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Welcome Aboard




Introduction

Audience

This is a developer’s guide to hacking on the LulzBot Mini 3D Printer. It
is meant for developers, not users, of the printer.

Open Source Hardware, Free Software

Aleph Objects, Inc. is a Loveland, Colorado, USA company that manufac-
tures Open Source Hardware using Free Software.
For more info, visit http://www.alephobjects.com.
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LulzBot Mini

Developer Overview




LulzBot Mini

1.1 LulzBot Mini

The LulzBot Mini is a 3D Printer currently under development. The
abbreviated name is mini-dev.

The source files are available here:

http://devel.lulzbot.com /mini/

1.2  Versions

Each new version of the mini-dev has a new name, with the next letter in
the alphabet.

o Azalea - First Prototype

Begonia - Second Prototype, being built now

Camellia - Third Prototype

Croton - Fourth Prototype
Daffodil - First Production batch

1.3 Schedule

The schedule is updated weekly. It is in Libre Office spreadsheet format.
The latest version is available here:
http://devel.lulzbot.com/mini/program management/
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Easy TAZ Mini - Work Breakdown Schedule _ v. 3.0

06-09‘ 06—16‘ 06—23‘ 06-30 I 07-14\ 07-21\ 07—28‘ 08-04

N 08-18 08—25‘ 09—01‘ 09-08 L

10-20\ 10-27\ 11-03

09-22| 09-29| 10-06] 10-13| 11-10] 11-17] 11-24) 12-01
92 49 20, 0|
MAN EVT2 - Engineering Validation Test » De Al e : : el P v : b
TASKS OWNER | Hrs — Begonia — Daffod entory Buildup ohe
Architect Seth
Cube or Lulzbot? Decision Seth
- CAD Seth
- Build mockups Seth
- Cost estimate Seth/ Chris
Electronics- Controller & Comm  |TBD
- Research features Aaron
- Research Market trends Aaron
- Pros & Cons on FW effort Aaron
- Final Config/feature proposal  |Seth
- Final Config Decision All
Non-UL/UL Ready/ Full UL? Seth & All
- Define what need to be done  |Seth/ Chris
- Re cost estimate Seth
Software Aaron/ Jeff
Ul Flow Aaron/Jeff
Ul Design Steven
Kernel Jeff
uBoot Jeff
SD Image Jeff
Package Slic3r,Octoprint,Custom |Aaron/Jeff
USB drive automount Aaron/Jeff
Octo Web Daemon Jeff \
Slicing Jeff/Sound
Slicing ini's Brent
Octoprint Ul Aaron
Firmware
RAMBO - EZT HW Aaron/Seth
Auto Leveling Aaron/Seth
Code Rel AaronlJeff [ bvr SAT
Video Production \
Mechanical Seth
Frame Seth
X-Axis Seth
Y-Axis Seth
Z-Axis Seth
Extruder Seth/ Brent
Drive System Seth
New Spool loc/feed Seth
LCD Mount Seth/ Aaron
Motor Selection Seth
Nozzle Sel/ Design Seth/ Brent
Heat bed Seth/ Brent
Auto Bed Leveling Seth/ Brent
Electronics/ Electrical Seth
Mini-RAMBO Chris
LCD Seth/ Aaron
Baseboard Aaron/ LkSp P Sample
Wiring (HW vs Conn) Seth/ Chris
Power Supply Seth/ Chris
Lights/LEDs Seth
Grd/ EMI Shielding Seth/ Chris
usB Seth & All <<<
Switches Seth
Breadboard Testing Seth




