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,)



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

KiteFAST Submodel Hierarchy
“Airfoillnfo | : .
[ Prysis: Quaststeady fting e to || for KiteFASTMBD in Fortran.
calculate Cl/Cd/Cm dependent on
Aok and control setting |
|+ Components: Wing, vertical |
stabilzer, horizontal stabilizer,
pylons, fuselage, and control i
surfaces (laps, allerons, rudder,
elevator) |
+  Source Code: Modify existing |
Airfoilinflow to include control
|

KiteAeroDyn Driver
+ Functionaiity: Runs KiteAeroDyn in
standalone mode by prescribing setting
time-domain 6-DOF Kte mofion, —
rotor speed, and controler settings T |
of energy Kie in steady wind KiteVSM |
+ Source Code: Modify existing KiteAeroDyn |+ Physics: Vortex step method for
AeroDyn Driver e Functonality: Interfaces computing induced velociies for |
submodules lifting lines |
.+ Physics: Geometric AoA of fuselage [+ Components: Wake from wing,

l  Source Code: Modify existing vertical stabilizer, horizontal |

/ AeroDyn stabilizer, and pylons |

[+ _Source Code: New |

|

InflowWind ——

.+ Physics: Processes ambient wind ActuatorDisk |

inflow (steady, uniform e.g. from |+ Physics: Quasi-steady actuator disk |

MBDyn IECWind, or turbulent e.g. from to calculate power/3 forces/3 |

TurbSim) moments dependent on TSR and i

l+ Components: Ambient wind inflow skew

o+ Source Code: Existing |+ Components: Rotors — One. |

instance for each rotor |

|+ Source Code: New -~ Inputs Come |

Structural Dynamics

+  Physics: Time-domain structural

- dynamics
KiteMBDyn Preprocessor Phase 1 - 6 DOF rigid body KiteFASTMBD
Phase 2 - Beam elements
[+ Functionaliy: Interfaces modules TETE from existing AeroDyn Driver or
Source Code: Modify existing FAST oorDyn other sources

|+ Physics: Time-domain cable (o |
|
|
|

dynamics
l+  Components: Tether
- Source Code: Existing

|

| Components: Energy kite B
Driver

|+ Functionaiiy: Generates MBDyn
|+ Source Code: Existing MBDyn

input files based on energy kite
properties

|+ Source Code: New
orver
- Functionaiy: Drives ime-domain
Soluton forward
. Source Code: Existing MBDyn
Controller
- Physics: Contolerand saety Not Shown |
cyorlnpor‘.e%‘s Controller and safety Phase 3 — Rotor wake [
system Phase 4 - Tether aerodynamics |
[+ Source Code: Existing (from |
KiteFASTMBD
\Inputs\ \Outputs\ States ‘P al‘ametel‘s‘ 1 C d [332]: These are the data queried from the MBDyn
MBD — Wind . MBD 7 Fus . KAD . e At — MBDvn time ste model at t using GetXCur to be used within KiteFASTMBD. The
D P —Position of the | o F7™ — Aerodynamic | ® hN ewTime — ® Y outputs from MBDyn are inputs to KiteFASTMBD.
i : Is this a new time
base Sta.n(m where the . applied concentrated step (in order to o X4t KiteAeroD Commented [J33]: These are the data sent to the MBDyn model
fixed wind measurement is forces at the ] th hode of p X — Kaeaerolyn . || from KiteFASTMBD. The inputs to MBDyn are outputs from
only call time step (s) \|| KiteFASTMBD.
KiteAeroDyn once \
Y o Inter, y4 Order - { Commented [JJ4]: Obvious parameters are not listed here.

the fuselage mesh (N)

taken (m)
MBD - FusO o
p — Position MBD v Fus .

L . M " — Aerodynamic per step)? (flag) .
(origin) of the fuselage (m) o (other state) Fnterpolatlon Qrder for
MBD fFusO _p oo applied concentrated P K input/output time history

_notation moments at the j "node | ® NewTime — (-) {1=linear
(absolute orientation) of the s this a new time 5 uadratic}’
fuselage origin (-) of the fuselage mesh (N- step (in order to Nq Number B
MBDGFusO o ational %}m . only call the * ' KAD/MBD 'um er S
Fj " — Aerodynamic controller once per KlteAeroDyn_ time steps
step)? (flag) (other per MBDyn time step (-)
— Number of

velocity (absolute) of the
* Newsp

and tether applied
state)

fuselage origin (m/s)
MBD 37450 _ Rotational concentrated forces at the
velocity (absolute) of the J " node of the starboard | o **” OtherStates controller time steps per
fuselage origin (rad/s) wing mesh (N) — Inputs from MBDyn time step (-)
MBD 5FusO o ational MBD iy SWh MB]?yn t;r'om tl:e e N Figps — Number of flaps
lerati bsolute) of i ‘ previous time step N
acce eration (aA solu °) 2 Aerodynamic applied and (stored as other per wing (-)
the fuselage origin (m/s?) e« N _ Number of
MBD G RO gl tether concentrated states) Pylons
— RO moments at the j " node MD lons per wing (-
acceleration (absolute) of £ th board / . OtherStates Py FAST fcm )
the fuselage origin (rad/s?) of the starboard wing — Inputs to s A -DCM
MBD = Fus . mesh (N-m) MoorDyn from the conversion from the FAST
. Py —Translational | = wmp gpwn erodynamic previous time step ground system (X pointed
position (absolute) of the ! . (stored as other nominally downwind; Z
J " node of the fuselage and tetltle;tagrl)ched atth states) pointed vertically opposite
mesh (m) cgf}l]cendr ef horces N e My MoorDyn gravity; Y transverse) to
J " node of the port wing the ground system used by




MBDA;“S — Displaced
rotation (absolute
orientation) of the j®

node of the fuselage mesh
Q)
MBD\_/’;?"S — Translational

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

mesh (m/s)
MBDﬁ)f"S — Rotational
velocity (absolute) of the
J " node of the fuselage
mesh (rad/s)

MBD i Fus_ Pranslational
acceleration (absolute) of
the j ™ node of the

fuselage mesh (m/s?)
MBDFR?‘ — Reaction

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

fuselage mesh (N)

MBD Y Fi .
MR, " _ Reaction

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

fuselage mesh (N-m)

MBD = SWnO i,
p~""" —Position

(origin) of the starboard
wing (m)

MBD = SW, .
D;"" — Translational

position (absolute) of the
J "™ node of the starboard
wing (m)
‘4/1“)/1/.SW/'7 — Displaced
rotation (absolute
orientation) of the j ™
node of the starboard wing
mesh (-)
MBDﬁfW" — Translational
velocity (absolute) of the
J " node of the starboard
wing mesh (m/s)

MBD == SWn
J

0] — Rotational

velocity (absolute) of the

mesh (N)
MBD an _

Aerodynamic and tether
applied concentrated
moments at the j " node
of the port wing mesh (N-
m)
MBDF}VS — Aerodynamic
applied concentrated
forces at the j " node of
the vertical stabilizer mesh
™)

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

MBD 5 SH .
F ,.g S _ Aerodynamic

applied concentrated
forces at the j ™ node of
the starboard horizontal

stabilizer mesh (N)
MBD iy f”S B

Aerodynamic applied
concentrated moments at
the j " node of the
starboard horizontal
stabilizer mesh (N-m)
MED pr /.PHS — Aerodynamic
applied concentrated
forces at the j " node of
the port horizontal
stabilizer mesh (N)
MBD yr PHS

M P

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

MBD 1 SPy
ij |:nPyImx.s :| -

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

MBD 1y SPy
M/ |:nPy/ons:| -

continuous states
(varied)
KAD

KiteAeroDyn
constraint states
(varied)

KAy, () — Time
history of
KiteAeroDyn
inputs (stored as
other states)
KADy(E) — Time
history of
KiteAeroDyn

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

the controller (X pointed
nominally upwind; Z
pointed vertically
downward, Y transverse)
)

MBP & _ Gravity vector

expressed in the global
inertial-frame coordinate
system (m/s?)

P — Air density (kg/m"3)

p™" _ Position of the

base station where the
tether attaches (i.e.
mooring line anchor) (m)

MBD __SPyRtr
m |:nPyl(m.\ ’ n2 ]

— Mass of the top and
bottom rotors/drivetrains
on the pylons on the
starboard wing mesh (kg)
MBDI;;} o [nPyluns ’ nZ

— Rotational inertia about
the shaft axis of the top
and bottom
rotors/drivetrains on the
pylons on the starboard
wing mesh (kg-m?)

MBD 7 SPyRir
I [nPyluns ’ nZ :'

Tran
— 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
Xem [nP\’[ons’nZ]

— 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
rotor/drivetrain (positive
along positive x) (m)

MBD __PPyRir
m nPylons o 2

— Mass of the top and
bottom rotors/drivetrains
on the pylons on the port
wing mesh (kg)

MBD J PPyRir
Troi |:nPy/uns’n2j|




J " node of the starboard

wing mesh (rad/s)

MBD = SWi .
a; " _ Translational

acceleration (absolute) of
the j ™ node of the

starboard wing mesh (m/s?)
MBD I R}.SW" — Reaction

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

starboard wing mesh (N)
MBDMRfW" — Reaction

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

starboard wing mesh (N-m)

MBD = PWnO .
p~" —Position

(origin) of the port wing
(m)

MBD = PW, .
p;"" — Translational

position (absolute) of the
J "™ node of the port wing
mesh (m)
MBDA;JW” — Displaced
rotation (absolute
orientation) of the j ™
node of the port wing mesh
Q)
MBDV;JW" — Translational
velocity (absolute) of the
J "™ node of the port wing
mesh (m/s)
MBDC?);J% — Rotational
velocity (absolute) of the
J " node of the port wing
mesh (rad/s)

MBD[I'II.JW" — Translational
acceleration (absolute) of
the j ™ node of the port
wing mesh (m/s?)

