Rotation Notation/Convention

X X X
Y= [/\] Y= )A/T Y (from global to local)
z z) 2|z
or equivalently:
X X X
T A A A
Yos[A] qyp==[% § 2y
Z z z
where X/Y/Z are global coordinates, x/y/z are local coordinates, A is the DCM from global to local, and
x/ )7 /Z are the unit vectors of the local coordinate system expressed in the global coordinate system.
0){
__ o EulerExtract
0,1=F ([a(0.0,0.)])
92

where function FEerEsreet ( ) returns the 3 Euler angles of the x-y-z (1-2-3) rotation sequence used to
form A (that is, first a rotation l9x about the global X axis, followed by rotation 0}, about the Y~ axis,

followed by rotation 92 about the Z’” axis ) defined as follows:

cos(0.) siN(o) 0]cos(8) o -sIN(8)][1 o 0
A(Qﬂ‘ﬂ:){—sm(o_) C0s(0,) o} 0o 1 0 [o cos(0,) SIN(, )}
0 0 | siv(e)) o cos(a)|l0 -SIN(6,) COS(6,)
(0.)
(6.)

€0s(0,)Cos(6.) COS(0,)SIN(0.)+SIN(6,)SIN(6,)COS SIN(0,)SIN (6.)-COS(0,)SIN(6,)COS (6.)
=[-C0s(8,)SIN(6.) COS(8,)COS(6.)-SIN(8,)SIN(6,)SIN SIN(6,)COS (6.)+COS(6,)SIN(8,)SIN(6.)
SIN(6,) -SIN(6,)C0S(0,) cos(,)cos(0,)
Note the followinig simplifications:
cos(6,)cos(6.) SIN(6.) -SIN(6,)COS(6.)
A(0.6,.0.)=| -C0s(6,)SIN(6.) COS(6.) SIN(6,)SIN(0.)
SIN(6,) 0 cos(0,)

[cos(6.) C€oS(6,)SIN(0.) SIN(6,)SIN(6.)
A(6,,0,6,)=| -SIN(6,) €OS(6,)COS(6.) SIN(6,)COS(8.)
0.)

0 —~SIN (6, cos(,)
[cos(6,) siN(6,)sIN(6,) -COS(6,)SIN(6,)
A(0.6,,0)=| 0 Cos(6,) SIN(6,)

| SIN(6,) —SIN(6,)coS(6,) C€Os(6,)COs(6,)



KiteMBDyn Preprocessor
.+ Functionality: Generates MBDyn

KiteFAST-OS Submodel Hierarchy

KiteAeroDyn Driver
e Functionality: Runs KiteAeroDyn in
standalone mode by prescribing
ime-domain 6-DOF kite motion,

rotor speed, and controller settings
of energy kite in steady wind

I+ Source Code: Modify existing
AeroDyn Driver

MBDyn
Structural Dynamics

dynamics
Components: Energy kite

|+ Physics: Time-domain structural

o Source Code: Existing MBDyn

I
L

|+ Functionalty: Interfaces.

[+ Physics: Geomeric AoA of fuselage
o Source Code: Modify existing

AoA and control

[« Components: Wing, vertical
stabilizer, horizontal stabilizer,
pylons, fuselage, and control |

surfaces (flaps,
elevator)

|+ Source Code: Modify existing
Aifoilnfiow 1o include control
|

setting

KiteAeroDyn
lifting lines.
|+ Components:

submodules

AeroDyn

[+ Physics: Processes ambient wind
inflow (steady, uniform e.g. from
IECWind, or turbulent e.g. from

[+ Physics: Qu
to calculate

TurbSim)
[ Components: Ambient wind inflow skew

ls_Source Code: Existing

MoorDyn
+  Physics: Time-domain cable
dynamics

KiteFASTMBD
Funcionaliy: Interfaces modules
Physics: Time-domain rotor/
drivetain dynamics
Source Code: Modify existing

[« Components: Tether and moorings.
[ Source Code: Existing

‘Airfoilinfo |
[+ Physics: Quasi-steady lifting line to |
calculate ClICd/Cm dependent on

|

KiteVSM
|+ Physics: Vortex step method for
computing induced velocities for

vertical stabilizer, horizontal
stabilizer, and pylons

o Source Code: New

InflowWind
ActuatorDisk
|

moments dependent on TSR and

[+ Components: Rotors — One
instance for each rotor |
[ Source Code: New — Inputs Come
from existing AeroDyn Driver or |
other sources.

|

Commented [3J1]: We’ve split up KiteFASTMBD into
KiteFASTMBD in C and KiteFASTMBD in Fortran. This plan is

for KiteFASTMBD in Fortran.

setting

ailerons, rudder, |

Wake from wing,

iasi-steady actuator disk
power/3 forces/3

floating platform (m/s)
MED gPm _ Rotational
velocity (absolute) of the
floating platform (rad/s)
MBD PP _ Translational
acceleration (absolute) of
the floating platform (m/s?)
MBD i Pifn_ Rotational
acceleration (absolute) of
the floating platform

(rad/s?)
MBD = PifnIMU o ;
p — Position of of the fuselage mesh (N- instances of pylons per wing (-)
the floating platform IMU m) Moo.rDyn 'from the AFAST2Cl _ e
(m) MBD = SWn . previous time step .
MBD qPUniMU s F7 — Aerodynamic (stored as other conversion from the FAST
— Rotation and tether applied states) ground system (X pointed

concentrated moments on
the floating platform (N-
m)

MBD T Fus .
F; “" — Aerodynamic

applied concentrated
forces at the j " node of
the fuselage mesh (N)

o MBDpF }u"“' — Aerodynamic
applied concentrated
moments at the j " node

the controller once R
per step)? (flag)

Inputs from MBDyn
from the previous
time step (stored as
other states)

ML) OtherStates

— Inputs to both e N Pylons

Nesp/usp — Number of
(other state) KiteAeroDyn time steps
per MBDyn time step (-)

MBD
OtherStates — . N

controller time steps per
MBDyn time step (-)

° NFlups
per wing (-)

cmi/mgp — Number of

— Number of flaps

— Number of

input fles based o energy ki
properies
[ Souree Cosetew R D e, OpenFAST Driver
solution forward lydroDyn
l Source Code: Existing MBDyn e Physics: Waves, currents, and
. Component: ncident waves and |
. Seuros Code: Exsing |
Controller “
|+ Physics: Controller and safety
systomlogic |
c ts: Controller and safety |
sysom
e Source Code: Existing (from |
Makani) L
KiteFASTMBD
\Inputs\ \Outputs\ States \Parameters\ —c d [332]: These are the data queried from the MBDyn
MBD = Pifm s MBD 75 Pifin KAD . _ e At —MBDyn time s model at t using GetXCur to be used within KittFASTMBD. The
p Position of the dF d - ° h NewTime —1Is (S) Y \ outputs from MBDyn are inputs to KittFASTMBD.
i Hydrodynamic, mooring, this a new time ste;
f}/{(;tmg platform (m) an):i teth{:r anplied & (in order to onl ceﬁl o KADAt KiteAeroD \ Commented [J33]: These are the data sent to the MBDyn model
A im_ Rotation pp N y — RKateAcroUyn \\ from KiteFASTMBD. The inputs to MBDyn are outputs from
. . concentrated forces on the KiteAeroDyn once time step (s) \ | KiteFASTMBD
(absolute orientation) of the floating platform (N) er step)? (flag) \ :
floating platform (-) _g P p p) = ® lnterpOrder - { Commented [1J4]: Obvious parameters are not listed here.
MBD i Piin (other state) .
MBD 5 Pifin lational - ) Interpolation order for
v Translationa: Hydrod . . o " NewTime —Is . . .
velocity (absolute) of the ydrodynamic, mooring, . . input/output time history
and tether applied this a new time step (-) {1=linear,
(in order to only call 2=quadratic}



(absolute orientation) of the

floating platform IMU (-)
MBD 5 PYfinIMU_

Translational velocity
(absolute) of the floating

platform IMU (m/s)

MBD 5 PmIMU-_ R otational

velocity (absolute) of the
floating platform IMU
(rad/s)

MBD = PifnIMU

Translational acceleration
(absolute) of the floating
platform IMU (m/s?)

MBD 5BESRe]”_ Pogition of

the floating platform base
station (BS) reference point
m
MBD BSRe] _ Rotation
(absolute orientation) of the
floating platform BS
reference point (-)

MBD D'BSRef |

Translational velocity
(absolute) of the floating
platform BS reference
point (m/s)

MBD z5B5Re/” _ Rotational
velocity (absolute) of the
floating platform BS

reference point (rad/s)
MBD&BS Ref

Translational acceleration
(absolute) of the floating
platform BS reference
point (m/s?)

MBD 5Wind _ position of the

base station where the wind
measurement on the
floating platform is taken
(m)

MBDZWind _ Translational
velocity (absolute) of the
base station where the wind
measurement on the
floating platform is taken

concentrated forces at the
7 "™ node of the starboard
wing mesh (N)
MBD 37 SWn

M -

Aerodynamic applied and
tether concentrated
moments at the j ™ node
of the starboard wing
mesh (N-m)

MBD 5 PW; )
F/™" — Aerodynamic

and tether applied
concentrated forces at the
J "™ node of the port wing
mesh (N)
MBD 37 PWn

M P

Aerodynamic and tether
applied concentrated
moments at the j ™ node

of the port wing mesh (N-
m)
MED fr /.VS — Aerodynamic

applied concentrated
forces at the j " node of
the vertical stabilizer mesh
™)

MBD pp ;./S — Aerodynamic
applied concentrated
moments at the j ™ node
of the vertical stabilizer
mesh (N-m)

MBD F, SHS Aerodynamic
applied concentrated
forces at the j " node of
the starboard horizontal
stabilizer mesh (N)

MBD MfHS B
Aerodynamic applied
concentrated moments at
the j ™ node of the

starboard horizontal
stabilizer mesh (N-m)

Mol MoorDyn

continuous states for
both instances
(varied)

"2 OtherStates" -
Inputs to HydroDyn
from the previous
time step (stored as
other states)

by HydroDyn
continuous states

nominally downwind; Z
pointed vertically opposite
gravity; Y transverse) to

the ground system used by

—the-controtlerO¢pointed

nominally upwind; Z

Commented [J36]: The first instance of MoorDyn is for the
tether; the second instance of MoorDyn is for the mooring system.

pointed vertically
downward, Y transverse)
)

o MPg _ Gravity vector

expressed in the global
inertial-frame coordinate

Commented [J37]: The first instance of MoorDyn is for the
tether; the second instance of MoorDyn is for the mooring system.

Commented [J38]: The first instance of MoorDyn is for the
tether; the second instance of MoorDyn is for the mooring system.

Commented [JJ9]: The first instance of MoorDyn is for the
tether; the second instance of MoorDyn is for the mooring system.

(Variedﬂ system (m/s?) ]
HD x4 _HydroDyn | e p — Air density (kg/m*3)
discrete-time states — BSRe /R .

- 1
(varie d)l e D Undisp aced{
HD position in the floating

OtherStates — platform of the BS

Hydroqu other reference point (m)
states (varied) VBD. SPurty
Kby _ * M| Ppytons » ”z:l
KiteAeroDyn — Mass of the top and

constraint states
(varied)

Kby, () — Time
history of
KiteAeroDyn inputs
(stored as other
states)

KADy ( ) — Time
history of
KiteAeroDyn

outputs (stored as
other states)

KADt(f) — Times
associated with
history of
KiteAeroDyn inputs
and outputs (stored
as other states)

bottom rotors/drivetrains
on the pylons on the
starboard wing mesh (kg)

° MBD[;:;R” |:nPylons ’ n2 ]
— Rotational inertia about
the shaft axis of the top
and bottom
rotors/drivetrains on the
pylons on the starboard
wing mesh (kg-m?)
MBD[;rl;ynRtr |:nPy[0ns ’ n2 ]
— Transverse inertia about
the rotor reference point of
the top and bottom
rotors/drivetrains on the
pylons on the starboard
wing mesh (kg-m?)

MBD _SPyRir
. Xewr |:nP_vlum"n2j|

— Distance along the shaft
from the rotor reference
point of the top and
bottom rotors/drivetrains
on the pylons on the
starboard wing mesh to
the center of mass of the

MBD prPHS _ Aerodynamic . . N
(m/s)‘ J rotor/drivetrain (positive
MBDpFusO _ Position applied concentrated along positive x) (m)

(origin) of the fuselage (m)

MBD 4 FusO .
A7 _Rotation

(absolute orientation) of the

forces at the j " node of

the port horizontal
stabilizer mesh (N)

Commented [J35]: These points should move rigidly with the
floating platform i.e. the orientation and rotational velocity are the
same as that of the floating platform.

