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Introduction

In this workshop, you will familiarize yourself with the some of the debugging tools available in
Modelon Impact, that will allow you to understand the models states, linear and non-linear systems.

Import the workspace
1. Inthe training content you downloaded for Innovate, find the Debugging.zip workspace file.

2. On the Modelon Impact landing page, click “Import” and choose the Debugging.zip workspace
file.

+ NEW 4 IMPORT

3. You are now set to start the workshop!
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Simulating a dynamic model
We will start by investigating a simple dynamic model.

1. Open the model “Debugging.CausationSimple.ThermalWithState”.
2. Press the Simulate button.
3. Plot the heatCapacitor.T variable
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To understand the resulting mathematical system that Modelon Impact simulates, what state
variables represent the dynamics, and how its initialized, we can use
“generate_HTML_diagnostics” option to generate a model report.

4. Open the Settings o and go to the “Execution” tab, and turn on the setting:
COMPILER OPTIONS
generate_html_diagnostics . X

5. Re-run the model again to generate the report.
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6. Open the reportin the result pane, and right click the specific result:

ThermalWithState

Debu

LausationSimple.ThermalWithState
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Show simulation log
Show compilation log
Download result (.mat)

O Only ¢ Download result (.csv)
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View diagnostics
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Hename
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Delete

> v ThermalWithState

7. Click “View diagnostics”
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8. Open the State variables section:

Model Statistics for Debugging.CausationSimple.ThermalWithState

Note: Some diagnostics are omitted since the compiled model contains encrypted components
0 warnings O errors

» Model Structure

¥ State variables 1
Continuous 1
State variable nominal
0 heatCapacitor.T 300
Discrete 0
» Initialization equation blocks 0 linear / O non-linear
» Equation blocks 0 linear / O non-linear

9. Here we can see that the model has 1 state, heatCapacitor.T

10. Open the “Initalization equation blocks” and click “Interactive matrix” to see the BLT
diagram, for solving the initial equations (note that there is a separate section for the
dynamic equations)
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heatCapacitor T = 293.15 Q
thermalResistor.dT = fixed Temperature.port. 1 O (O
thermalResistor.dT = thermalResistor R * the 0|0 |
thermalResistor2. dT = heatCapacitor.T - fixeq O E
thermalResistor2 dT = thermalResistor2 R ~ o|o]
heatCapacitor port.Q_flow + (- thermalResist 0) 0 D|
heatCapacitor.C * der{heatCapacitor. T) = heg o E
heatCapacitor.der_T = der(neatCapacitor.1) 0|0]

11. From this view, we can see in the first line, that the initial equation for the state variable
heatCapacitor.T = 293.15.

12. Go back into the model, make sure you are in “modeling mode”, and change the initial
condition for the state variable, and see if the initial equation is changed in the BLT
diagram (you need to open the new “View diagnostics” report for the'new result, they
are re-generated per result).

In the example below, we changed the initial condition to 300K:
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heatCapacitor
‘i Lumped thermal element storing heat

INFORMATION >
PROPERTIES v
h

General Variables

T : K
start 300 »
min 0.0
nominal 300
der T : K/s
% lE él
= 1=1"0g =1
= = 1D | t |
ElellEElE]lE
slelz |22 |5(8)E
el |2l |28
SIEIEEIEIS (28
HE EEEBEEE
cIEIEIEIE o=l
heatCapacitor.T = 200 0
thermalResistor dT = fixedTemperature port. 1 O (O
thermalResistordT = thermalResistor R * the 0o |
thermalResistor2 dT = heatCapacitor. T - fixeq ¢ E
thermalResistor2 dT = thermalResistorZ R - ol|o]
heatCapacitor. port. Q_flow + (- thermalResist 0 0 D|
heatCapacitor.C * der(heatCapacitor.T) = hed o E
heatCapacitor.der_T = der(heatCapacitor.T) 0|0]