MBD R fW" — Reaction
force (expressed in the
local coordinate system) at
the j ™ Gauss point of the

port wing mesh (N)

Aerodynamic applied
concentrated moments at
the j " node of pylons on
the starboard wing mesh
(N-m)

MBD PPy
F; |:nl’y1()ns:| -

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

the port wing mesh (N)
MBD yr PPy
Mj ! ':nPylans:| -

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

the port wing mesh (N-m)
MBD F5SPyRir
F |:n[‘ylnn.v 4 nZ :|

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

MBD y ¢ SPyRtr
M [nl’y/r)rm ’ 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 73 PPyRr
F |:nRv/orls 4 n2 j|

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

MBD y 77 PPyRtr
M |:nPy[07u ’ n2 j|

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

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

MBDI; r:z’;R” |:nPylons 4 n2 :|
— 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 _PPyRr
Xem [nPyIans’nZ:|

— 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
D;"" —Reference

position of the j " node

of the fuselage mesh (m)

MBD 4 FusR
A; " _ Reference

orientation of the j ™
node of the fuselage mesh

MBD — SWnR
p;" —Reference

position of the j ™ node

of the starboard wing
mesh (m)
MBDAfW"R — Reference

orientation of the j ™

node of the starboard wing
mesh (-)
MBD PR _ Reference

position of the j " node

of the port wing mesh (m)
MBDA,[.DW"R — Reference

orientation of the j ™

node of the port wing
mesh (-)
MBD f?;/SR — Reference

position of the j ™ node




MBD Yy Py .
MR, " — 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 VS .
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\j;/S — Translational
velocity (absolute) of the
7 ™ node of the vertical
stabilizer mesh (m/s)

MBDC?)/.VS — Rotational

velocity (absolute) of the
7 ™ node of the vertical

stabilizer mesh (rad/s)

MBD =VS
J

a ;" — Translational

acceleration (absolute) of
the j " node of the vertical

stabilizer mesh (m/s?)

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)

MED 5SHSO. _ position

(origin) of the starboard

horizontal stabilizer (m)

MBD = SHS .
p; " —Translational

position (absolute) of the

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

node of the vertical
stabilizer mesh (-)

MBD — SHSR
p; " —Reference

position of the j ™ node

of the starboard horizontal
stabilizer mesh (m)
MBDA/SHSR — Reference

orientation of the j

node of the starboard
horizontal stabilizer mesh

)
MBD f)fHSR — Reference
position of the j ™ node

of the port horizontal
stabilizer mesh (m)
MBDAI.PHSR — Reference
orientation of the j

node of the port horizontal
stabilizer mesh (-)

MBD — SPyR
p‘/‘ [nPyluns:| -

Reference position of the
7 "™ node of the pylons on
the starboard wing mesh
(m)

MBD 4 SPYR
Aj |:nl’ylnn.\‘ :| -

Reference orientation of
the j " node of the pylons

on the starboard wing
mesh (-)

MBD — PPyR
p j |:n Pylons ] -

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

the port wing mesh (m)

MBD 4 PPyR
A/ [nPy/ansJ -

Reference orientation of
the j " node of the pylons

on the port wing mesh (-)

MBD — SPyRirR
P |:nPy[0ns e ]

— Reference positions
(origins) of the top and
bottom nacelles on 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)
MBDE)fHS — Rotational
velocity (absolute) of the

J "™ node of the starboard

horizontal stabilizer mesh
(rad/s)
MBD 7SHS_ 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 y 5o 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 L
p — Position

(origin) of the port

horizontal stabilizer (m)

MBD ~ PHS .
p; " — Translational

position (absolute) of the
J ™ node of the port
horizontal stabilizer mesh

(m)
MBDA;DHS — Displaced

rotation (absolute

pylons on the starboard
wing mesh at the rotor
reference point (m)

MBD 4 SPyRtrR
A |:nPylon.r i nZ :|

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

P [nPonns ’ 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 4 PPyRirR |:nPy[0m , nz]
— Reference orientations
of the top and bottom
nacelles on the pylons on
the port wing mesh at the
rotor reference point (-)




orientation) of the j ™

node of the port horizontal
stabilizer mesh (-)
MBD5PHS _ Translational
velocity (absolute) of the
J "node of the port

horizontal stabilizer mesh
(m/s)
MBDﬁ)fIIS — Rotational
velocity (absolute) of the
J " node of the port
horizontal stabilizer mesh
(rad/s)
MBD&;J”S — Translational
acceleration (absolute) of
the j ™ node of the port
horizontal stabilizer mesh
(m/s?)
MBDFR;)HS — Reaction
force (expressed in the
local coordinate system) at
the j ™" Gauss point of the
port horizontal stabilizer
mesh (N)

MBD {7y PHS .
MRj — Reaction

moment (expressed in the
local coordinate system) at
the j ™ Gauss point of the
port horizontal stabilizer
mesh (N-m)
MBD =+ SPyO

p ! [nl’ylum :| -
Positions (origins) of
pylons on the starboard
wing (m)

MBD = SPy

p; |:nPyluns :| -
Translational position
(absolute) of the j " node

of the pylons on the
starboard wing mesh (m)

MBD 4 SPy
Aj |:nPyIans:| -

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

the starboard wing mesh (-)

MBD = 5Py
vj |:nl’ylon.v:| -

Translational velocity




(absolute) of the j " node

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

MBD = SPy
a)j [nPylons j| -

Rotational velocity
(absolute) of the j " node
of the pylons on the
starboard wing mesh

(rad/s)

MBD = SPy
a j |:nPy10nS ] -

Translational acceleration
(absolute) of the j " node
of the pylons on the
starboard wing mesh (m/s?)

MBD 757> SPy

FR/' [nPyluns:| -
Reaction force (expressed
in the local coordinate
system) at the j ™ Gauss
point of the pylons on the
starboard wing mesh (N)

MBD 3 71 SPy
MR_/' ':nPylans:| -

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 |: Pylons:| -
Positions (origins) of
pylons on the port wing

(m)
MBD — PPy
pj |:nPy10ns:| -

Translational position
(absolute) of the j ™ node

of the pylons on the port
wing mesh (m)

MBD 4 PPy
Aj |:nPylnn.v :' -

Displaced rotation
(absolute orientation) of the
J " node of the pylons on
the port wing mesh (-)
O ]
Translational velocity
(absolute) of the j " node
of the pylons on the port
wing mesh (m/s)




MBD —~ PPy
w/ [nPylonS] -

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

MBD = PPy
a,; |:nPylum'j| -

Translational acceleration
(absolute) of the j " node

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

MBD 5y PPy
FR j |:nPylonf] -

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

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

MBD 3y PPy
MR [ My | -

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 [”Pyzons , ”2:| -
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 SPyRr
A |:nPylons ’ 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 = SPyRtr
v [nPylans ’ nZ :| -

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 = SPyRtr
@ |:nPy[0ns RE) ] -

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 i SPyRtr |: Mo 115
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 = SPyRr
o |:np_vlum- , ”z:| -

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 |:nl’ylwm' , ”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 4 PPyRir

A [nPy/ans 4 nZ :| -
Displaced rotation
(absolute orientation) of the
top and bottom nacelles on
the pylons on the port wing
mesh at the rotor reference
point (-)
MBD = PPyRir

v |:nPylons 4 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

@ [”I’ylonx R :| -
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 = PPyRir

a [nl‘ylnm 1, :| -

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 g PPyRi |: Mpions nz] B
Rotational acceleration
(absolute) of the top and
bottom nacelles on the
pylons on the port wing
mesh at the rotor reference
point (rad/s?)

Crrl MD

MiscVars: "y, "y, ”Wy >

KAD

:

u,

MBD KAD MD MD
u, " u H xEP \
T T

Mapping of Outputs to Inputs in KiteFASTMBD

Output depends on Input | Inputs

(Y/N)

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

Commented [J35]: The outputs of each module at time t (as
MiscVars in KiteFASTMBD.

MoorDyn at time t and the extrapolated inputs to KiteAeroDyn at

Commented [J36]: The inputs from MBDyn and inputs to
t+KADAdt are stored as MiscVars in KiteFASTMBD.

MBDyn

KiteAeroDyn

InflowWind

MoorDyn

Controller

Outputs MBDyn

N

N

N

KiteAeroDyn

Y

InflowWind

Y

MoorDyn

Y

|||

C ted [J37]: The temporary states of MoorDyn are stored
as MiscVars. In KitetFASTMBD.