MBD _ PPyRtr
° m |:nPylon.v ! nZ :|

— Mass of the top and

bottom rotors/drivetrains




fuselage origin (-)
MBDG PO _ Translational
velocity (absolute) of the
fuselage origin (m/s)

MBD 2570 _ Rotational
velocity (absolute) of the

fuselage origin (rad/s)

MBD = FusO .
a ™" — Translational

acceleration (absolute) of

the fuselage origin (m/s?)

MBD 5 FusO_ Rotational

acceleration (absolute) of

the fuselage origin (rad/s?)

MBD = Fus .
D" — Translational

position (absolute) of the
J " node of the fuselage
mesh (m)
MBDAJ.F“S — Displaced
rotation (absolute
orientation) of the j®
node of the fuselage mesh
Q)
MBDV;’” — Translational
velocity (absolute) of the
J ™ node of the fuselage
mesh (m/s)

MBDC?)f” — Rotational
velocity (absolute) of the
J ™ node of the fuselage
mesh (rad/s)

MBDZI';‘"'V — Translational
acceleration (absolute) of

the j " node of the
fuselage mesh (m/s?)
MBDFR;"“ — Reaction
force (eipressed in the

local coordinate system) at
the j ™ Gauss point of the

fuselage mesh (N)
MBDMR/FM — Reaction
moment (expressed in the

local coordinate system) at

the j ™ Gauss point of the
fuselage mesh (N-m)
MED ﬁSW"O — Position

(origin) of the starboard

MBD M PHS
J

Aerodynamic applied
concentrated moments at
the j " node of the port
horizontal stabilizer mesh
(N-m)

MBD 7SPy
Fj |:nPylunsj| -

Aerodynamic applied
concentrated forces at the
"™ node of the pylons on
the starboard wing mesh
N)

MBD 7 SPy
M |:nl’ylnm':| -

Aerodynamic applied
concentrated moments at
the j " node of pylons on

the starboard wing mesh
(N-m)

MBD PPy
F/’ |:nPylons:| -

Aerodynamic applied
concentrated forces at the
J ™ node of the pylons on

the port wing mesh (N)
MBD yr PPy
Mj i [nl’vlonx:| -

Aerodynamic applied
concentrated moments at
the j " node of pylons on

the port wing mesh (N-m)
MBD 75SPyRir
F |:nPylons ’ n2 :|

— Concentrated reaction
forces at the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (N)

MBD 37y SPyRtr
M [nPylans 4 nZ :|

— Concentrated reaction
moments at the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (N-m)

MBD 1/ PPyRt
: F )r |:nf’ylnm 4 nZ :|

— Concentrated reaction
forces at the top and
bottom nacelles on the
pylons on the port wing

on the pylons on the port
wing mesh (kg)
MBD j PPyRir

IRat [nPylans ’ nZ
— Rotational inertia about
the shaft axis of the top
and bottom
rotors/drivetrains on the
pylons on the port wing
mesh (kg'm?)

MBD 7 PPyRi;
I b [nPylons ’ nZ]

Tran

— Transverse inertia about
the rotor reference point of
the top and bottom
rotors/drivetrains on the
pylons on the port wing
mesh (kg'm?)

MBD __PPyRir
xCM nPy[ons ’ n2

— Distance along the shaft
from the rotor reference
point of the top and
bottom rotors/drivetrains
on the pylons on the port
wing mesh to the center of
mass of the
rotor/drivetrain (positive

along positive x) (m)
MBD — FusR

P; —Reference

position of the j ™ node
of the fuselage mesh (m)
MBDA].F”SR — Reference
orientation of the j ™
node of the fuselage mesh
)

MBD Z),S_WnR

position of the j " node

— Reference

of the starboard wing
mesh (m)
MBDA/.SW"R — Reference

orientation of the j

node of the starboard wing

mesh (-)

MBD — PWnR
P

position of the j

— Reference

" node

of the port wing mesh (m)

MBD 4 PWiR
A; "% _ Reference

orientation of the j ™
node of the port wing




wing (m)

MBD = SW) .
D;"" — Translational

position (absolute) of the
J " node of the starboard
wing (m)
MBDA/.SW" — Displaced
rotation (absolute
orientation) of the j ™
node of the starboard wing
mesh (-)
MBDV/.SW" — Translational
velocity (absolute) of the
J "™ node of the starboard
wing mesh (m/s)

MBD == SWn
J

0] — Rotational

velocity (absolute) of the
J ™ node of the starboard

wing mesh (rad/s)
MBD 7" _ Translational
acceleration (absolute) of
the j " node of the

starboard wing mesh (m/s?)
MBDF"R‘/.W" — Reaction
force (expressed in the
local coordinate system) at
the j ™ Gauss point of the
starboard wing mesh (N)
‘MBD]\;IR;W" — Reaction

moment (expressed in the
local coordinate system) at
the j ™ Gauss point of the

starboard wing mesh (N-m)

MBD = PWnO o
p~" — Position

(origin) of the port wing
(m)

MBP 5PP_ Translational
position (absolute) of the
J "™ node of the port wing
mesh (m)
MBDA;’W" — Displaced
rotation (absolute
orientation) of the j ™
node of the port wing mesh
)

MBD =PIV .
v " _ Translational

mesh at the rotor reference
point (N)

MBD 3 ¢ PPyR1
M )’ |:nPy[zms 4 nZ :|

— Concentrated reaction
moments at the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (N-m)

mesh (-)

MBD —VSR
P;" —Reference

position of the j " node

of the vertical stabilizer
mesh (m)
MBDA;/SR — Reference
orientation of the j ™

node of the vertical

stabilizer mesh (-)

MBD — SHSR
! % _ Reference

position of the j " node

of the starboard horizontal
stabilizer mesh (m)

MBD 4 SHSR
/lj — Reference

orientation of the j ™

node of the starboard
horizontal stabilizer mesh
)

MBD BPHSE_ Reference

position of the j " node

of the port horizontal
stabilizer mesh (m)

MBD 4 PHSR
/1/. — Reference

orientation of the j ™

node of the port horizontal
stabilizer mesh (-)

MBD 13 nyR |:nPylnns :' —
Reference position of the
J "™ node of the pylons on
the starboard wing mesh

(m)
MBD 4 SPyR

Aj [nPylon:] —
Reference orientation of
the j " node of the pylons

on the starboard wing
mesh (-)

MBD = PPyR
pj [nl’ylonx :| —

Reference position of the
J "™ node of the pylons on

the port wing mesh (m)
MBD 4 PPYR

Aj |:n1’ylon.\:| -
Reference orientation of
the j ™ node of the pylons
on the port wing mesh (-)




velocity (absolute) of the
J "™ node of the port wing

mesh (m/s)
MBDC?);JW” — Rotational
velocity (absolute) of the
J " node of the port wing
mesh (rad/s)

MBDﬁj].’W" — Translational
acceleration (absolute) of
the j ™ node of the port
wing mesh (m/s?)

MBD F, R/I.DW'7 — Reaction
force (expressed in the
local coordinate system) at

the j ™ Gauss point of the
port wing mesh (N)
MBDMRJI.]W" — Reaction

moment (expressed in the
local coordinate system) at
the j ™ Gauss point of the
port wing mesh (N-m)
MBD 5YSO _ Position
(origin) of the vertical
stabilizer (m)

MBD =S .
p;" — Translational

position (absolute) of the
J ™ node of the vertical
stabilizer mesh (m)
MBDA;S — Displaced
rotation (absolute
orientation) of the j ™
node of the vertical
stabilizer mesh (-)
MBD\7;./S — Translational
velocity (absolute) of the
7 ™ node of the vertical

stabilizer mesh (m/s)

MBD(?);./S — Rotational

velocity (absolute) of the
J "™ node of the vertical
stabilizer mesh (rad/s)
MED g js — Translational
acceleration (absolute) of
the j " node of the vertical

stabilizer mesh (m/s?)

MBD pS[’}erR |: Hisions n2:|
— Reference positions
(origins) of the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (m)

MBD 4 SPyRtrR
A [npyhmx P }12 :|

— Reference orientations
of the top and bottom
nacelles on the pylons on
the starboard wing mesh at
the rotor reference point (-
)

MBD pPPanR |: Mpons nZ]
— Reference positions
(origins) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (m)

MBD APP}R!VR |: npylm, n2:|
— Reference orientations
of the top and bottom
nacelles on the pylons on
the port wing mesh at the
rotor reference point (-)




MBD FpVS .
FR ;> — Reaction force

(expressed in the local
coordinate system) at the
J ™ Gauss point of the

vertical stabilizer mesh (N)
MBDMR;/S — Reaction
moment (expressed in the

local coordinate system) at
the j ™ Gauss point of the

vertical stabilizer mesh (N-
m)

MBD = SHSO i,
p — Position

(origin) of the starboard
horizontal stabilizer (m)

MBD — SHS .
p; " —Translational

position (absolute) of the
J "™ node of the starboard

horizontal stabilizer mesh
(m)
MBDA/.SHS — Displaced
rotation (absolute
orientation) of the j ™
node of the starboard
horizontal stabilizer mesh
)

MBD = SHS .
v, - Translational

velocity (absolute) of the
J " node of the starboard

horizontal stabilizer mesh
(m/s)
MBDi)fHS — Rotational
velocity (absolute) of the

J "™ node of the starboard

horizontal stabilizer mesh

(rad/s)
MBDﬁjHS — Translational
acceleration (absolute) of

the j ™ node of the

starboard horizontal
stabilizer mesh (m/s?)
MBDFRfHS — Reaction
force (expressed in the
local coordinate system) at
the j ™ Gauss point of the
starboard horizontal
stabilizer mesh (N)




MBD Yy SHS .
MR]. — Reaction

moment (expressed in the
local coordinate system) at
the j ™ Gauss point of the

starboard horizontal
stabilizer mesh (N-m)

MBD - PHSO ..
p — Position

(origin) of the port
horizontal stabilizer (m)
MBD BPS _ Translational
position (absolute) of the
J "node of the port

horizontal stabilizer mesh
(m)
MBDA;JHS — Displaced
rotation (absolute
orientation) of the j ™

node of the port horizontal

stabilizer mesh (-)
MBD = PHS

Vi
velocity (absolute) of the
7 ™ node of the port

horizontal stabilizer mesh
(m/s)

MBD = PHS
@;

— Translational

— Rotational

velocity (absolute) of the
J ™ node of the port
horizontal stabilizer mesh
(rad/s)
MBD 7 PHS _ Translational
acceleration (absolute) of
the j ' node of the port
horizontal stabilizer mesh
(m/s?)

MBD F RfHS — Reaction

force (expressed in the
local coordinate system) at
the j ™ Gauss point of the

port horizontal stabilizer
mesh (N)

MBDMRfHS — Reaction
moment (expressed in the
local coordinate system) at
the j ™ Gauss point of the

port horizontal stabilizer
mesh (N-m)




MBD —SPyO
p ':nPylans:| -

Positions (origins) of
pylons on the starboard
wing (m)

MBD — SPy
pj |:nPy10ns:| -

Translational position
(absolute) of the j " node
of the pylons on the
starboard wing mesh (m)

MBD 4 SPy
A/’ |:nPylonsj| -

Displaced rotation
(absolute orientation) of the
J " node of the pylons on

the starboard wing mesh (-)

MBD = SPy
V; |:n1’ylons:| -

Translational velocity
(absolute) of the j ™ node

of the pylons on the
starboard wing mesh (m/s)

MBD @fP;r [ npﬂm} B
Rotational velocity
(absolute) of the j ™ node
of the pylons on the

starboard wing mesh
(rad/s)

MBD = SPy
a J |:nPylons ] -

Translational acceleration
(absolute) of the j ™ node

of the pylons on the
starboard wing mesh (m/s?)

MBD 1> SPy
FRj [”I’ylonx:| -

Reaction force (expressed
in the local coordinate
system) at the j " Gauss
point of the pylons on the
starboard wing mesh (N)

MBD y7rp SPy
MR J [nl’ylons:| -

Reaction moment
(expressed in the local
coordinate system) at the
J ™ Gauss point of the
pylons on the starboard
wing mesh (N-m)

MBD ~ PPyO
P |:l’l Pylons :| -

Positions (origins) of
pylons on the port wing




(m)
MBD = PPy

pj |:n1’y1(m.s :| -
Translational position
(absolute) of the j " node

of the pylons on the port
wing mesh (m)

MBD 4 PPy
A/’ |:nPy[0ns:| -

Displaced rotation
(absolute orientation) of the
J "™ node of the pylons on
the port wing mesh (-)

MBD ‘7;»,:}. |:nPylonx] B
Translational velocity
(absolute) of the j " node

of the pylons on the port
wing mesh (m/s)

MBD ~PPy
@; |:nPylom'] -

Rotational velocity
(absolute) of the j " node
of the pylons on the port
wing mesh (rad/s)

MBD = PPy

a/’ |:nPylons:| -
Translational acceleration
(absolute) of the j ™ node

of the pylons on the port
wing mesh (m/s?)

