Actuators



Introduction
e Electric motors (& J])
— Servomotors : DC / AC

— Stepper motors
— Direct drive electric motors

« Hydraulic actuators (7 &

 Pneumatic actuators (=&



Characteristics of Actuating Systems

Power to Weight Ratio

Pneumatic < Electric < Hydraulic
(stepper < servo)

Stiffness vs. Compliance
— Stiffness (&7d) : resistance of material against deformation
— Stiffer system

» Requires a larger load to deform
* More responsive and more accurate
* More damage to other systems when contact or collide

Pneumatic < Electric < Hydraulic



Characteristics of Actuating Systems

3. Reduction Gears
— Electric motor 2| torque € SFA[7|7] {5 AtE
Torque up / Speed down

— Power 7t 2 hydraulic actuator, direct-drive motor 0| M= AtE
5K e

LS O
> CHE

« Higher weight, more space, more cost
* Increase backlash
* More noise

> 2

« Increase resolution
« Increase inertia — N|O{E 20|5}A &



Characteristics of Actuating Systems

* Inertia and torque relationships
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Characteristics of Actuating Systems

(Example)
I, = 0.015 Kg m?
T, =8Nm
(@) N=3 Ltotat =5 X 075 +0.015 = 0.098
. T 8
Qm = It Tl = m = 81.6 ‘I"CLd/.S‘2
(b) N=30

Lotal = % x 0.75 +0.015 = 0.0158
T

O = = = 506.3 rad /s>
m T 0.0158 rad/s




Harmonic Drive

« Backlash Z|A~3}
— a flexspline gear is used to overcome interference between gears

Flexspline

Cam (Wave generator)



Harmonic Drive

https://www.youtube.com/watch?v=nj1vO3cP7ug



Comparison of Actuating Systems: Hydraulic

+ Good for large robots and heavy payload

+ Highest power/weight ratio

+ Stiff system, high accuracy, better response

+ No reduction gear needed

- May leak; not fit for clean room applications

- Requires pump, reservoir, motor, hoses, and so on

- Can be expensive and noisy; requires maintenance

- Viscosity of oil changes with temperature

- Very susceptible to dirt and other foreign material in ol
- Low compliance



Comparison of Actuating Systems: Electric

Good for all sizes of robots

Better control, good for high precision robots
Higher compliance than hydraulics

Does not leak, good for clean room

Reliable, low maintenance

Can be spark-free. Good for explosive environments
. - Low stiffness

. - Needs reduction gears, increased backlash, cost, weight,
and so on

[ ]
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Comparison of Actuating Systems: Pneumatic

. + No leaks or sparks

. + Inexpensive and simple

. + Low pressure compared to hydraulics

. + Good for on-off applications and for pick and place
+ Compliant systems

- Noisy

- Require pressurized air, filter, and so on

- Difficult to control their linear position

- Very low stiffness Inaccurate response

- Lowest power to weight ratio



Electric Motors

SRS
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Field
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« Stator (X™X}P vs. Rotor (2| ™A
— DC Motor : Stator = PM (A}A) |, Rotor = Winding
— AC Motor : Stator = Winding, Rotor = PM

Air gap Air gap

Rotor
Winding Motor body
PM Stator

Motor body

Stator Winding

DC motor AC motor



Electric Motors

« Heat dissipation path

Rotor
Winding

DC motor AC motor

Air gap Air gap

Motor body Motor body

Winding Ol A & 2/
) T?
I:)electric ZIZR:FRt

t

PM Stator

Stator Winding

1) DC Motor

Rotor — airgap — stator — body

2) AC Motor
Stator — body

% AC Motor 2| stator 0| Il Bt2 MR E 2 = US

— More powerful
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DC Motor
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DC Motor

D.C MOTOR

DC 2E= FUIE 7187|710 Bl O| ALS

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

=Lk

.LearnEngineering.org
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AC Motor

S| ™ XA (rotating flux)

https://www.youtube.com/watch?v=FQRe7K1m8RU
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AC Motor

N|
o

The rotor is permanent magnet,

The stator houses the windings

No brushes or commutators

Changing flux is provided by the AC current

Speed is a function of line frequency

Can dissipate heat more favorably than DC motors; more powerful

Hall Effect IC

Ball Bearing

QOutput Shaft

17



Brushless

- DCHE 35
— AC motor 4
 Rotor : PM

 No brush / commutator

DC Motor

PERMANENT,
MAGNET

PHASE——
cols i\ T C|

Hall Serrsor 12 2

gp— G0 18?3

y > | —>1,4
N

’ 11 | =» 3,6
. QJ —»5,2

Hall sensor= 0| & &t
Rotor? x| 2 &

34 BLDC Motor0l| AP &|= J
AQE AXE 0|83 1532 S
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Brushless DC Motor

> » ) 005 /4:39

https://www.youtube.com/watch?v=bCEiOnuODac
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Brushless DC Motor
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Stepper Motor

E M
-/ O

Stepper motors are versatile, robust, and simple motors.
They require a drive circuitry, but no feedback.

