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FAB-IN-A-BOX: WORKFLOW
Eagle PNG CAD

) Dot~ (vt oot e AP e - (ACAR 1.3, L

o | ooy ey eoTrr=rrT——r rpre . pr—rvey, y o—eg 180 0 | | apmmpcb.rml
; PAPA;VS4; 1vZ4;3 1MCL; ! U

| P2-18,50;PU13,565 ;PD126,565 ;PD129,563;PD133,559 PD135, 661 ;PD135,342 ;PD133, 34
| 8;PD129,336;PD126,334 ;PD13,334;PD11,336 ;PD7,340;PD5, 348 ;P05 ,557 ;PD7 559 ;PD11

1y
| 563;PD13,565 ;PU334,1177;PD452 1177 ;PD454 , 1175 ;PD45S 1171 ;PD468 , 1163 ;PD460,11
| 8B;PD45E,1098 ;PD454 1694 ;PD446 , 1092 ;PD334 , 1092 ;PD332, 1094 ;PD3I2E , 1698 ;PD326 ,1

106;PD326,1169;PD328 ,1171 ;PD332,1175 ;PD3I34,1177 ;PU6A2 1619 ;PD720,1619;PD722,
| 1817 ;PD726 1612 ;PD728 1064 ;PD728,941 ;PD726,939 ;PD722,,935 ;PD714 , 933 ;PD6A2 , 933
| ;PDER, 935 ;PDE6 , 939 ;PDE4 , 947 ;PD5I4 , 16160 ;PD5I6 , 1012 ;PDEDB 1617 ;PDEA2, 1019 5P

1393,1666 ;PD511 1606 ;PD513, 1664 ;PD517 1690 ;PDE19, 1592 ;PD519 1281 ;PDEL7,1279;
| PD513,1275;PD5@4 ,1273 ;PD3I93,1273;PD391 1275 ;PD3BT, 1279 ;PD385 , 1287 ;PD3B5, 1417

;PD248,1417;PD248 998 ;PD326 ,998 ;PD326 ,1616 ;PD328, 1012 ;PD3I32, 1617 ;PD340,1019;
| PD452 ,1619;PD454 1017 ;PD45E , 1612 ;PD460 , 1064 ;PD46A, 941 ;PD45S, 939 ;PD454 , 935 ;7D
| 446,933;PD334,933;PD332,935,;PD328 , 939 ;PD326 ,947 ;PD326 956 ;PD218 , 956 ;PD216,95
| 8;PD268 , 966 ;PD266 974 ;PD206 1447 ;PD268 , 1449 ;PD216,1457 ;PD224 1459 ;PD385 , 1459

;PD385,1598;PD387 1608 ;PD39L, 1604 ;PD393 , 1686 ;PUIE2, 931 ;PDIE2,1114 ;PD728 1114
| ;PD728,1168;PD726 1895 ;PD722,1894 ;PD714 1892 ;PDEA2 , 1092 ;PD60A 1694 ;PDESE , 169
| 8;PDE94 1186 ;PD5I4 , 1169 ;PD596 1171 ;PDEAR , 1175 ;PDEDS 1177 ;PD728,1177;PD722,,11
| 75;PD726,1171 ;PD728 ,1163;PD728, 1157 ;PDI92 1157 ;PD994 , 1155 ;PD10A2, 1147 ;PDI6A4

s
| 1138;PD1684,565 PD1041 565 :PD1643,563;PD1047 559 ;PD1849 , 551 ;PD1049, 342 ;PD184

mtm.move( z = z_up, rate = retract speed)
mtm.move(0.175,1.618, z_up, traverse_speed)
mtm.move( z = z_down, rate = plunge_speed)
mtm.open_group(0)

mtm.move(0.866,1.618, z_down, cutting speed)
mtm.move(0.868,1.616, z_down, cutting speed)
mtm.move(0.88,1.616, z_down, cutting speed)

Virtual Machine pper Hifab
Environment FABNET Control mL|' tira

0NOo VIRTUAL MACHINE ENVIRONMENT 10 - REV. A2
MACHINE COMPONENTS

FTDI USB <-> RS485 J3: FABNET

mtm( ):
| ==> XYZ Driver is LAUREL TRI-AXIS @ 192. 168. 233. 146 “reaquire

J1: 7.5V J2: 1224V >

I——> Spindle is LAUREL TRI-AXIS @ 192. 168. 166. 80 “reaquire )
--> Trunnion  is GENERIC VMO “aquire