MBD Fopy PPy
FR; |:nl’y1wzs] -

Reaction force (expressed
in the local coordinate
system) at the j ™ Gauss

point of the pylons on the
port wing mesh (N)

MBD y rp PPy
MRj |:nPylons:| -

Reaction moment
(expressed in the local
coordinate system) at the
J "™ Gauss point of the

pylons on the port wing
mesh (N-m)
MBD ~ SPyRir

P [nPylons ) :| -
Translational position
(absolute) of the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (m)




MBD 4 SPyRur
A |:an[0ns ’ nZ ] -

Displaced rotation
(absolute orientation) of the
top and bottom nacelles on
the pylons on the starboard
wing mesh at the rotor
reference point (-)

MBD = SPyRir
v [nPylnns 1, :| -

Translational velocity
(absolute) of the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (m/s)

MBD — SPyRir
@ [”[’yl{ms RO ] -

Rotational velocity
(absolute) of the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (rad/s)
MBD aSPthr |: ”Pylnm .,
Translational acceleration
(absolute) of the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (m/s?)

MBD = SPyRir
a |:nPy10n: 4 nZ :| -

Rotational acceleration
(absolute) of the top and
bottom nacelles on the
pylons on the starboard
wing mesh at the rotor
reference point (rad/s?)

MBD = PPyRir
p |:nPylons , ”2:| -

Translational position
(absolute) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (m)
MBD APP}RIr [ Mpytons s n_,:| _
Displaced rotation
(absolute orientation) of the
top and bottom nacelles on
the pylons on the port wing
mesh at the rotor reference
point (-)




MBD 5 PPyRer |: Mpons n2:| _
Translational velocity
(absolute) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point

(m/s)

MBD = PPyRir
@ [nPyth RG) :| -

Rotational velocity
(absolute) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (rad/s)
MBD 7 PPyRir [ Mpytons s n2:| B
Translational acceleration
(absolute) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (m/s?)
MBD & PPyRir |: Moyt nz] _
Rotational acceleration
(absolute) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (rad/s?)

KAD MBD

Y, Y u,

HD MD[n,]

MiscVars: 'y, "y, i

Y,

KAD MD| HD MD| C HD
u, ["2]u , u " ‘ ["2]x opy ,

Cony)
X

| Commented [3310]: The outputs of each module at time t (as

calculated by their respective CalcOutput() routines) are stored as

~

0 xdCorr P OtherStates |
‘

Mapping of Outputs to Inputs in KiteFASTMBD

MiscVars in KiteFASTMBD.

Commented [JJ11]: The inputs from MBDyn and inputs to
MoorDyn and HydroDyn at time t and the extrapolated inputs to

|

KiteAeroDyn at t+K AD"dt are stored as MiscVars in
Output depends on Input | Inputs KiteFASTMBD.
Y/N i i \
(Y/N) MBDyn KiteAeroDyn | InflowWind | MoorDyn HydroDyn | Controller Commented [3312]: The temporary states of MoorDyn and
Outputs MBDyn N N N Y Y HydroDyn are stored as MiscVars. In KiteFASTMBD.
KiteAeroDyn | Y Y
InflowWind Y Y
MoorDyn Y Y
HydroDyn Y
Controller N N _—{ commented [3313]: This may technically not be true, but we
can only call the Controller once anyway, so, we’ll assume no.
Data Flow (stopping when reaching “N”)
MBDyn HydroDyn = MBDyn...
Controller
KiteAeroDyn MBDyn HydroDyn  MBDyn...
Controller
Controller
InflowWind KiteAeroDyn MBDyn HydroDyn = MBDyn...
Controller



Controller

Controller
MoorDyn ~ MBDyn HydroDyn  MBDyn...
Controller
Controller
HydroDyn  MBDyn HydroDyn...
Controller

Controller

Thus, no nonlinear solves are required except between MBDyn and HyroDyn. But instead of doing the nonlinear
solve, we’ll use the predictor-corrector solve built into MBDyn directly.
Order of calls: MBDyn, Controller, MoorDyn, HydroDyn, InflowWind, KiteAeroDyn

Constructor
lThis routine initializes KitetFASTMBD at ¢ = () :‘ | Commented [3J14]: t=0 outputs are not set here, except for the
e Sets parameters Controller

o Initializes states

e Calls module Init routines

e Opens the write output file

e Opens and writes the summary file

Query the MBDyn model to access the inputs at £ = 0.

[Query the MBDyn model to access the names of the KiteAeroDyn, InflowWind, and MoorDyn primary input files L Commented [JJ15]: The names of the KiteAeroDyn input file

etc., along with switches for enabling/disabling each module, must

Set the parameters from inputs @t . InterpOrder, Ny, Npgs g, "m™ " [n,,,.n, . o below to enable Giseble modaies, bt s seuld mplemented.
e |:nPy1(ms ol :| R |:nPylons ol :| e o |:nPylons ol :| e |:nPylons ol :I ,

MBD I[I;:;thr |: Mpons n2] , MBD ITP;ZR” |: Mo n2:| . and MBD x(};;yktr |: Mytons "JP Trigger a fatal error if /{ r(r:lz:;n;;nented [3316]: These must be queried from the MBDyn
MBD . SPyRir [ Py n2:| <0. ) i |: P an <0,

YR TSS,;R" |:nPyl(ms , n2:| — M SR |:nPyl(ms 1y :| ( MBDXgZRtr |:nPylnns Re) :|)2 <0,

MBD mPPyRir [ Mpytons s n2:| <0, MBD IgaPtsz, [npy,,m i n2:| <0, or

MED [ Prvkir [npy,m 1, ] — MBD PR [nmlm N, ]( MED y Dok [npylm, n, J)Z < 0. Note that:
o The flap indices: 7y, = {1,2, . ..,NF,[W}
o The pylon indices: 71, = {1,2,. . .,pr,m}
e And: n2={1,2}
Set the DCM conversion parameter from the FAST ground system (X pointed nominally downwind; Z pointed

vertically opposite gravity; Y transverse) to the ground system used by the controller (X pointed nominally upwind;
Z pointed vertically downward, Y transverse):

-1 0 0
AFsree _| g 1
0 0 -1

Set the reference positions (origins) needed as initialization inputs to KiteAeroDyn:



KAD 1—)SWn0R — MBD 4 FusO { MBD ﬁSWn() _ MBD ﬁFux()}
KAD 1—)PWnOR _ MBD AFMSD {MBD ﬁPWnO _ MBD ﬁFu:O}
KAD ﬁVSOR — MBD 4Fus0 {MBD ﬁVS() _ MBD ﬁFus()}

KAD ZJSHS()R _ MBD AFu.vO {MBD ﬁSHS() _ MBD ﬁFusO}

KAD — PHSOR __ MBD 4 FusO | MBD — PHSO MBD = FusO
P =" { p=""p }

KAD — SPyOR __ MBD 4 FusO | MBD -~ SPyO __ MBD - FusO
p [nPylan: :| - A { p [nPylons :| p }

KAD - PPyOR __ MBD 4 FusO ) MBD 5 PPyO __ MBD - FusO
p |:n1‘fv1wza'] - A { p |:nl’ylum‘] p }

KAD = SPyRiR _ MBD 4 FusO [ MBD = SPyRir _ MBD = FusO
P |:nPylons , n2:| =" { p M pyions 12 p

KAD - PPyRtrR __ MBD 4FusO ) MBD —~ PPyRtr _ MBD - FusO
L L L R L

nPylans ’ nZ nPy/ons ’ nZ

Call KiteAeroDyn_Init()
KAD f4
Calculate the number of KiteAeroDyn time steps per MBDyn time step: N g5 = NINT T
t
Trigger a fatal error if the KiteAeroDyn time step is not an integer multiple of the MBDyn time step i.e. if

NKAD,’MED At — KADAt #* 0
P NewTime = TRUE

Set the air density for future reference: p = Kap P

Determine the number of points where wind will be accessed within InflowWind by summing up the nodes on the
AeroDyn input meshes, plus one for the fuselage origin and one for the base station:

™ NumWindPoints =2
+ X0 NumFusNds

+ P NumSWnNds

+ XD Nyum PWnNds

+ P NumVSNds

+ X2 NumSHSNds

+ X NumPHSNds

+ XP NumPyINds (ZN Pylons )

+4N,

Pylons

Call InflowWind_Init()

Set the initialization inputs to HydroDyn:
P Gravity = HMBDg“HZ

"PUseInputFile = TRUE



TMax =|
"Phaslce =0
P ptfinLocationX =0

" ptfinLocationY =0

Call HydroDyn_Init()
Trigger a fatal error if (HDAt = At )

Set the initialization inputs to MoorDyn for the tether:

wiilg - |0 g
2

MD[I]rhOW =p
YUwtrDepth =0

MBDpFWO
MD[I]P{f‘mlnlt(]) = MBDAF“SO

MBD - Pifin
MD[I]ptfm[nit (2) = MBDiPtﬁVt ‘

Call MoorDyn_Init()
. . [ MD[I]
Trigger a fatal error if At # At

Set the initialization inputs to MoorDyn for the mooring system:
MD[2]  _ ||MBD
g&= &,

MPE) oW = "PWirDens (from HydroDyn initialization output)

MD[Z]W[I’Depth = HDW[}’Dpﬂ’l (from HydroDyn initialization output)
MBD = Pifin

wo[2] "
Pifminit = MBD 4 Pifn ‘

Call MoorDyn_Init()
Trigger a fatal error if (MD[z]At # At)

Call Controller_Init()

curl
At
Calculate the number of controller time steps per MBDyn time step: N ¢,y = NINT T
12

Trigger a fatal error if the controller time step is not an integer multiple of the MBDyn time step i.e. if
N('«///\mn At — CMA’ * 0

! NewTime = FALSE

Set the undisplaced reference position parameter of the BS reference point:

/,,/{ Commented [3J17]: Hopefully this can be accessed from the

MBDyn input file?

|

| Commented [J318R17]: TMax is passed from MBDyn to
KiteFASTMBD at initialization.

|

Commented [JJ19]: We need to make a change to MoorDyn to
allow for two separate bodies (or generalized for N bodies; N=2 for
the tether). Each body will have its own set of fairleads (VESSEL
nodes) and its own input and output point meshes. The number of
bodies should be set at initialization based on making PtfmInit array
of size N. In the MoorDyn input file, which fairleads correspond to
which body can be distinguished by specifying VESSEL1 or
VESSEL2 (or VESSELN) in place of VESSEL. For the tether,
KiteFASTMBD assumes that VESSELI is the energy kite and
'VESSEL?2 is the platform.

Commented [3320]: This PtfmInit is not an array of size 2, so,
there is only one body (the floating platform) for the mooring
system.

—1 Commented [3321]: Note: the Controller_Init() call initializes
the controller states and returns the initial controller outputs.

|

Commented [JJ22]: Note: the controller will trigger a fatal error

\ if NF laps
\\ \ NP

ylons

%3 (to match the current controller interface),

#2 (to match the current controller interface)

Commented [3323]: If the controller takes larger steps than
MBDyn, then we’ll need to smooth the controller output to ensure
that it is continuous (at least for the rotor velocity and acceleration).
That is, the controller would have to be implemented like
KiteAeroDyn.




