HTMAA MACHINE DESIGN

MTM SNAP

How to Make Almost Any

Machines that Make
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Consumer machines

Machines that Make
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Machines that Make

The Machine that make project at the

seeks to develop low-cost machines that can be made using CNC equipment, like available in fab labs.

[mIMTM: modular machines Reconfigurable Stages foldafab DIY EDM 5 Axis Timing Belt MTM POP Fab
that make

;ﬁ/
- nj:,"ﬁ
i - An entry level (under $500) EDM machine for i o
M dul hi t of prot : ; : Low cost hi A
lore modular machines cut of prototyping Reconfigurable one-axis stages for multi- A deployable medium-format CNC router. S Saw G machifing A suitcase milling machine, 3d printer, and
materials for prototyping i making carbide. tocling and/or le
purpose mation. vinyl cutter.
SCrews
Multi-processes lathe Virtual Machine Network Timing Belt MTM Fab-In-A-Box MtM Snap-Lock

The additive lathe is a 3D printer that prints on

rotation objects.

Modular control for the MTM project. A design without lead screws, reducing cost.

Machines that Make
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MAKING
MACHINES THAT MAKE

TOOL HEAD

MECHANICAL SYSTEM

SENSORS + ACTUATORS
CONTROL SYSTEM

APPLICATIONS + INTERFACES
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R RLIITILLLEE CAD>CAM MODEL
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Machine programming and control
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TOOL HEAD

MECHANICAL SYSTEM
CONTROL SYSTEM

SENSORS + ACTUATORS

APPLICATIONS + INTERFACES
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=28 Jeft: pan, scroll: zoom, right: rotate, ¢: connections
image (.png) Roland MDX-20 (.rml) PCB traces (1/64)

input

file: paraprac.png

dpi: 72.009

size:

1187 x 794 px

418.695 x 280.071 mm
16484 x 11.026 in

invert image

output

speed (mm/s): 4
jog height (mm): 1
xmin (mm): 20
ymin (mm): 20

move to xmin,ymin

move home and stop

process

calculate save send
send command:
mod_serial.py /dev/ttylUs¢
send server:

127.0.0.1:12345
conventional ©  climb ©
cut depth (mm):
0.1
tool diameter (mm):
0.4
number of offsets (-1 to fill):
4
offsct overlap (%):
50
path error (pixels):

14

TOOL HEAD
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CONTROL SYSTEM

APPLICATIONS + INTERFACES

Toolpathing
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Toolpathing
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Machine instructions/ post processors
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G-code Functions G-code Functions
EN Fapid positioning (553 hove in absolute machine coordinate system
(51 Linear interpolation (554 4 558 |Usze fixture offset 1 to b, 53559 to select a general fixture number
(5. Clockwise circular £ helical interpolation (50 Exact Stop mode
(53 Counterclockwise circular £ helical interpolation (564 Constant Yelocity mode
(54 Crvell (573 Canned cycle - drilling - fast pullback
(5100 Coordinate systern arigin setting (500 Cancel canned cycle mode
(5172 Clockwize circular pocket (501 Canned cycle - drilling
(513 Counterclockwize circular pocket (502 Canned cycle - drilling with dwell
(515 Folar Coordinate maoves in G0 and (51 (583 Canned cycle - peck drilling
516 Cancel polar Coordinate moves in G0 and 51 (504 Canned cycle - right hand rigid taping (not yet implemented)
(517 #% plane select (505 Canned cycle - boring, no dwell, feed out
(518 *Z plane select (50b Canned cycle - boring, spindle stop, rapid out
(515 & plane select (507 Canned cycle - back baring (not yvet implemented)
(520 Inch unit (550 Canned cycle - boring, spindle stop, manual out
(521 tdillimeter unit (505 Canned cycle - boring, dwell, feed out
(520 Feturn machine hame (parameters 5161 to 5166) (50 Absolute distance mode
(530 Feturn machine home (parameters 5181 to 5106) (591 Incremental distance mode
(528, 1 Feference axis (552 Offset coordinates and set parameters
(5371 straight Probe EEin Feset (592 offset and parameter
(540 Cancel cutter radius compensation (592 Feset 592 offset but leave parameters untouched
(541 tart cutter radius compensation left (5592 3 Fecall GY2 from parameters
(542 ~tart cutter radius compensation right (5593 Inverse time feed mode
(543 Apply toaol lenght offset (plus) (554 Feed per minute mode
(544 Cancel tool lenght offset (5595 Feed per revolution mode
(550 Feset all scale factors to 1.0 (550 Initial level return after canned cycles
(55 et axis data input scale factors (555 F-paint level return after canned cycles