Model with linear systems |
In the following example, we will see that we need to solve a linear system of equations to get
the results. / g
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1. Open the model “Debugging.CausationLinear.Thermal”.

fixedTemperature
P fixedTemperature2
T=293
T=202
thermalResistor thermalResistor2

Re1

2. We now removed the heat capacitor, so there is no dynamic state in the model.
3. Simulate the model, and inspect the diagnostics:

Model Statistics for Debugging.CausationLinear.Thermal

Note: Some diagnostics are omitted since the compiled model contains encrypted components
0 warnings 0 errors

» Model Structure
» State variables 0

¥ Initialization equat

1 Linear initialize Linear Equation System Block (init)1

] Iteration variable  startminmaxnominal
Block sizes: [ 1] )
OthermalResistorQ _flow - - - -
0O Non-linear init
Block sizes: [ ]
Modelica text

Interactive matrix

» Equation blocks 1 linear / 0 non-linear

4. We can now see the presence of a linear system, and the variable to be solved for is
“thermalResistor.Q_flow”.
5. Inspect the BLT for the initial problem:

thermalResistor port_b.T

thermalResistor2.dT
> fhermalResistor. Q flow

thermalResistor.dT = thermalResistor.R * the
thermalResistor dT = fixedTemperature port
thermalResistor2.dT = thermalResistor.port_{
thermalResistor2 dT = thermalResistorZ R ~ 1 0| x

O O |thermalResistor.dT

o O
O
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6. Here you can see that the BLT diagram has a “X” in the top right, so it needs to solve the
complete linear system.

Model with non-linear systems
In the next section, we will investigate non-linear systems, and the possibility to influence the
initial conditions of the iteration variables.

1. Open the model “Debugging.CausationNonLinear.Thermal”:

fixedTemperature fixedTemperature2

KRS

T=203 T=893

bodyRadiation bodyRadiation2

—_— —_—
-— —
_ —_—
— —

Gr=1 Gr=1

2. This time we have 2 radiation elements, and still no heatCapacitor in between with any
state, so this will generate a system of non-linear equations.
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3. Simulate the model, and open the diagnostics:

Model Statistics for Debugging.CausationNonLinear.Thermal

Note: Some diagnostics are omitted since the compiled model cantains encrypted compaonents

0 warnings O errors

» Model Structure
» State variables 0

¥ Initialization equation blocks 0 linear / 1 non-linear
0 Linear initialization equation blocks

Block sizes: [ ]

, ... Non Linear Equation System Block (init)1
1 Non-linear init

] Iteration variable start minmaxnominal
Block sizes: [ 1]

ObodyRadiation.port_b.T288.1500 - 300
Modelica text
Interactive matrix
» Equation blocks 0 linear / 1 non-linear

4. Here we see that the model has 1 non-linear equation system. The iteration variable is

bodyRadiation.port_b.T and the initial guess value is set to 288.15.
5. Open the BLT diagram, and verify the nonlinear system:
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bodyRadiation.Q_flow = bodyRadiation.Gr* 0 | X
bodyRadiation.Q_flow = bodyRadiation2.Gr 1 O | X
bodyRadiation dT = bodyRadiationpot aT{ 0|0
bodyRadiation2.dT = bodyRadiation.port_b.T 0O |{:}|

6. Go back into the model, and the modeling view.
7. Open the Components browser, and locate the iteration variable:
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COMPONENTS iz v
port_a
D Thermal Thermal port for 1-dim. heat transfer (filled rectang...

{H bodyRadiation Ac
L - - Element1D INFORMATION >
0 port_a PROPERTIES v
|:| port_b Y
T : K
start 288.15 (] »
min 0.0
nominal 300
W
Q_flow : BTU/h

8. Change the initial guess value of the temperature, and see if there is any update to the

“diagnostics”.
9. Note: you cannot use fixed=true on an iteration variable, since that would enforce an
initial equation stating T=T.start, and that is not possible since the solver needs to find T

such that all equations are fulfilled.

