if DC heating elements are used. The 

speed of the motor is controlled by a DC motor controller. These can either be of a set speed 

variety where speed is set on the board by variable resistor and not adjusted after initial 

extruder setup. There are controllers which have a panel mount external variable resistor for 

real time speed control.  

 A fan or other cooling device (water bath) (9) is used to cool the filament right after it 

exits the extruder nozzle. This initial cooling in required as the filament is in a semiliquid 

state as it exits the nozzle and if not cooled and supported in some manner will sag and 

elongate intro thin streamers under the effect on its own weight. 

 

Figure 1 Front view of Lyman filament extruder (4) 

  

 



Filament Extruder for Recycling 3D Printer Scrap Mark Grooms 

 

18 

 
Figure 2 Rear view of Lyman extruder with electrical components visible (4) 
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OTHER EXTRUDER EXAMPLES 

     

3D PRINTED FILAMENT EXTRUDER, BASED ON LYMAN DESIGN 

 
 All of the blue and purple plastic parts on this printer were printed. This design uses 

threaded rod to connect and align the components of the extruder. (10) 

 

 

 
Figure 3 Lyman based extruder with printer plastic parts (10) 

FILABOT FILAMENT MAKERS 
 

 Filabot has taken the Lyman design to a commercial level offering kits and assembled 

extruders. These extruders are also licensed under the creative commons licensing. This kit is 

sold for $640 and has a laser cut enclosure but the extruder itself in has the same basic 

design.  

 The component with the red wires protruding from a metal cylinder directly above the 

auger bit is a ceramic cartridge heating element. This extruder also makes use of an 

aluminum heat sink; the silver cylinder has two holes above the heater’s red wire leads. (11) 
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Figure 4 Filabot filament extruder kit (11) 

 

 

DESIGNS FOR RECYCLING PRINTED PLASTIC SCRAP 

MARCUS THYMARK’S OPEN-SOURCE FILAMAKER 
 

 Marcus Thymark, a German engineer has designed a hand cranked shredder for turning 

printed scrap plastic into small pieces for use with pellet type extruders. This grinder is made 

from machined components and is beyond the abilities of the average hobbyist. A complete 

machine shop is required to produce this shredder. (6)  
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Figure 5 Demonstration of shredder's capabilities (6) 

 

 
Figure 6 View of shredder assembly (6) 

 

 

 This shredder design while definitely accomplishing the reduction of chunks of plastic 

into confetti sized pieces it seems “over kill” for solving the requirement of turning scrap 

plastic into printable filament. It would also be cost ineffective as savings generated from 

recycling scrap plastic would require a lifetime for the average 3d printer hobbyist to 

generate enough filament to offset the cost of the shredder. 

http://inhabitat.com/marcus-thymarks-open-source-filamaker-shreds-and-recycles-plastic-for-3d-printing/filamaker-marcus-thymark-3d-printing-recycling-plastic-reprocessing-grinding-3/
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 FILABOT RECLAIMER 
 

 An option that is still in development is the Filabot Reclaimer. This is a hand cranked 

scrap plastic grinder which uses a chainsaw chain set into a milled cylinder to grind plastic 

into pellet sized chunks. This design is more in the scope of a serious hobbyist and will be 

available from Filabot as a kit or possibly an assembled product in the future. (12) 

 
Figure 7 Grinding cylinder of Filabot Reclaimer using chainsaw chain for cutting surfaces 

(12) 

 

 

 
Figure 8 Filabot Reclaimer (12) 
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FILABOT’S PLASTIC GRINDING SERVICE 
 

 The final item I found for recycling scrap 3d printer is a grinding service. Filabot has an 

industrial grinder and will grind any type of plastic into pellet sized pieces if the hobbyist is 

willing to ship the scrap to them. The problem is that they will keep the ground plastic and 

run it through their own extruders. This recycles the scrap into filament but the hobbyist will 

be obliged to purchase that recycled plastic from Filabot as filament. (12) 

 

 

 
Figure 9 Filabot's industrial grinder (12) 
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CUSTOMER FEATURES 
 

I did not have any responses to the questionnaire I posted to the forum in Thingverse. 

Since I am my own customer I am listing the things that I want this extruder to accomplish. 

First and most importantly, this extruder must produce plastic filament of high enough 

quality that I can use it to print with. As a function of quality, the diameter must be consistent 

within a couple of hundredths of a millimeter. 

The temperature must be held within the workable range of the plastic type being 

extruded. This is important to the physical and chemical properties of the filament. If the 

filament is extruded at too low a temperature the texture is uneven with voids and cracks in it 

and will not hold together. If the temperature is too hot the plastic will be scorched and the 

chemical properties of the plastic changed. 

Since filament is available in several plastic types, the temperature set point must be 

changeable. A digital readout on the temp controller with over and under temperature 

warnings are also desirable in order to ensure a quality extrude. 

It is important to me that as much as possible this extruder be assembled from “off the 

shelf” components. The auger bit which is the heart of the extruder and the pipe fittings that 

the outer shell is made from are all readily available from a hardware store. 

The electrical components are available from Amazon or EBay. The heating 

elements, band type and cartridge type are available in a large array of lengths, diameters, 

wattages, and in AC or DC powered versions. The cartridge heaters used in the 3d print 

heads are very inexpensive and the 3d printer hobbyists are already familiar with these 

elements. 
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Temperature controllers which have a range up to 1500 degrees centigrade are 

available with a K type thermocouple for around $35. They are often packaged with a solid 

state relay for an additional ten dollars. The solid state relays come in two versions. Both take 

a DC input from the temperature controller but one version controls AC circuits, the other 

controls DC.  

There are a number of inexpensive DC power supplies in the 8 to 20 amp range. 

The motor to drive the auger and speed controllers are also available in a surprising variety. 

In addition to “off the shelf” components, I want as many parts as possible to be printable by 

3d printing. Obviously plastic parts cannot support the hot portion of the extruder but there 

are a number of frame parts that will be isolated from the heat and therefore printable. 

Safety is a must for this extruder. The electrical components and wiring need to be 

housed so that they do not pose a shock or a tangle hazard. The hot portion of the extruder 

needs to be covered as much as possible in insulating material to prevent burns. The motor 

drive components may need guards depending on drive configuration. Standard wiring 

practices need to be followed when assembling the wiring for controller, motor, and heater. 
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QUESTIONNAIRE 
  

 
Table 1 - Questionnaire 
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QFD 
 

 

Table 2 – QFD 

 

CUSTOMER FEATURES 
 

 
Table 3 - Customer Features 

 

  

Customer Features

M
e

lt
in

g 
P

o
t

G
ra

vi
ty

 F
e

e
d

M
o

to
r 

Si
zi

n
g

D
ia

m
e

te
r 

3
/8

",
 1

/2
"

A
u

to
m

at
ic

 T
e

m
p

 

C
o

n
tr

o
l

Th
e

rm
al

 S
h

e
il

d
in

g

P
o

w
e

r 
So

u
rc

e
, 

A
C

/D
C

H
ar

d
w

ar
e

 S
o

u
rc

e

M
at

e
ri

al
 B

ra
ss

/S
te

e
l

D
ra

w
in

gs
 t

o
 S

TL
 F

il
e

s 

fo
r 

P
ri

n
ti

n
g

El
e

ct
ri

ca
l 

co
m

p
o

n
e

n
t 

M
ac

h
e

in
in

g,
 

W
e

ld
in

g

P
re

ci
si

o
n

 p
ar

ts

R
o

w
 T

o
ta

l

R
o

w
/R

o
w

 T
o

ta
l

%

Extrude printable filament 10 1 7 4 10 7 7 4 4 1 1 1 10 67 0.082 8.20

inexpensive 7 7 10 7 10 4 7 10 7 10 4 10 10 103 0.126 12.61
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no grinding, scrap used "as 

is"
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WEIGHTED CUSTOMER FEATURES 
 

 
Table 4 - Weighted Customer Features 

 

PRODUCT OBJECTIVES 
 

 
Table 5 - Product Objectives 

 

  

Customer Features %

safe 12.97

inexpensive 12.61

Make, Assemble with 

simple handtools
12.24

"off the shelf" 11.87

efficient 10.77

easy to set up 10.40

easy to operate 9.67

Extrude printable filament 8.20

no grinding, scrap used "as 

is"
7.10

compact 4.16

Automatic Temp Control 10 10 10 4 10 10 10 1 7 10 10.04

Precision parts 10 10 10 7 10 7 7 4 7 10 10.04

Melting Pot 10 7 7 10 7 7 10 1 7 7 8.94

Motor Sizing 7 10 10 7 7 7 10 1 7 7 8.94

Macheining, Welding 1 10 10 7 7 7 7 7 7 10 8.94

Drawings to STL Files for 

Printing
1 10 10 4 7 4 10 7 7 7 8.20

Hardware Source 4 10 10 4 7 7 4 4 4 10 7.83

Power Source, AC/DC 7 7 7 1 7 7 10 1 7 7 7.47

Thermal Sheilding 7 4 4 1 4 4 10 1 10 10 6.73

Diameter 3/8", 1/2" 4 7 7 4 4 4 4 4 7 7 6.36

Material Brass/Steel 4 7 7 4 7 4 4 1 7 7 6.36

Electrical component 

Switching
1 4 4 1 7 7 10 1 7 7

6.00

Gravity Feed 1 7 1 4 1 4 10 1 4 1 4.16

Engineering/Product Objective
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WEIGHTED ENGINEERING OBJECTIVES 
 

Engineering/Product Objective 

Automatic Temp Control 10.04 

Precision parts 10.04 

Melting Pot 8.94 

Motor Sizing 8.94 

Machining, Welding 8.94 

Drawings to STL Files for 
Printing 

8.20 

Hardware Source 7.83 

Power Source, AC/DC 7.47 

Thermal Shielding 6.73 

Diameter 3/8", 1/2" 6.36 

Material Brass/Steel 6.36 

Electrical component 
Switching 

6.00 

Gravity Feed 4.16 

Table 6 - Weighted Engineering Objectives 
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PROJECT MANAGEMENT 

SCHEDULE 

 
Table 7 - Project Management 
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DESIGN 
 

DESIGN ALTERNATIVES AND SELECTION 
 

Background 

 

 The design of my filament extruder is based on the Lyman Extruder. The Lyman 

Extruder was designed by Hugh M Lyman and is available on line in several forms and 

versions. The extruder is licensed under the Creative Commons licensing (8) and is the 

source for most of the personal filament extruders. (4) 

 In January of 2015, I purchased a 3d printer in kit form from Amazon.com. (13)  

 

Figure 10 - Prusa i3 3d printer from Hictop (13) 

 

Assembly took around a day to complete. Learning to use the Cure (14) software, set the z-

axis end stop, adjust the printer operating parameters for acceleration and jerk, and keep the 

print attached to the printing plate took several weeks to accomplish.  Though my skill 

printing with this printer has steadily improved, and the printer has been calibrated to a 
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repeatable accuracy of 0.02mm per 1.0 cm of print, the pile of discarded plastic grows 

steadily.  

