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Introduction o] | B |
npss
Integrated Flight and Propulsion Controls has become E p |

much more important as aircraft systems become more E]

BB =

NPSS is a NASA/Industry developed tool that provides

an object orientated simulation environment for _Ei

propulsion performance modeling.

Utilization of High-Fidelity plant and engine control models, from our suppliers, packaged in NPSS
environment is standard practice on almost all Lockheed Martin programs.

NPSS Engine models are full physics plant model of the engine system, coupled with a representative
Engine Control model FADEC(Full Authority Digital Engine Control) to provide installed engine flight
performance through out the flight envelope.

Engine Simulations are utilized at all stages program development from Conceptual design to end of life.
They are frequently updated as the program matures, or the control logic is updated.

Engine Models are Constantly being utilized and updated
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Background

FMI / FMU approach saves integration time and provides more
system stability and common interface to many tools Deskiop Control Law npss

Simulation
Environments

Legacy Engine model integration used to be done on a case by case
basis with custom interface code developed for each program.

Usually needed custom interfacing software (Middleware) to hook into
Commercial tools like MATLAB/Simulink

Over the last 10 years utilized Simulink with legacy interface with
numerous issues. Required a number of tools to be aligned, NPSS
version, Compilers, MATLAB versions. Many stability issues in the - <
interface resulting in numerous hours of trouble shooting. /

FMI / FMU approach removes the middleware layer support from the gm0

model interface and places it on the host tool to accommodate.

Piloted Simulators

Propulsion Group
Integrates Realtime
transient model into all
simulation environments

Development team

Supplier Models
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NPSS FMU Export Development & implementation challenges

In 2022 Lockheed Martin worked with the NPSS Consortium development team to test and refine the FMI
version 2 FMU export capability. Lockheed Martin also worked with MathWorks SMEs to evaluate the
Simulink interface to the new NPSS FMUs to develop several features of the NPSS FMUs

NPSS will have FMI 2 (CS & ME) import/export capabilities in upcoming version 3.3 being released later
this year.

 Released as EMI version 15.0 as part of the 3.3 commercial release
» Most features shown in this presentation available.

For NPSS model Export Currently using a Python3 script to package an NPSS model into an FMU, it uses
standard python packages with no dependencies. Desire was to have a simple wrapping process without
any other tool or package dependencies.

Take advantage of FMU Multi OS Capability with Windows/Linux
Eliminate Software compilation as part of the wrapping process.

Build Interface to be real time fast, no I/O slowdowns.

FMUs will feed real time simulation environments and need to be as fast as possible.
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Sim Host
Calling FMU

NPSS FMU Capability implementation

« NPSS FMU packaging script maps variables to 2
files. This is setup in a .config file as shown below

ame (optional), Data causality, variability ,

|_fmiModetveseription EH{——F+ Handles Naming to the

ModeIDescrltlon x|\/||_ Calling Host per FMI standard

iption="Simulation time" variability="continuous" usality="independent”>

dapﬂniﬂn+ continuous , Simulation time

tion="Steady State = 1 Transient = 3" ability="continuous" usality="inp
@=off 1=on" variability="continuous" causality="input">
Altitud ability="continuous lity="input"

e input

on="Mach Number" variability="continuous"

variable: A+m3InnHmb hDay ,continuous,none,AS218 Day Type @:5td 1:Trop

variable: EI.PLA in,,real,input,continu

_in,,real,input,co

Using 4868
Datalist I/O to
NPSS model
for Speed

npss_fmi.json

. Handles
“ ) ound mass per se Namlng tO the
Cb1dECS 1,output, tin ) ow Output NPSS model

e: CbldECS.Pt, ,real,outpu ontin )
Cb1dECS.Tt, ,real ,output,continu er "5 thru para”el I/O

variable: ShH.HPX, ,real,output,continuous,hp,H Comp r Shaftt Extraction "DataRec”
arrays "Amb . al "y

"Amb .
"Amb .
"Amb .

" - n

ARP 4868
C API

Variable naming can be adapted to meet
requirements of both the FMI standard and NPSS
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NPSS FMU Capability implementation

L . . mi2Reset [ ]
* Initialization and loading of the NPSS model needed i e
to be scheduled and accommodated several ways | (saclmesauEm |y )
due to the way various host programs set initial frizset [~ LU stantsed o irngions
. fmi2SetupE xperiment fmi2Enterintialz ationhl ode T e gwan
values and run at time 0. ' <%
il Initializat on
moetniE | Mode
e e - fmi2GeuNT fmiZExtinitializationM ode
« NPSS model needs to be loaded (c4868init) in e |
initialization mode prior to setReal() being called. mgcex W mapestep = m2nending
e L omplete compuiation dona
. . . . TmETerminata fmizDoStep status = fmi20K
« Prefer setting input start values at runtime, not using I =
. H mil step - step
FMU variable StartValue input. &;r—*'wf;ﬁm ~ compdaon done (aroerm
(e v
' . fmi2Gaty Canceled fmi2CancelStep W
* FMU logging and ARP 4868 Debug dump switchable | | - )
on/off in FMU config file. Provides debugging v i | e tetns mBEor
Ay, . - mi2Ge F .
capabilities for the FMU execution, but slows down | [smessejimees o e |
i - . — Gone, satus
runtime. | meFreeistance o mer e s =Mz
'-‘f 1I||I FMU returns T2 Fatal comput ation
O e ShiFad

