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INTRODUCTION
-

j2 Aircraft Dynamics Ltd. is pleased to announce the release of its latest version of the j2 Universal

Tool-Kit. The release of v7 replaces the previous v6.5.2 and is a major version release unlocking a
significant number of new and improved features.

As well as bug fixes and some internal changes, there are several noticeable and major improvements.
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J2 UNIVERSAL FRAMEWORK
-

The j2 Universal Framework is the main application for the j2 Universal Tool-Kit. This provides the
core framework that includes the main Graphical User Interface (GUI) components, the units system,
dataset management and storage, and configuration management.

The GUI has been updated with a whole new suite of user Icons to aid in navigation. This is a major
enhancement to the interface providing consistent and clearer views of all objects, operations and
functions.

The GUI has been further enhanced allowing customisable colours and styles through the use
of templates and style sheets.
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Flat Style

Other updated internal features include:

e The units system has been updated allowing for automatic generation of combined parameter
units.

e C(Clearer and expanded views of dataset information in the properties window.

e Improved dataset filtering and memory retention of previous filters
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J2 VISUALIZE
I ——
J2 Visualise is the powerful charting module for the j2 Universal Tool-Kit. The following improvements
have all been developed and delivered as a direct result of user feedback:

e Aseries of default templates for each chart type have been created this means that different core
styles can be applied individually for Trim, Response, and Linear Charts.

e Itis now possible to copy all series data, so that where there are charts split into different groups
and series, all data can be copied in a single mouse click.

e ]2 have added a function fit capability which enables users to fit lines, exponential curves, and
damped cosine curves (level and sloped) to data. This can provide information regarding the
gradient, delay and oscillation characteristics (damping, frequency etc.) of data.

—a— Clifta Cma e Clifta (Line Fit) —— CDraga
T T 05
] B BEIA 52119~ -
5] (e 2] .
] A
12 | 0.45
1.1+ L
1] 0425
09 ] 0.4
0a L0375
0.7 1 0.3
0.6 0325
0.5 [
0.4 ] - 0.3
£ 03] - 0275
5 ] y=0.0944 /"x+0.2288 - g
= 024 k R=0.9999, Error RMS=0.0067, MaxError=0.013 025 3
5 b - =
3 01 / - 0.225
0 — T T T T T T T T T T T T T T T 1T T 1 1T T T T 17T -D 2
I (- - - 2 0 2 4 6 b 10 12 14 18 2 2  F
] slpha (°) L 0.175
024 -
03 o015
041 / 0125
0.5 b 0.1
06 [
i - 0.075
07 [
o8] | 0.05
0] | | - 0.025
L 52119 |
43 i i 0

Evaluating Gradients with a Straight Line Fit

2
AIRCRAFT DYNAMICS

Predicting Performance

e 3 x5



e (] (V5] ennee (%3] (Exp Fit)

0 ("=
o
|
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Identifying Frequency and Damping with a Cosine Fit
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e User can now add boundaries and labels through the GUI
Chart Properties O X
« |[)) Data
[l DataTable
= ConstantMach | LowSpeed —-== | LowSpeed =-=:- | LowSpeed =-=-- |
X Y X Y X Y X Y ~
66090712 0 69 0 1233 35000 380 10000
65.896328 1000 743 5000 240 35000 3835 5000
65.701342 2000 202 10000 320 35000 330 0
65.313174 3000 869 15000 380 10000 (hale) (hole)
65118730 4000 M3 20000 (hale) (hole) (hale) (hole)
64924405 5000 102.8 25000 (hole) (hole) (hale) (hole)
63.758039 10000 1124 20000 (hale) (hole) (hale) (hole)
62.591752 15000 1232 35000 (hale) (hole) (hale) (hole)
0,000t 61.425485 20000 (hale) (hole) (hale) (hole) (haole) (hale)
=§§ | 60.0647%4 25000 (hale) [hale) (hale) (hale) (hale) (hele)
;?‘g% 58.893428 30000 (hale) (hole) (hale) (hole) (haole) (hale)
== 57537796 35000 (hole) [hole) (hale) (hole) (hale) (hele)
57343412 40000 (hale) (hale) (hale) (hole) (hale) (hole) h
Cancel Apply

M0.1
Mo2

=) mach M0.3
= mach MO.4
mach M0.5
= mach MO.6
=) mach M0.7
= mach Mo.2
mach MD.9

