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Il SESSIONE - ANNO 1997

Ramo: Elettronica TEMAN. 1

Si vuole realizzare un sisterna per la misura della massa di acqua perduta durante un
processo di liofilizzazione di composti chimici. Il valore della massa di acqua sara
acquisito dal sistema ad intervalli di tempo prefissati, memorizzato dal sistema ed
inviato ad un calcolatore ad esso collegato.

Le specifiche a cui deve soddisfare il sistema sono le seguents:

Portata: 200 g

Massa di acqua perduta: fino al 90% della massa totale

Incertezza: 1 g

Campo di temperatura: da— 70 °Ca+20°C

Campo di pressione: da 1 Paa 1-10 ? Pa

Frequenza di acquisizione dei campioni del misurando: 0,1 Hz

e Tempo di esecuzione dell’intera procedura di misurazione: 48 ore.

Il sistema sara interfacciato con un Personal Computer, che inviera i comandi di
predisposizione all’inizio della misurazione e ricevera tutti i dati acquisiti alla fine di
ogni sessione di misura.

1l sistema & costituito da un trasduttore posto niella cella di liofilizzazione, collegato ad
un processore situato all’esterno della cella, come indicato schematicamente in fig. 1.
I trasduttore & composto da un piatto mobile, su cui € posta la massa in misura,
vincolato alla base con un sistema di sospensione elastica.

I valore della massa & determinato misurando la variazione della capacita del
condensatore costituito dal piatto mobile, in alluminio, ¢ da un piatto, anch’esso in
alluminio, solidale con la base. 11 dielettrico € costituito dall’aria residua presente
nella cella. Il coefficiente di dilatazione lineare dell’alluminio & 2,2-10” °C”.

Si supponga che la struttura meccanica del trasduttore sia gia stata progettata secondo
lo schema di fig. 2. La sospensione elastica € realizzata con tre molle del tipo “Flat
Spring Steel’, con costante elastica {‘Spring Rate’) pari a 0,15 N/mm. Le altre
caratteristiche per lo svolgimento del tema sono ricavabili dalle pagine allegate (H.
Neubert, Instrument Transducers, Clarendon Press, 1963, pp. 34-43).

Si richiede il progetto di massima dei circuiti elettronici che compongono 1l sistema,
comprensivo del microprocessore per la gestione della misurazione, I’estrazione
dell’informazione di interesse, la memorizzazione dei dati e I'interfacciamento con il
Personal Computer.

Suggerimenti per Jo svolgimento del tema.

1. E’ opportuno innanzi tutto scegliere il metodo di misura che permetta la
determinazione della capacita con I'incertezza voluta.

2. Si individuino eventuali procedimenti di correzione sulla base della conoscenza dei
valori delle grandezze di influenza significative (s1 ricordi, ad esempio, che
variazioni di temperatura provocano variaziom nelle caratteristiche ¢lastiche delle
molle).



3. Si indichi lo schema a blocchi dell’intero sistema, mettendo in evidenza 1 moduli
funzionali che lIo compongono.

4. Si disegni Jo schema elettrico del circuito che realizza il metodo di misurazione
scelto con I’indicazione dei componenti necessari. Se vi Sono piul possibilita, si
preferisca quella di presumibile minor costo.

5. Si disegni lo schema elettrico degli eventuali circuiti ausiliari per la misurazione
delle grandezze di influenza.

6. Si scelga il processore che si ritiene pidl adatto (microprocessore o DSP) e s
disegnino i circuiti di interfacciamento fra P’elettronica di pilotaggio del trasduttore
ed i canali di ingresso del processore (eventuali convertitori A/D, convertitori
frequenza/tensione, ecc.).

7 Si stimi I’incertezza che si prevede di ottenere sulla base dei circuiti e dei
componenti scelti. Nel calcolo dell’incertezza ¢ opportuno tenere conto anche di
elementi parassiti, come ad esempio la capacita dei cavi di collegamento, ecc.