Initialize dynamic system in steady state
Lets go back and revisit the dynamic case, but set a steady state initial condition.

1. Open the model “Debugging.CausationSimple.ThermalWithStatelnitSS”:

fixedTemperature2

fixedTemperature
] heatCapacitor ‘ o
T=293 \ T=292 \‘
10 \
\

)

thermalResistor thermalResistor2

R=1 R=1

2. Double click the heatCapacitor and look at the “Variables” sectio

Copyright © 2022 Modelon



COMPONENTS iz v

- heatCapacitor
[] ThermalwithStatel... ‘ Lumped thermal element storing heat

5 thermalResistor

5 thermalResistor2 INFORMATION
fixedTemperature
B fixedTemperature PROPERTIES
“
Y B fixedTemperature2
4 K ] O 0 ' heatCapacitor General Variables
heatCapacitor T
T=293 - :
0 10 ) Q der_T
thermalResistor [} U thermr

3. If we want to invoke a steady state condition for the initialization, we can simply set
der_T(start=0,fixed=true).

General Variables

T : K
der T : K/s
start 0 »
min
Mmax
nominal
Fa®

4. Run the model, and plot the heat capacitor temperature.

2 a x
Plot 1
Result 3
500 heatCapacitor
® T[K]
400
¥ 300
200
100
0
0 02 0.4 06 0.8 1
time [s]

We can see that there are no transients present.
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5. Open the diagnostics report:
Model Statistics for Debugging.CausationSimple.ThermalWithStatelnitSS

Naote: Some diagnostics are omitted since the compiled model contains encrypted components

0 warnings 0 errors

» Model Structure

¥ State variables 1
Continuous 1
State variable
0 heatCapacitor.T
Discrete 0

¥ Initialization equat

1 Linear initialize Linear Equation System Block (init)1

Iteration variable startminmaxnominal

Block sizes: [ 1] )
OthermalResistor2.Q_flow - - - -

0O Non-linear init.
Block sizes: [ |
Modelica text

Interactive matrix

» Equation blocks 0 linear / 0 non-linear

We can now identify that the model does have a state variable, but also need to solve a linear
system of equations for the initialization problem, due to the steady state condition.

Also note that the dynamic problem is the same as before and does not include any linear or
non-linear systems.

Closed Steam Cycle Example

Let’s apply the knowledge we got in the simple examples on a more complex problem.

1. Note: There is a cap for how large a model is allowed to generate the diagnostics, and for large
models, it might be necessary to increase the allowed model size in the compiler settings:

COMPILER OPTIONS

generate_html_diagnostics . X
nclude _protected _variables
c_compiler gcc

did

diagnostics _limit
Thislopt bt

enable_structural _diagnosis
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2. Set the diagnostic_limit to 5000

COMPILER OPTIONS
generate _html_diagnostics . X
diagnostics_limit 5000 X

nclude_protected variables

c_compiler gec

+ Add new

RUNTIME OPTIONS

+ Add new

3. Open the model “Debugging.SystemModel.ClosedSteamCycle”:

B8 ClosedSteamCycle Wl Experiment 1 (default) ili Results

r
P [bar] | hlicdkg)
TIC) |mkgls)

4. Try and run the model.
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5. The model fails and throws an error:

B ClosedSteamCycle Bl Experiment 1 (default) @ Result 1 (failed)

SIMULATION v

[Assertion Error]: msg = "error in region computation of IFS7 steam tables(p = 5.8%026e+07, h = -2.58B82e+07)"

returned from function evaluation in block = "(init)3"
€8, -25881971.246126033]

Error occured in function = KINSol at t = 0 when sclving block = "(init)3"
a epeated recoverable system function errors." .
6440729979, scaledsteplength = 264.73635746068095, tolerance = 1-107--

[Nonlinear Block Convergence Error]: Failed to find a solution for block = "(init)3" at time = 0. Could not converge
even after re-scaling the residual equations.