Controller

N

N

Data Flow (stopping when reaching “N”’)

MBDyn Controller

KiteAeroDyn MBDyn Controller

Controller

InflowWind KiteAeroDyn MBDyn
Controller

Controller

MoorDyn MBDyn Controller

Controller
Controller

Thus, no nonlinear solves are required
Order of calls: MBDyn, Controller, MoorDyn, InflowWind, KiteAeroDyn

Constructor

iThis routine initializes KitetFASTMBD at ¢ = () :‘

o Sets parameters
o Initializes states

e Calls module Init routines

e Opens the write output file
e Opens and writes the summary file

Controller

Query the MBDyn model to access the inputs at £ = (.
[Query the MBDyn model to access the names of the KiteAeroDyn, InflowWind, and MoorDyn primary input files L Commented [3J10]: The names of the KiteAeroDyn input file

{ Commented [JJ8]: This may technically not be true, but we can }

only call the Controller once anyway, so, we’ll assume no.

_—| Commented [3J9]: t=0 outputs are not set here, except for the
Controller

etc., along with switches for enabling/disabling each module, must
be queried from the MBDyn model. I haven’t specifically included
logic below to enable/disable modules, but this should implemented.




Set the parameters from inputs 4At . InterpOrder, Ng,, . Np.. P, MBD y SPYRIr [npylm,,nz],

MBDI ‘R?Z}’Rtr |:nPy1(ms 2 nZ :| 2 MBD] ;?;:Rtr |:nPylons 2 n2 :| 2 MBng;/["R’r |:nPylons 2 nZ :| 2 MBDmPPYRtr |:nPylon.v 9 n) :I 2

MBD I;:ﬁym |: Moyt nz] , MBD I;;IZRW |: Miyions nz:| , and MBngAI:;vRtr [nfytons , nz:h) Trigger a fatal error if ’ //{ rtr:;:i:rented [3311]: These must be queried from the MBDyn
MBD  SPyRir [ Py n2:| <0. | mBD PR [nP}YIm , n2:| <0.

MBD ]gfl),;mf [npylam ) n2:| _ MBD SPRir [np)’lom ., :| ( MBng;;szr [”py,,,m " :|)2 <0,

MBD mPPerr [ npy[m ) n2:| <0, MBD Igzym [ npy[m ) nz] <0, or

2
MBD  PPyRir _ MBD_PPyRir MBD _PPyRir ? .
v |:nPylons , ”z] m [npym,zx N, ]( Xeu |:I’l Prtons » T2 :|) < 0. Note that:
o The flap indices: Mtaps = {1,2, . ..,NF,[W}
e The pylon indices:  1np,,, = {], 2,..., NPJ,ZW}

e And: n2:{],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 _| g1
0 0 -1

Set the reference positions (origins) needed as initialization inputs to KiteAeroDyn:
KAD —SWnOR _ MBD 4FusO [ MBD —SWnO __ MBD = FusO
P = AT =)

p
KAD ﬁPWn()R — MBD 4 FusO {MBD ﬁPWn() _ MBD I—)Fuso}
KADI—)VS()R — MBD 4 FusO {MBD[-jVS() _ MBD[—)Fuso}
KAD ﬁSHSOR _ MBD AFL/SO {MBD ﬁSHSO _ MBD I—')Fuso}

KAD — PHSOR __ MBD 4 FusO | MBD — PHSO MBD — FusO
PN = MDA [MBD SO MED 0}

KAD — SPyOR __ MBD 4FusO | MBD — SPyO MBD — FusO
P [y | = 20270 {120 50 P}

nPylans j| -

KAD - PPyOR __ MBD 4 FusO ) MBD 2= PPyO __ MBD - FusO
p |: n[’yl(m.v ] - A { p |: n Pylons ] P }

KAD = SPyRirR _ MBD 4 FusO { MBD = SPyRir _ MBD = FusO
P |:nPy[0ns e ] =4 { p [nPy/ans e ] p }

KAD - PPyRtrR
A

n Pylons

:| — MBD 4 FusO { MBD ﬁPPthr |: ]_ MBD 1—5Fus0}

Ppyions» 1 Npyions » 12

Call KiteAeroDyn_Init()
KAD
At

Calculate the number of KiteAeroDyn time steps per MBDyn time step: NV pvm = NINT



Trigger a fatal error if the KiteAeroDyn time step is not an integer multiple of the MBDyn time step i.e. if
N e At =P At 20

K4D NewTime = TRUE

Set the air density for future reference: p = KADp

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:

™ NumWindPoint s = 2
+ XP NumFusNds
+ KAD N SWinNds

+ XP NumPWnNds

+ K40 ALum VSNds

+ KAD £ SHSNds

+ K10 AR PHSNds

+ ¥ NumPyINds (2N 5, )

+4N,

Pylons

Call InflowWind_Init()

Set the initialization inputs to MoorDyn:

MD _ _ || MBD =
g=|"8|,

MPrhoW = p
YWirDepth = 0

MBD — FusO
MDPtfmInit = MBD 4 FusO

Call MoorDyn_Init()
Trigger a fatal error if ( MDAt # At )

Trigger a fatal error if there is more than one anchor set in MoorDyn. Also, set the anchor position for future

reference based on the initialization output from MoorDyn:

ﬁA”Ch = from MoorDyn initialization output

[Call Controller_lnit()\

cul
At
Calculate the number of controller time steps per MBDyn time step: N ¢, = NINT | ——

Trigger a fatal error if the controller time step is not an integer multiple of the MBDyn time step i.e. if

N Cirl/MBD At - CMAI‘ * 0
€ NewTime = FALSE

<

Commented [3J12]: Note: the Controller_Init() call initializes
the controller states and returns the initial controller outputs.

Commented [JJ13]: Note: the controller will trigger a fatal error
if N

Flaps
NPylan:

#3 (to match the current controller interface),

#2 (to match the current controller interface)

| Commented [3314]: 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.




Set the reference positions and orientations of the [line2 and point meshes\ from the inputs:

MBD — /Fu.vR — MBD 4FusO {MBD P ;rus __MBD ﬁFmO} (for j= { 1,2,..., MBDNumFusNdS}) -
MBD jFusR _ MBD 4 Fus [MBD AP0 :|T (for j= MDA FusN. ds} )
MBD —anR — MBD 4FusO {MBDﬁan _ MBDﬁFuSO} (for j = » MBDNumSWnNds})
MBD 4 SWR _ MBD 4 SWn [MBDAFuSO]T (for j=1{1,2,..., MBDNumSWnNdS} )
MBD a».;w,m _ MBDAFusO { MBDﬁ;’Wn _ MBDZ)FuSO} (for ] ={12.., MBDNumPWnNdS})
MBD APWiR _ MBD APWn [MBDAF“SOJT (for j=11,2,..., MBDNumPWnNdS})
MBD —;/SR — MBD 4 FusO {MBD ~J1{S _ MBD]—jFusO} (for j={12,..., MBD oo VSNds})
MBD 4VSR _ MBDA;/S |:MBDAFx4xO:|T (for j={1,2,..., " Num VSNds})
MBD - fIISR — MBD 4 FusO {MBD P jsus _ MBD 1—)1%0} MBD N mSHSNds )

MBD ASIISR MBD ASIIS |:MBD AFusO:|

(for j=41,2,...,

MBD — PHSR __
; =

(for j=4{1,2,...,

MBDAFusO { MBD - PHS _ MBD aFusO}

P; p

MBD APHSR _ MBD APHS [MBD AFusO:|T

(for j=11,2,...,

MBD SP)R

(for j

MBD 4 FusO ) MBD -~ SPy MBD - FusO
|:nPylons :| - A { p‘/ [nPylans :| - p }
T
MBD 4 SPyR MBD 4 SPy MBD 4 FusO
A |:nP‘lons ] A |: Pt]()IZS ] |: A ]
MBD - PPL __ MBD 4FusO | MBD —» PPy _ MBD - FusO
[nPylons j| - A { p; |:nPylons :| p }

J
T
MBD 4PPyR _ MBD 4PPy MBD 4 FusO
A ”I’ylons :| - A j [anth :| |: A j|

MBD — SPyRtrR MBD 4 FusO | MBD — SPyRtr
P |:nPyluns ’ nZ :. A { p [n

MBD ASPthrR |:

(for j =

(for j =

MBD - FusO
n2:| - P }

{r.2
{r.2
1.2
{r.2
{
{
{
(for j={12,...,
{
{
{
{
{
{
{

Pylons *

Mpyions+ T :| =1

MBD — PPyRtrR __ MBD 4FusO ) MBD — PPyRtr _ MBD — FusO
PP Moy | = P ATO 100 R - pre)

nl’ylon.v ’ nZ

MBD 4 PPyRirR _
A |:nPy[0ns Re) :| =1

Set mesh-mappings between KiteFASTMBD-KiteAeroDyn and ‘KiteFASTMBD-MoorDyn\.