FMU Execution process aligned to allow proper
NPSS model execution and initialization.
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Abbreviations used in transition labels

F iz ong of

+ fmi2 Gel TypesFiatform, fmi2GefVerson
+ fmi2 SetDebuglogging

* fmi2GetFiU stale, fmiFreeFU o ale

+ fmi2 SeriakizedFMU stale Size

+ fmi2 Seria kize AL siade

* fmiZDeSeraireRdUsiate

Sisonsof
Siatus ReaiSiatus, infegerStalus
Boolkeansialus, SiingSialus

Xisone of

* Real, Integer, Boolean, Siring,
+ RealQutputDervalives

+ Direcliona iDerivative

I is one af

« Real Infeger Boolean, String
for & variabie with variabiity 2 "consant”
thal has initizd = Bxsct” or "aporax”

+ RealinputDerivatives

INIE iz Real, Infeger, Bookean, Sinng
for & variabie with variabiify 2 "consani”
that has initisl = Bxact”

IN iP5 one of
+ Real, inteper, Boolean, Sining
for & variabie that has e iher
(causally = “input”) or
(causally = pammeler”and
variabily = tunabie”)
¢ ReglinputDerivatives

INIT is one af
* Real, Infeper, Boolean, Sinng

for variables with cavsalty="oulpul’

if =De rivatives> present

conlinuous-iime sfales and slale derivatives
« ConfinvousSiates (F=Dervatives present)
* Direchions iDerivaihe

W is ane of

* fmi2Get TypesFiatform, fmi2Geferson
+ 2 5atDebuglogging

+ fmiGets
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NPSS FMU Capability implementation

Variable naming and issues with NPSS and FMI were first issue

« NPSS is object oriented names can have C++ style object scope:
Amb.alt_in, EI.LPLA in, TrbH.S_map.effDes

 NPSS objects Contain both Inputs / Output variables

Various host programs treat the . Differently for FMU 1/O variables

* FMPy treats . Blocks as an array

« Simulink treats as a Bus Object with the dot separating multi level bus

signals

« Bus feature is good however need to map Inputs to one bus and
outputs to another so NPSS for example:

« Amb.alt_in (Input) Amb.alt(Output) need to be in separate Bus blocks

A Common approach was developed to handle issue ina [
number of tools allowing the Simulink Bus object to be

—»Bus

Marne Start
A |:| Atmoln
v Amb_MP_in
W@ Amb_Ps_in
*@  Amb_switchDay_intValue
W Amb_Ts_in
v Amb_alt_in
b |:| AtmoCut
o Amb_dTs5td
o Amb_MN
o Amb_Ps
@& Amb_Pt
@ Amb_g
& Amb_Ts
o Amb_Tt
@ Amb_VCAS
o Amb_VEAS
@ Amb_VTAS
o Amb_WAR
o Amb_alt

Unit

0.0 none
0.0 psia
0.0 none
0.0 R
0.0 ft

dR.
none
psia
psia
Iof/ft2

knot
knot
knot
none
ft

Plot

oooog

IR EEAEEEEEREEE

Description

Mach Mumber
Ambient pressure input
AS210 Day Type 0
Ambient temperature

Preszure Altitude

Delta ternperature fro...
Mach Mumber
Armbient pressure

Total flight conditions...
Dynamic pressure (vel..,
Ambient temperature
Total flight conditions...
Calibrated air speed
Equivalent air speed
True Air Speed
water/air ratic

Prezzure altitude

Dassault OSS Python FMPYy tool

¥ SimMode
3 DataRec

Atmoln

WBI=in

P =Amb_alt_in Bus
WBD_in

Altitudejb :=Amb_MN_in
5

utilized for large I/O blocks
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HPX_in

n
>
b,
2

I I
VOV V VI VVVV

<Amb_VTAS>

Simulink FMU Block
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NPSS FMU Creation Demo

F ey
File Edit Search View Encoding Language ) Home Share View e
8 = [e] | =
s s s = | = 4 cut x —I' T Mew item - i CJopen - HHselectan
| TF02_Installed_v1.3_TR_6DOF config E3 l = . Copy path Q; = Easy access ~ | Edit Select none
Copy Paste _ Move Copy Delete Rename MNew - Properties
E' Paste shortcut to~ to= - falder -
Clipboard Crganize MNew Open Select

Macro  Run  Plugins

I 1 =
s | LS O i

History =5 Invert selection

v P » This PC » MPSS_server (\ftwgroups.fwe.uslmeo.comijsf) (M) » FMI > Project XVESA » model » make FMU v 0 Search make_FMU

-

HE&P Demo 2021 “ Mame Date modified Type Size

VB W e

(2]

Project_XVESA | NPSStoFMU. bat Windows Batch File

& model [} TFO2_Installed_v1.3_TR_6DOF.config

XML Cenfiguratio...