This discarded plastic is generated from support material removed from successful prints and 

from failed prints. A print can fail in several ways, breaking loose from the print plate, 

filament breakage, axis skip from too great an acceleration or jerk, or the nozzle snagging on 

the print to name a few. The fox 3d print shown below comes from a STL file available on 

Thingverse.com. (15), http://www.thingiverse.com/thing:934033 (15). The y-axis belt of my 

printer loosened from use and the nozzle snagged on the print as it moved around the surface 

of the model. The ‘steps’ in the body where the print has horizontally shifted caused this 

print to ‘fail’. The column under the fox’s chin is the support material mentioned earlier. This 

material is printed to support protrusions that stick out form the side of the print and would 

sag or fall off if not supported. To date, after a year of steady printing, I have amassed 

several boxes and a five gallon bucket of discarded scrap plastic from my printing.

 

Figure 11 - Sitting Fox by Salvikk published 20 July, 2015, Thingverse (3) 

http://www.thingiverse.com/thing:934033
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 In the late spring of 2015, I came across the Lyman Extruder (4) in Thingverse (15) and 

decided to try to build an extruder which would turn my waste plastic back into printer 

filament. My efforts produces marginal results but convinced me that properly designed it 

would be possible to build an extruder for recycling waste plastic from 3d printing. 

 

Figure 12 - proof of concept extruder, spring 2015 

 

The Design 

 

 My intention in designing this extruder is to make it from “off the shelf” parts with as 

much of the extruder 3d printed from plastic. I want all part modification and assembly to be 

done with common hand and power tools so that the average hobbyist can replicate my 

efforts if he/she so desires. 

 With these goals in mind I began to design a filament extruder that is unique in the 3d 

printing community. While there are filament extruders available in plan, kit, and completed 

form, all of the extruders start the extrusion process using either plastic pellets or by grinding 

up scrap plastic to pellet size chunks. The media is fed into the auger of the extruder at room 
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temperature and then heated to melting temperature near the extrusion nozzle. (4) (7) 

The design I envision takes chunks of scrap plastic, “as is”, melts those chunks in a melting 

pot which gravity feeds into the auger to be extruded out the nozzle. 

 

Calculations 

 

Technical Data & Requirements for Extruding PLA Polymer 

 

 NatureWorks, Ingeo Biopolymer 3D850 is a PLA plastic polymer designed specifically 

for 3D printer filament. (16) The following parameters are from the Biopolymer 3D850 data 

sheet:   

  Material Properties:  

    Specific Gravity: 1.24 g/cc 

    Relative Viscosity: 4.0 

    Peak Melting Temperature: 165 – 180 ˚C 

    Glass Transition Temperature: 55 – 60 ˚C 

    Tensile Yield Strength: 65.5 MPa 

    Tensile Elongation: 4.3 % 

    Heat Distortion Temperature: 144 ˚C 

  Processing Profile: 

    Melt Temp: 210 ˚C 

    Feed Temperature: 190 ˚C 

    Die Temperature: 210 ˚C 

    Screw speed: 20 – 150 rpm 

    3D Printing Temperature 190 – 230 ˚C (16) 

 

Measured dimensions of screw: 

    Diameter: 16.5 mm = 0.0165 m 

    Depth of Channel: 6.8 mm = 0.00680 m 

    Width of channel: 12 mm = 0.0120 m 
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Drive Motor Power & Speed Requirements 

 

Speed range:  

20 – 150 rpm 

Power Required:  

 Data: 

Specific Heat of PLA: 2163.34 J/kg·˚C at 196.85 ˚C (1) 

D = diameter of screw = 0.0165m 

h = depth of channel = 0.00680m 

N = rpm = 150 rev/min (16) 

d0 = density @ room temp = 1.24 g/cc = 1240 kg/m3  

TExtruder = T2 = 196.85 ˚C  

Tambient = T1 = 20 ˚C 

C = 3.3 kJ/kg·˚C (for polyethylene) (17) 

 

m = (2.0)D2Nhd0 

m = (2.0)(0.0165m)2(150rev
min⁄ )(0.00680m)(1240kg

m3⁄
) 

m = (0.688684kg
min

⁄
) (

60min

1hr
) = 41.321kg

hr
⁄

 

 

W = 0.00039mC(T2 − T1) 

W = (0.00039)(41.321kg
hr

⁄
)(3.3J

kg·˚C⁄
)(196.85˚C − 20.0˚C) 

W = 9.40J
s⁄
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IAmps =
P

V
=

W

volts
 

I =
9.4W

12VDC
 

I = 0.783A 

Motor size & speed required: 12 VDC 

    150 rpm 

    0.783 A 

Heating Element Power Requirements 

 

Figure 13 - 40 W cartridge heater (13) 

12V 40W Reprap Ceramic Cartridge Heater For 3D Printer Prusa Mendel (13) 

IAmps =
P

V
=

W

volts
  

I =
40W

12VDC
= 3.33A × 4heaters = 13.33A 

Current = 3.33 a per heater 

Number Heaters = 4 minimum 

Current x 4 Heaters = 13.33 A 

Total Wattage = 160 W  
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Figure 14 - Cartridge heater (13) 

 

 

8mm x 80mm AC 110V 250 Watt Wired Cartridge Heater for Die Heating (13) 

Impedance = 55.9 Ω 

Voltage = 110 VAC 

Current = 1.97 A 

𝐼 =
𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒
 (18) 

𝐼 =
110𝑣𝑎𝑐

55.9𝛺
 

𝐼 = 1.97𝐴 

Number of Heaters Required = 1 

Total Wattage = 250 W 
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Figure 15 - Band heater (13) 

80mm x 80mm Stainless Steel Band Heater 110V 650W for Injected Mold (13) 

Impedance = 39.3 Ω 

Voltage = 110 VAC 

Current = 2.80 A 

𝐼 =
𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒
 

𝐼 =
110𝑣𝑎𝑐

39.3𝛺
 

𝐼 = 2.80𝐴 

Number of Heaters Required = 1 

Total Wattage = 650 W 
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Take-Up Spool Spur Gear Set 

DP: diameter pinion 

DG: diameter gear 

C: center distance, center distance between gear centers 

m: module, metric gear tooth designation 

Np: number of teeth on pinion  

NG: number of teeth on gear 

 

First Spur Gear Set Design 

m = 3mm 

NP = 12 

NG = 24 

DP = mNp 

DP = 3mm12teeth 

DP = 36mm 

 

DG = mNG 

DG = 3mm24teeth 

DG = 72mm 

 

C =
(DP + DP)

2
 

C =
(36mm + 72mm)

2
 

 

C = 54mm  
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Second Spur Gear Set Design 

m = 1.5 mm 

NP = 30 

NG = 60 

DP = mNp 

DP = 1.5mm30teeth 

DP = 45mm 

 

DG = mNG 

DG = 1.5mm60teeth 

DG = 90mm 

 

C =
(DP + DP)

2
 

C =
(45mm + 90mm)

2
 

 

C = 67.5mm 
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The Extruder Body 

 

 The original Lyman Extruder uses ½ in. diameter black iron NPT pipe fittings with a 5.8 

in. diameter steel wood auger with the cutting end ground flat. (4)  

 

Figure 16 - Six inch wood auger 

 

I decided to look at two design possibilities, the first using 3/8 in. diameter black iron NPT 

pipe fittings and a ½ in. diameter steel wood auger. The second design would use ½ in. 

diameter brass NPT pipe fittings with a 5/8 in. diameter steel wood auger. 

 

 

Figure 17 - Basic 3/8 in. dia. extruder assembly 
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Figure 18 - Rough dimensions of 3/8 in. extruder body 

 

 

Figure 19 - 1/2 in. dia. extruder body assembly 
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Figure 20 - rough dimensions of 1/2 in. extruder assembly 

 

 Both the black iron and brass pipe fittings are standard sizes available in hardware 

stores. The brass fittings are more costly than the iron fittings but brass has better heat 

transfer qualities as compared to iron. (19)  

 Many of the existing filament extruders have cylindrical hoppers printed from plastic to 

feed the extrusion media into the auger. (4) The extruder I am designing will melt the plastic 

in the hopper so a different design for hopper is required.  

 I designed two different melting pots/hoppers for the two extruder designs. For the ½ in, 

diameter extruder, I wanted a cylindrical hopper. I purchased a stainless steel cup holder and 

used it for the first evolution of the design.   
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Figure 21 - Stainless steel cup holder (13) 

 

 This cup holder proved inadequate for the need as I found it impossible to regulate the 

temperature of the melting pot during preliminary testing. The cup holder did not have 

sufficient mass to act as a heat sink and hold any significant amount of thermal energy. As a 

result the temperature controller was not able to react quickly enough to keep the system 

within the desired temperature range and the melting pot temperature overshot the set 

temperature burning the plastic in the pot.  

 

Figure 22 - Thin walled melt pot 
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  I then used a 1 ½ in. pipe coupler fitting I salvaged from an old section of piping for the 

melting pot. This coupler is screwed onto a reducing adapter bushing for stepping down from 

1 ½ in. pipe to ½ in. pipe, both of these fittings are black iron. With this design there is no 

need for more tooling than a pair pf pipe wrenches to assemble the extruder body. 

 A band heater will be installed around the outside of the coupler and thermocouple 

attached to monitor temperature for the controller. Preliminary testing has shown that the 

temperature of the melt pot can be maintained easily once the system is up to temperature. 

 

Figure 23 - Band Heater (13) 

 The figures below show detail of the band heater installation on the 1.5 in. pipe coupler. 

The silver cylinder clamped by the retaining band is the thermocouple for feedback to the 

temperature controller. This is a simple and effective way to attach the thermocouple, 

eliminating the need for a machined mount for the thermocouple. The electrical connections 

for the band heater are enclosed in white high temperature insulation and are connected to 

#12 multi-strand wire with crimp-on splices. The #12 wire is not required as the band heater 

only pulls 2.80 amps but the heavier wiring helps eliminate heating of the feed wiring. 
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Figure 24 - Band heating element installed on 1.5 in. pipe coupler melt pot 

 

Figure 25 - View of bottom of melt pot showing reducer bushing and 1/2 in/ nipple

 

Figure 26 - 1/2 in. extruder with 1 1/2 in. coupler melting pot added to the assembly 
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 For the 3/8 in. diameter extruder I designed a ‘V’ tray for melting plastic pieces to feed 

into the extruder. Angle iron and steel sheet of various sizes is available at many hardware 

stores. I designed a tray that would need the individual components to be welded together. 

