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Introduction
Using sophisticated models in Excel
= Connect existing models

=  Simulation and Visualization

= Real-Time Simulation and Parameter Variation
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Interfacing and Simulation

TLK-Simulator for Excel

| L=
DATEI START EINFUGEM SEITEMLAYOUT

Integer Input u_int description

Boolean Input u_ | ption

- Dynamic Results L8

D B Simulate H Inputs Parameters Results eriment Setup
Load Simulate Load . = o
FMU - FMU FMU Parar T
Single Calculation Parameter Variation Edit Sim . Real Inpet 0 de
121 - - u_int

‘j:l u_boo
A B

1 |File Path: C:\Users\Christiar
2 |Instance Name: inputOutputTypes
3 Inputs:
4 |Parameters: time itputTypes. u‘tTypes.u_i nt 'vpes.u_bool‘
5 inputOutputTypes.p_string‘ changeme s
B 0 0.2 5  WAHR
7 0.1 0.2 5  WAHR
8 0.2 0.2 5  WAHR
g 0.3 0.2 5  WAHR
10 0.4 0.2 5  WAHR
1 0.5 0.2 5 WAHR
12 0.6 0.2 5  WAHR
13 0.7 0.2 5  WAHR
14 0.8 0.2 5  WAHR
15 0.9 0.2 5  WAHR
1R 1 na 5 WAHR
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Dizcard

Outputs:

Cancel

-IMS TEAM

inputOutputTypes.y tTypes.y_int ypes.y_bool

5
5.04
5.14
5.24
5.34
5.44
5.54
5.64
3.74
5.84
5.94
A Nna

55 & &aLELGE

16
17

WAHR
WAHR
WAHR
WAHR
WAHR
WAHR
WAHR
WAHR
WAHR
WAHR
WAHR

MoBA Simulator
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Interfacing and Simulation
Solving Methods

ODE-Solver:
O Sundials CVode(S) (BDF)
O Sundials ARKode (Runge-Kutta)
O Explicit Euler
O Modified DASSL

Algebraic Solver:
O Sundials Kinsol
O Modified Newton Raphson
(including Line-Search)

Legend for level of product maturity:
o Available Product
o Development Status
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AE-Solver
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Interfacing and Simulation

FMI Cross-Check of current tool versions

Degree of fulfilment

Source of FMU (Model Exchange / Co-Simulation)
Software Version FMI 1.0 FMI 2.0
AMESim 14,15 37,5% (6/16) 100% (6/6)
CATIA R2015x, R2016x 90% (36/40) 100% (36/36)
DS-FMU_Export_from_Simulink 21,211,22,2.3 97,3% (74/76) 100% (74/74)
dSPACE_TargetLink 2018-B - 100% (6/6)
Dymola 2015FD01 - 2019FDO1 100% (148/148) 100% (128/128)
FMIToolbox_MATLAB 21,23 100% (36/36) 100% (26/26)
JModelica.org 1.15 87,5% (7/8) 100% (8/8)
MapleSim 2016.2, 2018, 2019 100% (30/30) 94,4% (34/36)
MWorks 2016 71,4% (20/28) 100% (4/4)
Silver 3.2,3.3,35 100% (29/29) 100% (6/6)
SimulationX 3.7.41138,4.0.4 77.7% (21/27) 88,8% (24/27)
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Model Analysis

Mathematics of FMUs and DAESs

AE-Solver

F(t)t l Z(t)

gl
N
NS

Model Exchange FMU

evi

ODE-Solver “

EventHandler

(no ODE-Solver)
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AE-Solver

F(t)t l Z(t)

ODE-Solver “ EventHandler

tt l x(t)

Co-Simulation FMU

(contains ODE-Solver)
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Model Analysis

Partial Derivatives introduced in FMI 2.0

= Derivatives w.r.t. differential states x Derivatives w.r.t. inputs u:

dx dx
s dF  dgg dF  dgr
x dx dx ]u o du du
" Implicit ODE-Solver . Sensitivities (CVodeS)
» Finding the steady state of :
=  Optimal Control

dynamic models

o o

DAE
u(t y() . .
g dX o o oo If derivatives are not available,
—=F % Zu) Y=Y (xZu) -
t they are calculated numerically
F=G 2z U
=V (t,X,Z,1)
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Model Analysis

Detailed Mathematical Analysis

State Space Form Determination of Time Constants

The State Space Form of the system has 0 differential state, 3 inputs and 7 outputs. Contribution to Physical States:

A= Mumber Time Constant Contribution to States
B= 40 0.06555  40.3% to heatPumpCyde_R407C.evaporator.vieFluidCel_a[20].h
C= 25.6% to heatPumpCyde_R407C.condenservieFluidCell_a[1].h

