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« TASK/ACTIVITY: Motor control
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S ACTUATOR

 An actuator is a component that is responsible for moving and controlling a
mechanism or system

* Examples of systems that use actuators:

Valve actuators Electric motors Pneumatic actuator
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https://res.cloudinary.com/hni-corporation/image/upload/f_auto,q_auto,w_450/HON/Marketing%20Resources/Product%20Information/A-Pneumatic-Seat-Height-Adjustment-Animation.gif
Valve%20actuators
https://valenciatheaterseating.com/theater-seating/cinema/verona/

Envu TYPES OF ACTUATORS

 DC motors

e Servo motors

* Stepper motor

* Hydraulics

* Pneumatic actuator

Pneumatic cylinder

Hydraulic motor
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https://torcstark.com/wp-content/uploads/2021/11/The-difference-between-hydraulic-motor-and-hydraulic-pump-1-1.gif
https://ae01.alicdn.com/kf/H32cc0a8e5a014baea9f826db83a8a433x.jpg
https://i0.wp.com/randomnerdtutorials.com/wp-content/uploads/2018/05/giphy.gif?resize=480%2C270&quality=100&strip=all&ssl=1
https://grabcad.com/library/dc-motor-88
https://www.youtube.com/watch?v=VMwv4XFZ2L0
https://drufelcnc.com/publications/img/05_Stepper_Motor/gif5.gif

ELECTRIC MOTOR

An electric motor is an electrical e« An electric generator operates in the
machine that converts electrical energy reverse direction, converting

into mechanical energy mechanical energy into electrical

ener
Circuit 9y
symbol:

Electric Motor Generator
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https://upload.wikimedia.org/wikipedia/commons/8/89/Electric_motor.gif
https://upload.wikimedia.org/wikipedia/commons/8/89/Electric_motor.gif
https://stickmanphysics.com/wp-content/uploads/2020/02/Generator.gif

@An EIECTRIC MOTOR - WORKING PRINCIPLE

* Interaction between a magnetic field and a current carrying conductor
produces a force (called “Lorentz force”)

Thumb
Thrust

&——| Forefinger
Field

s | Centre finger
Current
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https://www.bbc.co.uk/bitesize/guides/zc3dxfr/revision/3
https://thumbs.gfycat.com/AbsoluteSillyIndianglassfish-mobile.mp4

WORKING OF A DC MOTOR

www.LearnEngineering.org

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

Envu BRUSHED V/S BRUSHLESS DC MOTORS

Brushed DC motor Brushless DC Motor, How it works ? - Lesics

Rotor Coils

Stator
Magnets

Shaft

Brushes

* Permanent magnets for outer stator
* Rotating coils for inner rotor

e Commutator with metal contact brushes to
reverse the polarity of the rotor

* May cause sparking due to wear of brushes

Permanent magnets for outer rotor
Rotating coils for inner stator

No brushes

No sparking, less noisy, longer life
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https://www.youtube.com/watch?v=bCEiOnuODac
https://zeva.com.au/Tech/Motors/PMDC.gif

@nu DC MOTOR DIRECTION CONTROL (Half-bridge)

 An H bridge is an electronic circuit that enables a voltage to be applied across a
motor in the opposite directions

« To explain the H bridge, we begin with the consideration of a half bridge

» Consider the circuit below with 2 voltage sources, 2 switches and a DC motor:

SWi1

SW2
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EnNvu HALF-BRIDGE CIRCUIT (using switches)

SW1 | B1 SW1 J

o
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SwW2 ¢ B2

| |
|l

o
N

SW2

When SW1 is closed, B1 is connected to the motor, current flows from left to right, motor
turns in one direction

When SW2 is closed, B2 is connected to the motor, current flows from right to left, motor
turns in the opposite direction

SW1 and SW2 cannot be closed simultaneously, as this leads to B1 and B2 being in
short-circuit

What electronic component can be used instead of a mechanical switch?