Envelope 69 KCAS

Envelope  Desired Flight Envelope

Defining Boundaries for a Chart

Label Form

Femove

AttachMethod Datalndex
» AttachMethodData Group Index=0, Point Index=12
Compass North
Connected False
Image [ inone)
»  Location 138, 136
Name mach
(Cfset 0
RotationOvemride 0
»  Size 37 7
5 SizeDefault -1, -1 ]
Name
Getz or sets the label name

0K

Adding Labels to a Chart
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Resulting Chart with Boundaries and Labels

In addition there have been minor bug fixes including the ability to run traces on Matlab Analyses.
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J2 FLIGHT

The powerful j2 Flight module, now being used globally replacing older legacy methodology and flight
test data matching processes, also sees some further updates and enhancements. These changes are
again as a direct response to user comments and requests.

Residual information is displayed in regression to provide further detail of the accuracy of the
corrections this ensure that too accurate a solution is not being sought when the solutions fits within
the maximum allowed residual values.

Coefficient: |Cls =| Calculate | All Bucket Method: |Error ~|MaxLikelihood -| Copy Settings a Import Values a Export Corrections =
Bucket Selection
Coeflicients Derivative | Constant ~ | Chart Type | Residual ~

Initial Comection

Value | Confidence
Constant 0.0000 Fixed 0.0000 -
beta (/) 0.0000 Five 0.0000 1
ps” 0.0000 None 0.0108
=" 0.0000 Three 00536 i
Wing Assembly AVIG_INBD_AIL (/) 0.0000 Four 0.0001
Wing Assembly AVG_OUTBD_AIL (/7) | 0.0000 Four 0.0001 7
Wing Assembly FFAVGASP (/°) 0.0000 None -0.0001
FFCRUD Deflection (/%) 0.0000 Four 0.0002 1
Bucket Details
Count 42,895
Comrected Comelation Coefficient | 0.5150 -0.01
Corrected Eror RMS 0.0024
Comrected Max Error 0.0142 1
Comrected Min Emor 0.0150
Correlation Coefficient 0.3201 -0.02 — — T
Error RMS 0.0024 0 5000 10000 15000 30000 35000 40000 45
Max Emor 0.0150
Min Error 0.0142
# Residual

<z Back

Error and Residual Values to Improve Matching

When making changes to values and confidence levels during Maximum Likelihood analysis there was
a continual re-calculation for each change. This could cause delays when working with large quantities
of tests (and subsequent data points). A calculate button has now been added so that multiple
changes can be made before the user then selects to re-run the calculations. This user requested
update can save a significant amount of set-up and processing time.
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Coefficient: (SN All Bucket Method:

Bucket Selection

]

Initial Comection

Value Confidence
Constant 0.0000 Fixed 0.0000
beta (/) 0.0000 Five 0.0000
ps” 0.0000 Cne 0.0108

rs” 0.0000 Three -0.0536
Wing Assembly AVG_INBD_AIL (/7) 0.0000 Four 0.0001
Wing Assembly AVG_OUTED_AIL (/) 0.1 Four 0.0001

Wing Assembly FFAVGASP (/) 0.0000 : None -0.0001
FFCRUD.Deflection (/)

Count
Comected Comelation Coefficient
Comected Emor RMS
Comected Max Emor
Comected Min Emor
Comelation Coefficient
Emor RMS

Max Emor

Min Emor

Enabling Calculate When Changes are Made

Further efficiency improvements have also led to an 30% increase in the processing speed.
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J2 ROTARY

The introduction of j2 Rotary is a new module for the j2 Universal Tool-Kit. Designed specifically to
meet the demands of high fidelity modelling in rotary applications and already fully commercial, j2
Rotary has its own blade element rotor model (BERM) or can interface with any other client specific
BERM if required.

Aircraft
=1 Maodel Inputs
=gd Structure
=83 Airframe
[I#' Coeflicient Reference
[’%,] Mass and Inertia
E?'.J Reference Coordinate
[a User Defined
EE Internally Calculated
G Fuselage
ﬁ Rotor Assembly
E’.J Reference Coordinate
[E] User Defined
EE Internally Caleulated
+] HOT = Airframe HOT-=HOT (ft)
'3%, Rotor Assembly:Drive Shaft 0
=
@ Rotor Assembly:Gear Box
L‘_ﬁ] Thrust Force/Moment Correction
EE Internally Calculated
E + Rotor Assembly:Main Rotor
Hi] Rotor Contral
L‘-_'E'] Thrust Force/Moment Correction
EE Internally Calculated
=4 Rotor Assembly-Tail Raotar
Hi] Rotor Contral
L‘-_'E'] Thrust Force/Moment Correction
EE Internally Calculated
<] Fail = Loss of tail rotor effectiveness Position->Fail
f Link Components
T Developer ltems

o-#--#8--#H--8-8-F

H--H--H

o--&H--H

Adding a Rotor Assembly to Create a Rotary Wing Aircraft Model

Fuselage and Empennage are added into the model using Stripped Items through j2 Elements. This
enables the addition of Dynamic Pressure Loss factors and the inclusion of the downwash
characteristics to be added.
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=% H Stab

