T-Bot Plotter

Principles of Operation

Motors, Electronics, Software
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Motors



Earth’s north pole

https://courses.lumenlearning.com/physicalgeology/chapter/9-3-earths-magnetic-field/
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Types of Motors

DC motors

AC motors, induction motors
Stepper motors

Servos

Brushless DC motors



Stepper Motors



Drive Mode

Wave Dive or
Single-coil Excication
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2 phases
8 poles
50 teeth

2-Phase

4 steps moves rotor by 1 tooth position
200 steps per revolution

https://www.orientalmotor.com/stepper-motors/technology/2-phase-vs-5-phase-stepper-motors.html
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H-Bridge
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Figure 9. L298N Block Diagram (Left Half) (L298N Datasheet)

Functions
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S1 S2 S3 S4 Result

1 /0 0 1 Motor moves right
0 |1 |1 0 Motor moves left
|O 0 0 0 Motorfree runs
0 1 10 1 Motorbrakes

1 /0 1 0 Motorbrakes

1 |1 0 0 Shoot-through

0 0 1 |1 Shoot-through

111 | 1 1 Shoot-through
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A4988

Stepper Motor Driver Chip
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GND

logic power supply |
(3-5.5V) —I

Pololu Stepper Motor Driver Board




Protoneer CNC Shield

Motor
Cable

Jumpers set micro stepping



O
g

O
@

iDOGODOGOOOODG(
O p—2==2r=0 o[0 oo o|ofo oo oldlo] ©
OR==2ERLILE s 5 s[E = Elg| ©
o B2 siusana 1% % 5)2 2 2|5 o
= d ™ pl—e— =lw) ™
@ O[o O Of= 3 oo ool o
WODQOOOOD glcocococoon™
SO 2[CI0| &P oIS~
S #O[O] Sf3 10[0]
Ole s ] (] =21 200~
(W3 Mi%yN3
OOOOOOOOOmmoOOOOOOOw
(5B
= N [CXCXE] ro: IIPN Ofo 0 o] ﬂnu.
ofcogoocooodf,oobocococoon 4
- JOIolR |1 o[O[0] =
Ok ololl_|Is o10]
O 4 ] ] e = (][] -~
N H (W
Coooo000 [CooOCOOOO
000 00O = O
EOOQOODOOOM
sexzz= 0cool |oll+ls
mmwmwmaoooJ "
SREREimoo | o[
X > N < x<[>[~]=2] %

Resolution

Microste

MS2
Low

MS1

MSO
Low

Full step
Half step

Low

Low Low

High
Low

Quarter step
Eighth step

Low

High
High
High

Low

High
High

Sixteenth step

High



EN

o0 |on | = feapafi>
CONN_&

Disable Drivers

i3 Holel
i3 Hole2

RSTYEND/EDALSCL

EXT—V—L0
20

Ext—1
12-36Y

!E!
KB
CORNG

SHIELDL

|
{
PL
Stop-GND
IStop
P4
®
i

m
lo
xJ
o
n
x kel 2
’H
O,
P3
Stap - GNP TS
XStep
P&
@ @]
=

OF MW O

ARDUTNG_SHIELD

|

R/ TX1
33 SVARY

b
.l
o
a
~+
g H
Qo O
P2
0p—-GN
Y5tap
PS
®; @
i -J
|
o
a
L%4]
-+
k=

EN YWMOT
M51  GND |

M52

n
N
o

M53 2 24

RST
SLP

a
-
a
=

STEP VDD

DIR __ GND GND
Z-bxisl

EN VMOT g : EXT-Y

MSL  GND & P

M52 » 2B

MS3 S 24 ?

RST € 14—

slp = | |—2

STEP DD |—2

DIR _ GNp 1
V_Axlal

TN WNOT
MS1  GND
{152 » 28
2IMs3 g 24
TORST £ 14
AN sp = 18
¥—GIEP gg STEP VDD
R DIR—18niR  GND
Do ¥—xiel
= 9,
2ipi]
g 8 - EXT-Y
[ENy—<fEN  vNOT
-l 1 10 MSl GND 7 LPSMALL
DEES 11 3
25 M52 » 2B
3 53 z 5 5
22 MS3 S 2413
RST £ 14
SLP = 18 g
STEP  vDO —Z
DIR  GND GND
S—axlsl




F0VN

.

-
- =
‘ , - i g Spindle Direction
' , e Spindle Enable
] ] g Limit Z-Axis*
' : z Limit Y-Axis*
. , . Limit X-Axis*
" , o E Stepper Enable/Disable
' : C Direction Z-Axis
' ' Direction Y-Axis
Reset/Abort® ' ' |} Direction X-Axis
Feed Hold* . ‘ (@) Step Pulse Z-Axis
Cycle Start/Resume* ' . B Lt Step Pulse Y-Axis
Coolant Enable : : Step Pulse X-Axis
(not used/reserved) : .
(not used/reserved) - : '

W ARDUING . CC

* - Indicates input pins. Held high with internal pull-up resistors.



