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Personal Fabrication

Cake Decorating Machine
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Machine programming and control

MOTOR X

MOTOR Y

SIGNAL

SIGNAL

SIGNAL

MOTOR Z

MACHINE INSTRUCTIONS
(MOVES)

OUTPUT MOTION

OUTPUT MOTION

OUTPUT MOTION

CAD>CAM MODEL
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Z

YAW

PITCHROLL
X Y

1.0 AXIS 2.0AXIS 2.5AXIS

3.0AXIS 4.0AXIS 5.0 + AXIS

(X,Y)(X) (X,Y)(Z)

(C)(X,Y,Z) (X,Y,Z) (X,Y,Z,A,B,C)+
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Machine control box
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Tool force, precision, speed
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Machining parameters
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Linear Motion guides
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Thrust Roller/Radial

Bearings
Taper

Bushings
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Kinematics
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Ball screw

anti backlash nut
rollers

spindle

ball screw support
with bearing

ball screw support
with bearing

Stepper motor

Precision 
guides
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guide 
shafts

lead screw

timing belts
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The Assignment

Each section must 
MAKE A MACHINE!!!
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The trouble
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Cake decorating

2.5 Axis coordinated motion

(X,Y) Axis motion

Motor X

Machine Frame

Material Fabrication

Motor Y

(X) Axis Acceleration

Motion platform

Motor controls

Properties Machine

CAD/CAM

Fabricator

Cost

Sourcing

Motor controls

Motion platform

Rack & Pinion Belt Lead screw Other?

(Y) Axis Acceleration

(Z) Axis motion

Frosting properties

Density Viscosity 

Delivery strategy

Plunger Speed

Motor

Torque

Pneumatic

Payload/Speed

End Effector

Dispensing Locating

Rack & Pinion Belt Lead screw Other?

The strategy
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[modular] Machines that  Make

ROTARY PRINT

+

-

[X1,Z1] [X2,Z2]

[X,Z]

DRAW

CUT

[X1,Z1] [X2,Z2]
PRINT/PIPETTE/GIGAPAN

m[MTM]

[X1,Z1,A1]

[X1,A1]
TURN

[X1,A1]
TURN
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Gestalt Framework
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Networked nodes
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Per machine:

1: stages + gestalt 
nodes
2: power supply + 
power supply/usb 
board
3: Virtual machine 
file
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NO hot plugging

NO backdriving

NO drama!
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Toolpathing

GUIDE RAILS

PROJECTED POINTS

PROJECTED POINTS

HOTWIRE

INPUT GEOMETRY

Z2

Y2

Z1

Y1

GUIDE RAILS

Y

X

Z
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*

*

-1

-1

(       )

 = (l2   cos      )  cos      + dx

 = (l2   cos      )  sin      

 = (l2   sin      )  + l1

xE

END EFFECTOR POSITION  =

FORWARD KINEMATICS

yE

zE

xE

yE

zE

 = tan

INVERSE KINEMATICS

xE + dx

yE

X’

Y

X

Y’

ZZ’

+

+

(  )

l1

dx

l2

(                ) = tan
2(zE - l1)

2 2√(l2) - (zE - l1 )
θ1

θ2

θ2 θ1

θ2 θ1

θ1

θ2

θ2

Kinematics
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Virtual machine
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Assignment: make your own 
machine w/ end effector
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