1,2,...,

12,...,
(for j=41,2,...,

12,...,

MBDNumSHSNds} )
MBD NumPHSNds | )

MBD Nnym PHSNds )
MEP NumPyINds | )

MBD NymPyINds | )

j
J
J
¥ NumPyINds) )
J
¥ NumPyINds) )

Open the write Output File

[Open and write a summary file (if| [SumPrint =TRUE)

KiteFASTMBD Summary File

Predictions were generated on DATE at TIME using KiteFASTMBD (]V ERSION, DATED

|

compiled with
NWTC Subroutine Library (VERSION, DATE)
KiteAeroDyn (VERSION, DATE)
InflowWind (VERSION, DATE) for OpenFAST (VERSION DATE)
MoorDyn (VERSION, DATE)

-| Commented [3J15]: Note: the motion meshes are line2 meshes

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

-| Commented [3J16]: 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 [3J17]: SumPrint must be queried from the
MBDyn model

Commented [JJ18]: I'm only hand waving here because the
implementation should be obvious (similar to other OpenFAST
summary files)

Commented [3J19]: (VERSION,DATE) has been replaced with
the a git hash

|




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

Controller At

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

Component Type Number Output Number
X y z
© © © e
(m)  (m) (m)
Fuselage Reference point - -
0 0 0
Fuselage Finite-element node j Fus <'8> for(FusOutNd[ﬁ] =
- otherwise
MBD — FusR
J
Fuselage Gauss point j Fus(p) for(FusOutNd[ﬁ]:
- otherwise

it D; for(Mod(j,2):])

(1 — J}J MBD s FusR ( \/gj MBD = FusR

3 3
3 — Fus. 3 — Fus. .
£ MEP BT + ]—£ MED pek otherwise
3 3
Starboard wing Reference point - -
KAD l—)SWnOR

Starboard wing Finite-element node j

otherwise

MBD -~ SWnR
J

Starboard wing

{1 _ \/gJ MBD —SWnR + ( \/§J MBDﬁSWnR

otherwise

Gauss point J {

— for(ModJ2 =1

J+l J

3 3
{\QEJ Mguﬁﬂfvlnk + [1 fj MBDﬁfW”R otherwise

J)

7)

for SWnOutNd [ﬂ] J)

for SWnOutNd [ﬂ] = /)

-| Commented [3320]: Probably not needed if TITLE is not easily

accessible within the MBDyn user element.




Port wing
KAD - PWnOR
p

Port wing

MBD = PWnR
J

Port wing

(1 \/ngBD~PWnR [J}J
5 P T —

3 3
ﬁ MBD]—)EWnR_i_ I—ﬁ
3 o 3
Vertical stabilizer

KAD - VSOR
p

Vertical stabilizer

MBD VSR
J

Vertical stabilizer

p/+1 +

3 3

Jj+l

3

Starboard horizontal stabilizer
KAD l—)SHSOR

3

Starboard horizontal stabilizer

MBD = SHSR
J

Starboard horizontal stabilizer

{1 _ \/}] MBD]—);HSR + (\/;J

3 s 3

ﬁ MBD SHSR 1_£
3 Py 3

Port horizontal stabilizer
KAD = PHSOR
p

MBD — PWnR

MBD - PWnR

{1_\/;] MBD =VSR (\/gJMBD—VSR

MBD —- SHSR

MBD -~ SHSR

Reference point -

Finite-element node j

Gauss point Jj

J

J

Reference point -

Finite-element node j

Gauss point Jj

J

Reference point -

otherwise

otherwise

for (PWnOutNd [ B] = )
otherwise

for PWnOutNd[ﬁ] ])
otherwise

for(Mod Js 2 :1)

- otherwise

{sz) for(VSOutNd[ 8] = /)

{VS(/?) for (VSOutNd [ B)= /)

- otherwise

D; for(Mod(j,Z):I)

{\/EJ MBDﬁVSR +(1_\/§J MBDZ?VSR

Finite-element node j for(SHSOuNA[ 8] = j)
otherwise
Gauss point j for(SHSOutNd[ 8] = )
otherwise
; for(Mod J 2 :1)

J

Reference point -

otherwise



Port horizontal stabilizer Finite-element node j {P HS(B)  for (PHSOWNA[f]= j)

- otherwise
MBD = PHSR
J
Port horizontal stabilizer Gauss point J PHS(B)  for(PHSOuNd[]= j)
- otherwise
\/5 MBD — PHSR \/§ MBD - PHSR .
(’ - 3] Pt | 2| o for(Mod (7.2)=1)
3 - 3 - .
{\Q—J MBDpf’ﬁSR +(1_\Q—J MBDP;DHSR otherwise
Starboard pylon 71, Reference point - -
KAD —SPYOR
p |:nPylrms :|
Starboard pylon 71, ;¢ Finite-element node j SP <"mw.\-></3> for (PylOutNd[ 8] = )
- otherwise
MBD = SPyR
pj ! |:nPylans:|
Starboard pylon 7, Gauss point J SP {1y ) (B)  for(PylOuNd([ ] = )
- otherwise

(1 _ ‘/fj Msnﬁfff" [npylm] +(\/§] MBDﬁfP.vR [nPylom:' for(Mod (j, 2) = ])

3

( ﬁ ] MBD Z),@f,;k [ Morins ] n { I \{3} MBD ﬁnyR [ n Pylm] otherwise

3
Port pylon 7. Reference point - -
KAD — PPyOR
p |:nPylons :|
Port pylon 72,,,,,,.. Finite-element node  f PP <np,.,(,,,, ><ﬁ> Jfor (PylOutNd [ 8] = )
- otherwise
MBD — PPyR
p J [nPylnn.s ]
Port pylon 71, Gauss point J PP (1, ){B)  for(PriOuNd[f]= j)
- otherwise

[1 - \/gj MBDZ’;CIVR [nPylnns ] +{\/§j MBDZ?/"TVR |:nPy10ns:| fOr(MOd(],Z) = ])

3 3

3 3

\/E MBD — PPyR \/§ MBD — PPyR .
( J Dy |:nPylans J I b [npy,o,u] otherwise
Top rotor on starboard pylon 7, Reference point - -

KAD = SPyRirR
p |:nPyl(ms i 1 ]



Bottom rotor on starboard pylon 7p,,,, . Reference point - -

KAD - SPyRtrR
p [nPylmzs 4 2:|

Top rotor on port pylon »n Prions Reference point - -
KAD = PPyRirR
p |:nPylons 4 1 :'
Bottom rotor on port pylon 7 Prions Reference point - -

KAD — PPyRirR
p |:nPylons ’ 2:|

Requested Channels in KittFASTMBD Output Files: NUMBER

Number Name Units Generated by

0 Time (s) KiteFASTMBD

NUMBER NAME UNITS (KiteFASTMBD, KiteAeroDyn, InflowWind, MoorDyn, 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 lt (from GetXCur)‘ (including ¢ = 0) for both the prediction and correction steps of

each MBD time step, temporarily updates states from ¢ — At to ¢, and calculates outputs at ¢ :
. lCalls module UpdateStates and Controller_Step routines‘ exceptat ¢ =0

e Calls module CalcOutput routines

Set the discrete-time counter:

nzi—]
At

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

Calculate the translation displacements (relative) of the MBDyn input meshes at 7 :

MBDL?/.F““' = MBD f)f""' — MBD ﬁf““'R (for j = {1,2,..., MBD Ny F usNds})
MED W MED SV _ MED FSHufk (for j=1{1,2,..., " NumSWnNds},)
MED P MED p P _ MED p Pk (for j=1{1,2,..., """ NumPWnNds},)
MED S = MED IS MBD ISk (for j=1{1,2,..., " NumVSNds},)
MBDGSHS. MBD 5SS _ MBD 5 SHSk (for j={1,2,..., """ NumSHSNds},)
MEDPHS = MBD GPHS _ MED 5 SR (for j={1,2,..., """ NumPHSNds})
0 My = B3 [ ]~ B M | o = {12,002, NumPyINds})
G (g ] = B [ | = B [ ] o j={ 12,002, NumPyINds})

Commented [JJ21]: AssRes could access inputs at t-dt (from
GetXPrev), but we save the previous inputs as OtherStates instead.

|

-| Commented [3J22]: 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.

Commented [JJ23]: This is necessary because in OpenFAST,
UpdateStates shifts from t to t+dt whereas AssRes shifts from t-dt to
t.




_ MBD —SPyRir
n[’y]nns 1 :| - p |:}’l Pylons n,

_ MBD + PPyRir
Mpyions » 1> :| =P [nl’ylonx 1y

MBD IZSPthr |: :| _ MBD ﬁSPthrR |:

n[’y]nns 4 n2 :|

MBD ~— PPyRtr MBD —- PPyRtrR
u |: :| - p |:nPy1mz.s' 4 n2 :|

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

IF ("’” NewTime) THEN

First, calculate the InflowWind outputs at the base station and fuselage using the most converged inputs from
MBDyn (as data stored in “??OtherStates from the previous step):

" PositionXYZ (:,1)="** p""

" positionXYZ (},2) = " p"°

(Call InflowWind_CalcOutput()

) )/ . .
with fewer than 7" NumWindPoint s .

Commented [3324]: One can call InflowWind_CalcOutput() ‘

Set inputs to Controller using the most converged inputs from MBDyn and the outputs from KiteAeroDyn,
InflowWind, and MoorDyn (as data stored in MBD OtherStates , **° Yy ,and MD y from the previous step):

T
Crrl MBD 4 FusO FAST 2Ctrl
"dem _g2b =" A" |:/1 ’ J

curl MBD g FusO MBD 75 FusO ‘ /{

pqr=
Crrl

acc _norm =

unfiltered values.