G-code (and M-code)
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CONTROL SYSTEM
APPLICATIONS + INTERFACES

MAKING
MACHINES THAT MAKE

TOOL HEAD

MECHANICAL SYSTEM
SENSORS + ACTUATORS
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Maybe your confrol
system 1s one electronic
brain that inferprets

machine coordinates, (e.a
G-code).

Machine control box
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Machine control box
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Or maybe each sensor and
actuaror Is a node on a
machine network! We like
this approach.

Machine control network
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> lead screw O
o
- &7
rack and pinion

fiming belt

Different drive frains are better at different
things, like Timing belts are fasft, racks and pinions
are stiff, lead screws are sfrong. Some sysfems
are cheaper, some are easier to assemble. These
are all things to take into consideration for your
machine!

What kind of machines do you know that use these
different kinds of drive frains?

%Jlih!" anl

The drive trains mofion needs to be restricted in
the axes you want to move in. You can do this with
guide shafts, tracks, cable guides, linkages, and
many ofher ways.

Moving things



HTMAA MACHINE DESIGN

TOOL HEAD

MECHANICAL SYSTEM
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CONTROL SYSTEM
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Moving things

Machines that Make
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———— i
lofs of force?

What does it do? slow and
steady?
cut? mill? extrude?

| very precise?

m dispense
f candy? superfasft?

~
s

Tool force, precision, speed
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resultant cutting force, Ibf (kN|
shear force, lbf (kM)

= narmal o sheor force, Ibf (kM)
cutting foree, Ibf {kN)

: normal fo cutting force, lbf (kN)
friction foree, Ibf (kN|

normel 1o friction force, I6f (k)

L

= depth of cut or feed, in. {(mm)
§ = thip thickness, in. [mm)
i shear angle, °

= friction angle, *
rake angle, *

lots of force”

TOOL HEAD

MECHANICAL SYSTEM

SENSORS + ACTUATORS

CONTROL SYSTEM

APPLICATIONS + INTERFACES

Machining parameters


https://www.youtube.com/watch%3Fv%3DmRuSYQ5Npek
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Linear Motion Carriages

Ball-Bearing Carriages and Guide Rails Sleeve-Bearing Carriages and Guide Rails  Track Roller Carriages and Guide Rails
Great for light loads and

- o Move high-capacity loads An economical
; - at high speeds with low . alternative to ball-bearing h\@%_ S applications that do not
friction. ] carriages, these are less : -~ require high levels of
~<4 likely to be hindered by \@ precision.

TOOL HEAD

MECHANICAL SYSTEM

SENSORS + ACTUATORS

CONTROL SYSTEM

APPLICATIONS + INTERFACES

Shaft Supports

\ Aluminum Shafts

x S Hardened Shafts
T % with Threaded Ends

Ceramic-Coated
E Aluminum Shafts
I¥ with Support Rail

dirt and debris.

Hardened Shafts

Hardened Shafts with

9 Machinable Ends

Tubular Shafts
0

Hardened Shafts with
Tapped Mounting
Holes

Miniature
\\‘x_, Hardened Shafts

Hardened Shafts
"% . with Tapped Ends

Hardened Shafts
with Support Rail

q _ D-Profile Shafts

Linear Motion guides
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Thrust

Machines that Make
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routed plastic?
laser cut wood?

aluminum extrusion?

f-slof nufs?