Anvvw HALF-BRIDGE CIRCUIT (using transistors)

« Consider the circuit below with switches replaced by two NPN transistors for electrical

11111

= IN 1
: T = V\NV‘IArAv Q1
IN - . o———\WWW Q 81
ACa— ] ai o
~
: (v
+ | - ~n
2 . o)

» CASE 1: IN1is high, Q1 conducts = motor turns in forward direction by B1
» CASE 2: IN2 is high, Q2 conducts = motor turns in reverse direction by B2
* IN1 and IN2 cannot be driven high simultaneously, as this leads to B1 and B2 being in

short-circuit
The main disadvantage of a half bridge DC motor drive circuit is that it requires a dual power supply

NOTE: These circuit diagrams are for conceptual understanding only, diodes will be required in the half-
bridge circuit for control of a DC motor in real life

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19



By DC MOTOR DIRECTION CONTROL (Full-bridge)

CASE 1 ~ o +Veo CASE 2 : —

[ ) |
- I T sw2 Svm/i 1 —

| ) ] I e~ B |

) - ] [ M/ ]
qw:f 7 P isw-n SW3 l - ¥ swa
i urrert Q urrent

- - L L

» A full-bridge circuit is called a H-bridge (the shape of the circuit resembles the letter “H”)

Consider the circuit show, which consists of 4 switches, 1 voltage source, and a DC motor:

» CASE 1: SW1 and SW4 are closed (SW2 and SW3 open) = V. drives motor in forward
direction

» CASE 2: SW2 and SW3 are closed (SW1 and SW4 open) = V. drives motor in reverse
direction

NOTE: These circuit diagrams are for conceptual understanding only, diodes will be required in the
H-bridge circuit for control of a DC motor in real-life

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19



H-BRIDGE CIRCUIT (using switches)

H-bridge forward

Vmotor

H-Bridge

NOTE: These circuit diagrams are for conceptual understanding only, diodes will be required in the H-bridge
circuit for control of a DC motor in real life
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https://s3.amazonaws.com/cs2n-curriculum/Electrical+Foundations/Unit-4-Controlling-Signals/M-007-Motor-Control-Boards/h-bridge.gif

SET
HIGH

H-BRIDGE CIRCUIT (using transistors)

H-bridge using transistors

SET
LOW

NOTE: These circuit diagrams are for conceptual understanding only, diodes will be required in the H-bridge
circuit for control of a DC motor in real life

1K
AA'As
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@A~nvu DC MOTOR DIRECTION CONTROL (H-bridge)

Diodes are used to prevent damage to switching elements from inductive kickback
[Vcc

Q3 04

(1) Using Transistors

To control a DC motor in real-life, the full-fledged H-Bridge circuit in figure (1) can be used

stop

forward

reverse

HliRlolo|>

Hlolwlolm

PROHIBITED

SwW1 \

A

7 Sw2

sw3 \

A

)
M)

A

/ SW3

L
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@Anv WHY IS DIODE REQUIRED IN A H-BRIDGE?

Shoot-Through S1 and S3 Closed 52 and 5S4 Closed

 In the prohibited case, i.e., turning ON switching Short Circuit! ~ Short Circuit! ~ Short Circuit!
. . . + +
elements on same side of the bridge simultaneously, i \j/ L
. . . ' S22 S1IN“__/
creates a short circuit > _
y O N S SO G N
: : - i T ¥
. Whlle in  other cases, when current is oD b oD
instantaneously cut off in a H-bridge (when Souree 0
switching from forward to reverse or vice-versa), *
the stored magnetic energy results in a high i«
spike in voltage across the motor (inductor): A o

di . di .
V =L d—; .V increases as the d—; term increases,

T

* A B
expressing a high flyback voltage, which 01 forward
damages the transistors ‘ T PRONIENTED

* In either case, the diodes provide a path for the current during the switching periods,
dissipating the energy as heat, to protect the switching elements.
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https://prototyperobotics.com/tutorials/the-h-bridge

ENv DC MOTOR DIRECTION CONTROL (L293D IC)

enable1, 2 Vee 1l
input 1 input 4
output1 output 4
H-Bridge 1 GND GND
GND GND H-Bridge 2
output 2 output 3
Source input 2 input 3
deil Vcc 2 enable 3, 4

« Motor driver ICs are integrated circuit chips that simplify control of motors

« The L293D is a 16-pin Motor Driver IC which can control two DC motors
simultaneously and independently

« It can provide 600mA per channel at a supply voltage range of 4.5V to 36V

« It has an internally embedded diode so there is no need of external diodes for
interfacing the DC motor
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https://www.circuitbasics.com/how-to-control-dc-motor-speed-and-direction-using-l293d-and-arduino/
https://maker.pro/custom/projects/all-you-need-to-know-about-l293d

NYU

ACTIVITY -1 (DC MOTOR: DIRECTION)

enable1, 2 Vecl
input1 input 4
output1 output 4
H-Bridge 1 GND GND
GND GND
output 2 output 3
input 2 input 3
Source Vcc 2 enable 3, 4
L293D
— Ent Vet
3 INg 2
= OUT1 ouT4 Bl
—Hov ov |2
—ov ov 2
—ourz  outs |
—7 IN2 IN3 i
= +Vmotor EN2 i
Source