—BSRe/R _ MBD 4Pyfin { MBD =BSRef MBD =Py
PP = MOD AP (MOD pBSRe_MBD i

Set the reference positions and orientations of the [lineZ and point meshes| from the inputs:

MBD Z?Plme _ 6

MBD 4 PifnR _ 1

MBD 4>;"u‘yR — MBDAFus() { MBD aij- __MBD ﬁFus()} (for j= {1,2,. . MBDNumFuSNdS} )
MBDAjFusR _ MBDA;?us [MBDAFMSOJT (for ] _ {1)2)“” MBDNumFuSNdS} )
MBD aanR — MBD 4 FusO {MBDZ)}S'Wn _ MBDﬁFusO} (for j = {1’2’ . MBDNumSWnNdS})
MBDA/_SWnR _ MBDA}_SWn |:MBDAFuS0]T (for j = {]’2’“” MBDNumSWnNdS})
MBD —anR — MBD 4 FusO {MBD[—);’W:: _ MBD]—)FWO} (for j = {1’2’ . MBDNumPWnNds})
MBDA;’WnR — MBDA;’Wn |:MBDAF1ASO:|T (for j = {1’2” o MBDNumPWnNdS})
MBDﬁ;/SR — MBD qFusO {MBDl—jjl_/s _ MBDI—?FuSO} (for j = {])2)”.’ MBD Ny VSNdS})
VD A MDA [ MBD g0 ]T (for j={1,2,..., """ NumVSNds})
MBD afHSR — MBD FusO {MBD a‘.fvl-ls _ MBDﬁFm()} (for j = {1’2’ . MBDNumSHSNdS} )
MBDASHSR MBDASHS [MBDAFMSOJT (for j= {1,2,..., MBDNumSHSNdS} )
MBD a;“HSR — MBD 4 FusO {MBD »}"HS _ MBDﬁFuSO} (for j= {1’2’. . MBDNumPHSNdS} )
MBDAPHSR MBDAPHS [MBDAFMO:|T (for j= {]’2’. MBDNumPHSNdS} )
MBD aspyk |: npylm:| _ MBD Amso { MBD ﬂSP) [ npylam :| _ MBD ﬁFu.vO} (for j — { 12,..., MBD Num Py IN ds} )
o gLy ] g [npm][MwAm]T (for j={1,2,.... "™ NumPyiNds))
MBD — PPyR [nwm} MBD 4 FusO {MBDPJPP» [npylm :| _ MBD]—)FMO} (for j= {[’2’. . MBDNumPledS} )
MBDAPPyR |:npylw:| _ MBDA;’P}* [nPngnSJ[MBDAFu,\'OJT (for j = {1’2" . MBDNumPleds} )
MBD l-j.SPthrR |: Mo ”z:. — MBD g FusO {MBD ﬁSPthr [ Rt n2:| _ MBD I—)Fuso}

MBD 4 SPyRirR _
A |:nPy[0ns ’ n2 :| =1

MBD = PPyRiR MBD 4 FusO { MBD = PPyRir _ MBD = FusO
p [”P) tons + 112 :| A { p |:nPylons 7 ] p }

MBD 4 PPyRirR _
A |:nPylons ’ nZ j| =1

Set mesh-mappings between KiteFASTMBD-KiteAeroDyn, KitetFASTMBD-HydroDyn, KitetFASTMBD-MoorDyn
for the hethe wing connection, KitetFASTMBD-MoorDyn for the tether-platform connection, and KitetFASTMBD-

MoorDyn for the mooring system.
Open the write Output File

[Open and write a summary file (if| [SumPrint = TRUED‘

/

A

-| Commented [3J24]: Note: the motion meshes are line2 meshes

(except for the rotors, which are point meshes), but the load meshes
are point meshes.

Commented [3J25]: The mesh-mapping routines can only
handle one source and one destination mesh. To do this mapping,
the MBDyn meshes for the starboard and port wings (SWn and
PWn) have to be copied into a single mesh using a one-to-one
transfer of reference positions, reference orientations, and fields
(which I label as Wn in the mesh-mappings below).

Commented [3J26]: SumPrint must be queried from the
MBDyn model

Commented [3J27]: I’'m only hand waving here because the
implementation should be obvious (similar to other OpenFAST
summary files)




KiteFASTMBD Summary File

Predictions were generated on DATE at TIME using KiteFASTMBD dV ERSION, DATE)

compiled with
NWTC Subroutine Library (VERSION, DATE)
KiteAeroDyn (VERSION, DATE)
InflowWind (VERSION, DATE) for OpenFAST (VERSION DATE)
MoorDyn (VERSION, DATE)
HydroDyn (VERSION, DATE)
Controller Wrapper (VERSION, DATE)
Controller (VERSION, DATE)
MBDyn (VERSION, DATE)

‘Description from the MDyn input file: TITLE

Time Step:
Component Time Step
) (s)

MBDyn At

KiteAeroDyn “*° At
MoorDyn At
HydroDyn At

Controller At

Reference Points, MBDyn Finite-Element Nodes, and MBDyn Gauss Points

Component Type Number Output Number
X y z

) ) ) )
(m)  (m)  (m)

Platform Reference point - -
0 0 0

BS Reference Reference point - -
l—)BSRejR

Fuselage Reference point - -
0 0 0

Fuselage Finite-element node j {
MBD = FusR

J
Fuselage Gauss point J {

\/E MBD — FusR \/§

MBD — FusR .
1= | "B | R for(Mod (5.2)=1)
3 — Fus. 3 — Fus. .
g MED BTt +[1—{ MED Bk otherwise
Starboard wing Reference point - -
KADl—jSWnOR

Fus(p) for(FusOutNd [8]= j)

otherwise

Fus <ﬂ> for(FusOutNd [ﬂ] = j)

otherwise

| Commented [3JJ28]: (VERSION,DATE) has been replaced with

the a git hash

__—| Commented [3329]: Probably not needed if TITLE is not easily

accessible within the MBDyn user element.




Starboard wing

MBD = SWnR
J

Starboard wing

(1_

&

Vi

|

MBD — SWnR
J+l

3
3 ]

Port wing

KAD l—jPWnoR

Port wing

MBD - PWnR
J

Port wing

E
E

)

Vertical stabilizer
KAD —VSOR
p

V3

|

J+l

Vertical stabilizer

MBD VSR
J

Vertical stabilizer

)
3
{\/} MBD —VSR

3 J J+l

Starboard horizontal stabilizer

KAD — SHSOR
p

MBD — SWnR
J+l

\/§ = SWn.
+[1_3 MBDp;_VWR

MBD — PWnR
J+l

MBD — PWnR

MBD —-VSR
Jj+l

+

Swn(B)  for(SWnOutNd[B]= /)

otherwise

Finite-element node j {

Gauss point

+ {f] MBDI—»?}?'WHR

j {San) for (SWnOwNd [ ] = j)

otherwise

for(Mod (j,2)=1)

otherwise

Reference point - _

{PW"<ﬂ> for (PWnOutNd [ B] = )
Wa(B)  for(PWnOutNd[B]= )

otherwise

Finite-element node j
otherwise

Gauss point

MBD - PWnR
J

for(Mod (j,2)=1)

3]

‘\/§ - n.
+[1_3 MBDp;WR

Reference point - -

otherwise

Finite-element node j

{VS@’) Jor(VSOuNd[ B] = j)

otherwise

{sz for (VSOuNd|[ )= f)

otherwise

Gauss point
\/§ MBD VSR
3

]7£ MBD = VSR
3 Pi

for(Mod(j,Z) = 1)

otherwise

Reference point - -



Starboard horizontal stabilizer Finite-element node j {SHS (B) tor(SHSOuNA[f]= ;)

- otherwise
MBD - SHSR
J
Starboard horizontal stabilizer Gauss point j SHS () for (SHSOuNd [ ] = j)
- otherwise
\/E MBD — SHSR \/E MBD — SHSR .
(’ ‘J P\ S5 B Sor(Mod (1.2)=1)
3 - 3 - .
£ MBDP?‘{:I}YR_’» 1_£ MBDprSR otherwise
3 ’ 3 ’
Port horizontal stabilizer Reference point - -
KAD = PHSOR
p
Port horizontal stabilizer Finite-element node  f for PHSO”’Nd[ﬂ] = /)
otherwise
MBD - PHSR
J
Port horizontal stabilizer Gauss point ¥i for (PHSOuNd [ ] = j)
otherwise
\/§ MBD = PHSR \/5 MBD - PHSR
{1—3] Dyt R D; for(Mod ]2 ])
3 - 3 - .
£ MBDprSR n 1_£ MBDp;’HSR otherwise
3 3
Starboard pylon n Prions Reference point - -
KAD — SPYOR
p ! |:nPylons:|
Starboard pylon np,,,,.c Finite-element node  j SP (e )(B) Sor (PYIOWN[f]= f)
- otherwise
MBD = SPyR
pj |:nPylom :|
Starboard pylon 7., Gauss point J SP (e )(B) Sor (PrIOWNA[f]= j)
- otherwise

[1 B Jj] B e +[\/3§] Y BIE  Mpy | for (Mod (7,2)=1)

3 ) s =smun NER P )
{3} p,j ["Pylvns ] +H 1= 7 p; ! ["Py,ans] otherwise
Port pylon 725, Reference point - -

KAD — PPyOR
p |:nPy10ns :|



Port pylon 7, Finite-element node j {PP<n,,J ons >< B)  for(PylouNd[B]= )

- otherwise
MBD — PPyR
p J nPylnnx

Port pylon 71, Gauss point J PP 1y, J(B)  for(PyiOuNd[ )= j)
- otherwise
3 _pp 3 PPy .
1- g MBDij-J‘:)VR [np),hms ] + g MBDpjl_lyR [nﬂvmm] fOF(Mod(],Z) = ])
\/E MBD -5 PPyR \/5 MBD — PPyR .
7 p/-*j |:nPylans :| + 1 _7 p/' ! |:nPy/ons:| otherwise
Top rotor on starboard pylon n Prions Reference point - -

KAD ﬁSRvRtrR |: Mo ]]

Bottom rotor on starboard pylon 71p,,,, . Reference point - -
KAD ]3 SPyRtrR [ nPy]om 2 :|

Top rotor on port pylon 7 Prions Reference point - -

nPylons i ]:'

Bottom rotor on port pylon 7, .- Reference point - -

KAD — PPyRtrR
p |:nPylons ’ 2:|

KAD ﬁPPthrR |:

Requested Channels in KiteFASTMBD Output Files: NUMBER

Number Name Units Generated by

0 Time (s) KiteFASTMBD

NUMBER NAME UNITS (KiteFASTMBD, KiteAeroDyn, InflowWind, MoorDyn, HydroDyn, or
Controller Wrapper)

Deconstructor

This routine ends KitetFASTMBD:
e Calls module End routines
e Deallocates memory
o Closes the write output file

AssRes

This routine accesses inputs at it (from GetXCur)‘ (including ¢ = () for both the prediction and correction steps of

each MBD time step, temporarily updates states from ¢ — A¢ to ¢, and calculates outputs at #:
e |Calls module UpdateStates and Controller_Step routines\ exceptat £ =0

e (Calls module CalcOutput routines

Set the discrete-time counter:

n=i—1
At

Query the MBDyn model to access the inputs at ¢ (from GetXCur) i.e. MBDy, |

20

{ Commented [J330]: AssRes could access inputs at t-dt (from

GetXPrev), but we save the previous inputs as OtherStates instead.

|

__—| Commented [JJ31]: Note: the module UpdateStates and

Controller_Step routines are not called at t=0 (except for
KiteAeroDyn) because the states have already been initialized
through the Init calls.

UpdateStates shifts from t to t+dt whereas AssRes shifts from t-dt to

Commented [J332]: This is necessary because in OpenFAST,
t.




Calculate the translation displacements (relative) of the MBDyn input meshes at £ :

MBD =Ptfn _ MBD — Pifm __ MBD — PfnR
w—=p p
MBDL—tFus __ MBD > Fus _ MBD 3 FusR
J J J
MBD’ZSWH _ MBD -~ SWn __ MBD - SWnR
A J J

MBD ﬁPWn _ MBD —PWn _ MBD - PWnR
J - J J
MBD ~VS _ MBD —VS _ MBD VSR

u; = D; D;
MBD ~SHS __ MBD —SHS _ MBD = SHSR
u’’” = e — ”
J J J
MBD 73 PHS _ MBD 5 PHS _ MBD 7 PHSR
J - J J

MBD —SPy _ MBD 5Py _ MBD =SPyR
uj [nPylans :| - pj [nPylon:] pj

MBD PPy _ MBD —PPy _ MBD = PPyR
u; nPylon.r - p; nPylons p;

J J

MBD — SPyRtr
u’ [

J

_ MBD = SPyRtr

Npyions 12 | = p Npyions » 12
MBD = PPyRir _ MBD = PPyRr

u |:nPylun.y 1, :| =P .:nPylom' 1y

Advance the controller only once per controller time step, updating the states to, and obtaining the controller outputs

at, f:
IF (C""NewT ime) THEN

First, calculate the InflowWind outputs at the base station and fuselage using the most converged inputs from

MBD - PPyRtrR
=]

[nPy/ans :|
[nPylnns :|

MBD = SPyRirR
]|

(for j:{],z,
(for j:{],z,
(for j={1,2,
(for j={1,2,
(for j={1,2,
(for j={1,2,
(for j={1,2,
(for J:{J,z,

nPylon.r 4 nZ :|

M pyions » T2 J

MBDyn (as data stored in **OtherStates from the previous step):

" PositionXYZ (},1) = """ p""
" PositionXYZ (},2) = "** p"°
Call InflowWind_CalcOutput()

MBDNumFuSNds} )
.., M NumSWnNds ) )
MBDNumPWnNds} )
.o, " NumVSNds})
MBDNumSHSNds} )
.., """ NumPHSNds )
MBDNumPleds} )
MBDNumPyZNds} )

Set inputs to Controller using the most converged inputs from MBDyn and the outputs from KiteAeroDyn,
InflowWind, and MoorDyn (as data stored in "’ OtherStates , “*y ,and ™y from the previous step):

Ctr/dcm _ga — MBD 4 FusO |:AFAST2Crrl :|T

Commented [3333]: One can call InflowWind_CalcOutput()
with fewer than /" NumWindPo int s .