(el e

.git
DLM_linux64
DLM_winbd

5]

no engine_src_interpreted
LM_includes
make_FMU
make_FMU - Copy

run_FMU_S5

no

u
¥
o
#

QR e Q0 Re

variable:
variabl
variable: DataRec, ,real,input ! ]
% release FMU
iable oIn%Amb.alt_in,, git

= niAmb . i i

& vscode

run_S5

@ release GEMD_data
Sfunction_FMU_werking
TestFMUs
TestReleases

-, FMlloader.zip

variable:
riabl gl - 1l yut C ,1bm/ 3 Ce 3 I = Sfunction_FMU_werking.zip

iable D_in,, ut, tinuous,lbm/ p D d inj GEMDtools

variable: ’
license

LM_NPS5_Proprietary_Code

MPS5_Example_Models

& b prod
ariable: al,outp ti ) ec, Fue C Jounc "
- j FMI
variable: _FDBK ,out g :
iabl 3 n ontin ) GEMD_Builder

LM_NPSS_Toolset
MNewRRETool v < >
Python file length: 11,588 Zitems  1itemselected 11.3KB  State:{&) Online
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NPSS FMU Execution Demo

O

Search Documentation pe)
E = I = o » & Vo i
= m Eu*] b= | [0 Find Files & m LJ?,, Variable ¥ [f’( Analyze Code ‘E) E @ Preferences gg @ S Community k- M Open FH setect an
New New  New Open {5 Compare Import Clean t% Seve Workpace Fagortes Y. Rupaddilime Simulink ~ Layout 5 Set Path Add-Ons Help — RequessSuppott 532 Properties Lei Selednanie
Script Live Script ¥ v, Data [ Clear Workspace ¥ b |4# Clear Commands ¥ v Il parallel = v v [E Learn MATLAB - History 5 Invert selection
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES A Open Select
P EHE » N: » FMI » Project XVESA » model » make_FMU 5 = v R
{ P& untitle ilink O X ject XVESA > model > make FMU v
Current Folder Command ®
- P L= i ~
- Git > uid SMULATION DEBUG MODELING FORMAT APPS 0B @ o Nia Diste wiadi
| CDMO1_TFO2 Installed v3r1_TR_6DOF.fmu O fe >> = = ) - ;
E‘I NPSStoFMUbat ° e T4 0eei e ; , i ki 2 ("] COMO1_TFO2_Installed_v3r1_TR_6DOF.fmu
=l > »
2 =l S - =
21 TFO2_Installed_v1.3_TR_6DOF.config ] New ave Library Step Data [Z] NPSStoFMU.bat
v = Print ~ Browser Back ~ Inspector Y’j TF02_Installed_v1.3_TR_6DOF.config
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL... a
% untitled o
g | ® |Pauntitied v g
i §
g
3l
=
=]
O
CDMO1_TF02_Installed_v3r1_TR_6DOF.fmu (FMU File)
@
Ne details available 2
Ready 100% VariableStepAuto
< >
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NPSS FMU Iin Simulink Benefits and Features

Table B1 - Fundamental Unit Strings Simulink Ml NPSS
 Integration time of NPSS model greatly reduced e Ut e ; —

« MathWorks provided preview of Simulink feature that ™ o = esreas s s
auto codes the interface to the FMU using the e
Embedded Coder. Was able to autogenerate the o TN";. N o
interface code about the TF02 FMU. B

ength nautical mile nmi U.5. Customary M M
 FMU tracks other information about the variables, o T
kilogram ke ) Prefarred 5|
 Units attribute can be set, but some differences inthe l Tz U3 Cumomary panpss | s
string syntax as shown to the right. — — > o
« FMI/NPSS / Simulink have some minor differences in : S — l — w w
unit string definitions, but can be handled in the Model e e T = =
description. XML interface. — e
 Description also a useful attribute that can transfer s —
over from the NPSS model. S— E}r o
o mae parsecons Frerass /s o
R e
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Closing remarks

FMI seems to be making a big impact in the simulation interoperability world. Numerical
simulations like NPSS are easily packaged into FMUs and provide interoperability with a
number of Toolsets.

Need to evaluate FMI 3 standard and its impacts on all interfaces.
Desire for variable timestep capability supposed supported in FMI 3.

FMU packaged model provides an easier package to configuration manage, deploy and track
with PLM tools.

FMUs also easy to execute thru python scripts allowing automated regression testing and PLM
requirements testing.

For non Consortium members Contact the NPSS Consortium for further information.
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https://www.swri.org/consortia/numerical-propulsion-system-simulation-npss
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