CMPUT 399
Intro Robotics & Mechatronics:

Motor Control

Some slides are taken from Northwestern University’s “ME 333 Introduction to
Mechatronics” by Kevin Lynch.



DC motors

* DC motors: cheap, most common

e DC motor?
https://www.youtube.com/watch?v=LAtPHANEfQo



https://www.youtube.com/watch?v=LAtPHANEfQo

Brushed permanent magnet DC motor

Lorentz’ law: F=IlIxB
— current flowing through a magnetic field creates a force on the wire carrying the current

T = 2df cos 0

torque
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- use 3 loops

- still have torque ripple

- insufficient torque > use coil instead of wire
- commutators to switch current

Torque changes direction - switch direction of current
- still torque varies



Model of DC motor Control

Lw 1
>
Electrical power (input)

e IV =10+ RIZ 4+ LI% -4 ... (friction loss, heating, etc.)

Mechanical power (output)

e V="w+RI+L%
I dt

k, : torque constant : characteristic of motor

Open-circuit: /=0

¢ V=kt(,l)

back-emf (electro-motive force) voltage
Opposing the driving voltage



Speed-Torque curve

dl
* V =kew +RI+ J/—

Speed-Torgue curve

j w
V R T
® () =
kt kt kt o = |4 nominal mechanical power
0=7"
o ey /
¢ (l) — (,()O - T nominal operating point
Tg Wnom
continuous |
operating |
region |
|

Tnom ktV
Tstall = R

w: no-load speed
T.: prevent moving = large torque (t=£k, ) =
large current = (Power=RI?)= overheating (over long period of time)



Mechanical power in speed-torque curve
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Mechanical power in speed-torque curve
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Motor specification (datasheet)

118742 118743
Motor Data (10 W)

Values at nominal voltage

Nominal voltage Vv 12
No load speed rpm 4850
No load current mA . 26.3
Nominal speed rpm 3800
Nominal torque (max. continuous torque) mNm k 28.6
Nominal current (max. continuous current) A : 1.24
Stall torque mNm 129
Starting current A

Max. efficiency %

Characteristics

Terminal resistance Q

Terminal inductance mH

Torque constant mNm/A

Speed constant rpm/V

Speed / torque gradient rpm/mNm

Mechanical time constant ms

Rotor inertia gcm?
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DC motor control

* @Goal: drive a DC motor with micro-controller Vim :'j C
7, W
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d|g Out d|g Out 50% duty cycle
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— TON: Time requires for pulse to remain ON i.e. HIGH State
—— TOFF: Time requires for pulse to remain OFF i.e. LOW State
—

o Low voltage
o Low current

Add a switch o to control speed we use PWM
V. = k. + IR + LY o PWM controls duty cycle of
dt

Large change of current = sparks closing/opening the switch

use diode (flyback diode) o 10KHz<f<40KHz '
current decay to zero exponentially o ef\ablt.e us to control speed in 1-
enable us to turn motor on/off direction

0O 0O 0O O O O

o bi-directional >>> H-bridge



H-bridge

closed switches:

S1, 54 : forward
S$2,S3 : reverse
S1, S3: brake
S2, 54 : brake
one/none: coast

DC motor control

OUT1 OUT2
off off coast
H L forward
L H reverse
shorted brake



Motor Control System

* Complete motor control system

i ref PID torque /

H-bridge

current
motor

position Current current i?/v"(\'/l"z o)
uty!
: (6a) Motion command 4 error p| |
i P controller [
i controller 1
1 - :
| |
i measured measured 5 KHz !
pOSition current inner IOOp :

i current
i | sensor
| 200-1000 Hz
i outer loop '
i counter

] encoder




BLDC motors

e Brushless DC (BLDC) motor:
https://www.youtube.com/watch?v=bCEiOnuODac



https://www.youtube.com/watch?v=bCEiOnuODac

