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INTRODUCTION
-

Since its inception, the j2 Universal Tool-Kit has been focussed on improving aircraft design and the
aircraft design process. This is intended to support the development of aircraft from simple models
looking at basic flying qualities through to high fidelity models for pilot training and aircraft
certification. The off-line analytics provide an ability to build-in certification and test manoeuvres into
the batch processing analytics and to track all results through the configuration management system
means that it is possible to start certifying the aircraft from the very beginning of the design to ensure
that there are no surprises later on.

Creating a digital twin and then building multiple variants (delta’s), enables differing levels of
uncertainty to be tested. This off-line analysis can also feed directly into the flight test program to
ensure the impact of unknowns can be assessed and flight safety decisions made before actual flying
starts. Post flight, the flight test data processing helps to refine the model and reduce the uncertainty
at the same time as creating high fidelity digital twin models for use in real-time simulation. All this
activity is easily performed through the Graphical User Interface (GUI) providing smooth workflow and
easy to use steps.

What is sometimes overlooked is the ability for the j2 Universal Tool-Kit to interact with other systems
and to run in a remote mode. Some of these features are becoming more valuable as we move to
integrated digital engineering.
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DIGITAL ENGINEERING

When working with classic flight simulation, all analyses must be performed in real-time. This is very
time consuming, especially if looking at multiple conditions.

The first thing to consider is the creation/calculation of initial conditions. As aircraft become more
complex, so the identification of initial conditions becomes less straight forward. The j2 Universal
Tool-Kit has a unique approach to identifying initial conditions. This uses a series of Trim Rules that
enable the user to create any pairing of driving and target parameters. Ranges of target parameter
values can be defined and the software will automatically calculate all the possible combinations.
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Thus, complete flight envelopes covering multiple configurations can be created in seconds. The full
set of flight conditions are then combined with an aircraft model and the complete data set is run as
a batch Trim Analysis. The j2 software will find those conditions where the aircraft can achieve the
targets and what the corresponding driving parameter values are to achieve them.
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Templated charts can be used to automatically display the results.
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With the j2 Universal Tool-Kit, manoeuvres are created as Response Models that can include any
model inputs, initial disturbances, fixed parameters and external gust profiles. These can be combined
together using arrays, expressions and constant values to add whatever level of complexity is required,
from simple initial disturbances to excite the modes of motion through to certification manoeuvres.

Parameter Source | <Defaults

= L Response Model

= :I!I: Inputs
|i| Other Input 1 =1it) (Tail roter drive failure)
|i| Cther Input 2 = 0%if{ [Tail rotor drive failure.Position] <0.01,1,0) (Yaw - SAS Engaged)
|i| Other Pitch Control Input = 07if{[{]<16.-3.57 Q] [dt] -1°[dt]"([gamma]- [Fitch Contral Override Flag.Position] * [D2R] J+[Pitch Flight Control Position] -3.57Q]dt] -17
|i| Other Pitch Control Input 1 =1it) (Fitch Contrel Override Flag)
|i| Other Roll Contral Input = 07if{[&irframe. HAT]=5.- 147[F]"[dt]+[Roll Flight Control. Position] . [Rell Flight Control Pesition] ) (Roll Flight Contral)
|i| Other Throttle Input = O7if{[t]=12 AND [t]<14, [Collective Flight Contrel Position] *(1-1.57dt]). [Collective Flight Control. Position] ) (Collective Flight Contral)
Gusts
@ Fixed Parameters
Disturbances
2= Pitch - SAS Engaged.Position = 0
= Roll - SAS Engaged.Position =0
ﬁu‘—"; Yaw - SAS Engaged Position =0
=+ J@ Time Steps

@ #0 From 0 s . Computation Step Size =0.01 s , Print Step Size =0.01s

o
iy

ar
LGy

[l

The Aircraft Model and Response Model are combined in a Response Analysis. Any of the flight
conditions and configurations found from any Trim Analysis can then be used as initial conditions. In
a feature unique to j2, the Response Analysis can be run as a batch process. As this is an offline
analysis, there is no requirement for the response to run real-time. As such the response will run as
fast as possible, with the limiting factors on the speed of the analysis being model complexity,
integration step, and processor capability. Once again, the results can be automatically plotted using
chart templates.