Ctrl MBD 4 FusO MBD =~ FusO
“pgqr=""A" @™
. \
Ctrl MBD — FusO
"acc _norm = H a" Hz
Cerl __ AFAST2Cwl | MBD - FusO — BS Re fR
Xg=A { PO —p

Czerg — AFASTZCM MBDVFusO
Cterb — MBDAFMSO MBD“}’FHSO

Ctrl Ag

CtrlAb _ MBDAFusO MBDaFu&O

— AFASTZCtrl MBDaFuxO

Ctrl

rho=p

}

“apparent _wind = A5 { MVelociyUvw (3,2) - MBDﬁF““'O}
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Commented [1334]: All filtered values (_f) are identical to the
unfiltered values.

|




NFairs(1) Commented [JI35]: We are approximating this input to the
i MD|1 . g g H
C"’tether B fOl"C€ _ b= MBDAF"SO z [ ]PtFalrleadLoad (1) %FOFC@(.',Z) controller as the vector sum of the fairlead tensions.
i=I

Cn-zwm d g= AFASTZ(,‘tr/ {”WVelocity uvw (E, 1) _ MBD‘—}Wind}
T =
crrl SPyRir _ [ MBD oSPyRir KAD 37 SPyRtr
aero _ torque |:nPylons R :| - { X [nPylons e ]} M [nPylons e :I

T — Commented [J336]: These were added to the original controller
Ctrl PPyRtr __ } MBD 2 PPyRtr KAD PPyRtr gl
aero _torque [npylons Shy ] = { X |:nPylanS o) :l} M [nPylvns N, ] inputs so that the controller could calculate the rotor/drivetrain

acceleration and resulting generator speed and torque.

.. FAST 2 MBD — PtfmIM — BS R
' BuoyIMU _ Position = A™S72"! { prmiMU_ 58S E/R} .
- We should also ensure that the controller is using the same

Ctrl Buo % IMU 5 Veloci ty — AFASTZCrrI MBD ‘7PtfmlMU rotor/drivetrain rotational inertia.

CtrlBuoyIMU_ Acceleration — AFASTZCIrl MBDaPtfmIMU
CtrlBuoyIMU B AngularVelOCity — AFASTZCtrI MBDC—[)P)fmIMU

CtrlBuOyIMU_ Attitude = @FEulerExtmct (MBDAPtfmIMU)
T

Cterave —
CtrlCurrent — ‘ - ,/{ Co|:1rlr]|enteg [f.?JE:}?]: ‘We need clarification from Ruth what the }
I C controller needs for these.
e Call Controller_Step()

| Commented [3338]: I'm not sure what variable names are used
by the controller for these.

Ensure that we only call the controller once per the controller time step:

" NewTime = FALSE

END

Store a copy of the MoorDyn current states at ¢ — At for the tether:
Mn[l]xcgpy _ MD[I]x

Set inputs to MoorDyn at ¢ from MBDyn for the tether:

MD[I g 0 = y . 5 X
[ ]PtFali’lealesplacement (1) — MMLZP ( MBDu Wi ) MBDAWn ) ‘ - Cqmmented [3339]: See earlier comment about mesh mapping
J J j with Wn above.

YU pyFairleadDisplacement (2) = M 1" ( MBD g P D, Py )

Advance MoorDyn for the tether:
IF (t > 0) Call MoorDyn UpdateStates()‘ | Commented [3340]: Input the time at t-dt in this call
- ~
Call MoorDyn_CalcOutput()

MD(1
The input at t-dt comes from [ ]OtherStates

Store a copy of the MoorDyn current states at  — At for the mooring system:
MD[Z]xCopy _ MD[Z]x

Set inputs to MoorDyn at ¢ from MBDyn for the mooring system:
MUl pFairleadDisplacement = M ™" ( MBD P MBD 4 Piin )

Advance MoorDyn for the mooring system:
IF (1> 0) ’c;iu MoorDyn UpdateStates()‘ | Commented [3341]: Input the time at t-dt in this call.
- /
Call MoorDyn_CalcOutput()

MD|2
The input at t-dt comes from [ ]OtherStates
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Store a copy of the HydroDyn current states at # — Af :

HD _ Copy HD
xol’y: x

HDde()py _ HDxd
HD “opy HD

OtherStates“” = " OtherStates

Set inputs to HydroDyn at ¢ from MBDyn:
P Morison% DistribMesh%TranslationDisp ( ) = Mf“ ( MBD g Pifin  MBD 4 Pifin )
D AMorison% DistribMesh%Orientation (:,:) = M 225 ( MEP APt
A
2 Morison% DistribMesh%TranslationVel ( ) =MI* ( " Morison% DistribMesh%TranslationDisp ( ) MBD g P MBD3; Pifin ”wa‘)"’/”’)
D AMorison% DistribMesh% RotationVel (:,:) = M P?E ( MEP gy
[}

HDMorison%DistribMesh%TranslationAce(.', ) =M ( P Morison% DistribMesh%TranslationDisp () MBD g Pifm MBD gPifm MBD g Pifim wBDO‘/’”’”)
HD . . . . P2L ( MBD = Pi

Morison% DistribMesh%RotationAcc (:,:) = M, ( a )
HD . . . P2P ( MBD = Pi MBD 4 Pi

Morison% LumpedMesh%TranslationDisp ( ) =M, ( MBD yPifn MED 4 ’ﬁ”)
HD ; . . P2P ( MBD 4 P

Morlson%LumpedMesh%Orlentatlon(.',.') =M, ( A ’ﬁ”)
""" Morison%LumpedMesh%TranslationVel (,:) = M*" ( " Morison%LumpedMesh%TranslationDisp (:,), " i, ME05 " MED g )
HDMorison%LumpedMesh%Rotation Vel ( ) = Mj”’ ( MBD g5 Pifin )
””Morison%LumpedMesh" oTranxlaﬂonAcc(:,.‘) =M :"P ( ”"Mori.mn%LumpedMesh%Tran.vlatinnDisp(:,.'), MBD gy Piim | MBD gyPifim  MBD 73 Pifim MED 3 P""’)
”DMorison%LumpedMesh%RotationAcc(.',.') = M;JZP (MBD&P"”' )
P Mesh%TranslationDisp ( ) = Mfzp (MBDLYP""', MBD 4 Pifin )
D Mesh%Orientation (:,:) = M 22 ( MBP AP

A

AP Mesh%Translation Vel(:, )= Mt ( "2 Mesh%TranslationDisp ( ). MBD g Pifm  MBD 35 Pifim MBD 75 Pifin )
HD . P2P ( MBD — P

Mesh%RotationVel (:,:)=M, ( o )
2 Mesh%TranslationAcc ( ) =M ( P Mesh%TranslationDisp ( ) MBD gz Pfn  MBD g Pufm  MBD 7 Ptfin MBD g Pifin )

" Mesh%RotationAcc (:,:) = M " ( MED g i )‘

Advance HydroDyn:
IF (t > 0) Call HydoDyn_UpdateStates()‘

-| Commented [3J42]: Because the platform reference position

and orientation of the MBD point mesh and the HydroDyn WAMIT
mesh are the same, these could by equivalence instead of via mesh
mapping.

Call HydroDyn_CalcOutput()
Advance KiteAeroDyn only once per KiteAeroDyn time step, interpolate the KiteAeroDyn outputs otherwise.
IF (“*" NewTime) THEN
Shift the KiteAeroDyn input history:
IF (1>0)
IF (InterpOrder == ) THEN
KADu(Z) — KADu(])
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Commented [3343]: Input the time at t-dt in this call.

The input at t-dt comes from HDOther States"




Set inputs to KiteAeroDyn—stored in Kab

Set inputs to KiteAeroDyn—stored in Kab

ELSEIF | (InterpOrder == 2)
“u(3)= ()
KADu (2) — KADu (1)

END IF
END IF

FlapAS  for (np,, =1)
1 [ 1= P 7 o (1 =2
“FlapA8  for(ng,, =3
“FlapA4 for(
“CHI [ gy | =4 RFLapA2 - for (g, =2
“FlapAl  for (g, =3
H0CI™ [n,] = “"kFlapAl0)

u (] ) —from Controller at :

| Commented [1J44]: Different controller documentation use
_~ kFlapRud in place of kFlapA10

KADCtrlSEIv[nZ] CrrthlapAg J
KPCuI™ [n,]= C”’kFlapAﬂ

kFlapEle in place of kFlapA9

KAD SPyRtr Ctrl ;SPyRtr
’ ‘Q I:nFylon_s 2 nZ :| ‘Q " |:nPonns 2 nZ :|

KAD ~PPyRtr __ Ctrl /PPyRtr
Q |:nPylz7nx ’ n2 :| - 0 |:nPylan: ’ nZ :|

/{ Commented [1345]: Different controller documentation use }
~

Commented [1346]: These were added to the original controller
outputs so that the controller could calculate the rotor/drivetrain

’KAD GSPthr |:

nPylans R

nPylons 9 n2 :I

KAD ePPthr [

acceleration and resulting generator speed and torque.

/{ Commented [3347]: The rotor-collective pitch angles are not }

currently commanded from the controller; assume zero for now.

KAD —'FusO __ MBD = FusO
u P

u (] ) —from MBDyn at ¢ based on mesh-mapping:

KADu Fus M[ 2L ( Msdu Fus MBDAFm )

J J
KAD 4 Fus L2L ( MBD 4 Fus
A = MM A )
KAD—FL/: L2L KAD—FL/: MBD —Fus MBD —Fus MBD —Fus
=M, ( 7 U O )
KADaSWn MLZL MB. »SWn MBDASWn)

KAD 4SWn __ L2L ( MBD 4SWn
A= MM A
KAD*SW L2L ( KA HSW MBDHSW MBD =SWn MBD —SWi
n M ( n u > IZ’ v] Yl) a) n )

J J
KAD PWn MLZL MBD PWH MBDAPWH)

KADAPWH _MLZL MBDAPWn)
i —Ma

KAD*PW L2L
"=M, @'

DaPWn MBDZZPWn MBDvPWn MBD "PWII)
jo i’ J
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there is no point, because the reference (0,0,0) is the same in both
KiteAeroDyn and MBDyn.

Commented [3JJ48]: You could use P2P mappings here, but ‘




KAD VS MLZL MBD VS MBDAVS)

KAD 4VS L2L ( MBD 4VS
Aj =M (A )
KaD5VS L2L DaVS MBD =VS MBD=VS MBD =VS
=M, ( u;”, "V, e, )

KAD = SHS L2L
u; " =M,
J
KADASHS _MLZL MBDASHS)

i — A

MBD aSHS MBD ASHS)

, ,
J J
KAD PHS L2L MD*PHS MBD 4 PHS
il =M Al )
KAD 4PHS __ L2L ({ MBD 4PHS
AP = M A7)

KAD—»PHS MLZL

V; @

KAD aSHS L2L [ KA aSHS MBD —SHS MBD —SHS MBD —SHS
=M, ( u; v; [OX )
( ]

KAD PHS MBDuPHS MBDVPHS MBD PHS)
B ’

05 1 | M (5 1] A 1)

KADASPY |:nPylom:| = M/’{ZL ( MBDA/SPy [nPJ’””” :|)

S5 L J= M (5 L ] [ ], 1], 5 [ )
S D M 1] 0 1)

KADAPPy |: J =MLt (MBDA]{’Py |:nPylum'])

KAD = PPy _ agL2L ( KAD = PPy MBD — PPy MBD — PPy MBD = PPy
V] |:anlnm :| - Mv ( u/ |:anlnm :| uj |:nPy/ons :. ’ Vj [nPylnnS :| ’ mj [nPylnm' :|)

KAD — SPyRt; MBD — SPyRt;
B gy ] = 20 |

n

Mpyions

n

nPylons 4 nZ Pylons * nZ :|

’ KAD ASPthr |:

MBD 4 SPyRtr
nPylum 2 n? :| A |:nPylum' ’ nZ :|
KAD VSPthr [ n n :| MBD 3 SPyRir |: n n :I | Commented [3349]: You could use P2P mappings here, but
Pylons > ""2 Pylons’""2 ‘ ) there is no point, because the references are the same in both
KAD — PPyRtr __ MBD —PPyRtr KiteAeroDyn and MBDyn.
’ 7 [npy,m n J ="u [nPylons L) ]
KAD 4 PPyRtr _ MBD 4 PPyRir
A [nPylons ’ nZ :| - A |:nPyIans ’ nZ :|
KAD"}'PP)/RW |:I’l n :| MBD-'PPVR" [}’l n :| | Commented [3350]: You could use P2P mappings here, but
Pylons > "2 Pylons>""2 ‘ ) there is no point, because the references are the same in both
| KiteAeroDyn and MBDyn.