Each step provides a known angle of motion.

Unless a step is missed, speed and positional control is easy.
Stepper motors have soft iron or PM rotors.

Their stators house multiple windings.

Construction is similar to AC-type motors. (no brush)

£ : g

o (§ L _psmemen _ms @an

P . P

@ ®) ©

21



Stepper Motor

« Rotor & Stator O

© Saeed Niku

- Rotating pattern 0|

| Output port |
[ ]
l
@ )
s 13
A 4
|

Microprocessor

Sequence 4 3 21

https://www.youtube.com/watch?v=eygwlLiowZiU
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Stepper Motor

STEPPER MOTOR |

Tube /LearnEngineer?n

https://www.youtube.com/watch?v=eyqwLiowZiU
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DC Motor Modeling

DC ZHo| 2 &
2 & M (voltage)

=5 2HdESk(inertial load)2| 2| % & (rotational velocity)

SISO(Single Input Single Output) system
T8 =clg: M (R), AGEHA(

i(t) R
Kyca(T)
Viseous
\ \ friction
DC Motor | |Moertial
Load J
| 4
T(1)
Torque wir)

Angulor rote

2l 7.2 DC BEE9o 2 E
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DC Motor Modeling

For armature-controlled moter

the motor torque is
T.(s)=K.,I(s) (7.1)

back electromotive-force voltage(EMF)
V,(s)=Ka(s) (72

the equation of motion of motor

Jsa(s)+baw(s)=T._(S) (7.3)

KyealT)

Viscous

\ \ friction
DC Motor | |Loertial
Load J
|

(1)
Torque wi't)
Angulor rote

and,

1
—— = T
@(S) S1b +(9) (7.4)
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DC Motor Modeling

ift) R
For armature-controlled motor ()
\ Hidon
V (s)=V,(s)=RI(s)+LsI(s) (7.5 j )
. . N
and, o
V (S) —V (S) Angular rote
| (s) = § 7.6
(5) Ls+R (7.6)
Electric model Electrrzr:;é]lnetic Mechanical model
T.(s) 1
+ 1 1(s) m\>)
v (s) O I K, s (k)
- Ls+R +
V,(s)
Ke

A2l 73 BEQ| 5%

1A
HO
|
|11
A
|.|-|
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DC Motor Modeling

a(S) _ K,

— P 2K A AHE
V(s) (R+Ls)(Js+b)+K.K,
since physically | ««R
we can make the first order model as
o(S) _ K, 1F} Al AE
V(s) RIs+Rb+K.K
Electric model Electromagnetic Mechanical model
model
+m 1 | (S) Tm (S) 1 1
V(s) Q) " K, Js+b
Ls+R
V,(s)
Ke

Jg73 BEY SN Y 2
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DC Motor Modeling

o(s) K

= MA-EHE = 1K A|AH
V(s) zs+1 = 15 Al
0(s) K ot

V(s) s(ts+1)

C(t) /Sllkope = 1/T /e(t) -1 _ e(1/T)
h 1 — S
whnere __ RJ N
Rb+K_K,
0.632
— Kt

Rb+K_K, S5 o & 3

3 2 o 3 S
y s D N G

T : time constant (A| &) . . T a S



DC Motor Modeling

Physical model of motor
R =16.4Q

] —
i : J =3.8x10""kgm?
. K, =3.2086 x107?V sec/ rad

K, =3.21x102Nm/A

By (7.11) and (7.12) Continuous model of motor

R 16.4x3.8x107"
Rb+ K K, 0+3.2086x107*x3.21x107?

sec =6.051x10°sec

K, 1

K= = — =31.1662rad /sec
Rb+K_K, 3.2086x10

model of motor

By (7.19) to (7.22) o(3) 31.1662

V(s) 0.006051s+1
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