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Le radici dell 6Automatica sono
sin dall éinizio si  nutrita del
matematici e della creativita di grandi ingegneri. Tra i grandi fisici

del secolo XIX, James C. Maxwell:
O GOVERNORS

1.C. MAXWELL

From the Procesdings of the Royal Sockety, Ne [0 15865

A GOVERNOR is a part of a machine by means of which the wlocity of the
machine is kept nearlv uniform, notwithstanding variations in the driving-power or
the rosistance,

Most governors depend on the centrifugal foree of a piece connected with a
shaft of the machine. When the veloeity inereases, this foree inereases, and either
increases the pressure of the piece against a surface or moves the plece, and 80 acts
on & break or a valve,

Questa memoria presenta il primo rigoroso studio formale della
stabilita del regolatore di Watt e si puo considerare come |l
primo contributo alla cosiddetta Teoria del Controllo.
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Tra 1 grandi ingegneri del XIX, Werner von Siemens, che nel 1882
brevetta un regolatore centrifugoincuil 6 a z I 0 n evienepere g

la prima volta deliberatementei nt r odot t a, per az
condizioni di equilibrio. Il movimento del collare del viene integrato
medi ante I ntegr atuctare@ilindi@c.cani c 0 &

JERE!
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Le prime applicazioni alla guida automatica risalgono agli
Inizi del secolo XX. Nel 1922 Nicholas Minorsky introduce I

controllo PID nel progetto di autopiloti. ™ AUTOHATICHELY SRzRED popies
Il controllore di Minorsky venne
sperimentato con successo sulla USS s & 08 d e ek
New Mexico. Tuttavia, | 0OappariaiiMmgs==cvenne
poi ri mossdpeisonalegdu ant o fi s wmooverox
bordo si opponeva strenuamente alla P! ‘;;‘;’;_iff;‘giidi‘;‘i;tf;‘caj;;a;b‘j;?nc‘;;";‘;t;‘;;"‘::”te{
guida automaticao . B peuiibiity of Obtafring miors woeurate steiring'by
Nel 1947, un C-53 effettuod la el ke ffs“fniﬁf&fﬁiﬁ;ﬁiﬁ"ﬁﬁiﬁefhebﬁ32112?3
prima trasvolata atlantica i, e ht‘:bmfzisdfitr%;“;fnpﬂ?gﬁii
autopilotata, compresi decollo e T o e e e st
atterragglo. y largilybﬁtiﬁﬁ lt;yu?:s use the absence or reduction of
J yawing in action means a better efficiency in gunfire,
increased maneuvering speed and also a greater cruising

radius.

In the case of airships, especially for long distance
trips, directional stability is also of importance because
the behavior of direction indicating instruments is then
more satisfactory which leads to a still better stabilization,
so that the certainty and safety of aeronavigation is
thereby increased to an additionally greater degree.
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The Bell System Technical Journal

Nyquist

Regeneration Theory
By H. NYQUIST

Regeneration or feed-back is of considerable importance in many appli-
cations of vacuum tubes. The most obvious example is that of vacuum tube
oscillators, where the feed-back is carried beyond the singing point. Another
apgg;ation is the 21-circuit test of balance, in which the current due to the
unbalance between two impedances is fed back, the gain being increased
until singing occurs. Still other applications are cases where portions_of
the output current of amplifiers are fed back to the input either unin-
tentionally or by design. For the purpose of investigating the stability of
such devices they may be looked on as amplifiers whose output is connected
to the input through a transducer. This paper deals with the theory of
stability of such systems.

PRELIMINARY DiscussioN

HEN theoutput of an amplifier is connected to the input through

a transducer the resulting combination may be either stable or
unstable. The circuit will be said to be stable when an impressed small
disturbance, which itself dies out, results in a response which dies out.

comune con | a

Relations Between Attenuation and Phase in
Feedback Amplifier Design

By H. W. BODE

INTRODUCTION

THE engineer who embarks upon the design of a feedback amplifier
must be a creature of mixed emotions. On the one hand, he
can rejoice in the improvements in the characteristics of the structure
which feedback promises to secure him.! On the other hand, he
knows that unless he can finally adjust the phase and attenuation
characteristics around the feedback loop so the amplifier will not
spontaneously burst into uncontrollable singing, none of these ad-
vantages can actually be realized. The emotional situation is much
like that of an impecunious young man who has impetuously invited
the lady of his heart to see a play, unmindful, for the moment, of the
limitations of the $2.65 in his pockets. The rapturous comments of
the girl on the way to the theater would be very pleasant if they were
not shadowed by his private speculation about the cost of the tickets.

In many designs, particularly those requiring only moderate amounts
of feedback, the bogy of instability turns out not to be serious after all.

Bode
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La percezione che | 6AuU
prendendo la forma di una disciplina autonoma,
nel |l 6ambito dell 6i ngegn
dopo la fine della seconda guerra mondiale,
durante la quale le applicazioni alla
movimentazione dei radar e dei pezzi di
artiglieria avevano conosciuto uno sviluppo
notevole e determinante.

La potenza della retroazione:
Apparati accurati da componenti imprecisi
Loeffetto di di sturbi v
Variabili di interesse possono essere regolate
Comportamenti prefissati possono essere imposti

at
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Due considerazioni:
C anche le Scienze di Ingegneria non possono non
nutrirsi di Teoria
C | OAut omati ca

S affer ma c¢come
all i ncroci o d

i
i FI si ca, | ngeg
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Al'l i ni zi o degli anni sessani
provocano un enorme balzo in avanti:
C La corsa allo spazio
CLOavvento dei calcol ator | di
C | principi del controllo ottimo (Pontryagin in Unione
Sovietica, Bellman negli Stati Uniti) si rivelano
iIngredienti indispensabili nella soluzione del problema
del | 6atterraggi o morbido sul
realizzazione di voli spaziali con esseri umani a bordo.
C Il controllo integrato mediante elaboratori digitall,
Introdotto nel 1959 dalla Texaco in un processo di
raffinazione, per la regolazione e il coordinamento di
livelli e riferimenti, diviene rapidamente la tecnica
standard per il controllo di processi industriali.
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C Le equazioni di stato si afflancano ai modelli
Ingresso-uscita. Un passo importante, che prelude a:

A lo studio di modelli non-lineari

A il progetto integrato controllore/processo

Una rapida crescita di sotto-specialita:

identificazione

controllo ottimo

controllo stocastico

controllo adattativo

controllo robusto

v I > > ()

Le applicazi oni l nvadono tutt
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Da: K.J.Astrom, The Future of Control, 2009
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Da: K.J.Astrom, The Future of Control, 2009