The design is shown below and consists of a section of angle iron closed at both ends by 

welding. A short nipple would be inserted into an appropriately sized hole drilled through the 

apex of the angle iron at one end of the tray. This nipple would then be welded in place at an 

angle so that when installed the tray would sit at an angle positive to the horizontal line of the 

extruder.  

 Cartridge heaters would have been attached to the sides of the tray to heat the plastic and 

gravity would pull the melt down into the throat of the nipple and to the auger. Additional 

welding of tubes alone the outer length of the tray would have been needed to hold the 

cartridge heaters and a fixture for mounting the thermocouple. 

  

 

 

Figure 27 - 'V’ melting tray for 3/8 in. extruder 
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Figure 28 - 3/8 in. extruder assembly with melt tray 

 

 

 

Figure 29 - Cartridge Heater 

 

 I abandoned the melting tray design due to the tooling required to manufacture the tray. 

While a hacksaw would be able to make the required cuts to the metal parts, drilling a hole 

large enough to insert the nipple would be problematic and a welder and welding fixtures 

would be required to assemble the tray. In my opinion the average hobbyist would not have 

access to the tooling required to safely and easily manufacture the tray. 
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The Extruder Support Structure 

 

 I am using #0 steel conduit hanger clamps to hold the extruder pipe fitting bodies. Each 

attach point, there are two, has two conduit clamps mounted back to back to provide thermal 

separation between the hot (180˚C)  metal extruder body from the printed plastic base piece. 

 

Figure 30 - #0 Conduit Hanger Clamp 

 

 

Figure 31 - Two #0 Conduit Hanger Clamp Assembly 

 

 The base for this extruder project is designed to have the most surface contact possible 

with the surface it is set on. The extruder subassemblies are all mounted on bases created 

using the same “generic base” and are held in line and separated by 5/16 in. x 18 threaded 

rod at 24 inches in length. 

 
Figure 32 - Generic Base 
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Figure 33 - Generic Base Drawing with Measurements 

 

 

 

 

 I have included the drawing above to give a sense of scale for the base pieces for the 

extruder sub-assemblies. The measurements are in millimeters and the figure is not to scale. 

The first assembly specific base designed and printed was the base for the extruder body. 

This base has a fitting designed into it that the clamp surrounds, sockets into and then is 

secured with a 1/4 in. diameter bolt. 

 

 
Figure 34 - Conduit Clamp Base 
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 This file was saved as an STL file and then processed using the Cura (14) slicer program 

to make the G-Code file used by the Prusa i3 printer. Cura is an open source 3d slicer 

program made available free to the 3d printing community by the company that makes 

Ultimaker brand 3d printers. (14)  The part was printed using 1.75 mm dia. PLA plastic 

filament. The slice thickness was 0.02 mm with a nozzle diameter of 0.04 mm. The print at 

this setting required 16.75 meters, 50 grams of filament and required 2 hours 37 minutes to 

print at 80 mm/s.  

 
Figure 35 - Cura Screen Shot 

 

 Four of these bases were printed at one time for a total of 66.86 meters, 199 grams of 

filament and 10 hours, 44 minutes of time. 
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Figure 36 - Cura Displaying 4 Bases 

 

 

 
Figure 37 - Four Bases with #0 Conduit Clamps Installed. Also pictured is the body of the 

3/8 in. dia. extruder body. 

 

 The photographs below show both the 3/8 in. and the ½ in. extruder bodies attached to 

the bases. The 5/16 in. diameter threaded rod was installed between the two bases and this 

rod will act as frame and spacer for the rest of the sub-assemblies which will be added later.  

I abandoned the 3/8 in. diameter extruder at this point in the design and assembly choosing to 

continue my project with the ½ in. diameter extruder.  
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Figure 38 - 3/8 in. extruder body mounted to printed plastic bases 

 

 

 
Figure 39 - 1/2 in. extruder body mounted to bases 

 

Auger Drive 

 

 My research and calculations for minimum motor power requirements show that for my 

12VDC system the motor will need to operate between 20 and 150 rpm. The power rating 

will need to be a minimum of 0.783 Amps to generate the required output pressure. (16) (17) 
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The motor I have chosen to drive my extruder is sold as surplus on Amazon.com for $15.70 

with $6.95 shipping for a total cost of $22.65. Per the information provided by the seller, the 

motor operated at a maximum speed of 190 rpm. Under ‘no load’ conditions it pulls 1.5 amps 

and stalls under load with a power draw of 25 Amps. (13) 

 As delivered the shaft is too long and has a thread similar to an ACME thread cut into it.  

 

 

 

 
Figure 40 - 190 rpm 12 Vdc right angle drive electric motor 

 

For my design, I disassembled the gear box and removed the shaft and attached nylon drive 

gear from the frame. I mounted the shaft in the chuck of my cordless drill. With the shaft 

secure in the drill chuck I ground down the threads at the drive gear end of the shaft using a 

bench grinder. The method I use is to turn on the grinder then turning the shaft using the 

cordless drill, grind the shaft to the desired diameter. Rotating the shaft with the drill enables 

one to grind a near-circular profile on the shaft without resorting to using a lathe.  

Once ground the shaft is gripped in a bench vise and cut to length using a hack saw. The 

trimmed and shortened shaft is shown reinstalled in the motor assembly. 
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Figure 41 - auger drive motor shown with prepared shaft 

 

 The motor shaft will be attached to the auger shaft using a flexible shaft coupler 

available on Amazon.com. (13) 

 

Figure 42 - Flexible shaft coupler (13) 

 

I was unable to find couplers of the correct combination of shaft sizes required for mating the 

drive motor shaft to the auger shaft. I purchased the closest sized coupler available and then 

drilled the holes to the size I needed for the project.  

 Precautions must be taken when drilling the coupler to desired size. The set screws need 

to be backed out sufficiently to clear the drill bit when the holes are resized. The coupler 
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body needs to be held securely in a vise. The vise must be tight enough to hold the coupler 

against the torque of the drill bit but not so tight that the aluminum body is crushed. Removal 

of the screws is not recommended as the collar is cut almost all the way through and will not 

hold up to the stresses of being drilled without the support of the screw. The screw 

protruding from the surface of the coupler will also help hold it steady in the vise jaws 

against the torque of the drill bit. 

 Drilling must be accomplished as a series of steps to prevent destroying the coupler. A 

full set of numbered and lettered drill bits is recommended as the selection allows for the 

most steps and least metal removed per drilling operation. Harbor Freight carries an 

affordable drill set, item#61543, for $ 54.99 when of periodic sale. (20) 

 

 

Figure 43 - Full drill bit set with numbered, lettered, and fractional bits (20) 

 

 The process is started by using the drill bit closest to the diameter of the existing hole, 

drilling the hole larger in diameter with that drill then repeating the process until the hole has 

been brought to the desired diameter for use with the shaft. It is not required that the entire 

length of the existing shaft be enlarged. The holes need only be enlarged to a sufficient depth 
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to accommodate the shaft that will be socketed and secured in it. 

 A drill press is recommended if available but the drilling can be accomplished with a 

hand drill if proper care is taken. If the drill bit is fed into the hole too quickly and snags the 

coupler the resulting torque has the ability to shear the coupler shaft at the flex cuts 

destroying the coupler. 

 

 

Figure 44 - Drive motor as modeled in SolidWorks 

 

 
Figure 45 - Drive motor base mount 
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Figure 46 - Drive motor and base mount assembly 

 

 The base designed for the drive motor went through several variations. Measurements 

taken of the motor and motor to auger shaft alignment not accurate enough for modeling and 

assembling in 3d CAD. The first test fitting was done without the cartridge heater inserted 

with the extruder body into the conduit clamps. 

 

Figure 47 - first test fitting of drive motor mount base sub-assembly to extruder body 

assembly 
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 Following installation of the heater and thermocouple the shafts no longer aligned and 

the layout of the mount base had to be modified. This was accomplished by lowering the 

height of the motor cradle and adding a cutout groove for clearance into the top of the base. 

 

 

 
Figure 48 - Misaligned motor and auger shafts 

 

 

 The nozzle for extruding the filament is an endcap into which a 1.35mm diameter hole 

has been drilled. The 1.35 mm diameter hole is used for extruding filament of 1.75 mm in 

diameter. (11) The 1.35 mm hole is most closely matched by a #55 drill bit from a numbered 

drill set. The #55 drill measures 1.3208 mm in diameter. The cap has an existing conical 

shaped depression at the center of the inner upper surface. This conical shape will help with 

channeling the compressing melted plastic into the extrusion orifice. (17) 

  



Filament Extruder for Recycling 3D Printer Scrap Mark Grooms 

 

60 

Exit Roller Subassembly 

 

 During my proof of concept testing, I found that the extruded filament was so viscus that 

it immediately drooped to the surface of the extruder end cap. This contact with the end cap 

caused filament shape distortion. Friction with the surface of the end cap slowed the velocity 

of one side of the filament. An additional problem that became evident was that the filament 

would stretch under its own weight after it had cleared the extruder end cap. As seen in the 

figure below, the diameter of filament is radically inconsistent when extruded without 

adequate support or cooling. 

 

Figure 49 - Inconsistant filament extruded without adiquate cooling 
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 I tried installing a small 12 V DC fan to blow on the extruded filament as it left the 

nozzle. The result of this experiment was the cooling of the whole nozzle below the 

temperature that the plastic would flow from the nozzle orifice. Additionally, the extruded 

plastic was blown out of shape and distorted by stretching. 

 

Figure 50 - Cooling fan installed after exit roller 

 I made several attempts to place unpowered rollers in a line leading from the extruder. I 

had mixed results. The filament would flow out and over the rollers as long as I pulled the 

filament at a steady rate away from the extruder. If the cooled filament was then allowed to 

hang from the end roller, the filament would, depending on roller layout, stop moving 

causing the extruded plastic to glob up at the nozzle exit. At the other extreme, depending on 

roller layout, the filament would have enough weight to pull the still melted filament out of 

shape and then free fall pulling the following filament out of shape. 

 My solution to the problem of guiding the extruded filament to a distance far enough 

from the extruder body to allow for cooling without effecting the extruder was to install a 

powered roller at the extruder nozzle. The roller is a pipe coupler for 1.5 inch diameter 
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copper pipe. The coupler is designed to be attached by soldering so both the interior and 

exterior surface is smooth. I made an insert to hold the coupler and attach it to the motor 

shaft. I originally user a 60 rpm 12 VDC gear reduced motor with a 6.5 mm diameter shaft. 

This motor proved to rotate too fast and even at the speed controller’s lowest setting the 

roller turned faster than the filament was being extruded. I purchased a 15 rpm motor of the 

same general configuration and shaft diameter. This motor will be able to operate at a slow 

enough rpm to allow adjustment of roller speed so the filament rolling off of the roller will 

not be pulled or distorted. 

