PSET 5 – ChE 421 – Due 9.25.2018 at 12:45PM
NOTE: there will be no class on 9.25 due to Career Fair; submit your individual problem set electronically as a single PDF with the following naming structure LastName_FirstName_PSET5 as an attachment to the following email address:
ChE_421.lxwnpe5nhn5rmtjl@u.box.com 
The group problems should be sent to Dillon via SLACK.
These problems will help us practice the content in Chapter 7:
Individual Problems
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7.9 The output response data y shown in Table E7.9 were
generated from a step change in input « from 1 to 5 at time
{ = (). Develop a transfer function model of the form

Y(s) _ Ke™
UGy (T8 + D(Tys + 1)

Table E7.9
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7.16 Data for a person with type 1 diabetes are available as
) {1 MATLAB and Excel data fls on the book wet
ite.! Glucose measurements (y) were recorded every
five minutes using a wearable sensor that measurcs
subcutancous glucose concentration. The insulin infusion
rate (i) from a wearable subcutancous insulin pump was
also recorded every five minutes. The data files consist of
experimental data for two step changes in the insulin infusion
ate. The data are reported as deviations from the initial values
that are considered to be the nominal steady-state values.
Itis proposed that the relationship between the glucose con-
centration y and the insulin infusion rate u can be described by
a discrete-time, dynamic model of the form:

Yk = ayk = 1)+ ayik —2)
+byutk = 1)+ byu(k = 2)

(a) Use the least squares approach to estimate the model
parameters from the basall dataset. This data will be referred
to as the calibration data. Graphically compare the model
respanse and this data.

(b) Inorder to assess the accuracy of the model from part (a),
calculate the model response § to the u step changes in the
validation data (basal2). Then graphically compare the model
response § with the validation data y.
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(¢) RepeatSteps (a) and (b) using an alternative transfer func-
tion model:

Yo _ _K

Us) ~ w+1

Estimate the model parameters using graphical techniques and
the hasall dataset. Then compare the model and experimental
response data for both datasets.

(d) Which model s superior? Justify your answer by consider-
ing the least squares index for the one-step-ahead prediction
errors,

x
PHNCEO
&

where N is the number of data points.
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7.12 Fig. E7.12 presents the response of a system to a unit step
in the input.

(a) Use these data to derive an FOPTD model of this system.
(b) Plot the response of the model and compare with
the data.

(¢) The FOPTD model does not capture all the features of the
original response. What is the feature that the FOPTD model
fails to capture? What causes this dynamic behavior?
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Figure E7.12
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7.2 A single-tank process has been operating for a long
period of time with the inlet flow rate g, equal to
30.1 ft>/min. After the operator increases the flow rate
suddenly at t=0 by 10%, the liquid level in the tank
changes as shown in Table E7.2.

Assuming that the process dynamics can be described by a
first-order model, calculate the steady-state gain and the time
constant using three methods:

(a) From the time required for the output to reach 63.2% of
the total change.
(b) From the initial slope of the response curve.
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(¢} From the slope of the fraction incomplete response curve.
(d) Compare the data and the three models by simulating their
step responses.

Table E7.2

{ h t h
(min) (v (min) (ft)
0 5.50 14 637
0.2 5.75 1.6 6.40
(.4 5.93 1.8 6.43
0.6 6.07 2.0 6.45
0.8 6.18 3.0 6.50
1.0 6.26 4.0 6.51

12 6.32 5.0 6.52
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7.6 For the unit step response shown in Fig. E7.6, estimate
@ the following models using graphical methods:

(a) First-order plus time delay.

(b) Second-order using Smith’s method and nonlinear
regression.

Plot all three predicted model responses on the same graph.
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Figure E7.6
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7.14 The following data were collected from a cell concen-
tration sensor measuring absorbance in a biochemical
@ stream. The input u is the flow rate deviation (in dimen-
sionless units) and the sensor output y is given in volts.
The flow rate (input) is piecewise constant between sampling
instants. The process is not at steady state initially, so y can
change even though u = (.

Table E7.14

Time (s) " y
0 0 3.000
1 3 2.456
2 2 5.274
3 6.493
4 0 6.404
5 ( 5.243
6 0 4.293
7 0 3.514
8 ( 2.877
9 0 2.356

10 ( 1.929

e ———
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Fit a first-order model, y(k) = a,y(k — 1) + b,u(k - 1), to the
data using the least-squares approach. Plot the model response
and the actual data. Can you also find a first-order continuous
transfer function G(s) to fit the data?