8. Si scelgano ’hardware ed il protocollo per il collegamento del processore con il
Personal Computer.

9. Si determnini la procedura per la taratura de! sistema di misura e si scriva il
sottoprogramma (flow chart ¢ istruzioni in linguaggio C) per I’esecuzione
automatizzata della taratura. '

Domanda aggiuntiva:
Si indichi i} flow chart della procedura per ’invio dei comandi di predisposizione del
sistema di misura da parte del Personal Computer.

Cella di liofilizzazione

Processore

Personal
computer

Trasduttore

Fig. 1
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d = 12 mm a vuoto {piatto mobile e vassoio vuoto) e alla temperatura di nferimento di 20 °C
massa totale a vuoto (piatto mobile + vassoio): 260 g

Fig. 2
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a liquid will be described in 8
type transducers (Fig. 4.2.32). A ligquid-
transducer of this typ
acceleration transducer
velocity of the moving fluid.

the heart of the electro-mec
greatest care and consideratio
the primary scnsing clements,
are simultaneously the seat

this section.
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An angular acceleration transducer employing the rotary inertia of

ection 4.232.2 on unbonded strain gauge
damped angular acceleration
o is subject to the same effecta as o rectilinear
due to variation of fluid’s density and the

3.32. Springs

3.321. Spring design. An instrument spring is moro often than not
hanical transducer and thus warrants the

n in design and manufacture. Froequently
auch aa pressure capsules ot diaphragms,
of tho restoring force, and their spring
characteristics have to conform with the characteristics discussed in
Tven in the design of forco-balance type transducers
(Chapter 5) which theoretically do not require mechanical springs, they
s mind of the designer since guido elements for the
moving parts are invariably required and these often constitute an
andesired mochanical spring <tiffness. This also applies to elootrical
botween the moving and stationary parts of this type of

are very much in th

connexions

transducer.
The relative movements in instrument transducers are usually amall

and engineering approximations for small deflexions of springs arc there-

fore applicable. Fig. 3.11 summarizes well-known design formulae for

basic spring configurations with linear deflexions, and Ifig. 3.12 those

for angular deflexions. The dimensions are in English engineering units

for convenience, B and G are the moduli of elasticity (Young's modulus)
and of rigidity, respectively, both measured in 1bjsq. in. Fig. 3.13 shows®!
the stress factor for helical springs as & function of the ratio D/d. Values
of E and @ for various spring materials are listed in Table II in the
following section 3.322 on spring materiala.

Fig. 3.14 shows examples of spring guides sommonly used in instru-
ment transducers, which are composed either of leaf springs?® or of
spring diaphragms.®® As to the latter it is obvious that the multiple-
start spiral cut produces & more flexible guide than the single spiral,
and that the unwanted rotation of the centre is smaller. The diaphragms
with segment and cantilever outs are free from rotation, bub the former
has a very restricted defiexion and soon bscomes non-linear. The
diaphragm with the cantilever cut makes use of the second of the two
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n = number of turns; K, = stress factor (see Fig. 3.13)

Fig. 3.11. Design of basic linear defloxion springs,
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Fra. 3.12. Design of basic angular deflexion springa.
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types of parslle]l spring guides in Fig. 3.14, It has an excellent per-
formance if the diaphragm is perfectly flat and fres from initial buckles.
The spring diaphragms of Tig. 3.14, and similar forms, can be pro-
duced from thin sheet material either by an etching process or, when
atacked and clamped between solid end-plates, on an engraving machine.
In al} leaf springs burrs and deformations must be completely avoided
:n order to obtain optimum flexibility and linearity.
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Ratio D/d

¥10, 3.13. Stross factor K, of helical aprings oa o function of tho ratio
of mean diameter D to wire dismoter d.

10

Iig. 3.15 showa spring pivots, either consisting of a single-leaf spring
(which can also be maohined from molid material) or of two pairs of
crossed-leaf springs. The crossed spring pivot is widely used in instru-
ment work and its properties have been investigated both theo-
reticallyth 30 and experimentally®>”. There is & gecond-order
displacemont of the axis of rotation, especially ab large angular de-
flexions, which can be computed from

g o= (3:67—4:441)10-44(5-5—2-41)10-%%
] == free length of spring strip (inches),
& = angular deflexion (dogrees).