 
Figure 51- -Exit roller & motor with mount assembly, note installed protective end cap 

 
Figure 52 - View of printed plastic roller insert which connects the roller to the motor shaft 
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 During the handling and assembly of the exit roller assembly, the motor electrical 

contacts were damaged. I had already been thinking of how best to insulate and support the 

wiring once installed as heat shrink would not give adequate support to keep the wire 

connections from cold working as the wires were moved about. 

 I designed a protective endcap that snaps into place over the end of the motor. This end 

cap protects the end of the motor, the electrical connections and has a wire tie anchor built 

into it to secure the wiring to. The issue of motor electrical connector protection, insulation 

of the electrical contacts, and the issue of having the wire cold working from flexing at the 

soldered connection have all been solved. 

 

 

 
Figure 53 - close-up view of motor end, note the damaged electrical contacts 

Damaged 

electrical 

connector 

Damaged 

electrical 

connector 
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Figure 54 - Exit roller & motor assembly with plastic printed protective end cap 

 

 Following exit roller assembly, the insert has cracked from tension between the insert 

and the roller. The boss which the shaft is inserted into has also split so reducing the diameter 

of the insert where it touches the roller is required. I will use adhesive to secure the insert to 

the roller to prevent rotational slippage. The diameter of the motor shaft hole will also be 

slightly enlarged. This will not require additional redesign as there is already provision for 

clamping hardware in the boss. 

 

Figure 55 _ Crack in boss of exit roller insert  
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Filament Cooling Subassembly 

 

 Due to the melted state the filament exits the extruder and the issues experienced using 

fan cooling air, I am installing a water cooling tank after the roller. The idea is to immerse 

the extruded filament which is still around 180 ˚C into a water bath where some of the heat 

energy will be passed to the water allowing the filament to solidify. Since water is limited to 

100 ˚C temperature rise in its liquid state a cooling system will need to be designed to extract 

energy from the water so it can continue to function as a coolant. Currently the plan is to use 

an instrument pan as a bath with distilled water and a small pump circulating water through a 

salvaged computer heat sink and fan assembly to accelerate heat exchange. The heat sink has 

copper tubing which will be attached to the pump allowing water circulation. A bypass 

system will be required to regulate the flow. 

 

Figure 56 - Stainless steel instrument tray filament cooling tank as purchased
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Figure 57 - 115 vac fountain pump 

 

 
Figure 58 - Salvaged computer CPU heatsink assembly 

 

Up-take Spool Subassembly 

 Once cooled the filament must be pulled away from the cooling bath to keep the flow of 

material consistent. Without a system to move the cooled filament onward the extruded 

filament would simple form a pile of plastic in the bath under the exit roller.  

 There are several methods of keeping the filament in motion and in sync with the 

velocity of the extruding plastic. One method uses a powered set of rollers to pull the 

filament along. Another method of filament up-take is to wind the extruded filament onto a 

spool. The spool is powered and the rate at which it turns coincides with the speed at which 

the filament is being extruded. 

 

Figure 59 - Filament extruder puller (15) 
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Figure 60 - Combination powered roller and spool up-take (15) 

 My current design had a powered up-take spool for pulling and stowing the cooled 

extruded filament. The design has gone through several evolutions leading to its current 

configuration. 

 The original configuration was designed with the up-take spool oriented vertically and 

sitting on a set of rollers. The forward roller would be motor driven and the aft roller an idler. 

 

Figure 61 - Base for original up-take spool sub assembly 
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Figure 62 - Original up-take spool system assembly 

 The rounded lobes on the base were to house bearings in which the shafts would rotate. 

When the base was printed and the subsystem assembled.  

 

Figure 63 - Up-take spool system base being printed 
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Figure 64 - Finished base 

 A coupler was designed to attach the motor shaft to the powered spool shaft. When 

printed it was found to be incorrectly dimensioned for accepting the hardware needed to 

clamp the coupler to the shafts. The part worked in the SolidWorks assembly but would not 

accommodate the screw head or the nut and the holes were too close the surface of the 

coupler for structural integrity. 

 

Figure 65 - Coupler assembled on the shafts showing inadequate space for hardware 
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Figure 66 - up-take subassembly motor coupler installation 

 The coupler was redesigned and printed. The coupler has a larger outer diameter with 

larger diameter flat areas to accommodate the screw head and nut. The redesigned coupler is 

shown below next to the original version. 

 

Figure 67 - redesigned coupler with larger outer diameter and hardware flats 

 

 An alignment problem was seen between the motor shaft and the powered shaft. Upon 

further investigation it was found that the motor mount was thicker than the mount originally 

purchased for the project and used for designing the base. Though the motor mounts were 

ordered from the same vendor a couple of months apart, the vendor had switched materials 
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and the newer mounts were made from aluminum rather than steel and was 1.5 mm thicker. 

As a result shaft alignment was thrown off. 

 

Figure 68 - Coupler is out of line running up-hill toward motor shaft 

 

Figure 69 - Shaft alignment problem seem clearly with the help of lined paper as a 

background 
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Figure 70 - thickness of new mount being checked 

 
Figure 71 - Original motor mount dimensions 

 

 
Figure 72 - New motor mount dimensions 

 The bed for mounting the motor to the base was lowered by 1.5 mm and the base part 

reprinted. Prior to reprinting the up-take spool base, the display for my 3D printer failed. I 
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was unable to interface with the existing motherboard to program it to accept the new 

display. After fighting with the original motherboard for several weeks trying to access its 

system for reprograming, I installed a different controller with which I could communicate. 

Following several additional frustrating weeks of fighting with the programing for the 

electronics of my printer I finally had the new controller and display installed and 

programed. The up-take spool base was the first project I printed following recalibration of 

the printer. 

 While the printer calibration was within the + 0.02 mm variation I had previously 

achieved with the original controller, the heat settings were not quite the same. I printed the 

base and tried to install the beatings into the bearing lobes. The bearings are an interference 

fit and have to be pressed in. My first, second, and third attempts to print the base with 

slightly larger dimensioned bearing cavities all resulted in the lobes cracking when the 

bearing was installed. 

 

Figure 73 - Cracked bearing lobe 
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Figure 74 - Third attempt to print base also ended with cracked bearing lobe 

 I decided on a different layout for the up-take spool system and redesigned the base. The 

spool now sits horizontally and is gear driven from above by a relocated motor assembly. 

The primary fixture is the base. The base has a vertical column on one side for supporting the 

adjustable horizontal arm that holds the drive motor. On the end opposite to the column is a 

socket for holding the bearing mounted shaft that the spool will be supported by and rotate 

around. 

 

                                     Figure 75 - SolidWorks model of new base 
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 The adjustable horizontal arm is designed to clamp in place on the vertical column of the 

base. The arm must remain stationary as it is key in keeping the drive gears meshed and in 

positive contact with one another. The arm has parallel slots for mounting the drive motor 

allowing for horizontal adjustment of the motor assembly for optimum gear interface. The 

clamp portion of the horizontal arm collar it designed for two 3mm diameter screws to be 

used to tighten the collar to the column.  

 I have experienced some issues with designs printed from other designer’s files where 

the tab for holding the clamping screws is not wide and thick enough. Before the clamping 

screws are tightened enough to firmly secure the pieces being clamped the tab deforms and 

bends losing structural integrity and the ability to apply clamping force. 

 
Figure 76 - Motor mount arm 

 

 In my design I have made the clamping tabs of sufficient enough mass that they will not 

deform under the required clamping pressure. The fit between the vertical column and the 

socket on the horizontal arm is an interference fit. Force is required to move the arm up or 

down the column. This makes positioning the drive gears easier as one is not fighting gravity 

while trying to make adjustments. Because of this interference fit the clamping force required 

to stabilize the joint between arm and column is greatly reduced. 
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Figure 77 - Reverse view of horizontal support arm 

 

Pictured below are several figures showing the up-take spool subassembly as modeled in 

SolidWorks.  

 

 
Figure 78 - Alternate reverse view 
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 The spool depicted is modeled from an empty filament spool. The spool holders are 

designed to be self-centering in a variety of spool sizes and designs. The spool holders are 

adapted from a design of mine that uses this same holder. For that design the socket in the 

base of the holder has a cavity for a bearing. The holder is mounted on a vertical shaft, a 

spool of filament rides on the holder. This assembly rotated around the shaft as the 3D printer 

pulls filament from the spool as the printer prints. 

 For this application the cavity in the base of the holder has been redesigned to hold a nut 

and the holder is secured to the shaft which rotates. 

 
Figure 79 - self centering spool holder 
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Figure 80 - transparent view 

 

 This transparent view of the up-take spool assembly shows how the spool shaft is 

assembled. The shaft has two bearings held in place by nuts. These bearings fit into the 

socket on the up-take spool base. The shaft extends below the bearings into a cavity provided 

for that purpose, note, the only portion of the assembly in contact with the base socket are the 

surfaces of the bearings. 

 Above the upper bearing the lower spool holder is fixed in place. The spool is seated on 

the lower spool holder and then the upper holder is tightened down on the upper surface of 

the spool fixing it in place on the shaft. 

 Above the upper spool holder, the drive gear is fixed in place with another set of nuts. 
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The drive gears I originally used a set of gears I found on the GrabCad web site. 

https://grabcad.com/library/spur-gears-1 (21)  however, upon further research into the type of 

licensing, Creative Commons (22), Open Source (23), etc. I discovered that the GrabCad web 

site did not have that sort of user licensing so I have removed the spur gears from my project 

which I had loaded from the web site and have designed my own set of spur gears using 

equations from Machine Elements in Mechanical Design (24).  

 In my testing of the extruder, I found that the 60 rpm motor I had selected to drive the 

exit roller could not be slowed sufficiently to roll the extruded filament without stretching it. 

I purchased a 15 rpm motor to replace the direct drive 60 rpm motor. I am using the 60 rpm 

motor to drive the up-take spool. To ensure that I can slow the up-take spool sufficiently to 

work with the extruder I have chosen to design a set of spur gears with a gear ratio of 2 to 1. 

The gear has twice as many teeth as the pinion so that the pinion will turn twice for every 

rotation of the gear. 

 I made two sets of calculations. I was not familiar with the process of gear design so 

went with a spur gear set design with a low number of teeth as a starting point. Since I am 

making all of my calculations and measurements using the metric system, my gears are made 

using the Metric Module for gear tooth design. (24) 

 The Metric Module system of gear tooth layout has standard sizes of tooth height as does 

the American standard system. The equation abbreviation for the Metric Module is: m. this is 

a measure of half the vertical length of a gear tooth. So for a gear tooth for an m = 3 

configuration, the tooth is 6 mm in total vertical height. 