=

Laser cufting is fast, but not super precise. Alumi-
num extrusion is expensive, and you have to assem-
ble each piece separately. How do you hold the
frame fogether? Glue? Machine screws? T-slot
nuts? All things to consider!

Frames

Machines that Make
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delfa bot

polar coordinates

Kinematics
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Stepper motor

rollers
ball screw support

with bearing
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Precision
guides

Ball screw
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Finally, how are you going to confrol the Those were some fips for making your own
machine? There are different kinds of soffware machines, we hope they were helpful. Now go
fo stream machine code to machines with, how do on, cook up some machines, and have fun!

you want yours fo work?

| made my machine,
It is just right for me

Maybe a drawing
program interfaces
directly fo the
- machine

Magbe the  [IDER —— Each section must

machine is
controlled from {

iroted ron | (B M) } MAKE A MACHINE!!!

e a

The Assignment
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I spent most of my time preparing for the final project. Click on the icon below to wview my action plan.

The trouble

Machines that Make
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Cake decorating
|

2.5 Axis coordinated motion

(X,Y) Axis motion

(Y) Axis Acceleration

Motion platform

Dispensing l Locating
[
(Z) Axis motion
|
f 1
Frosting properties Delivery strategy
| L
f 1
Density Viscosity
L |
(X) Axis Acceleration
U Speed Payload/Speed |
+ ____________________ >
Motor Pneumatic Motion platform

\— | O QUE

End Effector

Rack & Pinion Belt Lead screw Other?

Motor X

J

T

Rack & Pinion Belt Lead screw Other?

( J

MotorY

(

Motor controls

Material

—

Sourcing

Cost

The strategy

)

Motor controls
Machine Frame

\

[

]

Fabrication

—

—— Machine Fabricator

]

CAD/CAM

Properties
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Tool
Head

/ ME[hanleystem\
Your job

/ Sensors aXatfuamrs \
/ [Dntr;x;fstem \

/ Applications, inferfaces € \\

making machines that make

€
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[X1,21] [X2,22]

[X1,21] [X2,22]

m[MTM]

'modular]| Machines that Make
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CARDBOARD PART LAYOUT

FRAME PARTS

STAGE PARTS

Machines that Make
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Machines that Make
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MODULAR MACHINE PARTS GESTALT NODE

ROTARY STAGE

P720635

LINEAR STAGE

GESTALT FRAMEWORK

# Forke from CFUnVA Oc: 2013
1 poatnams

# 31 bocation of e file for bootioader
L]

rom Gestalt import nodes

Treos galt bmgeoet interfincis

o Gestalt impor mathines

o grstalt et functions

fram geRalLmachines import elements
from gevtalt machires import kinematics
Tram gevtaltmachings import stabe
from gevtaltutilties mmport notice:

ey
import teme
impart ko

P VIRTUAL MACHINE—-

ded initinderfacesisell )

e sellabret = i " el i = 115200, e = ik, prortilarne
= devTyasbstrial FIVEPUBNTI

def initContratiens sl

e Asir, et labnet, flenanve - '086-005a.py, pavstitence = sell pursistince)
¥ At seltfabaet, flename = 'VBO-005%0.py, persistence = self persistende]

selloyNade

el initCanedinates[ulf}:
sellposition = state.coondinate ] mm; mm ]|

def initKinematics(seifs
ol 1A = Nt plemenil 18,

WA COE), edementcimvertianmard{Truet
cllyohods m ok iy R

WARGIE. 006, elementeinvertionyard(Fakell

iesdirectil on all axes

definflFunctionsisetl
sl e = fum = sl vi = sellxyNoehe, ames = [uedlxdois, seffyiois), Wimermatics. = sellstageii

nematics, machinePoutian = sl pasition planner = el
selljorg = fancth } i

pas
def initLastiself):

rremtsLaCurrens = 0.8, bCurment = 0.8, o0 08
] fear s, Dventuslly
match state,
pass
e pualivh (iaell -
. st publshiraddNodesiellmachineControl)
pass
def getPosition{selfl}:

return { podition i postion futured)

de setPoritiontsell, pasition = [Nore. Nooe. Noaelk
il position future st (position)

del setSpindleSpeedisell, speedfraction):
]

pass

#——IF RUN DIRECTLY FROM TERMINAL-—
i _rame_ ss"_main_"
“ages = vimualachinedperustenc efide = “testmp’)
stagesayodesetVelocityRequest (3}

estalt Framework

Machines that Make
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POWER SUPPLY