7.5V POWER
12-24V POWER

FILE: 'apmmpcbborder.py " run as lines | “run as file |

CURRENT LINE: mtm.spindle_on(0)
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XY STAGE




THE XY STAGE: KINEMATICS

Shuttle/
Tool
Holder




THE XY STAGE: STRUCTURE

Four C-Chanel Extrusions Symmetric Bolt Pattern




THE XY STAGE: MECHANISM

“

Drive Pulleys

Synchronization Shaft

uttle Bushings

Sh
. AN
Drive Shaft |

Rollers - \ Belt Tensioner

Drive Belts

- |
\dler Pulleys —




THE XY STAGE: MECHANISM




THE Z AXIS: DRIVE MECHANISM

Stepper Motor

Helical Beam Coupler

Guide Rail (x2)

Leadscrew

Bushings

Leadnut

Thrust Bearing Assy



THE Z AXIS: TABLE

Sub-Frame Sub-Table Mounting

Working Surface

Leveling




TOOL-HEADS AND CAPABILITIES




5 AXIS TRUNNION




STRENGTHS

*Low Inertia -> High
Acceleration

*Direct Drive -> High
Speed

¢200mm”3 Work Volume

eFixed Table -> Tall 3D
Prints

WEAKNESSES

e[ ow Stiffness -> No
Heavy Milling

e[ ow Basic Resolution:
0.0035” (~0.0015 with half

stepping.)




current (A)

STEPPER MOTOR SELECTION

Lin Engineering 4209M-02P

Resistance = 2.35 Ohms
Inductance = 3.2 mHenries

ANAHEIM AUTOMATION 17Y9204S-LW4: t_rise = 0.000647

150 200 250 300 350 400 450 500
speed (mm/s)

current (A)
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Lin Engineering 4209L-03P

Resistance: 58 Ohms
Inductance: 82 mHenries

LIN ENGINEERING 4209L-03: t_rise = 0.005442

12V
57.4Q
81.8mH

0

100 200 300
speed (mm/s)

NOTE: t_rise is the time for motor current to reach 100%.



DRIVEVOLTAGE SELECTION

Current Rise Time: |2V

Anaheim Automation 17Y9204S-LW4: t_rise = 0.000647

current (A)
o
o

12V
2.35Q
3.2mH

Max Speed: 24V

—3)18000 0.0001 0.0002 0.0003 0.0004 0.0605 0.0006  0.0007

e 0 75% Power @ 400mm/s

Max Speed: |12V ANAHEIM AUTOMATION 17Y9204S-LW4: t_rise = 0.000319

41% Power @ 400mm/s | | | |

24V
2.35Q
3.2mH

ANAHEIM AUTOMATION 17Y9204S-LW4: t_rise = 0.000647

o
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300 350
speed (mm/s)

360 380
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DRIVE ELECTRONICS

Allegro A3967

C1: 68uF J1: CONTROL

&

ca: aaoiF
[ ca: 680pF
R5: 56KQ 5602 808 Re: 56KQ

e 1 ol I c5: 100nF
1l [153] @ |p1:
I R7: 15KQ 3l10ka
C3: 100nF
m s

J2: MOTOR

- 8 uSteps/Step
- 750mA/Phase

Allegro A3982

C1:88uF  Jq: CONTROL

R3:24.9KQ R4:24.9KQ

P1:
10k (@
C2: 100nF ol C5: 100nF
0)
Ri0g 2 R2:0.10

R1:0.1Q

J2: MOTOR

- 2 uSteps/Step
- 2A/Phase




THE NETWORK

Virtual Machine Environment NETWORK + POWER

‘ANO VIRTUAL MACHINE ENVIRONMENT 10 - REV. A2
MACHINE COMPONENTS

FTDI USB <-> RS485 J3: FABNET

mtm( ): o J1: 7.5V J2: 1224V N

--> XYZ Driver is LAUREL TRI-AXIS @ 192. 168. 233. 146 ( reaquire ) I

A
--> Spindle is LAUREL TRI-AXIS @ 192. 168. 166. 80 ( reaquire )
--> Trunnion is GENERIC VMO ( aquire )