Set inputs to InflowWind at # based on the KiteAeroDyn inputs—stored in Kaby, (1 ) :

”WPosmonXYZ( 1) MBD g5 ¥ind

”WPosztlonXYZ( 2) MBD 75 FusO

KAD 1y — FusR | KAD = Fus

" PositionXYZ (i, j+2)= " pit + ] (for

j= {1,2,..., KADNumFusNds})
.. 'yj+2 KAD 1 . Sn —SWn
" positionXYZ b = I B (for
+ " NumFusNds

j= {1,2,..., KADNumSWnNdS})
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Ljt+2
" PositionXYZ|  + **° NumFusNds |= " " ﬁfW"R + KADﬁfW" (for
+ P NumSWnNds
J={1.2,.... " NumPWnNds|)

L2
KAD
+ " NumFusNds ”
" PositionXYZ co | OGS | KADFIS (o
+ umSWnNds :

+ P NumPWnNds
j={1.2,.... """ NumVSNds})
Lj+2
+ ¥P NumFusNds
™ PositionXYZ|  + “** NumSWnNds |= """ Z?kaSR + b ﬁfﬁs (for
+ P NumPWnNds
+ XP NumVSNds
j={1.2,..., """ NumSHSNds} )
Lj+2
+ *P NumFusNds
™ positionXYZ i [’:ZNumSWnNds =" ﬁ;HSR 4 f4b ﬁlp 7S (for
+ Y NumPWnNds
+ *P NumVSNds
+ *P NumSHSNds
j={1.2,..., """ NumPHSNds} )
Ljt+2
+ ™ NumFusNds

4P NumSWnNds (for

K4 NumPWnNds K0 spvR KAD 5P
| A 1A 1]
KAD Njum VSNds D; Pylons j Pylons

+
+
+
+ **° NumSHSNds
+
+

" PositionXYZ

P NumPHSNds
Kab NumPyINds (n prions — 1 )

Jj= {1,2,..., KADNumPleds})
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Lj+2
+ * NumFusNds
+ 4 NumSWnNds (for
+ P NumPWnNds
" PositionXYZ|  + " NumVSNds = m ﬁf’m ‘:n Prions ] + KP4 ,”" [n ,,m,m]
+ P NumSHSNds
+ *P NumPHSNds
+

wnNumPy[NdS (Np, lons )

+ K2 NumPyINds (ﬂp,/(mr - ])

j= {1,2,..., KADNumPleds})

L, +2

+ X NumFusNds
¥4 NumSWnNds
K42 NumPWnNds
4P NumVSNds = P pIne [n pyions 112 J + FADg PRI .:n pytons 71 J
P NumSHSNds
*P NumPHSNds
“ NumPyINds (2N, )

+2 (n,,y,m - 1)
L, +2
+ P NumFusNds
*P NumSWnNds
KD NumPWnNds

+
+
+ %P Num VSNds
__ KAD — PPyRirR
n = f
+
+

+

+
W positionXYZ +
+
+
+

W positionXYZ

KAD — PPyRtr
u |:nPy[ans o) :.

KADNumSHSNdS p/ |:nPylans 4 n2 :. +
KAD NrymPHSNds
“ NumPyINds (2N ,,,,,)

+2(N

Pylons )

+2(pygs — 1)

Call InflowWind_CalcOutput()

Set inputs to KiteAeroDyn—stored in Kby, (1 ) —from InflowWind at 7 :
KAD7y; Fus ww . s
v = d VelocztyUVW(:,]+2) (for
j= {1,2,. KADNumFusNds} )

27

[ Commented [3351]: Input the time at t in this call.




_ e
KADy7SWn — W yolocity UVIW (for
/ 4 + X2 NymFusNds

j= {1,2 ..... KADNumSWnNdS} )
Ljit2
b V}P "= M VelocityUVW |  + *** NumFusNds (for
+ MP NumSWnNds
j={1.2,.... " NumPWnNds})
Li+2
+ P NumFusNds
+ XP NumSWnNds
+ MP NumPWnNds

Kab 17/.VS = "VelocityUVwW (for

j={1.2,.... """ NumVSNds)

Li+2
+ *P NumFusNds
+ P NumSWnNds (for
+ 8P NumPWnNds
+ *P NumVSNds

MPP SIS = M yelocityUVIV

Jj={1.2,...,"*" NumSHSNds)
Ljt2
+ P NumFusNds
+ X NumSWnNds
+ XP NumPWnNds
+ *P NumVSNds
+ X NumSHSNds

MPPPES = M YelocityUV W (for

j={1.2...., """ NumPHSNds} )
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Lj+2

+ *P NumFusNds
¥ NumSWnNds
4D NyymPWnNds (for
K40 Nuum VSNds
P NumSHSNds
P NumPHSNds
S0 NumPyINds (1, ~ 1)

Kapy7 sty [n P),,m] = "VelocityUVW

J

+
+
+
+
+
+

j= {1,2,..., KADNumPleds})

J

Lj+2

+ P NumFusNds
AP NumSWnNds
AP NumPWnNds (for
P NumVSNds
P NumSHSNds
P NumPHSNds
P NumPyINds (N,

)

+

+
KADV/PP" ‘:n pytons :I = "VelocityUVYW| +
+
4
+

+ KADNumPleds(nPy,m - 1)

= {1,2,..., KADNumPleds})

L, +2
+ 4P Nvym FusNds
+ XP NumSWnNds
+ XD NumPWnNds
KADJFseyir [ Pyt 2] = "VelocityUVW|  + *” NumVSNds
+ P NumSHSNds
+ P Num PHSNds
+ " NumPyINds (2N, )

+2 (nPyluns - 1)
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Ln,+2
+ XP NymFusNds

+ 8P NumSWnNds
+ 8P NumPWnNds
+ *P NumVSNds

KAD[7 PPyRir [nmm ,n2] VelocityUvw 4 KAD £ SETSN s
+ *P NumPHSNds
+

K4P NumPyINds (ZN Pylons )
+2 (N

Pylons )

+2 (”Pylom -1 )

Initialize the KiteAeroDyn input history at =0
F (t==0) THEN
IF (InterpOrder == ) THEN
04 (2) = 50 1)
KDy (2) = K10 41
K04(1)=0
ELSEIF ! (InterpOrder == 2)

KADu(3): KAD ( )
KADM(Z :KAD ( )
KADt(3): ZKADAt
KADI(Z) KAD
“04(1)=0

END IF

END IF

Advance KiteAeroDyn to £ + “*C At :
Call KiteAeroDyn_Input_ExtrapInterp( KADM(E) s KADt(E) Py MR A )

‘ Call KiteAeroDynfUpdateStates()\ [ Commented [3352]: Input the time at t in this call
Call K1teAeroDyn7CalcOutput()\ **”’{ Commented [J353]: Input the time at t+KADAdt in ths call.

Shift the KiteAeroDyn output history:
F (>0) THEN

IF (InterpOrder ==] ) THEN
KADy(Z) — KADy(])

KADy(]) — KAD
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K40y (2) = 547y (1)

MPr(1)=t+ " A
ELSEIF ! ([nterpOrder == 2)
p(3)=""(2)
y(2)=""x(1)
(

D 1) KAD

§

K/ID (3) K/ID ( )
Dt(z) KAL) ( )
KADt(]) KADAt

ELSE ! (1==0)
IF (InterpOrder =] ) THEN
KADy (2) — KADy

KADy (1) — KADy
ELSEIF ! (InterpOrder == 2)
KADy (1) KAD
END IF
END IF

Ensure that we only call KiteAeroDyn once per KiteAeroDyn time step:

KD NewTime = FALSE

END
Call KiteAeroDyn_Output_ExtrapInterp( Kap y(f), Kaby (), Kab y,t)

Model the rotor/drivetrain dynamics, including the effects from the Controller and KiteAeroDyn, and calculate the
reaction loads on the pylons for transfer to MBDyn at £ :

Call Rotor( MBD ASPthr [ nPylom’ n2:| , MBD @sp_ymr |: nPy]om’ nz]’ MBD &-SPerr [ npymm’ n2:| ,
MBD &SPthr [nPylm ., :| i Cirl (ySPYRir |: Myt nz:| i Cirl - GenSPyRir [nPyIOW n2:| i KAD F'.SPerr [ Mpytons n2:| i
KAD M SPyRir [ Mpyions 115 :| , MBD g , MBD . SPyRir |:npﬂm ., :| . MBD y g{})’;vR!r |: My ioms 115 ] .
MBD Tsrf;ynmr |: Mo | MBngIA?/Iszr [”szom ) n2:| , MBD FSPthr [”Pﬂm , n2:| , MBD M SPyRur |:nl’yluns ) n2:| )

Call Rotor( MBD APPyRIr [npﬂm ) n2:| . MBD C?)PPler [ npy[m ) n2:| , MBD aPPszr |: nPy[m ) n2:| ,

MBD — PPyRtr Ctrl /PPyRtr CtrlnGenPPyRitr KAD 75 PPyRir
a [nl’yluns ’ nZ :| ’ ‘Q |:nPy/ons 4 nZ :l ’ T nPylans 4 nZ ’ F nPy[ons ) n2 ’
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Rot

MBD y PPyRtr MBD __PPyRtr MBD g~ PPyRir MBD y 7 PPyRtr
ITI ran [nf’yl(ms 4 nZ :| xCM |:nl’ylnn.t ’ nZ ] > F [nl‘ylom ’ nZ :| ’ M n[’ylzm.v i nZ )

bvhere:

KAD p g PPyRtr MBD — MBD _ PPyRtr MBD 7 PPyRtr
M [nl’ylnm ’ nZ :| ’ g m nl’ylwzs ’ nZ ’ 1 nl’ylonx ’ n2 »

| Commented [3354]: This math assumes the top node of the
/| pylon is node 1 and that the pylons are numbered from inboard to
outboard.

" Motor7 ( Ppions = ).AND.(nZ =]

Ctrl
Motor 2 =1).AND.(n, =2
Cirlop GenSPyir _ otor 2 for {(Mpyions ) ("2
nPonns 9 nZ -

((
“'Motor8  for ((n pyions = 2)-
“'Motor1  for ((

nPy/ans

f{ Commented [J355]: This math is now done in the C controller. ]

)
)

“ Motor 6 for((npylm = 1).AND.(n2 =
)AND.(

“Motor3  for
CtrlrGenPPyRtr _
T |:nPylons Ro) :| -

(
“ Motor 5 for((npy,gns =2).
(

“Motor4 for

Transfer outputs from KiteAeroDyn to MBDyn at ¢:
MBDF}FIA: _ M;’ZP (KADijFus )

MBD r Fus _ 3 rP2P (MBD Fus MD()utﬁFus KAD FFm KAD MFus)
i =My

MBDFSWA _MPZI’ KADFS‘WH)
j - F

MBDMSWn _MPZP(M 77 SWn ’“Domﬁsw" KADFSWn KADMSWn)
j o M J

MBDFPWH _ MPZP KADFPWn)
J - F

KAD,

MBDM PWn __ MPZP ( MBD ﬂPWn OutﬁPWn KADﬁvPWn KADMPWn )
=My J j

J
MBDFVS 7MP2P(KADFVS)
j T F J

MBDMVS _MPZP(MBDZZVS KADOutaVS KADF'-VS KADMVS)
=M, e -, o f

MBD [5SHS _ 3 rP2P ( KADFSHS)
J —F J

MBD 7y SHS _ 3 rP2P (MBD 7SS KD Oyt §7SHS KAD F3SHS KAD gy SHS )
=My i j j j

MBD [~ PHS __ P2P ( KAD r~PHS
FPS = MP (FPFM™)

MBD 7 7 PHS P2P ( MBD =PHS *POut ~PHS KAD 15PHS KAD y 5 PHS
NS = M (S, O O M

MBD 5Py _ s P2P [ KAD FSPy
Fj |:nP_vlun‘y]_MF ( F] |:nPyluns:|)

MBD 7 SPy _ P2P | MBD —SPy KD Out — SPy KAD 7 SPy KAD 3 SPy
M J |:nR1rons ] - MM ( u J [nPylﬂns j| ’ u J nPonn: ’ F/' nPylans ’ M/' nPylon:
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MBD I PPy 2y P2P [ KAD B PPy
F/’ |:n}”ylnm :| - MF ( F; |:nl’y[on.t :|)

MBD y 5 PPy _ asP2P( MBD PPy KD Out — PPy KAD 7>PPy KAD 3y PPy
Mj |:nPy10ns:| - MM ( uj |:nP,\rlans :| 4 uj nPy[ans 4 F; nPy[ons ’ Mj nPy[ﬂns

Transfer outputs from HydroDyn to MBDyn at £ :
MBD Py MEF (HDAllHdroOrigin%Force(:, 1))

MBD P M;ZP ( MBD g Pifin "DMesh%TranslationDisp ( ) "DAllHdroOrigin%Force ( 1) 1P Y lIHdroOrigin%Moment ( ]))

Transfer outputs from MoorDyn to MBDyn at ¢ for the tether:

MBDF/SWn _ MBDF/SWn +M:2P (MD[I]PtFairleadLoad(]))

MBD M SWn
J

MBD P = MED P 4 A 2F (MD[I]PtFairleadLoad (1))

MBD. M PWn
J

MBD paifm — MBD Py g P20 ( MD[I]PtFairleadLoad(Z))

MBD g Pifim . MBD F3Pifn M;“’ (‘Mﬂbﬁp”h’, MD[I]PtFairleadDisplacement(2), MU pyEairleadLoad (2)(7)

Transfer outputs from MoorDyn to MBDyn at ¢ for the mooring system:

MBDFPg/in — MBDF"vP(/m +M;2P(MD[Z]PtFairleadLoad)

MBD g Pifin _ MBD pp Pifn A g A’f r ( MBD 73 Pifin MPP py airleadDisplacement, MPU) pEgirleadLoad X 0 )

Private SUBROUTINES

Rotor (SUBROUTINE Rotor)
Implements the structural dynamics of a rotor/drivetrain analytically to calculate the reaction loads (forces and
moments) applied on the nacelle, including the applied aecrodynamic loads, rotor inertial loads, rotor gyroscopic
loads, etc. The analytical formulation assumes that the rotor/drivetrain is a rigid body rotating about the local x-axis
of the nacelle coordinate system and that the structure is axisymmetric about this axis (with no imbalances) such that
the calculations do not depend on the azimuth angle of the rotor. That is, for a body-fixed (x,y,z) coordinate system
in the rotor/drivetrain, it is assumed that:

CMy — CMZ =0
I,=1.=1_=0
I :IRa!