Wiring Arduino with L293D and DC Motor

H-Bridge 2

Sam e
a9 R
! DIGITAL (PWI

™

-
xmm ARDUINO

=[]
L
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https://www.circuitbasics.com/how-to-control-dc-motor-speed-and-direction-using-l293d-and-arduino/
https://www.rs-online.com/designspark/basics-of-l293d

Envu ACTIVITY -1 (DC MOTOR: DIRECTION)

CODE L293D
— en i LR
int IN1 = 11; 7/ input 1 void loop() { =l ol
int INZ = 18; // input Z Ll oori | aimlied
tnt ENL =95 // enable pin digitalWriteCIN1, LOW): o wlm
void setup() { f{ ;Et piﬂ £ on L2930 LOW —?ov ovf?
pinMode(IN1, QOUTPUT); digitalWrite(INZ, HIGH); //(W -:-OWZ OWST;
pinMode(IN2, OUTPUT); // set pin 7 on L293D HIGH, turn OW s D
pinMode(EN1, OUTPUT); delay(3008) ; e e
FPoset INL, INZ and EN1 pins in OUTPUT mode Jf for 3 seconds
digitalWrite(EN1, HIGH); Source

Ff set enable pin on L2930 HIGH digitalWriteCIN1, HIGH):

} Ffoset pin £ on L2930 HIGH, turn CCW
digitalWrite(INZ, LOW);
A set pin 7 on L2930 LOW
delay( 3008 ) ;
S for 3 seconds
}
Program
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https://www.rs-online.com/designspark/basics-of-l293d
https://drive.google.com/drive/folders/16PghRlhxYYCm3I1ChiXP6RtyE0MMlApb?usp=sharing

Envu ACTIVITY -1 (DC MOTOR: DIRECTION)

NOTE: Speed of the DC motor was reduced to clearly show the change in direction in the video

How to control the speed of a DC motor?


https://drive.google.com/open?id=1VxBs_m0Vmkx7xgT7y70qX6-WoshybIL4&authuser=krr9721%40nyu.edu&usp=drive_fs

PULSE WIDTH MODULATION

Pulse Width Modulation

. 0% Duty Cycle - analogWrite(0)
Effective — — — - Sv

25% Duty Cycle - analogWrite(64)

Sv
Period

L _ i _ — 1.25 V

Ov

50% Duty Cycle - analogWrite(127)

Sv PulsesWidth
- - 5 - — 125V
Ov

DC mOtor Speed 75% Duty Cycle - analogWrite(191)

can be controlled Sv 3.75V

using PWM ov

100% Duty Cycle - analogWrite(255)

Source
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https://www.circuitgeeks.com/arduino-pwm/

DUTY CYCLE

. | on

uty CYC a = A
tDN + tDFF

tDN = ON time

Torr = OFF time

t,, + torr = Time period

A period

100% -

0% -
- L . -
on-time ~ off-time
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ACTIVITY - 2 (DC MOTOR: SPEED)

Same circuit as ACTIVITY -1 L293D

EN1 +V fr—

IN1 IN4 e

OuT1 OUT4

oV OV e
oV OV e

ouT2 OouT3

IN2 IN3

n

+Vmotor EN2

Source

RIESE]
[ ]

NOTE: Arduino pins with "~” sign next to the pin number are PWM pins, used to control actuators using PWM
(here, pins 10 & 11 is used to control a DC motor)
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https://www.rs-online.com/designspark/basics-of-l293d

ACTIVITY - 2 (DC MOTOR: SPEED)

DC Motor Speed Control Code

#idefine E1 9 7/ Enable Pin vold Loop()
#define IN1 11 // Control pin 1 for motor -- CW {
#define INZ 10 // Control pin 2 for motor -- COW digitalWrite(IN1, HIGH);

vold setup()

1
pinMode(El, OUTPUT);
pinMode(IN1, QUTPUT);
pinMode(INZ, OQUTPUT);
}

Program

digitalWrite(INZ, LOW);

analogWrite(El, 7208);
ff value between 8-255 Enable pin controls PWM
JA20B --> 3.9V (duty cycle = 2007255 ~ 78%)

delay (4008 ) ;

analogirite(El, 119);

/4 reduce the speed by about half (Z.15V)
delay (4008 ) ;

analogWrite(El, 85);

/4 reduce the seed further (1.67V)

delay (4008 ) ;
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https://drive.google.com/drive/folders/1BPx8hYaLRCbTnBhV77sdluy0DRKC008C?usp=sharing