7.5V POWER

EILE: |apmmpcbborder.py ( run as lines ) (“run as file )
CURRENT LINE: mtm.spindie_on(0)

12-24V POWEI‘Q

Stepper Motor Control DC Motor Control RC Servo Control

us
g n:I [EE] R3: s600 uz e‘”gd:"é{z
I _ |§| m ﬁl T
FABNET— ) § ﬁ 3 @ m
2 & IE -4 =1 Ig.ﬁ ! . [ =%} _I!mlll
l . RS: zoKo § 9, ! c1: 47mr e

FABNET —> 2l FABNET —)» T
£

l Ic7 100nF
[ cs: 10008 ”xxxz\zxc

i m B O <«s-svors
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GENERAL PACKET FORMAT

[
[UNICAST|MULTICAST]

[SOURCE IP][SOURCE PORT]

[DEST. IP][DEST PORT]
[LENGTH]
[----PAYLOAD----]
[CRC CHECKSUM]

]




MOTION CONTROL

WWW

http://mtm.cba.mit.edu/fabinabox/vm/076-001e.py

NODE URL: http://mtm.cba.mit.edu/vm/876-001e.py
USING LOCAL VYMD: 876-881l1e.py

Virtual Machine Object

'®NO VIRTUAL MACHINE ENVIRONMENT 10 - REV. A2 s1 . [BE1IR7: 5600

' 2002
MACHINE COMPONENTS p m ﬁ O [B8TlRs: 5600
u1

C4: 6.8pF C5: 6.8pF
B

U3 Re:20knR2:5600 K2
[561]

OKQ

R10

a =N 8
. R1: 560Q
--> XYZ Driver is LAUREL TRI-AXIS @ 192. 168. 233. 146 reaquire ) B - c2:00nF X1 M M LY

--> Spindle is LAUREL TRI-AXIS @ 192. 168. 166. 80 ( reaquire )
--> Trunnion is GENERIC VMO ( aquire )

J1: FABNET

EILE: apmmpcbborder.py ( run as lines ) ( run as file )

CURRENT LINE: mtm.spindie_on(0) C O nt rO I F i rmwa re




MOTION CONTROL

VM Environment on PC MICRO-CONTROLLER

MACHINE
DESCRIPTION

VM Object Firmware

MOTION CONTROL CODE




FIRMWARE

*PACKET HANDLING
*BRESENHAM LINE ALGORITHM
CIRCULAR QUEUE

*ANTI-BACKLASH




BRESENHAM LINE ALGORITHM

RULE #1:Always step along major axis.

RULE #2: Step in minor axis if error > 0.5 steps.




BRESENHAM ALGORIGTHM...THE TRICK:

How do you know when the error is > 0.5?
Don’t you need to know the slope?

Y STEPS

X STEPS

ALWAYS STEP IN X AXIS.

SLOPE = (Y STEPS) / (X STEPS)
ERROR = (Y STEPS)

ACCUMULATE ERROR EACH X STEP

WHEN ERROR > 0.5(X STEPS), TAKE A STEP INYY.
OR,WHEN 2 x ERROR > X STEPS.




VIRTUAL MAJOR AXIS
FOR DISTRIBUTED MOTION CONTROL

mtm.move(8,3, 1)

X STEPS =8

2-AXIS

CONTROLLER T4
____ Y STEPS = 3

.
L)
.
.
e®

CONTROLLER -\-/-I-RTUAL STEPS = 8

= MAXIMUM STEPS




CIRCULAR BUFFER: ACCOUNTS FOR RAPID SERIES
OF MOVES, SUCH ASWHEN GOING AROUND AN ARC.

Write Pointer

l
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Read Pointer




3 AXIS MOTION CONTROL

mtm.move(X,y,z,rate)

Machine Hardware Description
i.e. step angle, linear reduction,
control system topology, etc...

VME

vmo.spin(x_steps, y_steps, z_steps, move_time)

PC-BASED FIRMWARE

VMO | Does complex calculations such as
floating point and division.

[key, dir., max_steps, X_steps, y_steps, z_steps, counter_top]

MCU-BASED FIRMWARE

MCU | Does timing-critical calculations and
/O control.




mtm.cba.mit.edu/fabinabox/