_ _ gTran
1,=1_=1

= MBDpr fW" +M ;;2 L ( MBD ﬁ»fW” ) MR pyp airleadDisplacement (I ) ) MPU) pyFgirleadLoad (] ) s 0 )

= MBDpp f My ( MBD 7 f i MD[’]PtFairleadDisplacemenz (1 ) MPU prpairleadLoad (] ), 0 )

Commented [J356]: See carlier comment about mesh mapping
with Wn above.

F/{

Inputs

Outputs

States

Parameters

o A" _Displaced
rotation (absolute
orientation) of the
nacelle (-)

o FReat _ reaction
forces applied on the
nacelle at the rotor
reference point
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@"* — Rotational
velocity (absolute) of

the nacelle (rad/s)

"™ _ Translational

acceleration (absolute)
of the nacelle at the
rotor reference point
(m/s?)

"™ —Rotational
acceleration (absolute)
of the nacelle (rad/s?)

O™ _Rotor speed
about the shaft axis
(relative to the nacelle)
(rad/s)

’T Gen _ electrical
generator torque
applied to the

rotor/drivetrain about
the shaft axis (N -m)\

expressed in the global
inertial-frame
coordinate system (N)

M " _ reaction
moments applied on
the nacelle about the
rotor reference point
expressed in the global
inertial-frame
coordinate system
(N-m)

F*“° _ aerodynamic
forces applied on the
rotor at the rotor
reference point
expressed in the global
inertial-frame
coordinate system (N)

M _ aerodynamic
moments applied on
the rotor about the
rotor reference point
expressed in the global
inertial-frame
coordinate system
(N-m)

g — gravity vector
expressed in the global
inertial-frame
coordinate system
(m/s?)

m - rotor/drivetrain
mass (kg)

I™" _ rotor/drivetrain
rotational inertia about
the shaft axis (kg'm?)
I™™ _ rotor/drivetrain
transverse inertia about
the rotor reference
point (kg-m?)

M x _ distance along
the shaft from the rotor
reference point to the
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| Commented [J157]: This is input in place of:

Rt . N 5
™" _Rotor acceleration about the shaft axis (relative to the
nacelle) (rad/s?)




center of mass of the
rotor/drivetrain
(positive along positive

X) (m)

Compute the inputs relative to the rotor/drivetrain CM and expressed in the local nacelle coordinate system:
CM = _ CM 2 Nac

r= XX
M yTi Ty M 2
CIrun:[mnimCx
CMFerm

CM ydero | _ g Nac 1~ Aero
Flot= AF

CMFAera
z
CMM Aero
X
CMM:lero — ANac {MAem _ CMFXFAem}
CMM Aero
z
g)f
Nac —
g =4
gZ
szr — (Z)Nac +‘QRI"-£N0C
akr = &N””‘ | Commented [3358]: The equation implemented neglects the

i rotor acceleration about the shaft axis. The correct equation should
, be:
x &Rtr — &Nac + .Q'Rtr]'éNac

, but the rotor acceleration about the shaft axis is not needed because

the generator torque is input instead.

CM _Ri
axzr
CMaftr — ANac {aNac +d’Rtr x CM; + @Rtr X{CT)RW

Compute the reaction loads applied to the rotor/drivetrain at the rotor/drivetrain CM and expressed in the local
nacelle coordinate system:

CMFReau CMFAem CM _Rtr
- -mg . +m " a
X X X X
CcM FReact M FAL’?‘D CM _ Rtr
- -mg +m " a
¥y y ¥y Yy
CM rrReact CM - Aero CM _Rtr
F. ~FAT —mg_+m !
CMMReact TGE" /, Commented [3359]: The first equation should be:
X /,'
CMMRaact _CMMAera + IRotaRtr + (IRot _ CMITran )thra)Rtr / CMMfeacr = —CMM:EYD aF IRO[aflr
y y » z x /
CcM React / q Goems &
M 2 eac _m MAera + IRar aRtr _ IRar _ ITran a)Rrr a)Rrr / But this equals the equation implemented because the generator
z z y x torque is input instead of the rotor acceleration about the shaft axis.
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Compute the reaction loads applied to the nacelle (this is equal, but opposite to the reaction loads applied to the
rotor/drivetrain) at the rotor/drivetrain reference point and expressed in the global inertial frame coordinate system:
CMFRead
r RY
DReact _ [ 4Nac CM pReact
L A R o

M F React
z

M React
M

N React — _[ANac]T CMMfeact 4 M3 o oeact

M M React
z

AfterPredict
This routine updates the actual states based on the temporary states at the successful completion of time step

(including ¢ =0). That said, time has already been updated to =17+ At before this routine is called, so
technically, this routine is first called at ¢ = Af .

IF [MOD{NINT (ij NKAD/MBD] — ()j THEN

K4D NewTime = TRUE
END

IF [MOD (NJNTUIJ , NC,,,/MBDJ — 0] THEN

' NewTime = TRUE
MBD OtherStates = Py
END

YUOtherStates = 'y
MD1] . _ MD[1]y Copy

"Ll0therStates = Py
MD[z]x _ MD[Z]xCapy

"POtherStates" = ""u

HD . _ HD | Copy
HD _d HD __dCopy
x4 ="

" OtherStates = " OtherStates ™

Output
This routine is called at the successful completion of time step ¢ (including ¢ = () to write output data to a file.

Calculate the KiteFASTMBD write outputs and write them to the output file, together with the module-level write
output data currently stored in MiscVars.

This is a list of all possible output parameters available within the KitetFASTMBD (not including the module-
level outputs available from KiteAeroDyn, InflowWind, MoorDyn, HydroDyn, and the Controller). The names
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are grouped by meaning, but can be ordered in the [OUTPUTS section| of the KiteMBDyn Preprocessor input file

as you see fit.

Fusp refers to output B on the fuselage, where B is a one-digit number in the range [1,9] corresponding to the
finite-element node for motions or Gauss point for loads identified by entry B in the FusOutNd list. Setting p >
NFusOuts yields invalid output.

SWnp and PWnp refer to output  on the starboard and port wings, respectively, where B is a one-digit number
in the range [1,9] corresponding to the finite-element node for motions or Gauss point for loads identified by
entry B in the SWnOutNd and PWnOutNd lists, respectively. Setting B > NSWnOuts and NPWnOuts,
respectively, yields invalid output.

VSB refers to output B on the vertical stabilizer, where P is a one-digit number in the range [1,9] corresponding
to the finite-element node for motions or Gauss point for loads identified by entry B in the VSOutNVd list. Setting
B > NVSOuts yields invalid output.

SHSP and PHSp refer to output B on the starboard and port horizontal stabilizers, respectively, where f is a one-
digit number in the range [1,9] corresponding to the finite-element node for motions or Gauss point for loads
identified by entry B in the SHSOutNd and PHSOutNd lists, respectively. Setting p > NSHSOuts and
NPHSOuts, respectively, yields invalid output.

SPa and PPa refer to pylon o on the starboard and port wings, respectively, where o is a one-digit number in the
range [1,9]. SPof and PPap refer to output B on pylon o on the starboard and port wings, respectively, where o is
a one-digit number in the range [1,9] and B is a one-digit number in the range [1,9] corresponding to the finite-
element node for motions or Gauss point for loads identified by entry B in the PylOutNd list. Setting o >
NumPylons or setting B > NPylOuts yields invalid output. If NumPylons > 9, only the first 9 pylons can be
output.

For the fuselage, wings, vertical stabilizer, horizontal stabilizers, and pylons, the local structural coordinate
system is used for output, where 7 is normal to the chord pointed toward the suction surface, ¢ is along the
chord pointed toward the trailing edge, and the spanwise (§ ) axis is directed into the airfoil following the right-
hand ruleie. s =nXxc.

For the floating platform (buoy), the buoy coordinate system is used for output, where the local x, y, and z

are aligned with the global inertial frame (X,Y,Z) coordinate system when the buoy is undisplaced, with X
pointed in the nominal 0° wind direction, Z pointed up (opposite gravity), and Y pointed to the left when looking

RS
&
*
P
>
&

downwind along 0° wind (following the right-hand rule).
1 2 5 7 9
D ool a0
2 3 4 5 7 8 9 {

-| Commented [3J60]: The new OUTPUT section of the

KiteMBDyn Preprocessor input file should look something like this:

--- OUTPUT ---

True SumPrint Print summary data to
<RootName>.sum? (flag)

"ES10.3E2" OutFmt Format used for text tabular

output, excluding the time channel; resulting field should be 10
characters (string)

4 NFusOuts Number of fuselage outputs (-) [0 to 9]
2,4,6,8 FusOutNd List of fuselage nodes/points whose
values will be output (-) [1 to NFusOuts] [unused for NFusOuts=0]

4 NSWnOuts Number of starboard wing outputs (-)
[0 to 9]
2,4,6,8 SWnOutNd List of starboard wing nodes/points

whose values will be output (-) [1 to NSWnOuts] [unused for
NSWnOuts=0]

4 NPWnOuts Number of port wing outputs (-) [0 to
9]
2,4,6,8 PWnOutNd List of port wing nodes/points

whose values will be output (-) [1 to NPWnOuts] [unused for
NPWnOuts=0]

2 NVSOuts Number of vertical stabilizer outputs (-
) [0 to 9]

2,4 VSOutNd List of vertical stabilizer nodes/points
whose values will be output (-) [1 to NVSOuts ] [unused for
NVSOuts =0]

1 NSHSOuts Number of starboard horizontal
stabilizer outputs (-) [0 to 9]

2 SHSOutNd List of starboard horizontal stabilizer

nodes/points whose values will be output (-) [1 to NSHSOuts]
[unused for NSHSOuts=0]

1 NPHSOuts Number of port horizontal stabilizer
outputs (-) [0 to 9]
2 PHSOutNd List of port horizontal stabilizer

nodes/points whose values will be output (-) [1 to NPHSOuts]

[unused for NPHSOuts=0]

2 NPylOuts Number of pylon outputs (-) [0 to 9]

2,4 PylOutNd List of pylon nodes/points whose

values will be output (-) [1 to NPylOuts] [unused for NPylOuts=0]
OutList The next line(s) contains a list of output

parameters. See OutListParameters.xlsx for a listing of available

output channels (quoted string)

END of input file (the word "END" must appear in the first 3

columns of this last OutList line)

Figure: Example member with 5 finite elements, 11 nodes (), and 10 Gauss points (x) (each finite element in
MBDyn has 2 end nodes, 1 middle node, and 2 Gauss points). The red circles identify the finite-element nodes
where motions are output and Gauss points where loads are output when NOuts = 3 and OutNd = 3, 6, 10.