ACTIVITY - 2 (DC MOTOR: SPEED)

Y S

- ,:% U‘N
e,

AROUING
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https://drive.google.com/open?id=1ZBXpPJCggsBTa9xU9ES6gaG8EqW4ehBY&authuser=krr9721%40nyu.edu&usp=drive_fs

NYU

« Servo motor is a type of actuator used for angular positioning

e Standard servo typically has a movement range of 180 degrees

« Continuous servo has a freedom to complete one full rotation

el Source

Standard Servo motor Continuous Servo Motor
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https://k155la3.blog/media/2020/allbot_rust_part2/servo.gif
https://drive.google.com/file/d/1FgNx5tt7_uBe_7X8Ga85pzCn0haUpANS/view?usp=sharing
https://www.sparkfun.com/servos
https://www.sparkfun.com/servos

Bnvu STANDARD V/IS CONTINUOUS SERVO

Standard servo only turns over a range Continuous rotation servo turns
(usually 0°-180°), with precise feedback continuously, with control over its
control over its angular position speed and direction

Source Source

Standard servo example: Robotic arm Continuous servo example: Mobile Robot
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https://www.cs2n.org/u/mp/badge_pages/669
https://cdn.shopifycdn.net/s/files/1/0084/2799/5187/files/7_3ad4c889-8bb7-41ce-8bbb-5ef6ba5a7d69.gif?v=1647564810

HAnvw SERVO: SECTIONAL & EXPLODED VIEW

Position Potentiometer

DC Motor

Small Microcontroller
or Specialized Servo IC

Sectional View

Exploded View
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K Nvu SERVO PARTS

/ Servo motors are constructed out of basic DC
motors, by adding

Gear system

 Gear reduction
« Position sensor for the motor shaft
Output Spline\  prive Gears
sovoCase,_ g% « Electronic circuit that controls the motor's

Control Circuit

operation
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SERVO CONNECTOR

) Servo Connector:
Black — ground
Red — power
White — signal

Figure 4-1

Servo
(1) Plug
(2) Cable
(3) Homn
(4) Case \Ldﬂ
D White
Red | ®) Servo
Black
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Anvw INTERFACING ARDUINO WITH SERVO

NOTE: Always power the Arduino after making the connections

M o~
— o~

O ~NWOWLT MmN A
==t 2 2 2
A )

!
s
DIGITAL (PWM =

- OO UNO

Rx - ARDUINO

Careful!
Don’t mix up
these wires!

NOTE: Pins with "~” sign next to the pin number are PWM pins used to control actuators using PWM
(here, pin 9 is used to control the servo)
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Envu ACTIVITY - 3 (SERVO 0" TO 180)

vold loop(d{
for{pos=0; pos<=180; pos+=1){
// goes from @ to 188" 1in steps of 1°

" II|.-|'t .

#include <Servo.hs myservo.write(pos); . . o
o . S/ tell servo to go to position in variable 'pos

SEervo myservo, delay(15):

//create servo object to control a servo
int pos=8, }
S variable to store the servo position

S waitts 15ms for the servo to reach the position

for(pos=188; pos>=0; pos-=1){
vold setup(){ // goes from 18@° to @°
myservo.attach(9); myservo.write(pos);

) ) // tell servo to go to position in variable 'pos’
// attaches the servo on pin 9 to the servo object delay(15):

} S waitts 15ms for the servo to reach the position

Program
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https://drive.google.com/drive/folders/1fBjb28qFwqQpp1kQmUU9gGeF3TnJKuTE?usp=sharing

Envu ACTIVITY - 3 (SERVO 0" TO 180)

SM-S2098
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https://drive.google.com/file/d/1Fa9ONiHjxu3_3vUTnRorBrdrympqlCnn/view?usp=sharing

CONTINUOUS SERVO

Pulse length changes to
control servo direction

1.3 ms

Vdd (5V) j
Vss (0V)

Clockwise:
1300 ps (1.3 ms
bs ( ) — *Each pulse is from 1300 to
1700 us (microseconds) in
—>| |<— 1.5ms duration
Stopped: Ves (OV) ﬂ
s  The pulses repeat about 50
1 1.
500 ps (1.5 ms) ] times each second---once
every 20 milliseconds
—>| |<— 1.7 ms
Vdd (5 V)

Counter-clockwise:
1700 ps (1.7 ms) Vss (OV)
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MOTOR CONSIDERATIONS: SPEED

« More speed requires more voltage Speed: (For same power input)