[Nonlinear Block Convergence Error]: Failed to find a solution for block = "(init)3" at time = 0. Could not converge
even after re-scaling the residual equations.

[Error]: Failed to find a consistent solution in event iteration in block = "(init)3", iter = 0 at t = 0
Initialization failed.

8
6. (scroll to bottom) Initialization failed, and could not find a solution for init block 3. (non-

linear system of equations)
7. Open the “diagnostics”, in the “Initialization equation blocks” identify what iterations
variables are part of the block “(init)3":

¥ Initialization equation blocks 1 linear / 5 non-linear

1 Linear initializatir

Block sizes: [ 1] Non Linear Equation System Block (init)3

. - Iteration . .
5 Non-linear initia start min  max nominal
] variable
Block sizes: [ 1241 , ‘
0 riser.p pump_riserpout_start O  1.0E8 100000.0
li . .
Modelica text 1 riserh riserhstart  -1.0E101.0E10 100000

Interactive matrix

Copyright © 2022 Modelon



stx
-
d
dp
dia

0001750

ncome
emp_ OO 1751

ny

emp_ OO0 1751

emp_ 0002191

[condenser

emp_DOO02401

lcondenser

[candenzer 1111
emp_ OO0 1751
fimer_oriice T

emp_OOO0 1751

Ber uid dahp

emp_ OG0 1751
fimer fuid ddph

emp_ OG0 1751

ruliDatea port

urbine i
[condensery
[downcomer o
[condenser
Urbine v
[condens er e
[condenser d
[condenser
ldow

[dowwn come
ldawncome
farur

lboiler power
lderimer py
ldeiBerny
mer_oriiice d
mer dE

fimer fuid aW_b
=er

fimer

conden: condenser.pstart
[Modelon Media.interfaces Ty
(Modslon Media Inferfaces Ty
(Modelon Media.interfzces Ty
ongenser ystart

w % x| 0condenzerp

» =[O

o + condensermg O

[Modslon Media_Interiaces Types,

condenserx_vol = noEveni(f candenserp /3 X X HE %

[Modslon Media

condenser M = condens:

[Modelon Media.interaces Ty
(Modelon Media interfaces Ty

candenser vl = (1 - conden:
o
(Modslon Media inferfaces Ty
[Modelon Media.interaces Ty
downzomer dp = Gowncomer.

mer stat

ovnoamer.p - downgomer, o
rum.ystart

=3 141502653680703 * drum.rin *
3.141592052589783 * drum.nni ©

pump_riser m_flow = riser feed[1] m_flow / p

pump_fiser.h = pump_riserh_start
drum i = h_AP
= boilingHeat offset * (i bme <

boileroower

der{riserh) = 0

Srum.p = crumps
[Modalon Media.Interfacas Ty,

[Modslon Mediz.In
mutiDat=4 port_a

[Modelon Media_Int

[Modslon Mediz.
[Modslon Mediz.Inter

(Modslon Media Inferfaces Ty
[Modelon Media.interaces Ty o
{WModelon Media

(Modslon Mediz.
[Modslon Mediz.

o
S
R ]

riser fluid ddhp =

X X o

w
=
o
=

riser.dE = riser.H_flow_feed[1] + riser.
(Modelon Media.interfaces Ty

riser.fiuid ddph =
riser.Auid dM_bulk

750 XXX XXXXX X 0 e

fiser.dE = ((risern

P
*
*
*
o
*
=

riser.fiid dM_bulk

8. Review the Initialization settings in the “riser” component:

L] .
riser
Lumped header volume with metal walls

INFORMATION >

PROPERTIES v

Genera Initialization Variables

Parameters
nitOpt ¢ | Steady-state initialization
useTstart B
pstart : steamHPNomPressure+10e5
Tstart {  Modelica.Units.Conversions.from_c K
hstart : | (hv_HP+hI_HP)/(2)
Cstart i filllo,Medium.nC)
Tmstart : 300

Nominal parameters

m_flow_nom ¢ 10

9. Since initOpt “Steady-state” is selected here, a successful initialization requires the
existence of a steady state solution for the block. This is often challenging and requires
very accurate guess values.