Initial Disturbance SPO Comparisons

0 ("s|

I
7 8 ] ip
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When looking at trade studies and configuration changes, it is not always desirable to create different
copies of the model for each variant. J2 Universal Tool-Kit provides two ways to create multiple
variants.

The first approach uses the concept of Delta Models. A Delta Model is always referenced to the
Baseline Model and allows changes to be added without compromising the baseline.

£4 King Air'King Air B200 (EL).Decrease Cm_alpha Chart 3
Aircraft
=21 Model Inputs
+ EEI: Yaw Control
+ EEI: Pitch Control
+ EEI: Roll Contraol
+ EEI: Other
331, Switch
+ EEI: Throttle

=g Structure
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a d CLift / d alpha™ =1
= [C] Cm

gdCmida
C dCm/dalpha =00175 (/)
[I#' Coefficient Reference
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@’.J Reference Coordinate
2] [
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* Fuselage Assembly

¥
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F

|
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When the Baseline Model is updated the Delta Models automatically reference the new version
without the need to make multiple changes across multiple models. All analyses track the version
numbers of the Baseline and the Delta Models.

Aircraft Model
Igﬂ, King Air/King Air B200 {EL).Decrease Cm_alpha - Version 0.0.4

|§$ King Air/King Air B200 (EL) - Version 0.0.98
Analysis Model
L King Air/SPO - Version 0.0.2

The second option is to parameterise the model. The model can have any number of inputs that in
turn can be linked to any value. These inputs can be adjusted as the model is being analysed or
initialised via the Trim Rules. Thus, ranges of model parameters can be evaluated in a single batch
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Aircraft
=h-=1] Model Inputs
20, Parameter
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F—1

20, Yaw Control
:E: Pitch Control
:ﬂ: Eoll Control
:E: Other
1, Switch
:E: Throttle
B¢ Structure

=84 Airframe

O o = P

g0} Crm_a adiustment

E--F

H--&H--H-H

 Cm = [Cm_a adjustment.Position]
[EH Coefficient Reference
[’%,] Mass and Inertia
E’.J Reference Coordinate
[E] User Defined
EE Internally Caleulated
> Fuselage Assembly

E¢f Structure

There are two powerful API's built into the j2
Universal Tool-Kit that enable multiple systems to be
integrated with the model or the model integrated
with external analytical engines.

‘)2 Developer’ Items allow any external code to be
integrated into the model. This code can be direct
calculations linked into the model, middleware
running external analytical tools or middleware
driving Hardware in the Loop (HiL). Outputs from the
j2 Developer Item are then placed back onto the
model. When the model performs a calculation, the
external code is also called and the results then
returned to the model.

Multiple developer items can be added to the model
to represent anything. The code only needs building
once and can be re-used as multiple instances.

Where external code is trusted but is no longer under
development, this can be integrated into the model

=4 Developer ltems

-8 Airframe
[¢] Coefficient Reference
[’@] Mass and Inertia
M Reference Coordinate
[8] User Defined
=] Z>~ Fuselage
[C] Aerodynamic Coefficient
["?,] Mass and Inertiz
k’.J Reference Coordinate
FHTP
5 Rotor Assembly
[8] User Defined
¥ Gearbox
=@ Main Rotor
E [Ej Force Item Thrust Force/Moment
M Xfi = [CHARM Rotor Hub_Fxb] (Ib force)
R Y# = [CHARM Rotor Hub_Fyt] (Ibforce)
&’,- Zft = [CHARM Rotor Hub0_Fzb] (Ib force)
[?.J Reference Coordinate
[8)] User Defined
W Tail Rotor
& Link Components

o-E--8--8-F

=% CHARM Rotor
=%} ot = Rotor Assembly. d_t (s)
= X=X (ft)
Y=Y (f)
L)
£ X = X (kts)
Y =Y (kts)
k7 =7 (kts)
- U=U (kis)
%V =V [kis)
5 W =\ (Kis)
=%F phi = phi [7)
= theta = theta (7
& psi =psi )
5 P=P[s)
- Q-Q (%)
& R =R (%s)
= U= (g)
-V =V (g)
-8 =\ (g)
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[Aarcraft
=1 Model Inputs
& Structure