8.7% to heatPumpCycle_R407C.evaporator vieFluidCell_a[19].h

D= 3.3% to heatPumpCycle_R407C.condenser. vieFluidCell_a[2].h
- 3.0% to heatPumpCyde_R407C.condenser.portt_a.p
| |'|-E|'|.|:|_|‘|_PE |'|-EI'|.'|.I'_ﬁDI|I'~'_II'|_m3pS | fﬁl‘l.l‘l_HZ 2.3% to heatPumpCyde_R407C.evaporator, vieFluidCell_a[18].h
1.9% to heatPumpCyde_R407C.condenser, vieFluidCell_a[3].h
|'|-EI'| ' F'_|DSS | 0.017 | 0.0134 | 0.00351 1.1% to heatPumpCyde_R407C.condenser. vieFluidCell_a[5].h
1.0% to heatPumpCyde_R407C.condenser. vieFluidCell_a[s].h
Hﬁl’l.P_'DES_b'EdE | 0.00806 | 0.011 | -0.00603 1.0% to heatPumpCyde_R407C.condenser. vieFluidCel_a[4].h
|'|-ﬁl'| P_loss_impact | 0 | -3. 7qe+03 | -3, 1e+03 41 0.06555  40.3% to heatPumpCyde_R407C.evaporator vieFluidCel_a[20].h
25.6% to heatPumpCyde_R407C.condenser vieFluidCel_a[1].h
|'|-BI'| .dp | -545 | -439 |—2. G5e+013 8. 7% to heatPumpCyde_R407C.evaporator vieFluidCell_a[19].h
3.3% to heatPumpCyde_R407C.condenser. vieFluidCell_a[2].h
|'|-EI'|.F'_S|'|E'|-T | 1.0%e+03 | 0.983 | 204 3.0% to heatPumpCyde_R407C,condenser.portE_a.p
2,3% to heatPumpCyde_R407C.evaporator, vieFluidCell_a[18].h
|'|-BI'I.P_|'I}'d | 161 | 43.4 | 48.9 1.9% to heatPumpCyde_R407C.condenser. vieFluidCell_a[3].h
_ 1.1% to heatPumpCyde_R407C.condenser. vieFluidCell_a[5].h
|'|-EI'I.'|."_'HDW | 176 | 28.4 | 0.000573 1.0% to heatPumpCyde_R407C.condenser. vieFluidCell_a[s].h

1.0% to heatPumpCyde_R407C.condenser. vieFluidCell_a[4].h

Direct Dependency Graph Sensitivities

Am_ xlo:\\

I condens g ME_32.v

»{ condenser

g_ME_32. \kFImAPmL—\> _SCI werDebu g
autemotivePITuning

[Condenersubcooling_ME_32vEFhidPoria h_s wean 5 unteubcootise ME_32 KFuislPoria b_ouflow sens[autometiveP| Tuning.compressor.rotateryFlange.phi, autemotiveP Tuning.ul]
sens[automotiveP| Tuning.compressor.rotatoryFlange.phi, automotiveP Tuning.u]
[Conden e 3 Gmﬂl(mubma,muﬁﬁthmmB} zens[automotiveP| Tuning.condenser.moistairCell[1, 11.H_WallPlusFilm,automotiveP Tuning.ul]

sens[automotiveP | Tuning.condenser.moistAirCell[1, 11.H_WallPlusFilm,automativeP ITuning.ul
sens[automotiveP| Tuning.condenser.moistAirCell1, 1].pressureDropState automotiveP Tuning.ul]
sens[autometiveP|Tuning.cendenser.moistAirCell[1, 1].pressureDropState, automotiveP I Tuning.u]
sens[automotiveP|Tuning.condenser.moistAirCell[1, 2.H_WallPlusFilm,automotiveP| Tuning.ul]
sens[autometiveP|Tuning.condenser.moistAirCell(1, 2].H_WallPlusFilm,autometiveP I Tuning.u]
sens[automotiveP | Tuning.condenser.moistAirCell(1, 2].pressureDropState, autemotiveP Tuning.ul]
sens[automotiveP| Tuning.condenser.moistAirCell[1, 2].pressureDropState, automotiveP | Tuning.u]
zens[automotiveP| Tuning.condenser.moistairCell[1, 31.H_WallPlusFilm,automotiveP Tuning.ul]

[ condensersubcooling ME_32.m_flow_

| condenserSubcooling_ME_32.TdegC :-\7m>
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Model Analysis

Detalled Model Information

Simulation Setup

= Helpful model information about the Q

Inputs Parameters Experiment Setup Solver Settings Model information

simulated system FMI Verson

FMU Type
Available Binaries
Model Icon

= Various options to customize the

simulation in detail, for example by Documentation fils

Model Name
Model Description
Model Version

selecting and setting the solver (e.g. e

Generation Date and Time
Variable Naming Convention

Sundials CVode, Sundials ARKode, FMU GUID

Full Path
Default Experiment

Explicit Euler)

ModelExchange Properties

= EXisting solvers are explicitly selected to

solve complex thermodynamic systems
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20
Model-Exchange and Co-Simulation
win32, winb4

I~

index.html
Modelica.Blocks.Continuous.FirstOrder

First order transfer function block (= 1 pole)

3.2.1

Dymola Version 2017 FDO1 (64-bit), 2016-10-11 (requires license to execute)
2016-12-14T17:38:27Z

structured
{edef1952-c501-44e9-a1f6-9298b00b2588}
C:/dev/test/Simulator3/FirstOrder_lconAndDocumentation_fmi2_2017fd01.fmu
Start time: 0

Stop time: 1

Tolerance: 0.0001

Can be instantiated only once per process: No
Can get and set FMU state: Yes

Can serialize FMU state: No

Cannot use memory management functions: No
CompletedintegratorStep not needed: No

Needs execution tool: No

Number of continuous states: 1

Number of event indicators: 0

Provides directional derivatives: Yes

Discard Cancel
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If you have any questions,

please don’t hesitate to contact us at
simulator@tlk-thermo.com

Or your contact person

Johannes Schulz
i.schulz@tlk-thermo.com

TLK-Thermo GmbH
Rebenring 31

38106 Braunschweig
www.tlk-thermo.com

Tel.: +49/531/390 76 - 241
Fax: +49/531/390 76 - 29


https://www.tlk-thermo.de/