[3:‘.& Reference Coordinate
=g, H Stab Aero

= [Q] Dynamic g Less Factor
ﬂ dynamic g Loss Factor = flalpha)

[C] Local - Aerodynamic Coefficient

[I:,LL] Local - Coefficient Reference

5] Local - Deltz Velocities
22 4 Deltz U_j / d Rotor Assembly:Main Rotor. Downwash = fiRotor Assembly. Down Skew) (kts/)
Li—_r,’ d Delta Vi / d Rotor Assembly:Main Rotor Downwash = f{ Rotor Assembly Down Skew) (kis/)
f%‘ d Delta W_i / d Rotor Azsembly:Main Rotor. Downwash = f{Rotor Assembly.Down Skew) (kts/)

EF‘] Local State

E"_.] Local(H) - Reference Coordinate

[l Maximum and Minimum (Y]

EE Internally Calculated

£l--m

|

H

- -

Adding Downwash Velocity and Skew Contributions to Stripped Velocities

The downwash velocity contributions are then combined with the motion of the aircraft, free stream
velocities and atmospheric velocities to produce a local angle of attack and sideslip for each individual
component which can then be used on the empennage and fuselage aerodynamics.

=--£> Fuselage
[C] Aerodynamic Coefficient
5: Fuel Tanks
=y, Fuselage Aero
[ﬂ] DOynamic g Less Factor
Ef.] Global - Reference Coordinate
=, [(I] Local - Aerodynamic Coefficient
C CSide_i =f{Fuselage Aero.beta_i)
C Cl_i = f{Fuselage Aero. beta_i)
C Cn_i =f{Fuselage Aero beta_i)
=[G em_i
C Cm_i = f{Fuselage Asro.beta_i)
C Cm_j =f(Fuselage Aero.zlpha_i)
=2-{C] cLifii
C CLift_j = fiFuselage Aero.zlpha_i)
(. CLift_j = fiFuselage Lero.bats_i)
=[] CDrag_i
(. CDrag_i =f(Fuselage Asro.alpha_i)
(. CDrag_i = f(Fuselage Aero beta_i)
[E& Local - Coefficient Reference
3] Local - Delta Velocities
E‘_.] Local(H) - Reference Coordinate
[H] Masximum and Minimum ()
EE Internzlly Calculated
Z* H Stab
§ Hard Points
5: Interior
§ Powertrain
&V stabs
M Reference Coordinate
[8)] User Defined
=B, CV Stab Aero
[ﬂ] Dynamic g Loss Factor
E.’.] Global - Reference Coordinate
El [C] Lecal - Aerodynamic Coefficient
C CDrag_i = f(CV Stab Aero.alpha_i)
C CLift_j = fiCV Stab Aero.zlpha_i)
[II;LL] Lecal - Cosfficient Reference
[25] Local - Delta Velocities
[1—.? d Delta U_i / d Rotor Assembly:Main Rotor. Downwash = f{Rotor Assembly.Down Skew) (kts/)
22 Delta V_j =0 (kts)
[1—.? d Delta'W_i / d Rotor Assembly:Main Rotor. Downwash = f{Rotor Assembly.Down Skew) (kis/)
f[:.] Lecal(V) - Reference Coordinate

®-H-3-E-E

o-#-#H-8-F

m--&

=

Coefficients functions of the Local Angles of Attack
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J2 Rotary also allows the user to tune the rotors separately from the aerodynamics of the fuselage,
providing rotary models that can accommodate the most challenging of manoeuvres required by the
end user and the regulator.