 I chose to make the slope of the gear teeth in both sets of spur gears I designed to have a 

https://grabcad.com/library/spur-gears-1
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slope of 20˚. For the first set of gears, the parameters for the gears were: 

m = 3mm 

NP = 12 : number of pinion teeth 

NG = 24 : number of gear teeth 

Tooth angle = 20˚ 

DP = 36mm : diameter of pinion 

DG = 72mm : diameter of gear 

C = 54mm : distance between gear centers 

 

Figure 81 – Initial spur gear layout 

 As seen in the figure above, the centers of the circle sets are 54 mm apart. The lower 

circle set is for the gear and the center circle is 72 mm in diameter with a circle offset by 

3mm around the inner and outer circumference of the circle. The upper set of circles have the 
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center circle with a diameter of 36 mm and a circle outside and inside of the dimensioned 

circle offset at 3 mm as with the lower set of circles. 

 

Figure 82 – Overall gear layout 

 

 
Figure 83 – Gear tooth design 
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The gear tooth design was based on measurements taken from the text Machine 

Elements in Mechanical Design (24) which had the Metric Module gear teeth drawn to scale 

in the text. The top of the tooth of the m3 gear teeth measured approximately 2 mm across. I 

drew the gear tooth as a half tooth then ‘mirrored’ the half tooth to the other side of the 

center line. 

The leg is made at a 20˚ angle to the center line and starts and stops where it 

intersects the outer and inner construction circles. The ‘Circular Sketch Pattern’ of 

SolidWorks was used to populate the circumference of the construction circles with twenty-

four teeth. The radius was added at the bottom of the first two gear teeth for tooth end 

clearance. The radius was also populated around the circumference of the circles using the 

‘Circular Sketch Pattern’. The gear was then ‘extruded’ to a thickness of 20mm to make the 

3d gear.  

 

Figure 84 – 24 tooth gear 

 The drawing of the pinion was a mirror image of the gear using the upper set of 

construction circles. Added to this design is a fillet added to help with tooth clearance. I did 
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not change the gear drawing because I had already decided that I wanted more teeth for a 

smoother operation in my spur gear set. 

 

Figure 85 – pinion initial gear tooth drawing 

 
Figure 86 – tooth design for 12 tooth pinion 

 As seen in the figure above, the tooth angle was changed from the original 20˚ to 16.91˚. 

The fillet was also added to the top of the tooth to aid in tooth clearance. This was my first 

effort ever in laying out a set of gears. The pinion ended up with teeth that were not identical 
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to the gear teeth. The reason for this was tooth clearance issues fount when the two gears 

were mounted to a base with axels centered at the ‘C’ value of 54 mm. 

 

Figure 87 – Tooth interference in original gear set assembly 

 The figure above shows the tooth interference existing between the teeth of the pinion 

and gear. I learned that the way I had laid out the radius between the gear teeth caused the 

interference with the pinion teeth and that correction of the issues in the gear would negate 

the need to change tooth angle in the pinion. 

With this information in mind, I designed a second set of spur gears. 

M = 1.5mm 

NP = 30 : number of pinion teeth 

NG = 60 : number of gear teeth 

Tooth angle = 20˚ 

DP = 45mm : diameter of pinion 

DG = 90mm : diameter of gear 

C = 67.5mm : distance between gear centers 
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The initial layout of the new set of spur gears follows an identical path of the first set 

of gears. Since the Metric Module for this set if gears has been changed to m = 1.5mm, the 

construction circles are closer together. With the increase in number of teeth the diameters 

and overall center have changed. 

 

Figure 88 – Initial layout of second set of spur gears 

 The design of this set of gears went much faster as I now had a better understanding of 

what I was doing. The angle of both sets of teeth are identical and the problems with tooth 

clearance in the assembly have been eliminated with the design changes. 

 

Figure 89 – Detail of gear tooth layout 
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Figure 90 – layout of pinion tooth 

 The teeth layout for the pinion and gear are nearly identical. There is a slight difference 

in the diameter of the radius of the arc between the teeth but everything else is identical when 

the teeth themselves are compared. The difference in the radius of the arc between the teeth 

comes from slight variation in tooth layout around the gear construction circles. The size of 

the circles are based on calculations using tooth module number and the number of teeth each 

gear was to have. These calculations are not exact in dimensioning for the tooth layout so 

some variation in tooth spacing in inevitable. 
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Figure 91 – finished gear 

 Note the gear has been designed with a hexagonal socket around the center hole. This 

will allow the gear to rest on a nut which will be tightened on the surface below it. The gear 

will have a nut tightened to the other surface holding the gear in place on the drive shaft. 

 
Figure 92 – finished pinion 

 The pinion has an oversized boss on one side. This boss has a hole through it 

perpendicular to the lay of the central axel hole. This hole is for the retaining screws to feed 
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through. The two rectangular slots are for nuts through which the retaining screws will run 

and the tension between the screws end and the motor shaft and the screws threads and the 

nut threads will hole the pinion in place on the motor shaft. 

 

 

Figure 93 – Test fit assembly of 30 tooth pinion to 6- tooth gear 

 

Figure 94 – Tooth interface on second set of spur gears 
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Figure 95 – SolidWorks model of empty filament spool 

 

 I had issues with printing the base piece for the take-up spool sub-assembly. Shown 

below is one of the failed prints which curved in both the X and Y axis. These problems were 

caused by loose drive belts on the X & Y axis drive systems of the 3D printer. Once these 

belts were tightened the part printed successfully. 

 

 

 

 

 

 

 

 

 
Figure 96 - Failed print of take-up spool subassembly base 
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Figure 97 - Second view of failed up-take spool base, note that the print sloped forward to aft 

and side to side 

 

 
Figure 98 - Partially assembled take-up spool subassembly 
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Figure 99 - Drive motor & pinion installed on horizontal arm with pinion & gear teeth 

meshed 

 

 
Figure 100 - reverse view of motor installation 
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Figure 101 - View of motor, drive gear, spool assembly 

 

 
Figure 102 - Close-up view of protective motor endcap 
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Figure 103 - New gear set of my own design installed 

 

 This design failed its test runs. I was unable to get the filament to wind properly and 

maintain tension required to wind it tightly to the spool. The arms of the spool retainers 

broke under the required clamping force. The drive mechanism worked well but the rest of 

the system had to be redesigned. 

  

Figure 104 - Test extruded filament on old system 
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Figure 105 - New take-up spool assembly 

 I had immediate success with the new take-up spool system design. I was able to extrude 

filament which wound properly and had fairly consistent diameter. 

 

 
Figure 106 - Extruder system operating and extruding filament 

 I found that feeding the extruded filament through a block of high density foam put 

enough tension on the filament that it wound under proper tension on to the take-up spool. I 
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found that the filament tended to wind onto the spool in only one location causing tension 

problems as the filament would tend to fall off to either side of the central pile as the 

extruding process progressed. 

 I also found that controlling the speed of the take-up spool was a problem as I could not 

get the spool to turn slow enough. With the take-up spool turning too fast the filament tended 

to stretch causing the diameter to narrow. The factory filament comes with a diameter of 1.75 

mm. the best diameter I could get consistently was between 1.2 to 1.5 mm. this variation in 

diameter was too great and print quality suffered. 

 I made a new set of drive gears for the take-up spool system. The tooth count of the 

pinion is 20 teeth and the gear has 100 teeth. This gives a five to one reduction as compared 

to the three to one reduction of the original set of drive gears. 

 

 

Figure 107 - New 100 tooth drive gear 
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 I made a test print with my first successful filament. Even changing the filament 

diameter in the slicer program and changing the feed rate on the printer manually was not 

sufficient to produce a decent print of the test figure of an alligator I printed. The lower part 

of the print had too much filament being extruded, meaning the filament diameter was 

greater than the setting of 1.4 mm for filament diameter. The result was a small bubble of 

plastic sticking out from the surface of the figure at the end of each stroke of the printer. 

As the filament diameter changed and got smaller the extruded filament strand narrowed 

causing gaps and broken surface finish. These problems are visible in the picture below. 

 
Figure 108 - Test figure of an alligator 

 

 I worked for several weeks trying to solve the filament diameter problems and getting 

the filament to wind across the width of the take-up spool. I tried several different feed 

methods, adjusted the extruder temperatures and extruder motor speed. I installed cooling 

fans and adjusted the distance between the extruder nozzle and take-up spool. I even tried a 
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water cooling tray to solidify the filament before it reached the tensioning foam block.  

 I found that when at a steady motor speed, the output of the extruder varies as it 

processes the plastic. This variation of output effects the diameter of the extruded filament 

and seems to be associated with the size and freedom of movement of the un-melted plastic 

being fed into the melting pot. 

 I was able to get a more consistent output by opening the nozzle orifice from a number 

53 drill bit to a number 43 drill diameter. I also made a mount bracket for two cooling fans 

and connected them to a speed controller. With these changes the extruded filament flowed 

better and I was able to move the take-up spool sub-assembly closer to the extruder nozzle. 

The current process has the melt pot temperature set to 190˚C and the extruder body set for 

155˚C. The fans are turned down so they blow a very slight breeze on the filament. The 

filament surface is cooled sufficiently for the filament not to adhere to itself as it rolls on to 

the take-up spool but is flexible enough that it molds to the surface of the rolled filament 

keeping proper tension on the system. 

 Everything else has been eliminated from the process. There is nothing adding external 

tension and stretching the extruded filament. The filament feed and take-up speeds are 

adjusted so that there is a slight sag in the extruded filament but it is not stretched nor does it 

have time to sag under its own weight before it is rolled on to the spool. 

 Adjustments for the future are to open the nozzle orifice to a #40 drill size and add a 

system to move the whole spool back and forth to help the filament to roll more consistently 

across the whole width of the spool. 
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Power and Control 

 

 In my proof of concept experimentation, I tried several heater configurations to 

determine which combination of systems worked best for melting the plastic scrap. I set up a 

control box with two temperature controllers, two solid state relays, one dc motor speed 

control, one cooling fan, several switches, and associated wiring. 

 

Figure 109 - Original control box configuration, motor speed controller has been removed 

 

 While this configuration was compact and looked nice when it was closed, there was too 

much wiring tangled together to be safe. Over half of the wiring connections in the box were 

110 VAC connections and the potential for electrical problems was too great to continue with 

the configuration. 

 The first configuration I used had one temperature controller operating one solid state 

relay which ran two 110 VAC heaters. I was using a thin walled stainless steel cup holder as 

a melting pot. The temperature of the thin walled melting pot proved difficult to control. The 

temperature would rise extremely rapidly causing localized burning of the plastic in direct 

contact with the container surface. Even with the temperature controller set to react as 
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quickly to temperature change as it was capable of the temperature continued to overshoot 

the set point by as much as 100˚C.  