06-09‘ 06-16‘ 06-23‘ 06-30 07-14‘ 07-21‘ 07-28‘ 08-04 08-11[ L5 08-25‘ 09-01‘ 09-08 0k 09-22| 09-29| 10-06| 10-13| 10-20‘ 10-27‘ 11-03| 11-10| 11-17| 11-24] 12-01
92 49 20) 0|
. " - - A De 0 D Prod O od
MAN EVT2 - Engineering yalldatlon Test D De ADDIG ° g ANNG 2
TASKS OWNER | Hrs == ERgRiR = Daffod entory Buildup :
Build & Test Seth
Build Prototypes/ Test machines  |Seth/ Chris
Functional Seth/ Brent
Speed Seth/ Brent
Mechanical Performance Seth/ Brent
Useability Seth/ Chris
Environmental Seth/ Brent
Op-Shock Seth/ Brent
Non-Opshock Seth/ Brent
EMC Seth/ Chris
Long Term Reliability Seth/ Brent
Packaging/ Documentation Steven
Frame available for prototype Seth l:l
Shipping Foam Steven 1stPro |
Fed-EX Test Steven |Fedex |
Unbox Manual Steven
Operation Manual Steven
Consumer's Open Box Exp Test  |Steven
Print Profiles Seth
BOM Creation Seth \
Procurement Seth/ Chris
DVT Parts Seth \
SAT Seth \
Production Seth/ Chris
Risk Purchases Long Lead ltems |Seth/ Chris [ J<<< 7/22
Plastic Chris/ Stan
Manufacturing Chris
Process step define (presub-FA) [Seth/ Chris
Process step layout Chris
Assembly line layout & BOM Chris \
Mfg line 2 construction/ purchase [Andy/ Chris
Resource Plan proposal/ approval |Chris/ Jeff
Recruiting mfg staffs Chris
Training new team Chris
Build SAT machines Chris
Assembly OHAI Kits Seth/Robert
PreSubs Chris
Cycle time modeling Chris
Cycle time verification Chris \
Optimize MFG process Chris
Presub/Sub Test Defined Chris
Pre/Sub Test Equip Des/Setup Chris
OpenERP Routing Chris
Marketing / PR Harris
Product Design (Expanded) All laser etching
Business Case Harris
Brand / Competitive Analysis Harris
Goal(s) Articulation Harris
Strategic Comms. Framework Harris
Target Audience Identification Harris
Creative Brief All
Graphic Approach - Packaging Harris/Steven <<<
Product Naming All
Strategic Message Development |All
High-Level Tactical Plan Harris/Rachael
Product Collateral Design Harris/Steven
Website-Related Design Recs Harris/Steven
Reseller Demos Harris/Rachael




EasyTAZ Mini — Product Development Cycle - v3.1_Draft

PcD-Core/Baseboard, LCD

LCD/T.Scr samples recv

BB Design completed

Order P

Order Daffodil
long lead & low risk

long lead & low risk parts

(except Video production)

Ship

oduction

06-09] 06-16] 06-23| 06-30 07-07| 07-14] 07-21] 07-28] 08-04] 08-11) 08-18 08-25 09-01 09-08 09-15 09-22] 09-29 10-06| 10-13 10-20 10-27| 11-03 11-10| 11-17| 11-24] 12-01
92 49 20 0
EVT2 - Engineering Validation Test » Design Ve on Te b . : e ; : DERene . .- o
-- Begonia —- e 5 X Sty . .
d o]0 O D O D
Design Validation — Functionally focused Verification — Reliability focused — RBF Qual — MFG/ Quality Ramp Sell, Sell, Sell!
11-15 machines 25 machines 30-50 machines 120-140 machines 30-40/wk
6/09 8/11 : 11-10
Design Config LOCKED Build DVT machines Build SAT machines Start production Announce product
auto bed leveling, hexagon nozzle DVT Code release SAT Code freeze

Test Acceptance or Pass/Fail Criteria

6) Near/far field test & FCC
Test Acceptance or Pass/Fail Criteria

1) 1) No Calibration drift, visual/
2) 2) Measurement, dimension
3) 3) Accuracy, consistency,

4) 4) visual printing quality

parts Approved
[ 7125 | _sios
Order DVT 3 Core/BB DVT Foam prototype SAT
frames EVT testing Entry checkpoint Entry
Review Review
Items to Validate: # of machine Items to Verify: # machine |To Verify: Mach
1) Printability 5 1) Performance(speed,...) 15 Manufacturability 30
2) Repeatability use above 2) Repeatability/Reliability use above Longterm Reliability same
3) Userablity use above 3) Userability use above
4) Mechanical Spec use above 4) Environmental 3
5) Electrical spec use above 5) Op Shock/ Vibration 3
6) Non-Opshock use above
7) EMC/FCC 3
Type of Test Type of Test How long? |Type of Test
1) Can it print as well as Guava 1) Print-Visual/Time measur 24 hr Long term reliability 72hr
2) Is bed leveling working 2) Short print/Cal, 24hr print 3hr/fea |Assembly test run
3) Frame Stiffness 3) Hot, Hot/wet, Cold
4) Basic Electronics Function 4) Bu
5) 5) Drop test