Commented [JJ25]: All filtered values (_f) are identical to the }
[

MBD 5 FusO H
2

Crl Xg — AFAST2Ci {MBD ﬁmso _ ﬁ/mch}

(:rerg — FAST2Cul MBD3; FusO

Curlyzpy _ MBD g FusO MBD 35 FusO

CtrlAg — AFAST2Ctrl MBDaFuxO

Cirl gy = MBD fFusO MBD 7 FusO

Ctrl

rho=p
“apparent _wind = AT {”WVelocityUVW ( , 2) - MBDﬁF“SO}

7 D AR NEairs - Commented [J326]: We are approximating this input to the
Cltother force b= AR z PtFajr[eadLgad%Force(_"i) controller as the vector sum of the fairlead tensions.

i=1

“wind _g = A" VelocityUVW (3,1)

T =
Cerl SPyRtr __ ) MBD ~SPyRtr KAD SPyRtr
aero _torque |:nPylons ol :| = { 2 [nPylans olily ]} M [nPylons ol ]

r = Commented [J327]: These were added to the original controller

Crl PPyRtr MBD ¢ PPyRtr KAD PPyRtr g

aero _ torque ” [npyh,,,s N, ] = { X |:npylons N, :|} M [npylm,s N, :' / inputs so that the controller could calculate the rotor/drivetrain
acceleration and resulting generator speed and torque.

e Call Controller_Step()

We should also ensure that the controller is using the same
Ensure that we only call the controller once per the controller time step: rotor/drivetrain rotational inertia.

" NewTime = FALSE

END

Store a copy of the MoorDyn current states at ¢ — Af :



MD __Copy MD
x " =""x

Set inputs to MoorDyn at ¢ from MBDyn:
P ptFairleadDisplacement = M *** ( A W ) |

J
[
Advance MoorDyn:
IF (t > 0) Call MoorDyn_UpdateStates()‘

Call MoorDyn_CalcOutput()

Advance KiteAeroDyn only once per KiteAeroDyn time step, interpolate the KiteAeroDyn outputs otherwise.

IF ( KADNewTime) THEN

Shift the KiteAeroDyn input history:
IF (t>0)

IF (InterpOrder =] ) THEN
KADM(Z) — KADu(])
ELSEIF | (InterpOrder == 2)
KADM(3) — KADM(2)
0 (2)=u(1)

END IF
END IF

Set inputs to KiteAeroDyn—stored in Kaby, (1 ) —from Controller at 7:

“kFlapA5  for ( Pppps =1 )
KAD Cyy S0 [n F,ups} =4 “kFlapA7  for (n Flaps = 2)
“'kFlapA8  for )
“kFlapA4  for(np,,, =1 )
KAD gy PP [nk‘,am} ={ “kFlapA2  for )
“kFlapAl  for )
HOCHI™" [n,] = “"kFlapAl0)

KAD (. SEIV [”2] _ C"’kFlapAQ J
KPCuI™ [n,]= C"’kFlapAS’\

KAD SPyRtr __ Ctrl .SPyRtr
’ Q I:nPylons N, :| - Q [nPonns 1y :|

KAD ~PPyRi Ctrl ;yPPyR:
0 ,Vtr|:n n2:|: trQ }tr[nPYIan:)an

Pylons *

KAD espymr |:

Pylons n,

Mpyions » ”z:l =0
1=0

‘ KAD ePPthr [

20

/{ Commented [1J28]: See carlier comment about mesh mapping

with Wn above.

A Commented [3329]: Input the time at t-dt in this call.

MD
The input at t-dt comes from ~ OtherStates

| Commented [3330]: Different controller documentation use
_~ kFlapRud in place of kFlapA10

| Commented [JJ31]: Different controller documentation use
_~ kFlapEle in place of kFlapA9

Commented [J332]: These were added to the original controller
outputs so that the controller could calculate the rotor/drivetrain
acceleration and resulting generator speed and torque.

| Commented [3333]: The rotor-collective pitch angles are not
e currently commanded from the controller; assume zero for now.




Set inputs to KiteAeroDyn—stored in Kby, (1 ) —from MBDyn at ¢ based on mesh-mapping:

KAD —FusO __ MBD — FusO
u " ="""p "

| Commented [3334]: You could use P2P mappings here, but

. — there is no point, because the reference (0,0,0) is the same in both
KAD;Fus _ prL2L ( MBD ;3 Fus MBD 4 Fus ) KiteAeroDyn and MBDyn.
J u J o’ j

KAD 4 Fus __ L2L ( MBD 4 Fus
AP = MM AT
KAD‘—)»{'-‘ux — M{JL (KAD — Fus MBDuFm, MBD‘—}'FMS’ MBDC?){?us )
J J J J
KAD 75 MLZL MBD 75 SWn MBDASWn)

KADASWn _MLZL MBDASWn)
i~

KAD asu/n MLZL (KAD —SWn MBDﬁSWn’ MBD‘7$W11) MBDa);Wn)
J J J
KAD — PWi L2L
i =M
J
KAD 4PWn _ 3 gL2L ( MBD 4PWn
AP = M (PP AT

MBD PWn MBD APWn)

KAD —PWn MLZL KAD —PWn MBD —II’Wn , MBD]—}';’Wn , MBD@;’Wn )

KAD VS L2L ( MBD VS MBD AVS
il :Mu (P, A )
KAD VS L2L ( MBD 4VS
AT =M A
J J
KAD = VS L2L ( KAD =VS MBD VS MBD=VS MBD —VS
v =M, ( u;”, u;”, V.o, o, )
KAD —SHS L2L MBD%SHS MBD 4 SHS
i =M (P AT
KAD 4SHS __ L2L ( MBD 4SHS
AT =M (AT
KAD3;SHS L2L (KAD s11s MBD ~SHS MBD=SHS MBD = SHS
=M, ( u”, v o )
J J J
KAD PHS MLZL(MBD PHS MBDAPHS)
KAD 4 PHS L2L ( MBD 4PHS
Aj =M (MPA)

KAD = PHS L2L
v, =M,

KAD —PHS MBD —PHS MBD - PHS MBDC?)PHS )
J

wpe MY /

KAD’ZSP; |:an/07u:| MLzL (MBDMSP} [nhle MBDA,SP’v |:nPylons :|)

KADA/'S " [”PylorlS] =M j . (MBDA/S " [np—"]"’” :|)

gy [nPme Mt ( Kbty [ np, M] S Th [npy,o,u ] ey [”Pylon::. e [” Pylons })
KAD ﬂl’l’y [npuom:| M”L (MBD Thed [np),,am:| MBDA;)Py |:nPy10ns :|)

KADA{JPy |:nl’ylan.¥:| = MlllJL (MBDAJ{JPIV |:npyl"n‘y ])

J
KAD — PPy L2L [ KAD — PPy MBD — PPy MBD = PPy MBD — PPy
V] |:anlnm :| M ( u/ |:anlnm :| Mj |:nPy/ons :. ’ Vj [nPylnm‘:| mj [anlnm :|)

KAD — SPyRtr MBD — SPyRtr
u I: :| u |:nPylum' i nZ :|

KAD 4 SPyRtr MBD 4 SPyRir
A [nPylons 2 n2 ] A [nPylons o nZ ]

nPylam 4 nZ
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KAD = SPyRtr
v [}’l Pylons nZ

MBD = SPthr
:| |:nPylons 9 nZ :I

KAD — PPyRir — MBD;PPyRir
’ u |:nPy1(mS Ro) :| - [nPylons RG] :'
KAD 4 PPyRir MBD 4 PPyRir
A I: Pylans ’ nZ :| A |:nPylons ’ nZ :|
KAD — PPyRtr MBD = PPyRur
v |:nPylonx i n2 :| v [nPylan: ’ nZ :|

Commented [3335]: You could use P2P mappings here, but
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 Kab

I/WPositionXYZ(f’]) _ 8D rind
IfWPositionXYZ(g)g) = MBD 5Fus0

”WPosmonXYZ( ,J+ 2) KAD["[Jf”SR + KADﬁjF"S (for
j= {],2,..., KADNumFusNds})
" positionxyz| ! :KzADNumFusNds = ISRy KAPGS (for
j={1.2,..., """ NumSWnNds} )
Lj+2

™ positionXYZ|  + *°NumFusNds |= KADI”[?]}.’ R KADﬁfW” (for
+ X NumSWnNds
j={1.2,.... """ NumPWnNds|)
Lj+2
KAD
+ """ NumFusNds o
" PositionXYZ b =" ZJZSR + P ﬁj'./s (for
+ " NumSWnNds
+ X NumPWnNds
j={1.2,.... """ NumVSNds)
Lj+2
+ 8P NyumFusNds
" PositionXYZ|  + **"NumSWnNds |= """ p3'"% 4 KAPG 1S (for
+ %P NumPWnNds
+ X NyumVSNds

j={1.2...., """ NumSHSNds} )

22

| Commented [3336]: You could use P2P mappings here, but

there is no point, because the references are the same in both
KiteAeroDyn and MBDyn.




W positionXYZ

L2

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

™ positionXYZ

j:{],Z,...,KA

™ PositionXYZ

j={12..."

