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Controle de qualidade em processos continuos

Motivagado:

Especificacoes de producdo:

pmin = p S pmax o

Mmin < y < Mmax

Kpoin < K<k

max _J

Controle de qualidade:

propriedades fisicas, quimicas

oticas, elétricas, térmicas, etc.

of f-line: amostragem sequida de ensaios em laboratdrio

on-line: medigdo direta em processo (“em fluxo")



Gasolina padrao ANP

Métodos
off-line

) METODOS
CARACTERISTICAS UNIDADES LIMITES ABNT NER ASTMD
Aspecto Aprovada (1) 1495342y | 4176 (D)
for de Aleaol Btiheo g;ﬂdl : % volume 2241 NER 13092
Massa especifica a 20°C kgm’ 735,08 7650 8 1298
L : ; 40635 4052
Destilagdo °C
PIE (Ponto Inicial de Ebuligdo) 30.0a40,0
10% vol., evaporados 45,0 a 60,0
50% vol,, evaporados 70,08 80,0 0619 86
%0 %% vol., evaporados 130,0a 180,0
PFE (Ponto Final de Ebuligio) 160,08 2150
residuo, max %o volume 20
N de Octano Motor - MON . B2 0aB40 MB 457 2700
N* de Octano Pesgumsa - BON = G3.0a980 2600
14149 4953
PreacSo de vapor a 37.8°C, KPa 5402640 . b
: : i 14136 5191
: 5482
Goma atoal lavada, max. mg 100 mL 50 14525 £} |
Periodo de indugio a 100°C, min. min (00 14478 525
Comrostvidads ao cobre, 3ha 30°C, - 14359 130
6363 1266
: 2622
Enxofre, max. % massa 0.04 3120
4533 204
5453
Chumbo, max_ (4) gL 0,005 3237
Hidrocarbonetos:
Aromaticos, max. (3) %% vol. 40,0 4932 1319
Olefinicos, max. (3) % vol 200




Medicoes off-line

Vantagens:

v valores obtidos extremamente precisos
v' conformidade com as normas de produgdo

v’ arquivo de "testemunhas” (valor juridico)

Desvantagens:

v amostragem e manipulagdo laboriosas
v’ resultados demorados com perda de produgdo

v’ altos custos operacionais (equipamentos e pessoal)



Medicoes on-line

Vantagens:

v ndo sdo feitas amostras e ndo ha manipulagdo
v’ resultados obtidos instantaneamente

v’ baixos custos operacionais (automagado)

Desvantagens:

v medidas indiretas das grandezas analisadas

v’ ndo ha "testemunhas”

v ndo conformidade com as normas de producdo...

de "disparo” de procedimentos de controle a

Estratégia de monitoragdo da qualidade e
ll: partir de testes off-line normatizados




Implementagdo da estratégia on-line

software "degustador”
parametros de monitoragao

tenséo de ruptura
— [ viscosidade aparente
granulometria

coloracao, etc.

sensores de
medicao on-line

nao conforme ! amostragem e
atuacio no processo

A
maionese _"_ b e S
— =SNG
emulsdo H 7 e

agua-oleo

quantidade de movimento
interacéo eletro-acustica

atenuacao eletromegnética
transferéncia de calor, etc. .

de sensoriamento as propriedades fisico-
quimicas a serem monitoradas ???

[ Como relacionar a intferagdo com os campos



Sensoriamento e propriedades relacionadas

1) Sonda “inteligente” de temperatura

2) Monitoragdo do coeficiente de convecgao
3) Densimetro e viscosimetro acusticos

4) Sondas de impeddncia elétrica

5) Outros...