Channel Name(s)

Unit(s)

Description

Fuselage

FuspTDx, FuspTDy, FusfTDz,
FuspRDx, FuspRDy, FuspRDz

(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at Fusp relative to the undeflected rigid-body
position/orientation in the kite coordinate system;
the rotations are output as Euler angles in a x-y’-
2"’ (roll-pitch-yaw) rotation sequence

FuspRVn, FuspRVc, FuspRVs

(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at Fusp
expressed in the local structural coordinate
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system

FuspTAn, FuspTAc, FuspTAs

(m/s"2), (m/s2), (m/s"2)

Absolute translational acceleration at Fusf
expressed in the local structural coordinate
system (does not include gravity)

FuspFRn, FuspFRc, FuspFRs,
FuspMRn, FuspMRc, FuspMRs

(N), (N), (N),
(N'm), (N'm), (N-m)

Shear force and bending moment reaction loads at
FusP expressed in the local structural coordinate
system

Starboard (Right) Wing

SWnBTDx, SWnBTDy, SWnBTDz,
SWnBRDx, SWnfRDy, SWnpRDz

(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at SWnp relative to the undeflected rigid-body
position/orientation in the kite coordinate system;
the rotations are output as Euler angles in a x-y’-
7’ (roll-pitch-yaw) rotation sequence

SWnBRVn, SWnfRVc, SWnfRVs

(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at SWnf
expressed in the local structural coordinate
system

SWnBTAn, SWnBTAc, SWnBTAs

(m/s"2), (m/s"2), (m/s"2)

Absolute translational acceleration at SWnf
expressed in the local structural coordinate
system (does not include gravity)

SWnBFRn, SWnBFRc, SWnBFRs,
SWnBMRn, SWnfMRc, SWnfSMRs

(N), (N), (N),
(N'm), (N'm), (N-m)

Shear force and bending moment reaction loads at
SWn expressed in the local structural coordinate
system

Port (Left) Wing

PWnBTDx, PWnBTDy, PWnfTDz,
PWnpRDx, PWnpRDy, PWnBRDz

(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at PWnp relative to the undeflected rigid-body
position/orientation in the kite coordinate system;
the rotations are output as Euler angles in a x-y’-
z’’ (roll-pitch-yaw) rotation sequence

PWnpRVn, PWnpRVc, PWnpRVs

(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at PWnf
expressed in the local structural coordinate
system

PWnBTAn, PWnBTAc, PWnBTAs

(m/s"2), (m/s"2), (m/s"2)

Absolute translational acceleration at PWnf}
expressed in the local structural coordinate
system (does not include gravity)

PWnBFRn, PWnBFRc, PWnBFRs,
PWnMRn, PWnMRc, PWnBMRs

(N), (N), (N),
(N'm), (N'm), (N-m)

Shear force and bending moment reaction loads at
PWnf expressed in the local structural coordinate
system

Vertical Stabilizer

VSBTDx, VSBTDy, VSBTDz,
VSBRDx, VSPRDy, VSBRDz

(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at VSP relative to the undeflected rigid-body
position/orientation in the kite coordinate system;
the rotations are output as Euler angles in a x-y’-
z”’ (roll-pitch-yaw) rotation sequence

VSPRVn, VSPRVc, VSBRVs

(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at VSB
expressed in the local structural coordinate
system

VSBTAn, VSPTAc, VSPTAs

(m/s"2), (m/s"2), (m/s"2)

Absolute translational acceleration at VS
expressed in the local structural coordinate
system (does not include gravity)

VSBFRn, VSPFRe, VSPFRs,
VSBMRn, VSPMRe, VSBMRs

(N), (N), (N),
(N-m), (N'm), (N-m)

Shear force and bending moment reaction loads at
VSPB expressed in the local structural coordinate
system

Starboard (Right) Horizontal Stabilizer

SHSBTDx, SHSBTDy, SHSBTDz,
SHSBRDx, SHSPRDy, SHSBRDz

(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at SHSP relative to the undeflected rigid-body
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position/orientation in the kite coordinate system;
the rotations are output as Euler angles in a x-y’-
z’’ (roll-pitch-yaw) rotation sequence

SHSBRVn, SHSPRVc, SHSPRVS

(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at SHSP
expressed in the local structural coordinate
system

SHSBTAn, SHSBTAc, SHSBTAs

(m/s"2), (m/s2), (m/s"2)

Absolute translational acceleration at SHSP
expressed in the local structural coordinate
system (does not include gravity)

SHSBFRn, SHSBFRc, SHSBFRs,
SHSBMRn, SHSBMRc, SHSBMRs

™), (N), (N),
(N-m), (N"m), (N-m)

Shear force and bending moment reaction loads at
SHSP expressed in the local structural coordinate
system

Port (Left) Horizontal Stabilizer

PHSBTDx, PHSBTDy, PHSBTDz,
PHSBRDx, PHSBRDy, PHSBRDz

(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at PHSP relative to the undeflected rigid-body
position/orientation in the kite coordinate system;
the rotations are output as Euler angles in a x-y’-
z’’ (roll-pitch-yaw) rotation sequence

PHSBRVn, PHSBRVc, PHSPRVS

(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at PHSP
expressed in the local structural coordinate
system

PHSPTAn, PHSPTAc, PHSBTAs

(m/s"2), (m/s"2), (m/s"2)

Absolute translational acceleration at PHSP
expressed in the local structural coordinate
system (does not include gravity)

PHSPFRn, PHSPFRc, PHSPFRs,
PHSBMRn, PHSPMRc, PHSBMRs

(N), (N), (N),
(N'm), (N'm), (N-m)

Shear force and bending moment reaction loads at
PHSP expressed in the local structural coordinate
system

Pylons

SPaBTDx, SPaBTDy, SPofTDz,
SPafRDx, SPafRDy, SPafRDz,
PPapTDx, PPafTDy, PPapTDz,
PPofRDx, PPafRDy, PPapfRDz

(m), (m), (m),
(deg), (deg), (deg),
(m), (m), (m),
(deg), (deg), (deg)

Translational and rotational (angular) deflections
at SPap and PPof relative to the undeflected
rigid-body position/orientation in the kite
coordinate system; the rotations are output as
Euler angles in a x-y’-z’’ (roll-pitch-yaw) rotation
sequence

SPofRVn, SPapRVc, SPaBRVs,
PPofRVn, PPafRVc, PPaBRVs

(deg/s), (deg/s), (deg/s),
(deg/s), (deg/s), (deg/s)

Absolute rotational (angular) velocity at SPaf
and PPaf expressed in the local structural
coordinate system

SPaBTAn, SPaBTAc, SPafTAs,
PPofTAn, PPaffTAc, PPaBTAs

(m/s"2), (m/s"2), (m/s"2),
(m/s"2), (m/s"2), (m/s"2)

Absolute translational acceleration at SPaf and
PPaf expressed in the local structural coordinate
system (does not include gravity)

SPofFRn, SPafFRc, SPofFRs,
SPapMRn, SPapMRc, SPaMRs,
PPapFRn, PPafFRc, PPaBFRs,
PPofMRn, PPafMRc, PPafMRs

N), (N), (N),
(N-m), (N-m), (N-m),
N), (N), (N,
(N-m), (N-m), (N-m)

Shear force and bending moment reaction loads at
SPofy and PPaf expressed in the local structural
coordinate system

Rotors

SPoTRtSpd, SPaBRtSpd,
PPaTRtSpd, PPaBRtSpd

(rad/s), (rad/s),
(rad/s), (rad/s)

Rotor speed of the top (T) and bottom (B) rotor
on SPa and PPa (relative to the nacelle)

SPaTRtAcc, SPaBRtAcc,
PPaTRtAcc, PPaBRtAcc

(rad/s"2), (rad/s"2),
(rad/s"2), (rad/s"2)

Rotor acceleration of the top (T) and bottom (B)
rotor on SPa and PPa (relative to the nacelle)

Energy Kite

KitePxi, KitePyi, KitePzi,
KiteRoll, KitePitch, KiteYaw

(m), (m), (m),
(deg), (deg), (deg)

Translational position and rotational (angular)
orientation of the energy kite fuselage reference
point in the global inertial-frame coordinate
system; the rotations are output as Euler angles in
a X-Y’-Z”’ (roll-pitch-yaw) rotation sequence
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KiteTVx, KiteTVy, KiteTVz,
KiteRVx, KiteRVy, KiteRVz

(m/s), (m/s), (m/s),
(deg/s), (deg/s), (deg/s)

Absolute translational and rotational (angular)
velocity of the energy kite fuselage reference
point expressed in the kite coordinate system

KiteTAx, KiteTAy, KiteTAz,
KiteRAx, KiteRAy, KiteRAz

(m/s"2), (m/s"2), (m/s"2),
(deg/s"2), (deg/s"2), (deg/s"2)

Absolute translational and rotational (angular)
acceleration of the energy kite fuselage reference
point expressed in the kite coordinate system

Floating Platform (Buoy)

BuoySurge, BuoySway, BuoyHeave
BuoyRoll, BuoyPitch, BuoyYaw

(m), (m), (m),
(deg), (deg), (deg)

Translational position and rotational (angular)
orientation of the buoy reference point in the
global inertial-frame coordinate system; the
rotations are output as Euler angles in a X-Y’-Z”’
(roll-pitch-yaw) rotation sequence

BuoyTVx, BuoyTVy, BuoyTVz,
BuoyRVx, BuoyRVy, BuoyRVz

(m/s), (m/s), (m/s),
(deg/s), (deg/s), (deg/s)

Absolute translational and rotational (angular)
velocity of the buoy reference point expressed in
the buoy coordinate system

BuoyTAx, BuoyTAy, BuoyTAz

(m/s"2), (m/s"2), (m/s"2),

Absolute translational acceleration of the buoy
reference point expressed in the buoy coordinate
system

BIMUPxi, BIMUPyi, BIMUPzi
BIMUROoll, BIMUPitch, BIMUYaw

(m), (m), (m),
(deg), (deg), (deg)

Translational position and rotational (angular)
orientation of the buoy inertial measurement unit
in the global inertial-frame coordinate system; the
rotations are output as Euler angles in a X-Y’-Z”’
(roll-pitch-yaw) rotation sequence

BIMUTVx, BIMUTVy, BIMUTVz,
BIMURVx, BIMURVy, BIMURVZ

(m/s), (m/s), (m/s),
(deg/s), (deg/s), (deg/s)

Absolute translational and rotational (angular)
velocity of the buoy inertial measurement unit
expressed in the buoy coordinate system

BIMUTAXx, BIMUTAy, BIMUTAz

(m/s"2), (m/s"2), (m/s"2),

Absolute translational acceleration of the buoy
inertial measurement unit expressed in the buoy
coordinate system

BBSRPxi, BBSRPyi, BBSRPzi
BBSRRoll, BBSRPitch, BBSRYaw

(m), (m), (m),
(deg), (deg), (deg)

Translational position and rotational (angular)
orientation of the buoy BS reference point in the
global inertial-frame coordinate system; the
rotations are output as Euler angles in a X-Y’-Z”’
(roll-pitch-yaw) rotation sequence

BBSRTVx, BBSRTVy, BBSRTVz,
BBSRRVx, BBSRRVy, BBSRRVz

(m/s), (m/s), (m/s),
(deg/s), (deg/s), (deg/s)

Absolute translational and rotational (angular)
velocity of the buoy BS reference point expressed
in the buoy coordinate system

BBSRTAx, BBSRTAy, BBSRTAz

(m/s"2), (m/s"2), (m/s"2),

Absolute translational acceleration of the buoy
BS reference point expressed in the buoy
coordinate system

These are calculated within KiteFASTMBD as follows:

Fuselage:

Fus fTDx
FusBTDy
FusTDz

MBD 4 FusO {

Fus fRDy 4
FusRDz

MBD - Fus _
FusOutNd[ 8]

Fus BRDx ~1180 [ EulerExtract ( [ MBD 4 FusO :|T |: MBD 4 Fusk

MBD
FusOutNd[ 8]
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MBD - FusO | _ MBD 3 FusR
p FusOutNd[ 8]

Fus
FusUutJVd[ﬂ]




FusSRVn

FuSﬂR Vel = @ MBD 4 Fus MBD - Fus

n Fusound[p] Prusound[p]

FusRVs
FusfTAn
FuspTAc ;= MBDA.ZZ:OWM[ 4] MBD&.Z:SOMNJ[ ]
FuspTAs

FusSFRn
FusBFRc
FusPFRs | YOF, R;Z;owvd[ ]
Fus ? MRn MBDMR;::OurNd[[J’]
FusfMRc

Fus fMRs

Starboard (Right) Wing:
SWnTDx

SWnTDy

SWnpTDz |
- T

SWnpRDx 180 [ Eulerract ([ MBD 4 FusO ]T |: MBD ASS;/V’:,(I)eMW[ﬁ] :| MBD qSVI;V’::O ilg) j

SWnBRDy 7

SWnpRDz

SWnpRVn 180

SWnpRVe » = T MBDASS;;nOMNd[ ] e 5)5;;?01«:1\111[ ]

SWnpBRVs

SWnpTAn

SWnpTAc ;= MBDASSMVZIOusz[ 1 MBD&?:Z:OutNd[ 51

SWnpTAs

SWnBFRn

SWnpFRc
SWnBFRs | { " FR ot }

MBD 4 FusO | MBD SWn _MBD s FusO | _ MBD — SWnR
SWnOutNd[ ] SWnOutNd[ 3]

SWn ﬂMRn MBDMR;VZI()de Vil
SWnpMRc
SWnMRs

Port (Left) Wing:
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PWnpBTDx
PWnpTDy
PWnpTDz

PWnfRDy
PWnfRDz
PWnpBRVn
PWnpRVc ;=
PWnpBRVs

PWnfTAn

PWnpTAc ;=

PWnpTAs

PWnpBFRn
PWnpBFRc
PWnpBFRs
PWnfMRn
PWnpMRc
PWnBMRs

VS BTDx
VS BTDy
VS pTDz

VS BRDy
VS BRDz
VS BRVn
VSPBRVc

VSPBRVs
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