2 Airframe |
& Link Components
] Developer ltems

=5 M1

E

=

=% Trim = M1 Trim.Position

=% Om = Gearbox and Mator 1.Gm (1b force f)

-+ (a = Rotor 1.Ga (Ib force f)

-+ | = Rotor Assembly. Total System Inertia (kg m™2)
= dt = dt (5)

#+ Omega (*is)

¥+ Omega' (7/5"2)

£+ Power (ki)

=-£F M2

=H--#--H--H

-4 Trim = M2 Trim.Position

=% Om = Gearbox and Motor 2.0m (Ib force f)

=% (a = Rotor 2.Ga (Ib force ft)

=% | = Rotor Assembly Total System Inertia (kg m™2)
-5 dt = dt (s)

¥+ Omega (7s)

#+ Omega' (75°2)

-+ Power (kW)

£ M3
£ M4
£ M5
£ M6

through the j2 Developer API
and any future changes can be
added on top through the j2
Universal Tool-Kit.

This helps to ringfence and
protect any existing code whilst
enabling models to progress.
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In addition to j2 Developer, the j2 Active plug-in provides another API that enables external code to
call the calculation engine of the model. This APl can be called from any number of programs and

languages.

J2 already use the j2 Active APl with the j2 Matlab Toolbox plugin to enable Matlab/Simulink to
integrate with the model and with the j2 Pilot plug-in that enables the models to be flown in real-time.
With the j2 Matlab Toolbox, a j2 Block is placed into a Simulink model.

. ’_“ . \Ju (m&—'
)(- N}J
| E T N R s
DCM- —b.

—a i
g j

—“. =4 it g’ i il
dea/ct —‘,_.

—'. Hgm®) A, )

Custorn Varzble Mass BDOF Euer Angles)

Diiy

The desired model can be selected from the database
and the input and output ports selected from the
model inputs and any model parameter respectively.

Any additional system models or control systems can
then be connected up to the aircraft model.

o Active Block Setting - = X
Aircraft Model
Hill Helicopters/GT50 Engine Test Clear
Initial Accelerations
Inital Linear ion (Ab) Inital Angular Acceleration (dwidt)
[000] oo
Input Ports  Qutput Ports
Ports
MName > Collective
Flight Mode - Collective
GasTurb Frames < || - Rotor Trim (RFM)
Motor Rotor Trim (RPM)
MH Trim (%) - FMV Command
- - FMW Command
Paower
Trim State
Trim Turbine
Insert Port Signal As Port Add Port Remove Port
_OK Cancel

The Simulink model can now be run as normal and tested with Matlab using the j2 Active API to call

into the j2 model directly.

To ease the design and test of control systems further, the Simulink model can then be loaded back
into the j2 Universal Tool-Kit using a j2 Matlab Aircraft Model. This connects the complete Simulink
system back into the j2 environment so that all analyses can now be run through j2.
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[ C:Matlab\GT50_FADEC sl | |:|

Aircraft Model

IE Hill Helicopters/GT50 Engine Test- Version 0.0.304

States Outputs | | Awailable Parameters

N Unit [T Mame a | Category ” [ad
- a Atmesphere

Ignitors On Discretes Ot [1] Airframe.b Coefficient Reference

Starter Command Discretes Out [2] Airframe.cbar Coefficient Reference

Fuel On Discretes Out [3] Airframe. Cx Aerodynamic Coefficient

Status(Off) Discretes Out [4] Airframe. lx. Mass and Inertiz

Status(On) Discretes Out [5] Airframe. ly Mass and Inertia

Status(Statup) Discretes Out [6] Airframe |z Mass and Inertia

Status(Ground Idle) Discretes Out [7] Airframe M Mass and Inertiz

Status (Spin Up} Discretes Out [8] Airframe. S Coefficient Reference

Status (Flight) Discretes Out [3] alpha Aircraft State (Derived)

et [V | lorea i T alpha’ Aircraft State (Derived)