10. Try initOpt “Initialization using start values” instead.

11. Re-run the simulation.

12. The initialization should run successful now - review the result, specifically those of
“riser.der(p)” and “riser.p” - see that at t=0s, the pressure derivative differed
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significantly from zero, indicating that neibouring initial conditions force a rapid change
of pressure in the riser.

13. Review the “diagnostics” again, see that through removing the steady-state initialization
option, the non-linear block “(init)3” that did not converge before, is now

temp_00001750.cp

termp_00001750 region

ternp_000024 06 cp
riser_orifice. T

temp_00002190 T
condenserh

temp_00001750 pd
temp_00001750 vt

condenserrhol

condensery
termp_00001750 cv

downcamer.drain.p
termp_00001750 pt
temp_00001750 vp

drurn.y
drum.vI
drum.\v
riser.p
riser.h

downcomer p
condenser\|
fturbine hv
condenserx_vol
condenser.d
condenser.M
condenser.T[1]
down comer state h
downcomer T
downcomer.d
downcomer.dp

turbine .hl

condenser.p = condenser.pstart
(Modelon.Media.Interfaces. Types.IF97Phase)
(Modelon.Media.Interfaces. Types.IF97TwaoP)
(Modelon Media Interfaces Types. IF97TwaoP
condensery = condenser ystart
downcomerp = condenser.p + condenser.rh
condenser.y = noEvent(if condenser VI < con
(Modelon Media.Interfaces. Types.IF97Phase]
condenser.x_vol = noEvent(if condenserp / 2
(Modelon.Media.Interfaces. Types.IF97TwaoP)
condenser.M = condenser.V_tot * condenser.
(Modelon.Media.Interfaces. Types.IF97 TwaP
(Modelon.Media.Interfaces. Types.IF97 TwaoP
condenser VI = (1 - condenser.x_vol) * conde|
downcomer.state h = Modelica Media Air Moi

x x[0f

> x x| Ol|condenserp

s}

>

>

B

B

B

x

b

(Medelon.Media.Interfaces. Types.IF97 TwoP| X
(Mecdelon Media.Interfaces. Types.IF97 TwoP| X
downcomer.dp = downcomer.height * downc

downcomer.dp = downcomer.p - downcomer. O

drum.y = drum.ystart

drum. VI = 3.141592653589793 * drum.rint *
drum Vv = 3.141592653589793 " drum rint
riser.p = riser.pstart

riser.h = riser hstart

(Modelon Media Interfaces Types. IF97TwaoP
(Medelon.Media.Interfaces. Types.IF97 TwoP|
(Mecdelon Media.Interfaces. Types.IF97 TwoP|
(Modelon.Media.Interfaces. Types.|IF97 TwoP|

riser.p

riser.p = riser.pstart

' 9

X
X
X
X

14. Change the initial condition in the riser back to “steady-state”. Since the solver was not
able to find a solution by iterating inside the block, changing its boundary conditions
might enable the solver to find a solution. E.g. use the “range-opeator” to sweep the
“pstart” in the neiboring “drum” component to see what initial values allow the system to

solve:
drum
00 bar
Drum for circulation boilers
. INFORMATION >
PROPERTIES v
h i
General Advanced Initialization Variables
pstart range{120e5,160e5,10)
histart hi_HP
hvstart hv_HP
Tmstart 600
. ystart 0
>
T Clstart fill{0,Medium.nC)
Custart Clstart
initOpt
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This concludes the workshop. Well done!
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