Test Accpt or PIF Criteria

Rules: Design changes allowed - No architect-related changes
After config “locked” date unless program risks such as
schedule, cost, ... are studied & approved by the
Project Approval Committee (PAC-stakeholders)

- Minor changes/improvements from RBF
cycles allowed, no design -
config/architect- related changes
unless approved by PAC

- MFG/ “Ship” config hence NO change
unless last minute discovery renders
machine not shippable, require PAC
approval

PAC Seth:
Signed Off | Steven:
Chris:

Jeff:




EasyTAZ Mini — Product Development Cycle_ Software & Firmware Functions & Features

PcD-Core/Baseboard, LCD

(except Video production)

06-09\ 06-16\ 06-23\ 06-30\ 07-07\ 07-14\ 07-21\ 07-28\ 08-04\ 08-11\ 08-18\ 08-25\ 09-01\ 09-08\ 09-15\ 09-22\ 09-29| 10-06| 10-13 10-20\ 10-27\ 11-03| 11-10 11-17\ 11-24) 12-01
92 49 20 0
EVT2 - Engineering Validation Test D Design Ve on Te EEE gl : : oduction | A .- BEE
- Begonia - £ Dartodad 0 B l‘ D ale a ;
Design Validation — Functionally focused Verification — Reliability focused — RBF Qual — MFG/ Quality Ramp Sell, Sell, Sell!
11-15 machines 25 machines 30-50 machines 120-140 machines 30-40/wk
6/09 8/11 : 11-10
Design Config LOCKED Build DVT machines Build SAT machines Start production Announce product
auto bed leveling, hexagon nozzle DVT Code release SAT Code release

- Proof of concept Ul Flow

- Working custom SD Image
- Repo with packages for
Slic3r, Octoprint, Custom Software
- Ability to load files from USB drive
- Connect/configure wifi
- Control LED Strips via software
- Web Daemon frontend for system calls
- Onboard Slicing / STL Repair

- Incorporate Video/Help
- Bug fixes

LCD/T.Scr samples recv
Order Daffodil Order Pfoduction
BB Design completed long lead & low risk long lead & low risk parts Ship
parts Approved
[ 7125 | _sios
Order DVT 3 Core/BB DVT Foam prototype SAT
frames EVT testing Entry checkpoint Entry
Review Review
Expected SW/FW Functions & Features
- Octoprint/Octoscript - Basic Ul - Polish Ul Design




EasyTAZ Mini — Product Development Cycle_ ELECTRONICS CONFIGURATION

06-09] 06-16] 06-23] 06-30] 07-07| 07-14] 07-21] 07-28] 08-04] 08-11] 08-18] 08-25 09-01] 09-08] 09-15 09-22] 09-29] 10-06] 10-13] 10-20] 10-27| 11-03 11-10] 11-17] 11-24] 12-01
92 49 20 0
a a A a A DesIq D Prod 0 Prod
EVT2 - Engineering Validation Test D Design Ve on Te ADDIG o y ANNG ement &
—- Begonia — e . N - ‘
d 00 O - O a d
Design Validation — Functionally focused Verification — Reliability focused — RBF Qual — MFG/ Quality Ramp Sell, Sell, Sell!
11-15 machines 25 machines 30-50 machines 120-140 machines 30-40/wk
6109 :
Design Config LOCKED Build DVT machines Build SAT machines Start production Announce product
auto bed leveling, hexagon nozzle DVT Code release SAT Code release
PcD-Core/Baseboard, LCD (except Video production)
LCD/T.Scr samples recv
Order Daffodil Order Production
BB Design completed long lead & low risk long lead & low risk parts Ship
parts Approved
[ 7125 | _sios
Order DVT 3 Core/BB DVT Foam prototype SAT
frames EVT testing Entry checkpoint Entry
Review Review

Expected Electronic Configuration

Motion Controller

Comm Controller:  Olimex

LCD: Olimex

USB: Extension
WiFi: None as of now

Rambo 1.3L/Mini RAMBo

Mini- Rambo, rev?