At the small angular deflexions commonly used in ingtrument trans-
ducers this orror ia negligible. As compared with other types of pivots
tho crossed spring pivot is virtually frictionless. 33

(42)
where

3,322. Spring malerials. An ideal material for instrument aprings
should have the following properties (see also section 3.1):

(1) Low valucs of B and G (moduli of elssticity and rigidity).
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Fra. 3.15, Dosign of apring pivots.
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(2) High values of atress at limit of proportionality and of yield

Bod _ E‘ ' . strength.
g & E % 4 8537 g‘ 3 g 2 g (3) Low values of hysteresis, creep, and elastio after-effect.
E‘E‘E@ % x ag?’ «4% & g % 4} High values of endurance and fatigue strength.
2| HEEEZS B3R 83 A 3 _B8¢g (4) g es gu g
E -;' ﬁ B88° _E & .E‘ ° 3 E E q i’g "ﬁ o (5) Tow values of thermal expansion.
2 EE % EE 8 EE EE E § g 'E.% E% (8) Low velues of variation with temperature of E and G.
S B - 7} Resistance 10 corrosion.
: G EB) Rase of machining andfor joining techniques.
?"ﬁ‘ LR & (9) Simple heat treatment or none required after manufacture.
%E ?%‘-; L ?; ﬁ{ 5' '-:T ﬁl 2 (10} Low and stable values of electrical resistivity.
o |2 "eT%‘ 481" (11) Ease of sloctrical connexion to spring by way of clnmping or soft
B = 3 goldering.
o
E Hé"“a- “_sg . . ° T In all applications there is, of course, the demand for low cost and essy
oy ‘é%‘ Eﬂ_‘{; & ANBRS = *% & 3 8 availability in convenient form of spring materiala, For oxample,
s E >3 480 ' | J‘ v+ L2 beryllium copper, one of the best spring materials with respect to (1) to
58T ! | (7) above, falle short of the ideal with respect to (8), (9), and (11),
§ g 3 besides being rather expensive. It is therefore obvious that the choice
— 38 : 56 o b - ® e o of the most suitable apring material for a particular application will
T 5 g E% Lasar 8 I e a compromise botween conflicting requiroments.
e E B E‘E‘é The main reason for ihaccuracies in the performance of instrument
y E,, i aprings is the variation with temperature of the spring dimensions
& E o s o4 (coofficient of exponsion) end of the moduli of claaticity, E, and rigidity,
B %%"E s hwa T - @ & o . In order to help the designer in hia choice of & suitable spring
3 3 “%*E = an® e 27 matorial with respect to temperature stability, Table 11 has been com-
3 s biled, though in epecific cases more detailed information may be ex-
k: TR - " trncted from specialized aourcen. 3438343738 If the basic expressiona for
v h iz ®ls o own E Lo =@ EE the spring rates of different spring configurations aro written in &
. 7, RESIT AT 2 mel & oo generalized form we have
% ~3% - P wit i
+ mEo s L8 Cantilover: - = const —z— (43 a)
8l 4 g SERER B ” : J :
) % ;Ubgﬂi i ag%sﬁf_}ﬁbﬁﬁ Holical: ;-.——_cdnat;ﬁ;j?-. {43 b}
" S| mmo S B A A :
5 !
- 'E-g | !.a % %- Torsional: % = conat QT,E’ (43 ¢)
~ ‘i %%E%E E 4 2 p d th di i i te can be shown
% E £ g 2 3 . 5 ¥ 4 % a::: hzﬁﬁa corresponding percentage errors in spring ra
- iéia P Hdalg e 1 | )
u (‘antilever: [1— {1+uﬁT){1+ﬂﬂT}] 100 = 100AT (2 +c), (44 8)
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; 1
1 — — a T , 44
Helica [1 TS g (E=T M}]m 100AT(a-km),  (44D)
r . 1 i
Torgional: [1 —_ {1+u&ﬂ"]“{l+mﬁT}1 100 == 100A T (3a-+m), (44 ¢)

where AT = temperature variation (°C)

s == thermal coefficient of linear expansion,
¢ = thermal coefficient of modulus of elasticity. E,
m = thermal coofficient of modulus of rigidity, .

