FAST Certification Test #4
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Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

0.6

0.5

0.4

ADAMS
FAST, old
= ==FAST, new

0.3

0.2

Probability Density, 1/degrees

o

-8 -6 -4 -2 0 2 4 6
Teeter Deflection, degrees

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[Teeter (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(deg)

0.15
ADAMS
0.10 FAST, old
= =—=FAST, new
0.05
0.00
-20 -15 -10 -5 0 5 10 15 20

Yaw Position, degrees

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[Yaw (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind

AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

1.6
4 ADAMS
— 1.2 FAST, old
.E = =—FAST, new
4
=
=
>
=
e
S 08 [
(]
>
=
re)
3+
0
o m
| ..
Q 04
0.0 M
-0.4 0.0 0.4 0.8 1.2

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[86% EdgeMom (C)]

86%-Span, Edge Bending Moment, kN-m

Printed 10/6/2003 2:23 PM



FAST Certification Test #4
PMFs for a 12 m/s, Full-Field, Turbulent Wind

AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

2.5
r/\.\ ADAMS

2.0 FAST, old
—_ = =—=FAST, new
=
Z
=
.15 w
>
=
(/2]
[
Q
(]
z V\\\,\\
= 1.0
re)
3+
o
o
| ..
o \A

0.5

0.0 -

-1.5 -1.0 -0.5 0.0 0.5 1.0

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[86% FlapMom (C)]

86%-Span, Flap Bending Moment, kN-m

1.5

Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN)

0.6
0.5 A

ADAMS

FAST, old

— =—FAST, new
04 )
\
0.2 J
0.1
0 1 2 3 4 5 6 7 8

Blade-Root OoP Shear, kN

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[OoPShr (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN)

0.25
ADAMS
0.20 FAST, old
= =—FAST, new

0.15

0.10 2

0.05

0.00

-10 -5 0 5

Blade-Root OoP Shear, kN

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[IPShr (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN)

04
ADAMS
0.3 FAST, old
— =—FAST, new

0.2

0.1 N\
0.0

76 78 80 82 84 86

Blade-Root OoP Shear, kN

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[BIAxFrc (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

0.07
0.06 ADAMS fh f
) FAST, old
= =—=FAST, new
€ 0.05
Z
=
; M
> 0.04
e
: /
o
(]
_,,? 0.03
=
©
o
:LE 0.02
0.01 A
0.00
0 10 20 30 40 50 60

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIsfOoPMom (C)]

Blade-Root OoP Bending Moment, kN-m

70

Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN-m)

0.04
ADAMS
FAST, old
0.03 — =—FAST, new
0.02
0.01
0.00 acoa ANl |
-20 0 20 40 60

Blade-Root IP Bending Moment, kN-m

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[IPMom (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

6
ADAMS
5 FAST, old
= =—=FAST, new

F =Y

N

Probability Density, 1/(kN-m)
w

-0.6 -0.4 -0.2 0.0 0.2
Blade-Root Pitching Moment, kN-m

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[PitMom (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN-m)

0.10
0.08 ADAMS
FAST, old
= =—=FAST, new
0.06 g v V '
0.04 V
0.02
0.00 M
10 20 30 40 50 60 70

Rotor Torque, kN-m

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[RotTrq (C)] Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN-m)

0.05
ADAMS
0.04 FAST, old
= =—=FAST, new
A
0.03 V
0.02
0.01 V—
0.00
0 20 40 60 80 100

Tower-Top Rolling Moment, kN-m

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[TTRollMom (C)] Printed 10/6/2003 2:23 PM



0.08

0.06

0.04

Probability Density, 1/(kN-m)

0.02

0.00

FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

ADAMS ' ﬂ
FAST, old / ) ‘ I
— —FAST, new I \” |
l In ADAMS, the generator inertia is
‘ I multiplied by the gear ratio squared so
h ' that it can run at LSS speeds. ADAMS
l' parts cannot rotate at 1800 rom because
h ul of nu-merical problems. This causes
, larger than realistic gyroscopic loads
r\, “ when the turbine is yawing.
40 60 80 100 120

Tower-Top Pitching Moment, kN-m

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[TTPitMom (C)]

Printed 10/6/2003 2:23 PM

140



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

200
ADAMS
FAST, old

160 — =—FAST, new
E
-—
2 120 )
(72]
c
[¢}]
o
>
=
% 80 1) 1
Ne]
(o]
| ..
o

40

0 \Q _—
0.03 0.04 0.05 0.06 0.07

Tower-Top Deflections, m

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[TwrFADef (C)]

Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind

AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

120
ADAMS
100 FAST, old
=— =—FAST, new

E I

= 80 4

>

k7

[

[«})

o 60

>

=

e

(3]

0

o 40 A
o

20 \
0
-0.02 -0.01 0.00 0.01 0.02

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[TwrSSDef (C)]

Tower-Top Deflections, m

Printed 10/6/2003 2:23 PM



FAST Certification Test #4

PMFs for a 12 m/s, Full-Field, Turbulent Wind
AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

Probability Density, 1/(kN)

0.25
0.20 ADAMS ‘l

FAST, old ,

— =—FAST, new
0.15
0.10
|
0.05
A
0.00
15 20 25 30 35 40

Tower-Base, Fore-Aft Shear, kN

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[TBFAShr (C)] Printed 10/6/2003 2:23 PM



0.15
2
= 0.10
=
>
=
0
c
O
o
>
=
o)
(1]
e 0.05
|
(a
0.00

FAST Certification Test #4
PMFs for a 12 m/s, Full-Field, Turbulent Wind

AWT-27CR2 Teetering, 2-Bladed Turbine

Flex Tower, Flex Blades, Free Yaw, Teeter, Flex DT, Const Speed, Dyn Stall, Tower Shadow, Dyn Inflow

ADAMS

FAST, old
= ==FAST, new

MBuhl-G:\Simulators\FAST\CertTest\Test04.xIs[TBSSShr (C)]

-5 0 5
Tower-Base, Side-to-Side Shear, kN

10

15

Printed 10/6/2003 2:23 PM