W positionXYZ

Ljt2
+ " NumFusNds
5P NumSWnNds
4P NumPWnNds
4P NumVSNds
4P NumSHSNds
K4 NumPHSNds
Kab NumPyINds (n pvions — 1 )

L NumPleds} )

+
+
+
+
+
+

Lj+2
+ P NumFusNds
+ * NumSWnNds
+ 8P NumPWnNds
+ ™ NumVSNds
+ " NumSHSNds
+ * NumPHSNds
+ ** NumPyINds (N Pyions )

n KADNumPleds(npmun - 1)

P NumPleds} )

L, +2

+2(npy, —1)

+ *P NumFusNds
+ P NumSWnNds
+ *P NumPWnNds !
+ "2 NumVSNds
+ *P NumSHSNds

+ P NumFusNds
+ *P NumSWnNds

+ P NumPWnNds

+ *P NumVSNds

+ P NumSHSNds

+ *° NumPHSNds

+** NumPyINds (2N, )

_ %P — PHSR

KAD — PHS
+ u;

KD
_ P = SPyR
[

KAD - SPy
P pyions :I U ["P\hm\ :I

_ MPmm — PPyR KAD PPy
= P [ Pyions |57 U5 | Ppytons

__ KAD = SPyRirR

23

(for

(for

(for

p; |:nPy/()n.\' R :| +

KAD = SPyRtr
U Y

.:”Py/mz.v ) :|



L, 42
+ P NumFusNds
K40 NumSWnNds
4P NumPWnNds

KAD
NumVSNds
_ KAD 5 PPyRiR

+
+
+
mw L. KAD — PPyRtr
PositionXYZ| | K40 Ny SHSNds A O |
+
+

Mpyions 112 ]
*4P Num PHSNds
K4 Nuym PyINds (ZN

o )
+2(Noy)
+2(py = 1)

‘Call InﬂowWind_CalcOutput()\ [ Commented [3337]: Input the time at t in this call.

Set inputs to KiteAeroDyn—stored in Kaby, (1 ) —from InflowWind at 7:
KADY Fus I . .
Pyt = MelocityUVW (, j +2) (for
j= {1,2,. . KADNumFusNds} )

Kiby ,.SW” = "VelocityUVW (]: KZA DNumFusNds] (for
j= {],2,. KADNumSWnNds} )
Lj+2
KADViPW" = "VelocityUvW|  + **” NumFusNds (for

+ P NumSWnNds
j={1.2,.... """ NumPWnNds})

L2
. + P NumFusNds
KAPPYS — W VelocityUVIV (for
/ 4 + X0 NumSWnNds

+ *P NumPWnNds
J={1.2,.... """ NumVSNds})
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Kab IZfHS = "VelocityUVvw

j={1.2,.... """ NumSHSNds} )

MDY IS = M VelocityUVW

j={1.2...., """ NumPHSNds} )

7 iy, | = " VelocityUy W

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

Kap 17/”’ 4 ‘:n Py,{m»\_] = "VelocityUVwW

Lj+2

Ljt2

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

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

+ *P NumFusNds
P NumSWnNds
KD NymPWnNds
*P NumVSNds
P NumSHSNds

+
+
+
+

Lj+2
+ P NumFusNds
+ 8P NumSWnNds
+ X NumPWnNds
+ X4 NumVSNds
+ X4 NumSHSNds
+ 8P NumPHSNds
+ *° NumPyINds (npy,m -1 )

Lj+2
+ P NumFusNds
+ P NumSWnNds
+ P NumPWnNds
+ *P NumVSNds
+ *P NumSHSNds
+ *P NumPHSNds
+ *° NumPyINds ( N pyions )

+ 5P NumPyINds (nPylonS - 1)
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(for

(for

(for

(for



KDy Seykir [nPyI(ms’nZ] = "VelocityUVw

KDy PEykir [nmm , n2] MVelocityUVW

Initialize the KiteAeroDyn input history at £ =0 :
F (1==0) THEN

IF (InterpOrder == ) THEN
KADu(2) — KADM(])
KADt (2) — —KADAt
K2y (1)=0

ELSEIF ! (InterpOrder == )
KADu 3) — KAD ( )

(
KADM(Z) KAD ( )

KADI(S) ZKADAt
KADt(Z) KAD
K/lDt(]) 0

L0, +2

+ MP NumFusNds
+ P NumSWnNds
+ XP NumPWnNds
+ " NumVSNds
+ MP NumSHSNds
+ MP NumPHSNds
+

KADNumPledS (2Nh[0)75 )

+2(Mpygns = 1)

Ln,+2

+ ®P NymFusNds
+ 8P NumSWnNds
+ 8P NumPWnNds
+ ®P NumVSNds

+ XP NumSHSNds
+ *P NumPHSNds
+

K4P NumPyINds (ZN

+2(N

Pylons )

+2(1pys — 1)
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Pylons )




END IF
END IF

Advance KiteAeroDyn to £ + “*° At :

Call KiteAeroDyn_Input_ExtrapInterp( Kaby, () , 4Py () TR

KAD 4z

Call KiteAeroDyniUpdateStates()\
Call KiteAeroDyn_CalcOutput()\

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

IF (InterpOrder ==] ) THEN
KADy(Z) — KADy(])
KADy(]): K/IDy
KADt(Z) — KADt(])
K0 (1) =1+ 0

ELSEIF ! (InterpOrder )

y(3)=""x(2)

y(2)=""x(1)

KD (1) = a2,

KiDy(3)= KADI(Z)

KDy (2) = K42y (1)

MPt(1)=t+ """ A
ELSE; !D (ltF:: 0)

IF (InterpOrder =] ) THEN
K0, (2) = K10
K03 (1) = K42y,

ELSEIF ! (InterpOrder )
y(3)="
(2 )

(1)=

KAD

y
y
y

END IF
END IF

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

KD NewTime = FALSE

END
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[ Commented [3338]: Input the time at t in this call

- ’{ Commented [3339]: Input the time at t+KADAdt in ths call.




Call KiteAeroDyn_Output_ExtrapInterp( Kap (), KADI(E), 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 4 SPyRir [ Mptons» n2:| i MBD (5 SPyRir [nh’lm , ] i MBD 7 SPyRir [ Mytons n2:| ,
MBD g SPyRir [nPylm o, :| | clgysere |: Mt o1 :| | culpGenstykir |: I :| | KAD FoseyRtr [ Mpyions 1 :| ,
KADMSP)/RW [nPylons e ] ’ MBDg ’ MBDmSP)R’r |:npylons e ] ’ MBDIRSZ‘RW [nPJ’IU”S 3] ] ’
MBD Tsr};)nRzr |: My toms o 12 MBD xs;um |: Hpons n2:| | MBD [ SPvRir [ Myt n2:| | MBD M SPrRe |: Pptons n2:| )

Call Rotor( MBD 4 PPyRir [ Mpytons an , MBD g5 PPyRir [ Myt an , MBD 7 PPyRir |:”py/um o, :| i
MBD g PRk [nPyluns N, :| , o |:nP,v/ons 1, ] ;e [nPJ*/G"s 3 :| ’ ORI |:nP vions 112 :| ’
KAD o PPyRir [ T } ) Mg, MBD | PPyRir .: Mpytons 13 } i MBD lf(ierr [ Mo 115 ] ,

MBD y PPyRtr MBD __PPyRtr MBD 1 PPyRir MBD y 7 PPyRtr
[Tmn |:nl’v10m 4 nZ :| xC’\/I |:n[’yl(ms ’ n? ] ’ F [nl"lom ’ nZ :| ’ M n[’yl(m.v i nZ )

Mhere :

| Commented [3340]: This math assumes the top node of the
pylon is node 1 and that the pylons are numbered from inboard to
outboard.

“Motor7  for((npy, =1)-AND.(n, = 1)
)

“Motor2  for((np,,, =1 ).AND.(nZ =2

Ctrl i GenSPyRir _
T [nPylonx 1, ] -

nPonns

“'Motor1  for

(
“'Motor8  for ((
(

=1).

Crrl Motor 6 fO}" Mpyons ’{ Commented [JJ41]: This math is now done in the C controller. ]

)-AND.
Mpyions = 2)-AND.(n, =2

)

)

CtrlrGenPPyRtr _
T |:nPylons 1y :| - C”IM 5
otor V

! Motor 4 =2).

(

" Motor 3 r((npylm =1).
((7ryons = 2)- AND.(n, = 1
Sor (o = 2)-AND

nPy[ans

Transfer outputs from KiteAeroDyn to MBDyn at £ :
MBDF}FM _ M:_’ZP (KADijFus )

MBD yr Fus _ 3¢ P2P ( MBD ;3 Fus ’V'“outu Fus KAD FFm KAD MFuA )
j M J

MBDFSWn _ 1)21’ KADF SWn )

J

MBDF_?PWH MP2P KADFPWn)
J

MBD 7 SWn. _ MPZP (M 73 SWin ""”ouzﬁsw” KADF SWn KADMSWn )
J

MBDM PWn MPZP MBD ﬂPWn KADouzﬁPWn KADFPWn KADMPWn )
J J

MBDFVS 7MP2P(KADFVS)
i T7F J
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MBDMVS _ MPZP (MBD —vS KOyt ~vS  KAD
i~ Mu

J o’

MBDFvSHS _ MPZP ( KADF-SHS)
j o T F J

MBD y 1 SHS _MPZP(
i My

J

MBD —=SHS  *POut =SHS KAD 7~SHS KAD 7 7 SHS
i1, OGS AP IS KADp g

MBDFPIIS _ MPZP ( KADﬁPHs)
J —F J

MBD 7 PHS _Mpzp(/v/sn — PHS KADOutIZPHS KAD [ PHS KADMPHS)
i =My j A J

’ J

MBD 5SPy _ a4y P2P ( KAD &SPy
F/’ |:nPylons :' - MF ( F/' |:nPy10ns ])

MBD 77 SPy _
M/ |:n[’yluns ] -

MBD I PPy _
F;' [”Pyl{m.\ :| -

MBD y 1 PPy _ asP2P( MBD PPy KD Out — PPy KAD 75PPy KAD 3y PPy
Mj |:nPy10ns:| - MM ( uj |:nPylans:|’ uj nPy[ans 4 F; nPylons 4 Mj nPy[ﬂns

J

M (OE (g, )

P2P ( MBD —SPy KD Out — SPy KAD 75SPy KAD 3 7 SPy
MM ( u; [nl’y[om :| ’ u_/ n[{lflons ’ F; nl‘ylon.s ’ M Jj nﬁlflons

Transfer outputs from MoorDyn to MBDyn at ¢:
‘MBDF’-I_SWn _ MBDF’-I_S% +MI1;2P (MDPtFairleadLoad)

MBDMfW" = MBDMfW” +MF ( W8Py MP PtFairleadDisplacement, MDPtFairleadLoad,a)

VS KAD y 4 VS
FIS, 50! )

MBDF}PW” = MBDF}PW" M (MDPtFairleadLoad)

MBDM;’W" = MBDMfW" + MA';ZP (MED ﬁfW", YP PtFairleadDisplacement, MDPtFairleadLoad,a)‘

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 aerodynamic 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

A

Commented [1J42]: See earlier comment about mesh mapping
with Wn above.