Sy e e g oo
——= > & as fF :. ] . it i ik ! _ I’ . : MORE!

FABNET USB

MOTOR ‘1’ MOTOR ‘2’ MOTOR ‘3’ MOTOR ‘4’

Networked nodes

Machines that Make
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A \
\ 8 *\\ ,

¢
R

#97USB and
ogwer board

Vo

Per machine:

1: stages + gestalt
nodes

2: power supply +

power supply/usb

board
3: Virtual machine

file

Machines that Make
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NO hot plugging
NO backdriving

NO drama!
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OUTPUT Vi |
o1 §
¢ ! |
Point decomposition | Z1
Ty |
oy §
5
(o) @
5
- \ PROJECTED POINTS
, RN Move coordinates

/// \G IDE RAILS - e o S [} @

PROJECTED POINTS

SIMULATION _
(index | o —
Position Index

oolpathing
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Xe
END EFFECTOR POSITION = < yE)

FORWARD KINEMATICS Z z

Xe =(l2*xcos02) cosB1+ dx

Ye =(l2xcos62) sin 61

Ze =(l2*sin 02) + 1

INVERSE KINEMATICS

01 = tan'1( XEy+EdX )

(ze- 1)’* )

B =tan'( VY- (ze- 1)’

Kinematics
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€ - C |8 GitHub, Inc. [US]| https://github.com/imoyer/gestalt/blob/master/examples/htmaa/xy_plotter.py el =
GitHUb This repository  Search Explore Features Enterprise Blog il
imoyer / gestalt # Star 8 YFork o
I branch: master » | gestalt / examples / himaa / xy_plotter.py = R

(&
u nadya an hour ago added an examples folder for the htmaa class

1 contributor

n
96 lines (72 sloc) | 3.833 kb Raw Blame History -
# Two stage example Virtual Machine file A~
# moves get set in Main
# usb port needs to be set in initInterfaces Elll
# Madya Peek Dec 2014
#------IMPORTS-------
from gestalt import nodes 0l
from gestalt import interfaces
from gestalt import machines
from gestalt import functions
from gestalt.machines import elements
from gestalt.machines import kinematics
from gestalt.machines import state
from gestalt.utilities import notice
from gestalt.publish import rpc #remote procedure call dispatcher
import time
import io
#------VIRTUAL MACHIME------
class virtualMachine{machines.virtualMachine):
def initInterfaces(self):
if self.providedInterface: self.fabnet = self.providedInterface #iprovidedInterface is defined in the virtu

else: self.fabnet = interfaces.gestaltInterface('FABMNET', interfaces.serialInterface(baudRate = 115288, interfacel
def initControllers(self):

self.xAxisNode = nodes.networkedGestaltMNode('X Axis', self.fabnet, filename = "@85-885a.py’, persistence = self.pe

self.yAxisNode = nodes.networkedGestaltNode('Y Axis', self.fabnet, filename = "985-2085a.py’, persistence = self.pe

self.xyNode = nodes.compoundiode(self.xAxishode, self.yAxisNode)

def initCoordinates(self):
self.position = state.coordinate{['mm', 'mm'])

def initKinematics(self):
self . xhxis = elements.elementChain.forward([elements.microstep.forward(4), elements.stepper.forward(1.8), elements

o 1231PM
H @ H . , SR R o

Virtual machine

Machines that Make
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Assignment: make your own
machine w/ end effector
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