Mini- Rambo, rev?

Linksprite: Core + Baseboard, rev 1.0

Linksprite LCD (1280x800) (rev ?)
Baseboard Ports (x4)

Dongle Dongle
LEDs LEDs
Speaker Speaker

Core/ Baseboard, rev?

Baseboard Ports (x4)

Linksprite LCD (1280x800) (rev ?)
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2.1

Specs

Specifications

Printing

Print Surface: Heated Borosilicate glass bed covered with PEI film
Print Area:155mm x 155mm x 155mm (6.1in x 6.1in x 6.1in)

Print Volume: 3,726cm3 (227.4 in3) of usable space

Top Print Speed: 275mm/sec (10.8in/sec)

Print Tolerance: 0.lmm (0.0039in) in X and Y axes. Z axis is
dependent on layer thickness

Layer Thickness: 0.075mm to 0.50mm (0.003in - 0.020in)

Supported Materials: ABS, PLA, HIPS, PVA, wood filled filaments,
Polyester (Tritan), PETT, filled PLA, Bronze and copper filled
filaments, Polycarbonate, Nylon, PETG, Conductive PLA and ABS,
UV luminescent filaments, PCTPE, PC-ABS, and more every day.

Usable Filament Sizes: standard 3mm (0.1in)

Phyiscal Dimensions

Overall Dimensions: 435mm x 340mm x 385mm (17.1lin x 13.4in x
15.2in)

Weight: 8.55kg (18.851bs)

Electrical

Power Requirements: 100 - 240 VAC
Power Supply: 24V 150W
US, UK, and EU electrical plugs available

18



2.1. SPECIFICATIONS

Temperature

o Temperature: Maximum operating temperature (Extruder), 300C
(572F)

o Temperature: Maximum operating temperature (Heated Bed), 120C

(248F)
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Mechanical

3.1 Intro

Mechanical hardware specs and parts are in these subdirectories:
http://devel.lulzbot.com/mini/

3.2 Bill of Materials

22
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3.4. 3D PRINTED PARTS

3.4 3D Printed Parts
3.5 Bed

41



42 Mechanical

Figure 3.9: 3D Printed Bed Corner Render



3.6. EXTRUDER

3.6 Extruder

43



44 Mechanical

Figure 3.10: 3D Printed Extruder Body Render

Figure 3.11: 3D Printed Extruder Latch Render



3.6. EXTRUDER 45

Figure 3.12: 3D Printed Idler Render

Figure 3.13: 3D Printed Extruder Mount Render



46 Mechanical

Figure 3.14: 3D Printed Fan Mount Render

Figure 3.15: 3D Printed Large Gear Render



3.6. EXTRUDER 47

Figure 3.16: 3D Printed Small Gear Render



Mechanical

3.7 Spool

48



3.7. SPOOL 49

Figure 3.17: 3D Printed Spool Arm Render

Figure 3.18: 3D Printed Spool Hinge Render



50 Mechanical

Figure 3.19: 3D Printed Spool Mount Render



3.8

3.8.

o1



52 Mechanical

Figure 3.20: 3D Printed Double Bearing Holder Render

Figure 3.21: 3D Printed X Carriage Cover Render



3.8. X 23

Figure 3.22: 3D Printed X Carriage Render

Figure 3.23: 3D Printed X End Idler Render



54 Mechanical

Figure 3.24: 3D Printed X End Motor Render



3.9

3.9.