E :’,E: Rotor Assembly
E’.J Reference Coordinate
[8)] User Defined
EE Internally Calculated
2] HOT = Airframe HOT-3HOT (ft)
"% Rotor Assembly:Drive Shaft 0
"% Rotor Assembly:Drive Shaft 1
@ Rotor Assembly:Gear Box
F‘:—J Thrust Force/Mement Carrection
EE Internally Calculated
E -5' Rotor Assembly:Main Rotor
Hﬂ Rator Control
El D_‘:—'] Thrust Force/Mament Correction
B?F' Mmit_c = [Rotor Assembly.Cm_g] * [Aiframe.g dynamic] * [Airframe.5] * [Airframe.b] (N m)
B?F' Mmt_c = [Rotor Assembly.Cn_r] * [Airframe.g dynamic] * [Airframe.5] * [Airframe.b] (N m)
B?F' Yfi_c = [Rotor Assembly. MR_K_Y]"[Rotor Assembly:Main Rotor Y] (M)
B?F' Zft_c = 0.1" [Rotor Assembly:Main Rotor Zf] (N)
E [I-_‘EJ Lmt_c
BTF, Lmt_c = [Roter Assembly.Cl_Gyra] * [Airframe.g dynamic] = [Aiframe 5] * [Airframe.b] * [Roter Assembly.Cl_Gyre_Washout] (N m)
B?E Lmt_c = [Roter Assembly.Cl_p] * [Aiframe.g dynamic] * [Aiframe S] * [Airframe.b] (N m)
BTFT Lmt_c = [Rotor Assembly. ME_K_L] “[Rotor Assembly:Main Rotor Lmit] (M m)
EE Internally Calculated
#" Rotaor Assembly-Tail Rotar

m--m--E

Rotor Corrections
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J2 BUILDER
1

The j2 builder module, enabling users to build their own models from scratch from any data source
with/without OEM data. As well as a new look provided by the update of over 150 icons, there are

some additional features.

e Additional Link Items have been added to allow basic control system development all within the
j2 model without having to integrated with external tools or components. These include

Proportional + Integral + Differential Controllers
Washout Filters
Rate limiters

=@ Link Components
-4 Rate Limit
% Rate Limit = Q WO .Output limit change -05t0 1.0 /s
E :&: Washout
= @WO = f{MC Qerror)
[ Washout Time =2.0(5)
= EE Internally Calculated
= EEED'] States
EEED- State
= PID
=--FIT PPID = f{MC.P error)
=-Pir] PID Gain
By kp=10
By ki=10
By kd=05
1y N =200
= EE Internally Calculated
= EEEE'] States
fEH O Differential
EEED' Integral
PIT @ PID = f(MC.Qerror)
AT RPID = f{MC.R error)

Updates to the Parent/Child Relationships on the model hierarchy allows for a more expansive

model structure, adding fidelity and detail.

Improved Model optimisation means that objects are better sequenced in calculation order. This
reduces the number of times the convergence loop is called and further speeding up the

calculation process.
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J2 FREEDOM
1

Most improvements to j2 Freedom are all internal to improve the core calculation engine of the j2
Universal Tool-Kit. These include:

e Automatic trimming of PID and Washout. With the additional states that are part of the PID and
Washout components, these need to be trimmed. However, there is no requirement to create
additional trim rules as these will be managed automatically to set the rates of the states to 0.

e Improved processing speed. Further threading and internal calculation techniques have enabled
the processing to improve by another 25%.

e Additional debugging information to help with understanding analysis and results.

Along with new icons, the GUI changes includes the making of the Trim rule creation dialogue box
more intuitive.

Trim Rule Information

Name Skai Engines Code SKA-ENG
MNamespace | Skai Category
Decription

Trim the engines to a target angular acceleration

Criteria
Drriving Parameter Target Parameter L] Add
M1 Trim.Position M1.0Omega’
M2 Trim.Position Delete
M3 Trim.Position M3 Omega’
f4 Trim.Fosition M4 Omega’
BAR Trims Domitiom BAE TCimmmm=" =
Diriving Parameter Target Parameter
Full Name | M2 Trim.Position Full Name | M2 Omega’
Units Units Angular Acceleration w
Fixed Value [ ]
Cther Parameters

Carce
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J2 MATLAB TOOLBOX

J2 have moved away from using the COM interface for links into the j2 Matlab Toolbox. By moving
away from COM the installation is significantly improved and the interaction is far more robust and
stable. Updates to the system enable internal states from controllers to be mapped into the j2
Aircraft Matlab Model.

