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Mechatronics—Introduction

What is Mechatronics?
At a first glance:
e Mechanics + Electronics = Mechatronics

e Mechatronics: The introduction of electronic controls
into mechanical components. (Web definition)
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Mechatronic designs involve:

Mechanical systems
Electricall systems

Actuators (such as motors)
SENsors

Control systems
= Implemented in software and/or hardware
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The design approach oft Mechatronics:

Subsystems of different nature (such as
electrical’ and mechanical) are designed
together, rather than independently.

Manufacturing censidered also at design time.
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Topics

Modeling oft mechanical and electrical systems

Mathematical models
= Provide a common representation of systems of: different nature.
s [ransfer functions, state space models, block diagrams.

System response
= Describes how variables change in time.
= Simulation.

Control systems

= Control algorithms that guarantee the system response to satisfy:
stability, time, and error Specifications.

s PID control.

Actuators
= Electric machines (motors and generators).
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System Models

A first step in the mathematical modeling of systems is
obtaining a simplified model in terms, off elementary
mechanical and electricall components.

Simplified mechanical models involve:

= Blocks, springs, dampers, ...
Simplified electrical models involve:

= Res|stors, inductors, capacitors, dependent SOUFrCES, ...

[For a summary: off mechanical and electrical components,
see the Randout.
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models.pdf

Mechanical Modeling—Friction

Coulemb or dry: friction.

f
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How to make a damper ...

PISTON HEAD WITH ORIFICES

HYDRAULIC FLUID

A damper resembles a shock absoerber.

A shock abserber might not eperate according to the same linear
eguation.
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How to make a damper ...

PISTON HEAD WITH ORIFICES

COMPRESSIBLE FLUID

Tihe figure illustrates the principle offa damper or shock absorber.
Not only friction, but also' compression/extension due to stem volume.
Various enhancements possible.
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Shock absorbers

Monotube Twin Tube

piston

high
pressure
gas

From
Downloaded on June 3, 2016. Public domain. Author:
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https://en.wikipedia.org/wiki/Shock_absorber#/media/File:Shock_Absorbers_Detail.jpg
http://www.hyperracing.com/pages/home/tech_department/chassis_setup/shock_tech.aspx

System Models -- Example

A first step in the mathematical modeling off systems is obtaining a
simplified model'in terms of elementary: mechanical and' electrical
components.
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Writing the Equations ...

Identify the rigid parts; of the system.

Associate a displacement variable to
€ach moving part.
= For simplicity, use the same direction for all
variables.
Each displacement variable will'have
OnNe eguation.
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Writing the Equations ...

Method 1: Use free body diagrams.
Method' 2:

s \Write' weights and externallferces on one side of the
eguation and the remaining forces onithe other side:

m Select arbitrarily: the'sign of one of the terms.

= [he other signs must be consistent with the force and
displacement directions. M, g and z; In the same
direction Imply:

s In the eguation of z, all terms in' z must have same sign
(stability). Here, in the equation. of zy, all terms In z;
(Inaciuaing. /ts dervatives) must fiave: the same. sigri.

+Mog = +MozZ1+k3z1—B(20 — 21)
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Writing the Equations ...

There will be one equation for each displacement
variable:

Myz3 + k123 + ko(23 — 2)

+B(22 — 21) — ko(23 — 22)
+MoZ1 + k3z1 — B(20 — 21)
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Rotatory Systems

Gear
Transmission

The same methods apply:
s zo0, Mo, for

Identify. the rigid parts of the system.

Associate a displacement variable to each moving part.
= Preferably, all displacements should have the same sign.

Each displacement variable will have one eguation.
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Writing the Equations ...

Gear
Transmission

J1§4 — B(93 — 94) The gear ratio n

J~0 B(b~ — 6 (O~ — 0O modifies both torque
265 + 503 4) 1 k(6> ! and displacement.

no3
J301 + k(01 — 6>)

In the equation of & all terms in 6 must have the same sign.

= [n the equation of 65 all terms in 65 have the same sign. This remains true after
substituting 8, = nos.
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Electrical Systems

Nodal analysis recommended.

= Select reference node.

= Mark unknown nodal voltages.

= Write KCL for each node of unknown voltage.