[xy = I_VZ = [)[Z = 0
Rot
I =1
] =1 _]Tran
w =T
Inputs Outputs States Parameters

e A™ _Displaced
rotation (absolute
orientation) of the

nacelle (-)

e @"““ —Rotational

velocity (absolute) of

o [FRe _reaction
forces applied on the
nacelle at the rotor
reference point
expressed in the global
inertial-frame

29



the nacelle (rad/s)

@™ _ Translational

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

a™™ - Rotational
acceleration (absolute)
of the nacelle (rad/s?)

0" _Rotor speed
about the shaft axis
(relative to the nacelle)
(rad/s)

’T G _ electrical
generator torque
applied to the
rotor/drivetrain about
the shaft axis (N-m)‘

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?)

17" _ rotor/drivetrain
transverse inertia about
the rotor reference
point (kg'm?)
oM .
X — distance along
the shaft from the rotor
reference point to the
center of mass of the
rotor/drivetrain

30

| Commented [3343]: This is input in place of:

YR
0 " Rotor acceleration about the shaft axis (relative to the
nacelle) (rad/s?)




(positive along positive

x) (m)

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

r= XX
CMITran — [Tmn _mCMxZ

CM - Aero
F

CMFvaero :ANHCFAPVD

M F;Aero
z

M M Aero

Nac =

g, =A"¢g

M Aero
M:
CMM;em _ ANac {MAem _ CMFXFAWO}

@Rtr — ajNac +.QR!V-£N11L‘

atr = aN"C‘ _—| Commented [3J44]: The equation implemented neglects the

R0 I rotor acceleration about the shaft axis. The correct equation should
r
I0) be:

x

Rir Nac =R 0
a)y" =A@ ir &Rtr — &Nac +QRtr)’(':Nac
Rtr

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

M a Rtr the generator torque is input instead.

X
CMaftr — e {aNar LG Mg R X{@Rrr % CM};}}
CM _ Ritr

z

OtR” =ANacd'Rtr

KQ—/%K—/%KS—/%

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

CM rrReact CM - Aero CM _Rtr

rF —E —mg +ma,
CM prReact \ _ ) _ CM ypdero CM _Rtr

Fy = Fy mg,+m-"a,
CM p~React CM p Aer CM _ Rt

P‘Z eac _ }rz ero _ m gz + m az '
CMMReact TGEn / Commented [3345]: The first equation should be:

x /
/ M React _ _ CM Aero Rot _ Rir

CMMfeact _ _CMM;mo o IRDtaftr 4 (IRot _ CM Tran )a)ftra)ftr M= = M+ 1" a,
CcM React / q e

M 2 eac e MAero + IRm aRzr _ IRoz _ M ITran Rir _ Rtr / 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:

M F React
X

FrReact _ _|:ANac:|T CMF;eeacr

M F React
z

M React
M;
[ANac]T CMMfeact 4 M5 o frReact

MR(/ac't -
M React
M

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(ALJ N |==0 | THEN
K40 NewTime = TRUE ‘
END |
==0 | THEN ‘J‘

IF | MOD N[NT(ij;Ncw/MBD

! NewTime = TRUE
MBD OtherStates = "®Pu
END |

MPOtherStates = *u

MDx — MDanpy

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, and the Controller). The names 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 3 >

NFusOuts yields invalid output.
SWnp and PWnp refer to output B on the starboard and port wings, respectively, where B is a one-digit number

Commented [J346]: 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 (-

)[0to9]
List of vertical stabilizer nodes/points

2,4 VSOutNd

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

2 NPylOuts
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

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 § > NSWnOuts and NPWnOuts,

respectively, yields invalid output.
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columns of this last OutList line)




VSB refers to output B on the vertical stabilizer, 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 VSOutNd list. Setting
B> NVSOuts yields invalid output.

SHSP and PHS refer to output B on the starboard and port horizontal stabilizers, 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 SHSOutNd and PHSOutNd lists, respectively. Setting B > NSHSOuts and
NPHSOuts, respectively, yields invalid output.

SPa and PPa refer to pylon a on the starboard and port wings, respectively, where o is a one-digit number in the
range [1,9]. SPap and PPaf 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 (5 ) axis is directed into the airfoil following the right-

hand ruleie. s =nxc.
1 2 5 7 ] 9
{7 oL IR NIOl)
1 2 5 7 8 9 14
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.
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Channel Name(s) Unit(s) Description

Fuselage

FuspTDx, FusfTDy, FusfTDz, (m), (m), (m), Translational and rotational (angular) deflections
FuspRDx, FuspRDy, FuspRDz (deg), (deg), (deg) 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’-
z’’ (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
system

FuspTAn, FuspTAc, FuspTAs (m/s"2), (m/s"2), (m/s"2) Absolute translational acceleration at Fusp

expressed in the local structural coordinate
system (does not include gravity)

FuspFRn, FuspFRc, FuspFRs, MN), N), (N, Shear force and bending moment reaction loads at

FuspMRn, FuspMRc, FuspMRs (N'm), (N'm), (N-m) FusP expressed in the local structural coordinate
system

Starboard (Right) Wing

SWnfBTDx, SWnpTDy, SWnBTDz, (m), (m), (m), Translational and rotational (angular) deflections

SWnBRDx, SWnfRDy, SWnpRDz (deg), (deg), (deg) 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
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SWnBTAn, SWnBTAc, SWnBTAs

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

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

SWnBFRn, SWnBFRc, SWnfFRs,
SWnBMRn, SWnfMRc, SWnfSMRs

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

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

Port (Left) Wing

PWnfBTDx, PWnBTDy, PWnBTDz,
PWnBRDx, PWnBRDy, PWnfRDz

(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’-
7"’ (roll-pitch-yaw) rotation sequence

PWnBRVn, PWnBRVc, PWnBRVs

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

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

PWnfBTAn, 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,
PWnfMRn, PWnMRc, PWnBMRs

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

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

Vertical Stabilizer

VSBTDx, VSBTDy, VSBTDz,
VSBRDx, VSBRDy, 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’-
7’ (roll-pitch-yaw) rotation sequence

VSBRVn, VSBRVc, VSBRVs

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

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

VSBTAnR, 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, VSPFRc, VSBFRs,
VSBMRn, VSPMRc, VSBMRs

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

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

Starboard (Right) Horizontal Stabilizer

SHSPBTDx, SHSBTDy, SHSBTDz,
SHSBRDx, SHSPRDy, SHSBRDz

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

Translational and rotational (angular) deflections
at SHSP 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

SHSPRVn, SHSPRVc, SHSPRVS

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

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

SHSPBTAn, SHSBTAc, SHSPTAs

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

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

SHSPFRn, SHSPFRc, SHSPFRS,
SHSBMRn, SHSBMRc, SHSBMRs

(N), (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

PHSPTDx, PHSBTDy, PHSBTDz,
PHSPRDx, 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;
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the rotations are output as Euler angles in a x-y’-
7’ (roll-pitch-yaw) rotation sequence

PHSPRVn, PHSPRVc, PHSBRVs

(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)

PHSBFRn, PHSBFRc, PHSBFRSs,
PHSBMRn, PHSBMRc, 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

SPapTDx, SPaBTDy, SPofTDz,
SPapRDx, SPapRDy, SPafRDz,
PPafTDx, PPafTDy, PPafTDz,
PPufRDx, PPafRDy, PPapRDz

(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 Kkite
coordinate system; the rotations are output as
Euler angles in a x-y’-z”’ (roll-pitch-yaw) rotation
sequence

SPapRVn, SPapRVc, SPapRVs,
PPapRVn, PPafRVc, PPafRVs

(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

SPofTAn, SPofTAc, SPafTAs,
PPafTAn, PPaBTAc, 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
PPof expressed in the local structural coordinate
system (does not include gravity)

SPapFRn, SPapFRc, SPafFRs,
SPapfMRn, SPaBMRc, SPaMRs,
PPofFRn, PPafFRc, PPaBFRs,
PPafMRn, PPaBMRc, 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

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

These are calculated within KiteFASTMBD as follows:

Fuselage:
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Fus fTDx
FusBTDy
Fus fTDz

