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Introduction Linear Modeling and Model Verification
methane, water . The purpose of this project is to provide a detailed
] framework for a case study appropriate to involve
undergraduate control students in hands-on design. values were made. Process models were
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K A completed case study of control of a fuel cell steam 8 450 created based on the outputs’ responses.
reformer is provided to demonstrate the case study w
¢ methodology. I L I N
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Outputs were chosen as such because Tr is correlated to H, and simpler to measure in
practice, and Tb is the driving force for the endothermic steam reforming reaction. The
iInputs were chosen for their ease of manipulation in a realistic system design.

To determine the linear model of the process,
step changes of 10% of the inputs’ steady state
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Tb response is lead-lag and Tr response is first order.

Using IMC based PID control students see the importance of tuning (adjusting the lambda value) and are

motivated to develop multivariable control strategies.

Linearization

The steam reformer is highly nonlinear with 5 ODE's and 29 algebraic equations so it must ( ambsa =23 1 O]
be linearized to get a linear model appropriate for a case study. The following conditions e | e IS
are representative of fuel cell operation at 3 kW. L
Linearization Values Determined Steady State Values 1] .
Tr =700 °C Tb = 460.524 °C a 5 e
Steam to Carbon Ratio = 3.0076 Burner Fuel Flow Rate = 6.5856 SLPM B _f 3ol
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Burner temperature controlled by excess air ratio for
a variety of lambda values.
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Single Input-Single Output Controller Development
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Burner temperature controlled by burner fuel flow rate for
a variety of lambda values.
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Simulink Model

Using the linearization points the
steam reformer model was linearized
and a single-input single-output block
was created in Simulink. This is

“the plant” for students. A catalyst
sintering disturbance was included to
encourage development of controls
with disturbance rejection.
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Simulink block diagram with disturbance

lambda=40(
"""" lambda=50(
lambda=60(
lambda=70(
setpoint

lambda=40(
""""" lambda=50(
lambda=60(
lambda=70(
setpoint

(deg C)
g

5007 1 — 72071

Tb
Tr

e A

: : : : 680 : : : : 450 : : : : : : : :
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Time (min)

r (SLPM)

]

()

D

w

Excess Air Ratio

N

6 F

=

20 40 60 80 100
Time (min)

(@)

Methane Flow Rate to Burne
[0))
~J
Excess Air Ratio
fInN
ul
Methane Flow Rate to Burner
w 1SN (@]

5.8 ! ! ' ! 4

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Time (min)

0

N

Time (min)

Reformer temperature controlled by the excess air
ratio for a variety of lambda values.

Burner temperature controlled by burner fuel flow rate for
a variety of lambda values.

Multivariable Control

A relative gain array analysis (right) was used to determine
proper input-output pairings to maintain stability. Pairing
can only occur on y1-u1 (burner temp and excess air ratio)
and y2-u2 (reformer temp and fuel flow rate).
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Output and input responses to step
changes with both control loops closed.

Input and output responses to step changes in one output with both loops closed.
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Control is maintained when operating with one loop open.
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Summary Points

- Linearized a complex model to simulate a steam reforming process

- Outlined a systematic approach for teaching undergraduate students control design

- Developed a case study that requires students to synthesize a variety of control aspects,
from model development and SISO control to directional sensitivty analysis.
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