Aircraft Model
| 54 Skail/Skai AH2-1 OL - Version 0.0.1

States  Qutputs  Inputs

Name Linit
_ v Custom Variable Mass 6DOF (Euler Angles)/xe ye ze [1]

Y Length Custom Variable Mass 6D0F (Euler Anales)ixe ye ze [7]

il Length Custom Variable Mass 6D0F (Euler Angles)ixe ye ze [3]

phi Angle Custom Variable Mazs 6D0F (Euler Angles)/Calculate DCM & Euler Angles./phi theta psi [1]
theta Angle Custom Variable Mazs 6D0F (Euler Angles)/Calculate DCM & Euler Angles/phi theta psi [2]
psi Angle Custom Variable Mass 6D0F (Euler Angles)/Calculate DCM & Euler Angles/phi theta psi [3]
U Speed Custom Variable Mass §DOF (Euler Angles)/ub vb,whb [1]

W Speed Custom Variable Mass 6D0F (Euler Angles)/ub vb wh [2]

W Speed Custom Variable Mass 6D0F (Euler Angles)sub.vb whb [3]

P Angular Velocity Custom Variable Mass 6D0F (Euler Angles)/p.ar [1]

Q Angular Velocity Custom Variable Mazs 6D0OF (Euler Angles)/p.q.r [2]

R Angular Velocity Custom Variable Mass 6DOF (Euler Angles)/p.qr [3]

Q PID Integrator Subsystem/Q PID/Integrator [1]

Q PID Fitter Subsystem./Q PID/Fiter [1]

P PID Integrator Subsystem/P PID/Integrator [1]

P PID Filter Subsystem/F PI1D/Fiter [1]

R PID Integrator Subsystem/R FID/Integratar [1]

R PID Fitter Subsystem/R PID/Fitter [1]

P Angular Acceleration  P*[1]

Q Angular Acceleration  Q'[1]

R Angular Acceleration  R'[1]

L Acceleration i

W Acceleration V1

W Acceleration W 1]

Additional States from Simulink PID
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Initial Conditions can be added to model inputs to support the process of trimming.

CA\Matlab\SkaiTest sl
Aircraft Model

| o4 SkailSkai AH2-1 OL - Version 0.0.1

MHame

Fuel Tank 10 Position
Fuel Valume {L).Position
M1 Trim.Position

M2 Trim.Position

M3 Trim Position

M4 Trim.Position

M5 Trim . Position

ME Trim.Position
Payload {lb).Position
Payload Location {in). Position
Rotar 1D, Position

Filot Throttle. Position

Pitch Stick . Position

Rall Stick . Position

Rudder Pedal Position

M1 Fail.Position

M2 Fail.Position

M3 Fail.Position

M4 Fail Position

M5 Fail.Position

ME Fail Position

Unit | Hint

Fuel Valume (L) [1]
M1 Trim [1]

M2 Trim [1]

M3 Trim [1]

M4 Trim [1]

M5 Trim [1]

ME Trim [1]
Fayload (b) [1]
Payload Location [1]
Rotor [D [1]

Filat Throttle [1]
Pitch Stick [1]
Rall Stick [1]
Rudder Pedal [1]
Faiils [1]

Faiils [2]

Faiils [3]

Faiils [4]

Faiils [3]

Faiils [&]

Inital Value

M RelTakDll |0

1]
100
100
100
100
100
100

Setting the Initial Start Points for Trimming

Some changes to internal Matlab files have also resulted in a speed up in processing between j2 and

Matlab of up to 90%.
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J2 DEVELOPER

Change the developer item inputs & outputs without needing to disconnect the developer item
first. Improved interfacing to minimise the possibility of non-convergence. Additional method to

identify when a convergence loop has started.

=21 Model Inputs
:ﬂ: Yaw Control
:ﬂ: Roll Control
:ﬂ: Pitch Control
EE]: Throttle
5T, Trim
=1, Fail
=, Configuration
E¢f Structure
S Airframe
#--[C] ferodynamic Coefficient
[ [I'-'::'] Coefficient Reference
[’%,] Mass and Inertia
5: Cabin
& Link Components
=% Developer ltems
=5 M1

=% Trim = M1 Trim.Position

=-#-8-5-H-H-5

m
B

-4 Jz = Rotor 1.0z (N m)

-5 dt =dt (s)
£ Omega (*/s)
£+ Omegs' (715"2)
£+ Power (hp)
£ M2
£ M3
T M4
£ M5
£ M6

&/

[

=% Om = Gearbox and Moter 1.0m (N m)

=5 | = Rotor Assembly. Total System Inertiz (kg m™2)

Connecting Inputs and Outputs to a j2 Developer Item
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