Fus fRDy
FusRDz
FusfBRVn
FusPRVc
FusBRVs

FusfTAn

FusfTAc ;=

FusTAs

FusSFRn
FusBFRc
FusBFRs
Fus fMRn
FuspMRc
Fus BMRs

SWnBTDx
SWnpTDy
SWnfTDz

SWnfRDy
SWnBRDz
SWnpBRVn
SWnpBRVc
SWnpRVs
SWnfBTAn
SWnpTAc
SWnpTAs

Fus fRDx -

SWnfRDx|

MBD 4 FusO {

) 8 0 F EulerExtract
T

_ 180 MBD 4 Fus
- T FusOutNd|

_ MBD 4Fus
FusOutNd( ]

MBD ﬁv Fus

MBDMR Iz"us

—{

Starboard (Right) Wing:

180

F EulerExtract
T

_ @ MBD 4 SWn
T

_ MBD 4SWn
- SWnOutNd[ 8]

([ MBD 4 Fus0 :|T |:

FusOutNd|[ 3]

FusOutNd[ 8]

MBD 4 FusO {

SWnOutNd[ ]

MBD - Fus _
FusOutNd[ 8]

MBD - FusO MBD — FusR
p } - P rusound(p)
T X
:| MBD 4 Fus

MBD 4 FusR
A4 FusOutJVd[/J]

FusOutNd[ 8]

J

MBD = Fus

ﬂ] FusOu!Nd[ﬂ]

MBD — Fus

aFusOutNd[ Bl

|

MBD = SWn _
P swnouna[ ]

([ MBD 4 Fuso ]T [

MBD —FusO | _ MBD ~SWnR
p } - Pswaound(p)
:|T MBD 4 SWn
A

MBD 4 SWaR
SWnOutNd([ 3]

SWnOutNd[ 8]

)

MBD —SWn

wSWnOutNd[ Bl

MBD —SWn

aSWnode[/i]
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SWnBFRn

SWnpBFRc

SWnpFRs MO F, RSSVVVV:OMNd[ﬁ]

*; Wnﬁ MRn MBDMR;VVVV:IIOWNd[/i]
WnpBMRc

SWnBMRs

Port (Left) Wing:
PWnpBTDx

PWnpTDy

PWnpTDz |
= T

iZnﬁﬁgx 1;‘;0 [ EulerExtract ([ MBD 4 FusO :| |: MBDA:VVV:gmNd[/J] :| MBDA:VVV,':ZOW’Vd[[J] )

n o

PWnBRDz

PWnpBRVn 180

PWnpRVe » = T e AII’JIV;:OL:/Nd[ A e @fVVZ OutNd[ ]

PWnpBRVs

PWnpBTAn

PWnfiTAc = MBDASZIOWW[ 8] e ﬁlf:://:omvd[ 1l

PWnpTAs

PWnpBFRn

PWnpBFRc

PWnpBFRs { MBDFRII:;ZI(MM[/}] }

MBDAFMYO MBD -~ PWn __MBD - FusO | _ MBD 5 PWnR
PWnOutNd[ 8] p PWnOutNd([ ]

PWnBMRn MBDMRII:VV;/nnOutNd[ﬁ]
PWnpMRc
PWnMRs

Vertical Stabilizer:

VS BTDx
VS BTDy
VSBIDz |
VS ﬂ RDx @ [ EulerExtract U:MBD AFI,S(;:|T [MBD AggutNd[ﬁ J MBD Av?o,mvd[ﬂ])
VS BRDy 7

VSBRDz
VSSRVn
VSSRVe
VSBRVs

MBD 4 FusO | MBD Vs MBD =FusO | _ MBD =VSR
A { Pysouna[p] ~ p } Pysound(p)

@ MBD

Vs MBD VS
AVSOutNd[ 5] VSOutNd[ A
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VS BTAn

MBD A Vs MBD =VS

VSPTAc ;= ysound[p]  Wsouna[p]

VS pTAs

VS BFRn

VS BFRc

VSBERs | | " FRi i

VSﬂ MRn MBDMRIZS()urNd[ﬁ]

VS BMRc

VS SMRs

Starboard (Right) Horizontal Stabilizer:

SHS BTDx

SHS STDy MBD 4 FusO {MBD — SHS _ MBD —FusO} _ MBD = SHSR

SHS ﬂTDZ p SHSOutNd[ 8] p p SHSOutNd[ 8]

H RD - ] 80 ‘ulerExtraci A Us/ T Y T ] YHS

iHiﬁRDx I vt |: oA O:| |: MBDA;:sngNd[ A :| MBDASSSSSOWW[ A
Y

SHS BRDz

SHS SRVn

SHSPRVe f=— MBDAss;I;ss;)zlde[/}] e _‘ggg()u[Nd[ﬂ]

SHS BRVs

SHS pTAn

SHSpTAc = MBDA;:;OmNd[ ] ‘M806§Z;OzctNd[ﬁ]

SHS pTAs

SHS BFRn

SHS BFRc

SHS BFRs B YPF Rssgssouwd[ﬂ]

S MR [~ | AR,

SHS BMRc

SHS BMRs

Port (Left) Horizontal Stabilizer:

PHS BTDx

PHSBTDy MBD 4 FusO {MBD — PHS _ MBD aFuso} _ MBD - PHSR

PHS BTDz Pprsoundip) p P prsouna p)

PHSBRDx| | 180 - rutersrac w0 T

PHiﬁRDx 7 frfulertnac [ MR AT 0:| |: MBDA:IIJ;gmNd[ [f]:| MBDA;:sSOmNd[ 5]
Y

PHSBRDz
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PHSBRVn
PHSBRVe
PHSBRVs
PHS BTAn
PHS BTAc
PHS BTAs
PHSBFRn
PHS BFRc
PHS BFRs
PHS SMRn
PHS BMRc
PHS BMRs

Pylons:
SPafTDx

SPafSTDy
SPaffiTDz
SPafsRDx
SPafSRDy
SPafRDz
PPafTDx
PPafTDy
PPafTDz
PPafRDx
PPafSRDy
PPafRDz
SPaffRVn
SPafiRVc
SPafRVs
PPafiRVn
PPafiRVe
PPafiRVs

_ 180 ysp APHS MBD g5 PHS
- T PHSOutNd([ 8] PHSOutNd[ 8]
— MBD 4 PHS MBD — PHS
- PHSOutNd([ 8] aPHSOusz[ﬁ]
MBD [y PHS
_ F RPIISOutNd[ﬂ]
| MBD yrpPHS
MRPHSOutNd[/i]
MBD 4 FusO | MBD = SPy __MBD ~FusO | _ MBD — SPyR
A { P PylOutNd[ ] [a] p } p PylOutNd[ ]
180 - ruterksiract ([ msp 4 Fuso |7 [ mBD 4P T
o [ VR MBD 45|
F |: A ] |: APy[Ousz[/i] [a]:| A
_ T
MBD 4 FusO | MBD — PPy __MBD —FusO | _ MBD — PPyR
A { pPyIOmNd[[i] [a] P } p PylOutNd[ ]
1 80 EulerExtract MBD 4 FusO r MBD 4 PPyi r 4
: VR MBD 4 PPy
T F |: A ] |: APlemNd[/i] [a]:| A,
180 yisp 4sp
y MBD = SPy
T APy/OutNd[/f] [0{] a)PyIOutNd[/i] [0{]
|1 80 visp 4 ppy MBD = PP,
/ y MBD = PPy
7 PylOuNd| ] [a] waIOmNd[[f] [0!]
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SPafTAn
SPafBTAc
SPaBTAs

PPafTAc

PPafiTAs

SPafFRn
SPafiFRc
SPafSFRs
SPafMRn
SPoaffMRc
SPafMRs
PPafSFRn
PPaf3FRc
PPofFRs
PPofSMRn
PPafMRc
PPaf3MRs

Rotors

SPaTRtSpd
SPa BRtSpd
PPaTRtSpd
PPaBRtSpd

SPaTRtAcc
SPaBRtAcc
PPaTRtAcc
PPaBRtAcc

Energy Kite
KitePxi

KitePyi
KitePzi
KiteRoll
KitePitch
KiteYaw

MBD 4 PPy
PylOutNd([ 3

alrj.\l’;’;.)mNd[/i] [a ]

[ A1 L]
PPafiTAn

[a] MBD

=y
YF. RPZ}OutNd[ﬁ] [a]
~ by

MBDMRP;I)OutNd[ﬁ] [a]

MBD Fop PPy
F. RPyl()mNd[/f] [06]

MM, Rfljy};?)l‘sz[ A] [a ]

Ctrl QSPthr [ a ]]
Ctrl.QSPerV [a 2]
Cirl (yPPyRir [ a ]]
CtrlQPP)fRzr [a 2]
Clr[aSPler [a ]]
ClrlaSPler [a 2]
Ctrl aPPthr [ a l]
o

Ctrl _ PPyRtr [a, 2]

MBD 13 FusO

]80 EulerExtract { MBD 4 FusO
2 s ()
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KiteTVx
KiteTVy
KiteTVz
KiteRVx
KiteRVy
KiteRVz
KiteTAx
KiteTAy
KiteTAz
KiteRAx
KiteRAy
KiteRAz

MBDA FusOMBD ‘71:1:&0

180 ~
MBD AFusOMBD wFuSO
/a

MBDAFMSOMBD& FusO

]80 MBDAFu.VOMBD&FmO
T
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