 Because the cup holder had little mass it was not able to hold sufficient thermal energy 

to balance the system and transfer thermal energy into the plastic in the interior so that the 

plastic was slowly heated to the desired temperature. Instead the band heater raised the 

temperature of the thin metal and plastic in surface contact with the metal to temperatures 

well in excess of the set point before the thermocouple could react and the temperature 

controller turn the heater off. 

 I tried adding a second temperature controller to the system and separate the melt pot 

and body heaters in an effort to better control the system. I was able to control the body 

temperature to within a few degrees plus or minus of the set point but the melt pot still 

overran the set point causing scorching of the surface of the plastic in the pot but never 

heating the whole mass to its melting point. 

 I searched through a box of discarded pipe fittings and found a 1.5 inch diameter high 

pressure pipe coupler and a 1.5 inch to 0.5 inch diameter pipe reducer bushing. I purchased a 

smaller diameter (80mm) band heater and installed that assembly as the melting pot. From 

that point on I was able to control the temperature rise and hold the set point for the melting 

pot. 
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Figure 110 - proof of concept extruder with pipe coupler melting pot installed 

 

 The next power configuration I tried was to heat the extruder body using 12 VDC 40W 

cartridge heaters like the one used to heat the nozzle of my 3D printer. I found that it was 

necessary to use four of these heaters to keep the extruder body at a stable temperature. 

 

Figure 111 - proof of concept extruder with 12 VDC heaters installed near nozzle 

 While I was able to maintain the desired heat setting using the dc heaters another 

problem developed. The four heaters were pulling a total of 13.3 Amps and the DC solid 

state relay became so hot the cover began to melt. 

12 vdc cartridge heater 

encased in brass fitting 

Thermocouple in 

brass fitting 

Extruder 

nozzle 
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Figure 112 - Heat damaged DC solid state relay cover 

 I mounted the solid state relay on a fan cooled heat sink salvaged from an old computer. 

The heat sink was able to handle the heat buildup in the solid state relay but the dc power 

supply, a computer power supply also salvaged from an old computer, began to over temp 

from the current load and shut down. 

 

Figure 113 - DC solid state relay temporarily mounted on fan cooled heatsink 

I have decided to use the alternating current heaters as they pull far less current than the 

direct current heaters. I am using two temperature controllers to have heating flexibility 
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between the temperature the melt pot and extruder body are set to. 

 

The Enclosures 

 In order to control cost, I am using ‘off the shelf’ parts and salvaged materials wherever 

possible. With this goal in mind I have chosen to recycle the metal enclosure boxes of several 

old computer power supplies. 

 

 

Figure 114 - salvaged power supply 

 The enclosure is opened by removing the screws securing the top and the top is 

removed. The wire harnesses are clipped off at the circuit board. I clip off the plugs on the 

ends of the harnesses and retain the wire to use as ‘hook-up’ wire for this and future projects. 

Power, fan and other wires are cut from their circuit board connections and the circuit board 

attach screws are removed. The circuit board is removed and sent to be recycled. 
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Figure 115 - Emptied enclosure, fan retained for cooling 

 My method of cutting the opening for the temperature controller starts with lining the 

locking collar up on the side of the enclosure and outlining the perimeter of the inside of the 

collar opening with pencil. This outline is used as the guide for creating the opening for the 

temp controller.  

 

 

Figure 116 - Locking collar for Tenp Controller positioned on face of enclosure 
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Figure 117 - Opening for Temp Controller marked on enclosure 

 The method I use is to drill a series of closely spaced holes following the outline. I use 

cobalt drill bits. High speed steel will not hold up to drilling like this and the bit dulls to 

uselessness by the second or third hole.  

 

 

 

Figure 118 - Cobalt drill bits last far longer than high speed steel 
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Figure 119 - Chain of holes drilled around inner perimeter of opening layout 

 

 Once the holes are drilled I clip the remaining metal between them with flush cutting 

wire cutters. These cutters have ends that are narrow and strong enough for the job. 

 

 

Figure 120 - Using 'flush' cutters to connect holes 
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Figure 121 - Close-up of cuts made between holes 

 The center piece is broken out and discarded. The edges of the opening are smoothed by 

hand filing and the edges of the opening trimmed until the temp controller will slide cleanly 

through the opening. 

 

 

Figure 122 - Center piece broken out of mount opening 
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Figure 123 - Edges of opening filed smooth 

 

Figure 124 - Temperature Controller being test fit into mount hole 
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Figure 125 - Temp Controller mounted in enclosure wall with locking collar installed 

 

Figure 126 - Finished installation 
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BUILDING THE EXTRUDER 
 

The Extruder Body 

 The extruder body is made using brass half inch NPT pipe fittings. I chose to use brass 

instead of iron for the following reasons. The brass has better heat transfer properties. The 

heating element will be affixed to the outside of the extruder body so surface contact between 

the two will be far less than if I had used a machined block of brass or aluminum for the 

extruder body and fitted the heating element into a cavity lying parallel to the extruder 

auger/screw. 

 The second reason for using the more expensive brass is that brass will act as a bearing 

surface to the steel auger bit. This ability of brass to act as bearing material for steel makes it 

the metal of choice for this application. I do not have any worry about galling and other 

friction damage between the auger and the body of the extruder. 

The heart of the extruder body is the ‘tee’ fitting that ties the drive end, nozzle end, and melt 

pot together. This is the part that all other sections are screwed into and the first part of the 

extruder body assembly. 

 

Figure 127 - 1/2 inch NPT pipe fitting (25) 
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 Screwed into the tee at all three threaded openings is a nipple. These are the shortest 

nipples available and act as connectors between the different sections of the extruder body. 

 

Figure 128 - 1/2 inch hex nipple pipe fitting (25) 

 

Figure 129 - Tee with three hex nipples installed (25) 

 The drive end of the extruder body assembly is made of a half inch female coupler with 

a ½ inch to 3/8 inch adapter installed in the end. 
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Figure 130 - 1/2 inch female pipe coupler (25) 

 

 
Figure 131 - 3/8 inch to 1/2 inch adapter fitting (25) 

 
Figure 132 - Extruder body with drive end fittings installed (25) 
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Figure 133 - 5/8 inch wood auger with pilot screw ground off 

 

 The auger is inserted tail first into the partly assembled extruder body. The auger is a 5/8 

wood auger with the pilot screw end ground flat. When operated the auger will be turned 

counter clockwise opposite to the direction it would be used to bore holes in wood. 

 

Figure 134 - Auger inserter tail first into extruder body assembly (25) 

 

 The nozzle end of the extruder body is made from a second half inch female coupler 

fitting and a half inch cap fitting with an extrusion orifice drilled through the end center. 

Tighten the fittings as tight as possible without distorting the fittings or stripping the threads. 

Thermal expansion will change the dimensions of the fittings causing loose seals between the 

fittings if they are not tight enough. These loosened mating surfaces may leak melted plastic.  
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Figure 135 - 1/2 inch end cap fitting with extrusion orifice drilled through end (25) 

 

 
Figure 136 - Extruder body with end cap installed (25) 

 

 The melt pot is assembled from a one and one half inch pipe coupler fitting and a two 

inch to half inch adapter fitting. These ate mounter to the vertical leg of the tee fitting. 
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Figure 137 - 1 1/2 inch pipe coupling fitting (25) 

 

 
Figure 138- -1 1/2 inch to 1/2 inch pipe adapter fitting (25) 

 

 
Figure 139 - The assembled extruder body assembly (25) 
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Mounting the Extruder Body 

 The extruder system is mounted on a series of bases all based on one generic design. 

This base went through several design evolutions and the version used on the final design has 

round holes instead of rectangular holes. The reason for changing the design is that printing 

the bases with round holes eliminated the need for support material in the print process. 

Laying on its side or sitting upright the part could be printed without support material in the 

lightening holes. This saved time and printer filament. 

 

Figure 140 - Generic base model used on all of the extruder base parts 

 The base for the extruder body is made with a center section sized to fit a #0 conduit 

clamp to. The support between the extruder body and the body base was two #0 conduit 

clamps turned 90˚ to each other and bolted together with a ¼ inch diameter screw with a ½ 

inch shank. 
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Figure 141 - printed extruder body base 

 
Figure 142 - #0 conduit clamp for clamping 1/2 inch diameter wiring conduit 

 
Figure 143 - Clamp Assembly 
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Figure 144 – Extruder body base and clamp assembly 

 

 
Figure 145 - Extruder body sub-assembly (25) 
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The Drive Motor and Motor Mount Base Assembly 

 The drive sub assembly is the next section to build. I used a twelve volt gear reduced 

motor originally intended for use to drive an adjustable car seat. The motor has a four inch 

(100mm) long shaft. The end of the motor drive shaft is connected to the drive end of the 

auger using a flexible coupling. 

 

Figure 146 - Extruder drive motor 

 

 A mount base for the motor was designed using the generic pattern shown earlier.  

 

Figure 147 - Drive motor mount base 
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 The base has a cutaway and extended length to accommodate the motor mount which is 

made to allow for adjustment side to side as well as up and down.  

 

Figure 148 - Drive motor mount cradle 

 

 The two vertical slots in the motor mount cradle are for vertical adjustment of the 

assembly to line up the motor drive shaft with the auger/screw shaft. The horizontal slot is 

for the hose clamp used to secure the drive motor to the motor mount assembly. 

 

Figure 149 - Drive motor mount assembly 
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Figure 150 - Drive motor and motor mount base assembly 

 

Take-up Spool Assembly 

 The take-up spool assembly is the most complicated of the extruder sub-assemblies. The 

base for this section of the extruder is the largest printed part of the extruder and supports the 

take-up spool drive motor, the gear reduction assembly, and the spool and axle assembly. 

 

Figure 151 - Take-up spool base 
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Figure 152 - 15 rpm motor with mount attached 

 

 

 

Figure 153 - Take-up spool motor mount 
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 The drive motor/mount assembly is attached with four screws to the take-up spool motor 

mount.  

 
Figure 154 - Drive motor & mount assy. attached to take-up spool motor mount 

 

 
Figure 155 - Take-up spool base with drive motor assembly installed 

 

 This mount is designed to adjust in height on the vertical leg to engage the pinion to the 

gear when the spool assembly is inserted into the base mount. 
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Figure 156 _ 8mm inner diameter bearing 

 
Figure 157 - 8mm bearings installed in base 

 

 Eight millimeter bearings are installed in the socket on the vertical legs of the take-up 

spool base. The bearing on the drive motor side stays in its socket. The bearing on the 

opposite side rides in a groove and stays with the spool and axel assembly when it is 

removed to change the spool. 