Sensoriamento e propriedades relacionadas

Sonda inteligente de temperatura



Motivagdo: operagdo de reatores de leito fluidizado

reacting gas-solid AN
mixture,

p.e. coal and limestone
at 900°C

non-reacting air
bubbles
(exceeding air)

7

protective
sheath

thermocouple

Tind
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Sonda inteligente de temperatura

Operacao de reatores de leito fluidizado:

binary process temperature signal is
necessary to determine residence times
and other granulometric parameters

AN

SN—

Indicated temperature signal is
smoothed and distorted due to the
protective cover
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Reator de leito fluidizado
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Reator de leito fluidizado
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Sonda inteligente de temperatura

direct and inverse problems

process signal |::>

direct problem

»
»

physical interaction
between the probe and
the flow

&
<«

inverse problem

|::> indicated signal

a microcontroller can be used to reconstruct

the process signal from the indicated signal



Sonda inteligente de temperatura

principle of operation
microcontroller

. probe regularization
signal signal method

v

indicated inverse model and reconstructed
process
— —

process signal

N Wy
Y

e

the inverse model and all necessary regularization

procedures must fit into the microcontroller’'s memory
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Sonda inteligente de temperatura

transduction models

dT,
MC dltnd —h A (T —Ting)—€0A (T2 ~Tpng) = 0
dT,,
T dtd _(Tproc_ ind)_y(Too _Tind) =0

I

. MC 4ec( T, +T,4 ;
hA ! h 2
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Sonda inteligente de temperatura

unconditioned solution of the inverse problem

dT;
Toroc = Tina + Td—ltnd —Y(T, —Ti,q) ... Tand vy are calibrated experimentally

first order finite differences scheme

t, = nAt, n=0,1,2,...

HH:> Tproc,n — Z_Ij[(Tind,n _Tind,n—l )+ Tind,n £ (Too

o Tind,n)
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Sonda inteligente de temperatura

synthetic data:
process temperature is a square wave between 900 and 1000 K
indicated temperature is corrupted with 0.01 K random noise

reconstructed temperature has a noise level of 25 K approximately !

process I indicated reconstructed
temperature l_ ——|temperature '~_ | temperature| FL

e
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Sonda inteligente de temperatura

conditioned solution of the inverse problem

dT
Toroc = Tina + ’Cd—ltnd V(T =Tina) ) Toroc = 20,0 =Ty 0 = V(T —a0 )

where a, and a, are respectively the first and the second coefficients of the
least square polynomial adjusting the last M+1 temperature measurements

Tinan _ lastM+1 points |
T (x) = ap+a;x+a X2 HtayxY, x=0,1,2
o indX) = BT XFA XA AANK S, XZOL L
£ f
+ _
a9 = Tingn
‘..,0;'- Hﬂﬁ < dT
....... “"+ A
..... SN a, = —t ind,n
L dt
X —+F n (time)
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Sonda inteligente de temperatura

a, and a, are calculated according with:

L M M M N
a > W, > wk > wk
0 k=0 k=0 k=0
M M M
1 2 N+l
a | _|xXxwk Ywk Y wk
. = | k=0 k=0 k=0
M M M
N N+l 2N
AN [ Twk TwkT Y w,k
| k=0 k=0 k=0 i
— _/

pode ser calculada
previamente porque nao
depende dos valores de T4

obs.: w, are convenient weighting coefficients

V

/

M
2 WkTind,k
k=0

M 1
X wk Tiax

k=0
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Validation tests (synthetic data)

number of adjusted temperature measurements = 10
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Validation tests (synthetic data)

number of adjusted temperature measurements = 60
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Validation tests (synthetic data)

number of adjusted temperature measurements = 300
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Validation tests (experimental data)

PC fan
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Validation tests (experimental data)

process / reconstructed / indicated
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Validation tests (experimental data)

statistical analysis of the difference between the reference and the
reconstructed signals

TpmC (eq. 13)

statistical moment T,

M+1=3 | M+1=25| M+1=45 | M+1 =60
mean (K) 317.6 317.2 317.9° 318.6 318.3
std. deviation (K) 2.126 1.881 2.307 2.213° 2.368
skewness (K?) -12.53 -3.130 -13.08" -14.68 -17.27
kurtosis (K#) 89.82 41.52 100.9 97.68" 143.3

they are statistically equivalent within + 6.9 K confidence interval (+ 2.2%)
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Hardware implementation

27



Hardware implementation
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unsheathed
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Sensoriamento e propriedades relacionadas

Monitoragdo do coeficiente de convecgao