GT50.RXNH General Analogue Out [1] alpha™ Aircraft State (Derived)

gg-gﬂg” G"G ““'I :m‘ xg: Aliernator Switch Rate Limit... Link Output

X eneral alogue

Main Rotor RXNR [ Analogue Out 4] Fmes delta . '“":m

Specd Spare 1 Analogue Out [5] :eh“"‘s ez m“” "::S © e

Spesd Spars 2 Anaiogue Out [6] _ roraft State (Derived)

Eng Oil Temp Temperature Temp Out [1] beta Aircraft State (Derived)

GT50.T2 Temperature Temp Out [2] beta™ Aircraft State (Derived)

GT50.T45 Tempersture Temp Out [3] CofGx Aircraft C of G

MGE Cil Temp Temperature Temp Out [4] CofGy Aircraft C of G

TBG Case Temp Temperature Temp Out [5] CofGz Aircraft C of G

Temp Spare 1 Temperature Temp Cut [6] Cas Aircraft State (Derived)

Temp Spare 2 Temperature Temp Out [7] Cl Aircraft Coefficient

Temp Spare 3 Temperature Temp Out [8] Cla Aircraft Coefficient

Pres Spare 1 Pressure Press Out [1] Cm Aircraft Coefficient

Pres Spare 2 Pressure Press Out [2] Cma Aircraft Coefficient

Pres Spare 3 Pressure Press Out [3] Cn Aircraft Cosfficient

MGE Gil Pres Pressure Press Out [4] Cna Aircraft Coefficient

Eng Oi Pres Pressure Press Out [5] Collective Initial_Condiion  User Defined

G505 Out [6] Cx Aircraft Coefficient

GT50.P3 Pressure Press Out [7] .

GTS0.WFE Mass Flow Fuel Out [1] gxa :mri c!e:

\ibe Sensor Fuel Out [2] v reraft Coeflicie

FMV Actual Fuel Out (3] Cya Aircraft Coefficient

FMV Command FMV Out [1] Cz Aircraft Coefficient .

NHd FADEC Intemal [1] oz Airmraft £ i

NHa FADEC Intemal [2] | |p

NH PID FADEC Intemal [3] & Filter | <None>

Anticipator FADEC Intemal [4] | .|

NRd FADEC Intemal (5] Parameter Source |H\H Helicopters/GTS0 Engine Test |

This also enables the Simulink model to be tracked through the j2 configuration control system.

Other tools can be connected into the j2 models in the same way that Matlab can, using the j2 Active
API to provide further integration.

Automation

The final stage is to be able to automate the analytics from other tools to run optimisation tasks or as
part of a larger design cycle process. To this end, the j2 Universal Tool-Kit provides multiple command
line functions that can be used in scripts or batch files to run analyses without loading the Graphical
User Interface (GUI).

This can be used for processing large sets of cases over extended periods of time or for running a
parametrised model with inputs defined through external tools and then reviewing the results before
performing additional analyses. In this way, optimisation routines can be used to investigate
complicated models over a range of test cases without any operator interaction required.
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CONCLUSIONS

The j2 Universal Tool-Kit can be integrated with multiple external tools and languages into the aircraft
model, including HilL and can then be used to run multiple offline analyses at whatever rate the user
chooses. These analyses can be run on a single model or across multiple variants and the results
compared. The whole system includes version control and configuration management, keeping track
of all results and what version of the models were used to create them.

External tools can be integrated with the j2 Aircraft models for additional analyses using a built in API.
Further offline analyses can be performed using the command line system to support the integration
of the analyses into optimisation routines and process management systems.

Further work is also in progress for expanding the j2 Developer API and to allow variants to be
combined as well as integration with tools such as Siemens Teamcenter and Simcenter as overarching
full project management systems.
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