 

 
Figure 158 - Take-up spool drive gear 
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Figure 159 - Take-up spool drive pinion 

 

 
Figure 160 - Drive gear installation 

 

 
Figure 161 - Pinion installation 

 

 The drive pinion and gear were printed and the gear has a socket for a nut. The pinion 

has two holes and slots in it for screw nut combination to lock the pinion to the drive motor 

shaft. The slots and holes are sized for 3mm diameter hardware. The gear nut provides the 
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means of keeping the gear from rotating on the shaft. The nut in the socket side of the gear is 

locked in place with a second ‘jam’ nut on the bearing side. This two nut combination also 

provides spacing between the bearing and the gear face. A nut holds the gear firmly from the 

other side of the gear and provides spacing between the gear and the spool clamping fixture. 

 

 

 
Figure 162 - Take-up spool system assembly 

 

 
Figure 163 - Spool 
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Figure 164 - Spool clamp 

 

 

 
Figure 165 - Transparent view 
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Figure 166 - Bearing retainer 

 

 
Figure 167 - Reverse view with bearing retainer 

 

 
Figure 168 - Extruder complete assembly 
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 The main extruder assemblies are connected together using two 24 inch long 5/16 inch 

diameter threaded rods. Nuts on either side of the bases lock the bases in place.  

 

 

 

 
Figure 169 - overhead view 
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Cooling Fans 

 
Figure 170 - Cooling fan bracket 

 

 
Figure 171 - Cooling fan installation 

 The cooling fans are controlled by one of the motor speed controllers. The fan bracket is 

printed and the fans socket into the bracket and then are zip tied to the bracket. I installed a 

set of quick connect plugs to the can wiring so the fan assembly can be removed for 

maintenance. 

 

 

 

  

Quick connect plugs 

Extruder nozzle 



Filament Extruder for Recycling 3D Printer Scrap Mark Grooms 

 

130 

PRINTED PARTS REQUIRED 
Part Name       Quantity 

 

Base Extruder Body for #0 Conduit Clamp   2 

Extruder Screw Drive Motor Mount Base   1 

Screw Drive Motor Cradle     1 

Take-up Spool Base      1 

Take-up Spool Drive Motor Adjustable Mount  1 

Take-up Spool Bearing Retainer    1 

1.5m 30 Tooth Take-up Drive Pinion    1 

1.5m 60 Tooth Take-up Drive Gear    1 

Take-up Spool Spacer/Clamp     2 

Cooling Fan Mount Bracket     1 
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Parts Listed By Assembly 

Extruder Body Assembly 

Part Name       Quantity 

 

Base Extruder Body for #0 Conduit Clamp   2 

#0 Conduit Clamp/Hanger     4 

¼” Diameter x ½” Long Screw    2 

Nuts ¼” Diameter      2 

½” Black Iron Pipe Tee Female Thread Fitting  1 

½” Hex or Plain Black Iron Male Thread Fitting  3 

½” Pipe Coupler Black Iron Female Thread Fitting  2 

½” to 3/8” Brass Adapter Bushing    1 

½” Black Iron Plug      1 

1 ½” Black Iron Pipe Coupler     1 

1 ½” to ½” Black Iron Adapter Bushing   1 

5/8” Dia. X 6” Long Wood Auger Bit   1 

8mm x 80mm AC 110V 250 Watt Wired Cartridge Heater 1 

80mm x 80mm Stainless Steel Band Heater 110V 650W 1 

Thermocouple Temperature Control K Type Sensor Probe 2 

2” Diameter Hose Clamp     1 
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Extruder Screw Drive Motor Assembly 

Part Name       Quantity 

Extruder Screw Drive Motor Mount Base   1 

Screw Drive Motor Cradle     1 

3” Diameter Hose Clamp     1 

3mm x 55mm Machine Screw    2 

3mm Washer       4 

3mm Nut       2 

190 Rpm 12Vdc Right Angle Drive Motor   1 

8mm to 12mm Flexible Coupler    2 

Cooling fan       1 
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Take-up Spool Assembly 

Part Name       Quantity 

Screw Drive Motor Cradle     1 

Take-up Spool Base      1 

Take-up Spool Drive Motor Adjustable Mount  1 

Take-up Spool Bearing Retainer    1 

1.5m 30 Tooth Take-up Drive Pinion    1 

1.5m 60 Tooth Take-up Drive Gear    1 

Take-up Spool Spacer/Clamp     2 

5/16” Diameter x 6” Long Threaded Rod   1 

5/16” Nut       12 

8mm Shaft Diameter Bearing     2 

15RPM Electric Mini Geared Box DC Motor  1 

3mm x 20mm Screw      8 

3mm x 10mm Screw      2 

3mm Nuts       10 

Empty Filament Spool     1 
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Connecting Hardware 

Part Name       Quantity 

5/16” x 24” Threaded Rod     2 

5/15” Nuts       16 

 

Filament Cooling Fans 

Cooling Fan Mount Bracket     1 

Fans        2 

 

Electrical & Electronics 

Temperature Controller     2 

AC Current Solid State Relays    2 

12 Volt DC Power Supply     1 

10 Amp DC Volt Motor Speed Controller   2 

15 Amp DC Volt Motor Speed Controller   1 

2 Pole Single Throw Switches    8 

3mm Diameter LED Various Colors    9 

3mm Diameter LED Panel Mount Sockets   9 

Resistors       9 

Hook-up Wire 

Crimp Splices 

Wire ties 

Heat Shrink 

 



Filament Extruder for Recycling 3D Printer Scrap Mark Grooms 

 

135 

FACTORS OF SAFETY OF CONCERN 
 

 Safety concerns for this extruder project comes from several sources. The first is the 

potential for burns from exposed metal, specifically the melting pot and the extruder body.  

 To reduce the exposed hot metal surface area coverings made from fiberglass cloth were 

made to cover the melt pot and the extruder body. These were secured with safety wire 

around the melt pot and extruder body.  

 

Figure 172 - Insulation blankets on melt pot & extruder body 

 These blankets proved to be effective in that momentary contact with the surface of the 

blanket prevented a burn. Prior to the blankets being installed any contact with the metal 

surfaces of the melt pot or extruder body caused a burn. 

 An added benefit of the insulation blankets is the retention of heat around the melt pot 

and extruder body. Both components heat faster and maintain temperature better. 

Burns from contact with extruded filament before it has cooled and solidified is also a 

concern. This danger it partially taken care of with the cooling fans. The fans cool the 

filament surface sufficiently to prevent the filament sticking to skin during light contact with 

it. The filament is not in contact with exposed skin long enough to burn. 
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Figure 173 - Cooling fans at extruder nozzle 

 The electrical components are enclosed with no high voltage wire connections exposed. 

The 110 VAC splices outside of the enclosure are covered with heat shrink for added 

protection from shock. All of the wiring outside of the enclosures have been organized and 

covered with a protective wire wrap. 

 

Figure 174 - Finished wiring from enclosures to extruder 

 Care was taken to eliminate pinch and snag possibilities from the extruder screw drive 

shaft. While it is exposed casual contact will not result in shirt sleeves or hair being wrapped 

around it. 
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 The take-up spool drive gears are exposed and further development of the project will 

need to address adding a cover over them. Currently the system is flexible enough to allow 

quick removal of anything caught in the gear teeth. 

 The temperature controllers have over temperature features built into them as does the 

12 VDC power supply. The power supply and 15 Amp speed controller are fuse protected. 
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COST/PARTS LIST, BILL OF MATERIAL 
       

  Mark Grooms     

  Recycling Filament Extruder     

  Parts List & Cost     

       

  Component Price $ Qty Total $ Source 

 

 

190 Rpm 12Vdc Right Angle 
Drive Electric Motor From 

Car Seats  
15.7 1 15.7 Amazon.com 

 

 

8x12mm CNC Motor Jaw 
Shaft Coupler 8mm To 12mm 

Flexible Coupling OD 
25x30mm 

3.25 1 3.25 Amazon.com 

 

 

Nextrox 37mm 12V 15RPM 
Electric Mini Geared Box DC 

Motor f. DIY High Torque 
12 1 12 Amazon.com 

 

 

1 X 37mm DC Geared Motor 
Mounting Bracket Holder + 

6mm Hex Coupling  
5.95 1 5.95 Amazon.com 

 

 

RioRand™ Upgraded 6V-90V 
15A DC Motor Pump Speed 

Controller  
10.99 2 21.98 Amazon.com 

 

 

RioRand (TM) 12V-40V 10A 
PWM DC Motor Speed 

Controller w/ Knob--High 
Efficiency, High Torque, Low 

Heat Generating with 
Reverse Polarity Protection, 

High Current Protection 

12.39 1 12.39 Amazon.com 

 

 

8mm x 80mm AC 110V 250 

Watt Wired Cartridge Heater 

for Die Heating  

8.89 1 8.89 Amazon.com 

 

 

Inkbird Universal Dual 

Digital PID Temperature 

Controller + K Sensor Probe 

+ 25A SSR Solid State Relay 

for Home Brew Hatch 

Aquarium Freezer ECT  

36.99 2 73.98 Amazon.com 
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80mm x 80mm Stainless 

Steel Band Heater 110V 

650W for Injected Mould  

6.46 1 6.46 Amazon.com 

 

 

Amico 2.7m 8.8ft 

Thermocouple Temperature 

Control K Type Sensor Probe  

4.4 1 4.4 Amazon.com 

 

 

300pcs 3mm 5mm LED Light 
White Yellow Red Green Blue 

Assorted Kit DIY LEDs 
8.59 1 8.59 Amazon.com 

 

 

uxcell Metal Nut LED 
Mounting Holder Panel w 

3mm 50 Pieces Black 
4.14 1 4.14 Amazon.com 

 

 

TOOGOO(R) 10 Pcs AC 125V 
6A Amps ON/ON 2 Position 

DPDT Toggle Switch 
6.19 1 6.19 Amazon.com 

 

 

Pack of 8 8mm Skateboard 
Bearing :: VXB Brand 

6.95 1 6.95 Amazon.com 

 

 

5/16" x 24" Threaded Rod 1.76 2 3.52 Home Depot 

 

 

5/16" x 6" Threaded Rod 0.99 1 0.99 Home Depot 

 

 

5/16" Hex Nuts 0.11 30 3.3 Home Depot 

 

 

5/8" x 6 " Wood Auger Bit 11.97 1 11.97 Home Depot 
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Black Iron 1/2-in x 1/2-in x 
1/2-in Threaded Tee Fitting 

1.97 1 1.97 Home Depot 

 

 

Black Iron 1/2-in x 1/2-in  
Nipple 

0.9 3 2.7 Home Depot 

 

 

Black Iron1/2-in x 1/2-in  
Coupling 

1.54 2 3.08 Home Depot 

 

 

BrassCraft 1/2-in x 3/8-in x 
Threaded Bushing Fitting 

3.99 1 3.99 Home Depot 

 

 

Black Iron 1/2-in x X 
Threaded Plug Fitting 

1.32 1 1.32 Home Depot 

 

 

Black Iron 1 1/2" coupling 5.88 1 5.88 Home Depot 

 

 

Black Iron Threaded Pipe 
Fitting, Hex Bushing, 1-1/2" 

Male x 1/2" Female 
4.98 1 4.98 Home Depot 

 

 

#0 Conduit Hanger 5pk 2.48 1 2.48 Home Depot 

 

 

Hose Clamp 3" 1.27 1 1.27 Home Depot 

 

6" Cable Ties 100pk 1.99 1 1.99 Harbor Freight 
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Inland 1.75mm Gray PLA 3D 
Printer Filament - 1kg Spool 

(2.2 lbs) 
14.99 1 14.99 Micro Center 

   TOTAL$: 255.3  
 

 

BUDGET 
 

Parts $250 

Machining $0 – done by self 

Part printing $15 – spool of filament 

Time $0 – done by self 

 

 As is seen from the cost total listed above, the project came in on budget. The ability to 

scavenge and salvage parts will decrease the cost of the project. For example, the 12 VDC 

power supply was salvaged from an old computer. The enclosures for the electronic controls 

were also made from the cases of old computer power supplies. 

