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KNOWN:  let X = % vapor

Xy [units]
0 80
50 40
100 0
FIND: K
SOLUTION

The data fit the linear curve,
y =-0.8x + 80
The static sensitivity is defined as
K = dy/dx |x = -0.80 units/% vapor
where K is independent of input x.
COMMENT
Because this system’s calibration curve is linear, the static sensitivity

remains constant over the input range. Be certain to always provide units for
all answers.
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KNOWN: First order instrument
F(t) = 100U(t) °C
Five seconds are available to interpret signal and provide
control signal back to process.

FIND: rmax
SOLUTION

In such a situation, we will want the system to commence a shut-down
when the output signal achieves some set threshold value. We must set this
threshold value. However, we probably do not wish to set it too low or we run
the risk of a unnecessary shut down. Suppose we set the error fraction at 10%,
that is at

r<0.10

reactor shut down will commence. Then with this value we can find the
acceptable time constant using

r=et/r
WithT = 0.10and t < 5 s, we solve that r < 2.17 s.

COMMENT

We should note that as the set threshold value is pushed to lower values
of error fraction, the value for time constant becomes smaller. For example, at
r = 0.01, r < 0.92 5. This places a more restrictive design constraint on the
sensor and installation selected.




[image: image3.png]PROBLEM 3.13

KNOWN: First order system
r=015s
K =5mV/0oC
T(0) = 115 0C
F(t) = T(t) = 115 + 12sin 2t OC

ASSUMPTIONS: Output signal is linearly proportional to input signal (that
is, K is constant)

FIND: Output response, E(t)
8(w), A1

SOLUTION

We see immediately from the units of static sensitivity that this first
order instrument senses temperature and outputs a voltage signal. Hence, a
good system model can be written as (3.4),

E + BE = KF(t)

where E(t) represents the output voltage signal. Specifically, the system model
is written as

0.15E + E = 5(115 + 12sin 2t) mV
with E(0) = KT(0) = 575 mV.

To solve for E(t), we assume a solution consisting of both homogeneous
and particular parts,

E(t) = Bp + Ep

Because a first order system has only one root, the solution to the
characteristic equation has the form,

Ep, = Cet/7 = Cet/0.15
We guess a particular solution of the form,

Ep = A + Bsin 2t + Dcos 2t




[image: image4.png]and substitute back into the model with E(t) = Ep and
Ep = 2Bcos 2t - 2Dsin 2t

This leads to A = 575, B = 55 and D = 16.51. The full solution then has
the form,

E(t) = Cet/0.15 + 575 + 55 sin2t - 16.51 cos 2t

Evaluating at E(0) = 575 yields that C = -16.51. Lastly, the measurement
system’s output response to this input can be rewritten as

E(t) = 575 +574sin(2t - 0.27) - 16.51e't'/0-15 mV
The dynamic error atw = 2 rad/s can be expressed as
§2) = M(2)-1
Using equation 3.10 to solve for M(w) yields
M(2) = 1/[1 + ((2)(0.15))210:5 = 0.96
so that §(2) = - 0.04.
The time lag can be found from
Bw) = ¢(w)/w
Using (3.9) atw = 2 rad/s,
$(2)"= -tan-1 (2)(0.15) = -16.7° = 0.29 rad

so that the time lag is g(2) = 0.29/2 = 0.15s.