25



56 Mechanical

Figure 3.25: 3D Printed Y End Idler Render

Figure 3.26: 3D Printed Y End Rod Mount Render



3.10. Z

3.10 Z
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58 Mechanical

Figure 3.27: 3D Printed Lower Relief Render

Figure 3.28: 3D Printed Lower Z Left Render



3.10. Z 29

Figure 3.29: 3D Printed Lower Z Right Render

Figure 3.30: 3D Printed Upper Z Left Render



60 Mechanical

Figure 3.31: 3D Printed Upper Z Right Render



3.11. MISC

3.11 Misc
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62 Mechanical

Figure 3.32: 3D Printed Handle Bar Render

Figure 3.33: 3D Printed Relief Mount Render



3.11. MISC 63

Figure 3.34: 3D Printed Upper Bearing Holder Render

Figure 3.35: 3D Printed Wiper Mount Render



64 Mechanical

Figure 3.36: 3D Printed Belt Mount Render



Electrical

Power Supply, wiring




Electrical

4.1 Electrical Layout
4.2 Wire Harness List
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Camellia Wire List - V1.0

Harness Program #|Type Length|Strip Left Strip Right|Quantity[Notes
X/Extruder Harness Blue 24 AWG 500 6 4 1|upped from 460 for better reach
Black 24 AWG 500 6 4 1|upped from 460 for better reach
Grey 4 cond 500 50 30 1|upped from 470 for better reach
Green 24 AWG 550 6 4 1 [upped from 520
Black 24 AWG 550 6 4 1|upped from 520
Orange 24 AWG 650 6 4 1|upped from 620
Black 24 AWG 650 6 4 1|upped from 620
Grey 4 cond 1080 50 30 1
Red 24 AWG 1100 6 4 2
Orange 24 AWG 1100 4 4 2
Yellow 24 AWG 1100 4 4 1
Black 24 AWG 1100 4 4 1
White 24 AWG 1100 4 4 1
Black 24 AWG 1100 4 4 1
Purple 24 AWG 1100 4 4 1
Black 24 AWG 1100 4 4 1
Red 24 AWG 1125 4 4 1|upped from 1100
Bed Harness Black 24 AWG 525 6 4 3
Red 24 AWG 525 6 4 1
Yellow 24 AWG 500 4 4 2 |upped from 495
Black 24 AWG 500 4 4 1 [upped from 490
Purple 16 AWG 550 6 6 2 |upped from 525
Hexagon Hotend wires Cartridge wires 180 4 4 2
Thermistor wires 180 4 4 2
5V nozzle lead 200 4 4 1
X-max switch Purple 24 AWG 160 6 4 1
Black 24 AWG 160 6 4 1
Fans Mini 5V blower 180 |blower attached 4 2
40mm extrusion fan 120|fan attached 4 2
Case fan 160 [fan attached 4 2
Motors Z-left motor 220 [motor 4 41200mm small shielding, 30mm large shielding
Ext motor 200|motor 4 4[70mm small shielding
X motor 120|motor 4 4]105mm small shielding, 30mm large shielding
Z-right, Ymotor 60| motor 4 8[45 small shielding, 35 large shielding
Motor Extensions
Trim
shielding
55 with
Trim shielding  |lug, all
20mm, all wires
Z-right motor Grey 4 cond 500 |wires 4mm 4mm 1[390 panduit wrap
Trim
shielding
55 with
Trim shielding  |lug, all
20mm, all wires
Y-motor Grey 4 cond 410|wires 4mm 4mm 1[305 panduit wrap
Power Box
Red 16 AWG 200 6 6 2|PS to rambo
Black 16 AWG 200 6 6 2|PS to rambo
Green 16 AWG 80 6 4 1|Ground plug to post
Green 16 AWG 50 6 4 1|Post to PS ground
Black 16 AWG 320 6 6 1|Plug to switch
White 16 AWG 320 6 6 1|Plug to switch
Black 16 AWG 250 6 6 1[Switch to PS
White 16 AWG 250 6 6 1[Switch to PS







3D Printer Controller
Mini-RAMBoO




3D Printer Controller

5.1 Intro

The printer controller will be the RAMBo-Mini.
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Quality Assurance

Quality Assurance




Quality Assurance

6.1 Quality Assurance
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Packing
If It Shakes It Breaks




Packing

7.1 Packing List

Pack it well.
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Contact

Phone, Email, Web, Location




Contact

8.1 Support

Email: support@alephobjects.com

Phone: +1-970-377-1111 x610
LulzBot Forum
http://forum.lulzbot.com

8.2 Sales

Email: sales@alephobjects.com
Phone: +1-970-377-1111 x600

8.3 Websites

Aleph Objects, Inc.
http://www.alephobjects.com
LulzBot 3D Printers
http://www.lulzbot.com
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