 The melt pot 1 ½” pipe coupler and the 1 ½” to ½” adapter were also salvaged from old 

piping. Depending on resources the whole extruder body could be made with salvaged 

fittings.  
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APPENDIX A  

DRAWINGS 

 
Figure 175 - Generic Base Drawing 
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Figure 176 - Base Extruder Body for #0 Conduit Clamp Drawing 
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Figure 177 - Extruder Screw Drive Motor Mount Base Drawing 
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Figure 178 - Screw Drive Motor Cradle Drawing 
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Figure 179 - Take-up Spool Base Drawing 
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Figure 180 - Take-up Spool Drive Motor Adjustable Mount Drawing 
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Figure 181 - Take-up Spool Bearing Retainer Drawing 
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Figure 182 - 1.5m 30 Tooth Take-up Drive Pinion Drawing 
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Figure 183 - 1.5m 20 Tooth Pinion for Take-up Spool Drive Drawing 
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Figure 184 - 1.5m 60 Tooth Take-up Drive Gear Drawing 
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Figure 185 - 1.5m 100 Tooth Gear Drawing 
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Figure 186 _ Take-up Spool Spacer/Clamp Drawing 
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Figure 187 - Power Supply Individual Tray Drawing 
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Figure 188 - Enclosure Tray Tie Strap Drawing 
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Figure 189 - Motor Speed Controller Mount Board Drawing 
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Figure 190 - Motor End Cap Drawing 
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Figure 191 - Cooling Fan Mount Bracket Drawing 
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Figure 192 - Hole Cover Drawing 
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Figure 193 - Hole Plug for Holes with Cutouts Drawing 
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Figure 194 - Hole Cap Toggle Drawing 
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Figure 195 - Blanking Plate with Wire Support Drawing 
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Figure 196 - Enclosure Wire Feed/Support Plate Drawing 
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Figure 197 - Blocker Plate with Wire Supports Drawing 
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Figure 198 - Blanking Plate with Wire Support Drawing 
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Figure 199 - Speed Control Enclosure Switch Face Plate Drawing 
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APPENDIX B 

DATA TABLES  

Thermal Conductivity of Metals  

Thermal conductivity of some common metals  

Thermal Conductivity - k - is the quantity of heat transmitted due to an unit temperature 

gradient, in unit time under steady conditions in a direction normal to a surface of the unit 

area. Thermal Conductivity - k - is used in the Fourier's equation. 

 1 Btu/(hr oF ft2/ft) = 1 Btu/(hr oF ft) = 1.731 W/(m K) = 1.488 kcal/(h m oC) 

Metal 

Temperature 

- t - 

(oF) 

Thermal Conductivity 

- k - 

(Btu/(hr oF ft)) 

Admiralty Brass 68 64 

Aluminum, pure 

68 118 

200 124 

400 144 

Aluminum Bronze 68 44 

Antimony 68 10.7 

Beryllium 68 126 

Beryllium Copper 68 38 

Bismuth 68 4.9 

Cadmium 68 54 

Carbon Steel, max 0.5% C 68 31 

Carbon Steel, max 1.5% C 

68 21 

752 19 

2192 17 

Cartridge brass (UNS C26000) 68 69.4 

Cast Iron, gray 70 27 - 46 

Chromium 68 52 

Cobalt 68 40 

Copper, pure 

68 223 

572 213 

1112 204 

Copper bronze (75% Cu, 25% Sn) 68 15 

Copper brass (70% Cu, 30% Zi) 68 64 

http://www.engineeringtoolbox.com/thermal-conductivity-metals-d_858.html
http://www.engineeringtoolbox.com/conductive-heat-transfer-d_428.html
http://www.engineeringtoolbox.com/conductive-heat-transfer-d_428.html
http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/conductive-heat-transfer-d_428.html
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Metal 

Temperature 

- t - 

(oF) 

Thermal Conductivity 

- k - 

(Btu/(hr oF ft)) 

Cupronickel 68 17 

Gold 68 182 

Hastelloy B   6 

Hastelloy C 70 5 

Inconel 70 - 212 8.4 

Incoloy 32 - 212 6.8 

Iridium 68 85 

Iron, nodular pearlitic 212 18 

Iron, pure 

68 42 

572 32 

1832 20 

Iron, wrought 68 34 

Lead 
68 20 

572 17.2 

Manganese Bronze 68 61 

Magnesium 68 91.9 

Mercury 68 4.85 

Molybdenum 68 81 

Monel 32 - 212 15 

Nickel 68 52 

Nickel Wrought 32 - 212 35 - 52 

Niobium (Columbium) 68 30 

Osmium 68 35 

Phosphor bronze (10% Sn, UNS C52400) 68 28.9 

Platinum 68 42 

Plutonium 68 4.6 

Potassium 68 57.8 

Red Brass 68 92 

Rhodium 68 86.7 

Selenium 68 0.3 

Silicon 68 48.3 

Silver, pure 68 235 

Sodium 68 77.5 

Stainless Steel 68 7-26 

Tantalum 68 31 

http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/conductive-heat-transfer-d_428.html
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Metal 

Temperature 

- t - 

(oF) 

Thermal Conductivity 

- k - 

(Btu/(hr oF ft)) 

Thorium 68 24 

Tin 32 36 - 39 

Titanium 68 11 - 13 

Tungsten 68 94 - 100 

Uranium 68 14 

Vanadium 68 35 

Wrought Carbon Steel 32 34 

Yellow Brass 68 67 

Zinc - 67 

Zirconium 32 13.4 

 T(oC) = 5/9[T(oF) - 32] 

 1 Btu/(hr oF ft2/ft) = 1 Btu/(hr oF ft) = 1.731 W/(m K) = 1.488 kcal/(h m oC) 

http://www.engineeringtoolbox.com/thermal-conductivity-metals-d_858.html (19) 

 

 

  

http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/conductive-heat-transfer-d_428.html
http://www.engineeringtoolbox.com/thermal-conductivity-metals-d_858.html
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Ingeo PLA filament in 3D printing 

 

 
http://www.natureworksllc.com/~/media/Technical_Resources/Properties_Documents/Proper

tiesDocument_Engineering-Properties_pdf.pdf?la=en (16) 

  

http://www.natureworksllc.com/~/media/Technical_Resources/Properties_Documents/PropertiesDocument_Engineering-Properties_pdf.pdf?la=en
http://www.natureworksllc.com/~/media/Technical_Resources/Properties_Documents/PropertiesDocument_Engineering-Properties_pdf.pdf?la=en


 

172 

 

 

 

 
http://www.natureworksllc.com/~/media/Technical_Resources/Technical_Data_Sheets/Tech

nicalDataSheet_3D850_Monofilament_pdf.pdf?la=en (16) 

 

http://www.natureworksllc.com/~/media/Technical_Resources/Technical_Data_Sheets/TechnicalDataSheet_3D850_Monofilament_pdf.pdf?la=en
http://www.natureworksllc.com/~/media/Technical_Resources/Technical_Data_Sheets/TechnicalDataSheet_3D850_Monofilament_pdf.pdf?la=en
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Specific Heat of PLA 

 

˚C J/kg·˚C ˚C J/kg·˚C 

-268.15 4.30197058 26.85 1322.50902 

-267.15 8.326394671 36.85 1361.781848 

-266.15 13.18345823 46.85 1409.797391 

-265.15 18.59561477 56.85 1556.480711 

-264.15 24.70163752 59.35 2018.318068 

-263.15 31.22398002 66.85 2026.228143 

-258.15 67.30502359 76.85 2036.77491 

-253.15 107.4104913 86.85 2047.321676 

-248.15 146.8914793 96.85 2057.868443 

-243.15 182.4868165 106.85 2068.41521 

-233.15 250.6244796 116.85 2078.961976 

-223.15 313.4193727 126.85 2089.508743 

-213.15 368.7898973 136.85 2100.055509 

-203.15 422.6339162 146.85 2110.602276 

-193.15 474.5351096 156.85 2121.149042 

-183.15 524.1465445 166.85 2131.695809 

-173.15 570.9825146 176.85 2142.242576 

-163.15 616.1532057 186.85 2152.789342 

-153.15 659.450458 196.85 2163.336109 

-143.15 701.0824313 206.85 2173.882875 

-133.15 741.187899 216.85 2184.429642 

-123.15 779.9056342 226.85 2194.976409 

-113.15 818.4845962 236.85 2205.523175 

-103.15 856.3696919 246.85 2216.069942 

-93.15 852.0677213 256.85 2226.616708 

-83.15 930.8909242 266.85 2237.163475 

-73.15 967.9433805 276.85 2247.710241 

-63.15 1004.024424 286.85 2258.257008 

-53.15 1040.244241 296.85 2268.803775 

-43.15 1075.631418 306.85 2279.350541 

-33.15 1111.990008 316.85 2289.897308 

-23.15 1149.042465 326.85 2300.444074 

-13.15 1169.164585   

-3.15 1208.853733   

6.85 1246.461282   

16.85 1283.374965   

25 1314.043852   

26.85 1322.50902   

 

http://reprap.org/wiki/PLA (1) 

 

 

http://reprap.org/wiki/PLA


 

174 

 
 

 

 

 



 

175 

 
 

 

 

 



 

176 

 
 



 

177 

 
 

 



 

178 

 
 

 



 

179 

 
Table 8 - Drill Size Chart (26) 
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APPENDIX C 
 

 
Figure 200 - Tech Expo Poster 

 

 
Figure 201 - Brinkerhoff 1st Place Award 
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