[image: image5.png]PROBLEM 3.16
KNOWN: F(t) = 2U(t)
y(0) =y(0) =0
FIND: 90% rise time and settling time

SOLUTION

wy = ¢ 1/2; ¢ = 1/2; K = 1/2

From (3.14a), tor t> 0% o
-5 (% 1 :
jL‘t>=L—z_(.2)“"Lz‘_(.2-)ez [A—T%LS\V\O-“[‘Bt + CcOS O-“’.3ﬁj
N

2l [058 sin 0.43E + Cos 0.43¢t]

= |- k2

wheve &2 = o4z rls
By inspection,

90% rise time = 2 .34s

90% settling time = 9. S's




[image: image6.png]/Ag;’j’j’mmev\/’t .‘ﬁ* 5

PROBLEM 4.3

KNOWN: X = 121.6 psi
Sy = 14 psi
N is very large
FIND: P(x > 150 psi)

ASSUMPTIONS: Normal distribution

Sx~o, X=X
SOLUTION
The z variable is defined by
z1 = (x1-X)/o = (121.6 -150)/14 = -2.028

The symmetry of the normal distribution allows that zq = -z{ so that we look
up P(2.028) from Table 4.3. Interpolation gives

P(2.028) = 0.4786

This expresses the probability that 121.6 < x < 150 psi. Then, the probability
that x > 150 psi is

0.5-0.4786 = 0.0214

or there is a 2.14% probability that any measurement will yield a value in
excess of 150 psi.
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KNOWN: Data of Table 4.8
N=19

FIND: p=tSp (95%)
SOLUTION

From Problem 4.8 (or using equations 4.14a and 4.14b), we found that P
= 5.01 kPa and S,, = 0.055 kPa with v = N -1 = 18. Then from Table 4.4,
t18,95 = 2.101. Fgom (4.15) the precision of the measured data set can be
expressed by

pi=pttS,p=501¢ (2.101)(0.055) = 5.01+ 0.116 (95%)
here pj denotes the value of any measurement of pressure, p

COMMENT

The above probability statement reflects the precision of the data set.
In effect, it provides a range of values in which any measured value is expected
to fall with 95% probability. A 95% probability implies that 19 out of every 20
measurements are expected to fall in the range defined for p;.
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KNOWN: Data of Table 4.8
N=19

FIND: f)itSf, (95%)
SOLUTION

For the 19 data points in Column 1, we find using equations 4.14a and b
that p = 5.01 kPa and S, = 0.055 kPa. From equation 4.16, the standard
deviation of the means is found to be

Sp = 0.055/190-5 = 0.013 kPa

withv = N -1 = 18. From Table 4.4, t18,95 = 2.101. Then, we can expect that
the true mean value would lie within the interval defined by (4.17) as

P’ =D tS5 = 5.01£ (2.101)(0.013) = 5.01 + 0.027 kPa (95%)

A 95% probability implies that 19 out of every 20 complete data sets would
show a sample mean value within the range defined for p’. Compare the
meaning of this statement to that found in Problem 4.10. They are very
different!

COMMENT

The reasoning behind this precision interval for the mean value lies
within the limitations of finite statistics. The sample mean value defines the
mean value of the 19 data points exactly. But the sample mean is not
necessarily the true mean value of the measured variable. However, the true
mean value of the measured pressure can be estimated to within some
precision interval based on the sample mean and the data set variance. We see
that as N — oo, Sf, — 0, so that p — p’. Remember this assumes that there is no
bias error acting on the measurement.
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KNOWN: Data of Table 4.8
N =19

FIND: T tST (50%)
SOLUTION

From Problem 4.12 (or using equations 4.14a and b), we find that i
31.20C and ST = 0.260C withv = N - 1 = 18. The standard deviation of the
means is found using (4.16) as

ST = 0.26/(19)05 = 0.060C

From Table 4.4, t1g 50 = 0.688. Then, we can expect that the true mean value
would lie within the interval defined by

T = T+tST = 312+ (0.688)(0.06) = 31.2 + 0.04 °C (50%)
COMMENT

The reasoning behind this precision interval for the mean value lies
within the limitations of finite statistics. The mean value T = 31.20C defines
the mean value of the 19 data points exactly but not the true mean value of the
measured variable. However, the true mean value of the measured
temperature can be estimated from this sample mean value but only to within
some precision interval. We see that as N — oo, ST — 0, so that T — T.
Remember this assumes that there is no bias error acting on the measurement.