The percentage errors per degree Cof spring rate for a number of BPTINg
materials, when employed in cantilever, helical-, and torsional-type
aprings, havo heen computed from equation (44 (a—c)) and are listed in
Table 111.3% In addition to the spring rate errors of oquation (44) and
Table 111, there is & sero-shift error with temperature which is propor-
tional to (e AT). Its magnitude is & function of the length of the spring,

ita geometry, and the manner in which it is being used.

TapnLE 111

Porceniage errors of spring rate per degree Centigrade of canlilever,
nelical, and torsional-type springs for various spring materials
{—50 to 4-50° C)

Cantilever | H slical Porsional
Pirno wire 0-0260 0-025 0022
T'hosphor bronzo 0-034 0-038 0-035
Beryllium copper 0-032 0031 0-028
Ni-span-C 0-0008 0-0008 0-002

3.33. Damping

The significance of damping in the dynamic performance of trans-
ducer systems has been discussed In gection 3.2. The differential equa-
tion of a linear gecond-order system with sinusiodal excitation was

(equation {26)):

¢ k k
4 ——— = = el 5
s Satrz= o0 (464)
-} 2524 (wi4-8%)2 = %a{t'}, (456b)
L1} 2 k
z-"'l" ﬁhwn i-l—mﬂz _ aﬂ{t}, {45 ﬂ}

N i )
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m

and ' 75’:"'% ¢tz = 8(t), 45d)
T354-T, 2+2 = 8(0) (45 2)

whero
undamped circular natural frequency: we = J{kfm), {46)
damped circular natural frequency: wg = J(wd—3), (47)
ratio: wgfwe = J(1—h8) (for B < 1), (48)
damping factor: 8 = cf2m, : (49)
eritical’ damping factor: 8, = @o = Jikjm), (60)
damping ratio: b = 8/8, = 8we — curg|2h = ]2 (km), (51)
logarithmio decrement: ¢ = omhfJ(1—h2) (for b < 1), (52)
timo constants: Ty = 2hfwq; T3 = 1w, {63)

Tho ratic wafwe of the damped natural frequency to the undamped
natural frequency {equation (48}), and the logarithmioc decrement &
(cquation (52)) have been plotted in Fig. 3,18 against the damping
ratio h, the most commonly used damping notation. At critical damping,
L ig unity. -

: In o practical layoub of damping devices the designer usually starts
by computing the damping force ¢ for & given system, and with tho
additional information of the undamped circular natural frequency,
wy = (kM) the gystem performance ocal conveniently be anelysed
with the paramoters w, and b given {sco section 3.2). Equations (45)
to {63) and Fig. 3.18 will be helpful if altarnative parameters have been
quoted. |

3.331. Air damping. The conventional air-damping devices, such a8
vanca and dashpots, are seldom used in instrument transducers, since
thoy tend to be large and bulky for sufficiently large damping forces.
§esign formulae and typical arrangements of vane- and piston-type air
dampers can be found in textbooks on electrical measuring instru-
ments.?* However, appreciably Jarger damping forces can be obtained
in o small epace, if the air is forced through narrow capillary tubes, OT

.- better still, through & porous ceramicplug. Fig.3.17 shows schematically

4 the latter arrangement in use with acceleration transducers of the un-

: honded strain-gauge type.®® The movement of the seismic mass pumps
aiv from the ohamber through the porous plug, and if the volume of
tho air chamber is amall, a high air pressure, and thus an effective flow
of air in the plug, can be obtained. The temperature gtability of this
|vpe of damper is better than that of an equivalent oil damper, and the
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