= Substitute the current of each circuit element using the element
eguation.
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Write KCL for’each node of unknown voltage.

i1 = io + ic e = i1 + i3
Substitute the current off each circuit element using the element
eqguation. 1 i i

| LN U2

US 7 3 s " N
- MNTDF L
Rq R Sipder i)

’Ij&j
v1 — 2 (v —vy)
R3
i3

N >

ic

A >

t
: : , o
O =i1) = ir(0) + 7 O/ vy (z)dz +
2
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In the equation of the node of voltage v, before substituting dependent
source expressions, If all terms in v: are written on the same side of the
eguation, they have the same sign.

N >

13

jQ\ ic ,_Z/;
Vs Vs T g 'US_’UQ
O I=sie— 200y vi1d =
R2—|- (0o —v31) R
it
‘ 1 v1 — 20 . _
0 = zL(0)+—/v1(x)da:+ ¥ e ST Y
L R3 ~ ~ v
O M ~~ = ?‘C
i
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Laplace Domain Equations

Models > systems of differential equations.
Differentiall eguations can be studied in the Laplace domain.

The |l .aplace transformisubstitutes functions of time f(t) with functions
E(s) that depend on the LLaplace variable's.

With' zeroe initial_ conditions, the following substitutions: apply.

TIME DOMAIN LAPLACE DOMAIN
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Llaplace Domain Equations

Example:
f=M:34+bz+ kz

Write the eguation in the Laplace domain (a) in terms of z; (b) In
terms of the velocity v. Assume zero initial conditions.

Solution:
(@) LFsli—= MSQZ(S) + bsZ(s) + kZ(s)

(b) Since v = % It must be that V(s) = sZ(s). Therefore:

F(s) = MsV(s) 4+ bV (s) + ks 1V (s)
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Laplace Domain Equations

Withr nonzero initial conditions, the following substitutions apply.

TIME DOMAIN LAPLACE DOMAIN
s™1Z(s)
Z(s)

sZ(s) —z(07)

s?Z(s) — % (07)—s-2(07)

n—1 n—2

Z
dtn—l

Z

s"Z(s) — T2

(07) —s- (07) —--—s™"1.2(07)
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Llaplace Domain Equations

Example:
f=M:34+bz+ kz

Write the equation in the Laplace. Assume nonzero initial conditions.

Solution:

F(s) = Ms?Z(s)—Mz(07)=Msz(07)+bsZ(s)—bz(07)+kZ(s)
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Circuits in the Laplace Domain

Time Domain Laplace Domain Laplace Domain
ZERO initial conditions NONZERO initial conditions

i(t) C

||

+ v(t) —




Impedance Diagrams

Impedance diagrams represent electric circuits in the
llaplace domain.




Analogies

Electric analogy )

off mechanical (viscous frictim

Systems:
M- C M

k> 1/L ’UQT

B' > 1/R

f >
N =\
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Impedance Diagrams

Impedance diagrams applied also to mechanical systems,
using the electric system analogy:
M= C, k> 1/L, B=>1/R, f =i, and v. > v.

A block'Is represented by a ground connected capacitor.

Mechanical equivalent of an Ungrounded capacitor: the
iInerter (invented! by Prof. Malcolm C. Smith).

pinion flywheel




Motion Mechanisms

Gear transmission In creation.

7 ' University of Cambridge (Profs. Malcolm Burrows & Gregory Sutton),
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Motion Mechanisms

Cani be selved by considering the power balance.

Example: Consider the following conveyor mechanism.

= [lhe motor'is connected to the first pulley by means of a reducer
(gearbox) of ratio 7.

= I’he combined inertia of the moetor and gearbox Is /...
= he mass of the belt is m.
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Motion Mechanisms

et 7., and w,,, be the motor tergue and velocity. Let G = Mg.
Ty Wy — Sy Dy Wiy + (M ) + [1 w5 + [50505 1 06 sin 6

Substituting w,,, = nwy, Wy = :—1(1)1, and v = rw;q:
2

T — JrWm + Mgry ﬁsin v
Where

(MAm)ri+]y | Jorf
+ 25D
1

2
n 7

Je =Jm +
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Motion Mechanisms

Suppose the mechanism has an efficiency. 1.

ihe power balance eguation becomes:
mem

1
= | D Wy T ﬁ (M + m)vv+ [10;0; + [50;05 + vG sinf]
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