High speed motor Ordinary motor

Voltage requirement: 6 | Voltage requirement:
-8VDC 4-6VDC

Speed: up to 180 RPM | Speed: up to 50 RPM

SPEED f VOLTAGE %

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers
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https://drive.google.com/file/d/1Z9daJcNUkPXwZwm7r3soFymq3OBGwWSV/view?usp=sharing
https://drive.google.com/file/d/1Z9daJcNUkPXwZwm7r3soFymq3OBGwWSV/view?usp=sharing

BEnvu MOTOR CONSIDERATIONS: TORQUE

 More torque requires more current

High speed motor Ordinary motor
Current requirement: 15 | Current requirement:

- 180 mA 15 - 200 mA

Torque: 1.6 +/- 0.8 kg- Torque: 2.74 kg-cm @
cm@ 7.4V 6V

| B

High Speed Servo v/s Ordinary Servo (Higher Torque)

Current ﬁ

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers
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https://drive.google.com/file/d/1yAIH9E68rejQWXM-QbnBwwOoXItMA5Y9/view?usp=sharing
https://drive.google.com/file/d/1dw8Lo-UvgW-92-lsE2V-8qY6pg4zRaEz/view?usp=sharing
https://drive.google.com/file/d/1yAIH9E68rejQWXM-QbnBwwOoXItMA5Y9/view?usp=sharing
https://drive.google.com/file/d/1dw8Lo-UvgW-92-lsE2V-8qY6pg4zRaEz/view?usp=sharing

Envyu CHALLENGE ACTIVITY

Control servo motor using potentiometer and 3 LEDs to glow at 0, 90 and 180

xl #
-~ b
—
—’ ‘+
0°
I ) :
Q — ﬂ
90°
N s
-~ =
Sou Source —
~f \#
Source e
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https://salerud.xyz/product_details/20555098.html
https://www.sparkfun.com/servos
https://makersportal.com/blog/2020/3/21/raspberry-pi-servo-panning-camera

Envu CHALLENGE ACTIVITY - SOLUTION

I ¢
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https://drive.google.com/file/d/1-82NKzvKkpKamLpjWGg53_OUFJV3umZE/view?usp=sharing

CHALLENGE ACTIVITY - CIRCUIT

CIRCUIT

grEzoa@ mwn

T
DIGITAL (PWM

™

-
scmm ARDUINO

.
.
.
.

)
)

wrvesn |

= =

LY

REE
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CHALLENGE ACTIVITY - CODE

CODE
#include <Servo.hs _
Servo myservo; void setup() {
// create servo object to control a servo myservo.attach(3);
int pot_pin = @; /¢ attaches the servo on pin 9 to the servo object
// analog pin for the potentiometer pinMode(red_led, OUTPUT);
int wval; pinMode(green_Lled, OUTPUT);
// variable to read the value from the analog pin PlnMode(blue_led, OUTPUT);
int red_led = 5: //sets all LED pins to output mode
int green_led = 6; }

int blue_led = 7;
S/ variable declarations for LED pins

Program

(Contd.)
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CHALLENGE ACTIVITY - CODE

CODE
vold loop() { _
digitalWrite(red_led, LOW); if(val < 5){
digitalWrite(green_led, LOW); digitalWrite(red_led, HIGH};
digitalWrite(blue_led, LOW); // turn the red LED on
delay(1); delay(l);
// delay 1n between readings for stability // delay for LED to stay on (avoid wvisible flickering)
. ¥
val = analogRead(pot_pin); if (val > 165){

// reads potentiometer value (value between @ and 1823)

val = mapCval, @, 1023, ©, 180); digitalWrite(blue_led, HIGH);

A/ maps analog value --> servo angle (value between @ and 18@) delay(l);
mygewn,w-"i_te(uu]_); if ("u"l:l]. = 8@ &% val < 11@){
// sets the servo position according to the scaled wvalue digitalWrite(green_led, HIGH);
delay(15); delay(1);
/S wailts for the servo to get there }

}

Program

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19


https://drive.google.com/drive/folders/1wmgvtc8V6Hvrv7qaEiy5Yo6OqZl_WnxG?usp=sharing

TASK / ACTIVITY

* Find duty cycle and power, when PWM on time is given
* DC motor direction control for two motors

* DC motor speed control for two motors

* DC motor speed and direction control for two motors

* Servo motor angle control (user input)

* Rotational servo motor Calibration

* Rotational servo speed control

* Rotational servo motor direction control
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Thank You!

Questions and Feedback?
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