[ NON ) stepper | Arduino 1.8.9

stepper §

1// The following is a simple stepper motor control procedures,

2

3 # define EN 8 // stepper motor enable , active low

4 # define X_DIR 5 // X -axis stepper motor direction control

5# define Y_DIR 6 // y -axis stepper motor direction control

6 # define Z_DIR 7 // z axis stepper motor direction control

7 # define X_STP 2 // x -axis stepper control

8 # define Y_STP 3 // y -axis stepper control

9 # define Z_STP 4 // z -axis stepper control

10

12 // Function : step . function: to control the direction of the stepper motor , the number of steps
13 // Parameters : dir direction control , dirPin corresponding stepper motor DIR pin,

14 // stepperPin corresponding stepper motor " step " pin , Step number of step of no return value
15 */

16 void step (boolean dir, byte dirPin, byte stepperPin, int steps)

17 {

18 digitalWrite (dirPin, dir);

19 delay (50);

20 for (int 1 = 0; i <steps; i++) {

21 digitalWrite (stepperPin, HIGH);
22 delayMicroseconds (100);

23 digitalWrite (stepperPin, LOW);
24 delayMicroseconds (100);

25 }

26}

Arduino/Genuino Uno on /dev/cu.usbmodem14101
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Firmware: | GRBL a Port: T) /dev/tty.usbmodem14121 v Baud: 115200 v part_2.3.nc Browse Q~ Search (8+) @

Common Actions | Jog Controller £ 5| Visualizer
XY Step size: 0.7
mm Z Step size: ]
Feed rate: 11 ¢
Y+ Z+
X- X+
Y- Z- E
(@)
Controller State (DRO) Macros =) '_.'
cO
Active State: Idle
Latest Comment:
_Reset | X 0,00
XNyl
[XARIN) l
“Reset | Y: 0.on 21.17 mm |
0100
: Console £ | Overrides Tan
~ Reset | Z: G-GG $122 = 11.000 (Z axis acceleratlon mm/sec/\Z) . .
P $130 = 201.000 (X-axis maximum travel, millimeters) Feed Spindle Rapid
Hhi $131 = 201.000 (Y-axis maximum travel, millimeters) Feed: 100%
$132 = 201.000 (Z-axis maximum travel, millimeters) eed: - -
ok . )
[GC:GO G54 G17 G21 G90 G94 MO M5 M9 TO FO SO] Spindle:  100% reset
X Probe Soft Reset ok . .
>>> $X Rapid: 100% + ++
Y Door Cycle Start [MSG:Caution: Unlocked] | — — .
7 Hold ok Toggle: I spindle II 00 II mist I
Command:

universal gcode sender

Step size: 0.7mm Loaded File: 31074 rows |




GRBL Settings

Specification
$S

Calculation of grbl settings for GT2 belts

$100=80 // x steps per mm = 16 * 200 / 40

$101=80 // y steps per mm



GCODE (NIST RS-174)

GO - rapid motion

G1 - linear motion (e,g, G1 X40 F1000)
G20 - set units to inches

G21 - set units to millimeters

G28 - return to home

G90 - use absolute coordinates

G91 - use relative coordinates
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Stall Steady State Operation
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— speed-torque line moves at constant
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Torque Curve

Torque vs Speed
m Torque proportional to current
m Speed proportional to voltage
Theoretical curve
m Stall torque / current

m Speed under no load



M Speed - Torque Characteristics
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vDD

microcontrolier

r -
3

GND

logic power supply |
(3-5.5V)

Potentiometer sets current

Vref =1 * 8 * Rsense
Rsense=100 milliohms(?)
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4988 - 16 microsteps
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https://softsolder.com/2017/12/05/mpcnc-a4988-driver-micr -waveform



4988 - 16 microsteps

2 10.0) 35¥ 45¢ +0.00s 1002

v , -
: [ I : : :
: | : §
I + .
. e s J

it LIS TR R | _-_W breire—r——t,

| : .

I

oo Wa.we

~|-|~|-|-f-|~|~ A .....,...|.|.|‘|‘.+..|.,.,..[.....|.|.§.,.,.,.,.i.....,.,.é.,.,.....h

|
|
'é . | . . . . .
t1 = 200.0us 12 = 256.0us At = 56.00us 786t = 17.86kKHz

https://softsolder.com/2011/06/20/stepper-sync-wheel-current-waveform-first-light/




{1 10.07 2 S5.00V —0.00s 20.03/ ongl41 ST0P

.|...|...|...i...~|...|...|.‘~hm,i_.‘~d~d_+.‘..|...|...i...|...|...|...'h_ ....

https://softsolder.com/2017/11/29/mpcnc-12-v-supply-vs-stepper-current-vs-axis-speed/




4988 - 16 microsteps
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PWM - 20 KHz
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http://circuitcellar.com/cc-blog/stepper-motor-back-emf/
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Chopper Driver

Drive motor with 20 Khz PWM at 24V

Current sense resistor

Feedback loop to adjust pulse width to set
current (too much, decrease width, etc.)

Notes:
m Current controlled, voltage doesn’t matter

m Inductance can changes waveform



Modular Machines






Types of Motors



Servo

SG90



Brushless DC

Turnigy TrackStar Sensored Brushless Motor 1900KV



Precision Gear Motor

Servocity



