F-15 SPIN WORKSHOP

NASA Dryden Flight Research Center
Edwards, California

May 20, 1976
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AGENDA

Welcome - Gerald Griffin, NASA Dryden Flight Research Center
Opening Remarks - Ken Iliff, NASA Dryden Flight Research Center

F-15 Design Philosophy and movie showing four F-15 spin testing programs -

Skip Hickey, USAF Aeronautical Systems Div.

Individual Presentations
Design and Predictions for F-15 - John Mello, McDonnell-Douglas Corp.
Spin Tunnel and Helicopter Drop Model Tests - Jim Bowman, NASA
Langley Research Center

Break

Remotely Piloted 3/8-Scale Model Test and Research - Ken Iliff, NASA
Dryden Flight Research Center

Full Scale F-15 Spin Tests - Don Wilson, Air Force Flight Test Center
Lunch

Correlation of Testing Techniques and Summary - Skip Hickey, USAF
Aeronautical Systems Div.; and Jim Bowman, NASA Langley Research
Center

Pilot Observations and Comments

F-15 Spin Tests - Lt. Col. C. P. Winters, Industrial College of the
Armed Forces

F-15 RPRV and Simulation - Einar Enevoldson, NASA Dryden Flight
Research Center

Break

Panel Discussion - Herman Rediess, NASA Dryden Flight Research Center,
moderator; Carl Weyl, Northrop Corp.; Charles Anderson, General
Dynamics/Fort Worth Div.; David Bowser, Air Force Flight Dynamics
Laboratory; and J. T. Lawrence, Naval Air Systems Command

Closing Remarks
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TYPICAL MODEL SIMULATOR SPIN
All Units Referenced to Full Scale

Zero control
_,|/

30 —
Elevator
deflection, 0 bt —
deg U
30 | | [ |
Rudder 50—
deflection, 0 A,f—
deg ol 1T 1

Aileron 50— |

deflection, 0 =

deg ol N
Differential 20— I
tail deflection,  ( =
deg N
120 —
Yaw rate, 0
deg/sec
ol ST
Angle of 80—
attack, 0+ X
deg | nN - |
Heading 180 — “ N~
angle, 0 A —
deg -180 “ | J
0 20 40 60 8 100

Time, sec
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LONGITUDINAL MATCH FOR F-15 MODEL

Angle of Attack of 50°,
Center of Gravity at 38-Percent Mean Aerodynamic Chord

Measured
————— Estimated
0
Elevator
deflection, -20 :_/\_/__
deg
-40 | | L 1 | J
2 —
Normal
acceleration, 1F CSSsmee =T
9
0 1 ! | I l ]
0
Pitch - _
angle, -10 - SN
deg s
-20 | | | 1 | J
20 -
Pitch -
rate, 0 S P
deg/sec \/
-20 | | ] 1 | 1
60
Angle of <~
attack, 50 |- S
deg
40 ] | | | | J

0 .5 1.0 1.5 2.0 2.5 3.0
Time, sec
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LATERAL-DIRECTIONAL MATCH FOR F-15 MODEL

Angle of Attack of 50°,
Center of Gravity at 38-Percent Mean Aerodynamic Chord

Differential tail
deflection, deg

Rudder
deflection, deg

Lateral
acceleration, g

Roll
angle, deg

Yaw rate,
degl/sec

Roll rate,
deg/sec

Angle of
sideslip, deg

20
0

-20
40

20

0
.10

0

-.10
20

Measured

- m===- Estimated
L 1 | Il | J
| | L | Il | 1 ]
I
L 1 I L L 1 1o

| I | | ! L
. /\ ~
\__
| | L | J
SN——
L L | | | I TR
0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
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Time, sec
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LATERAL-DIRECTIONAL MOMENT SLOPES AS FUNCTIONS OF
ANGLE OF SIDESLIP ()

Coefficient Corrected to 26-Percent Mean Aerodynamic Chord

I Uncertainty level
——— Fairing
Dashes indicate less
certain fairings

004 1
‘
.002 ¥
()]
0 g
Cny g
; | I
per deg - gg2 j ; . 5 T
e A,,f - ‘ —_— - + -— 4: ‘r 1
-.004 — e —
R
-.006 L Bl
04— 177/ T T T T
002 ey e
II T AJT v 4 - SRS P S
C 0 1 —r -
1.’ -l | i - P )
B I~ - R T T M
! KINE Jir g |
per deg -.002 \ | S M
L P A 1 — .,Ir. 4
| q
'.004 ? Il ;_'I_"'_ *
006 I T » if ;‘"_.? i_v. J‘I
730 20 -10 0 10 20 30 40 50

Angle of attack, deg
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F-15 MODEL RESPONSES SHOWING SPIN RESISTANCE

Entire Maneuver in MCS;
All Units Referenced to Full Scale

0
Elevator 20 w_/
deflection, deg A T N I N ) Y |
-40
40
Rudder 0
deflection, deg
a0 L1 1 [ I S N B J
) 40
Aileron 0 — A
deflection, deg g = I
77, A I I Y Y N N
40 —
Differential tail 0 PR -
deflection, deg o -'I
-40 T N N I N B
20
Yaw rate, 0 7\ [\ WAVAAN
deglsec ol by Ty
50 ~
Roll rate, 0
deg/sec
I -50 I O ' I
Angle of or
ngle o 20 L
attack, deg AN IS T N S Y N N B

0 8 16 24 32 40 48 56 64 72 80 88 96

Time, sec
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F-15 MODEL SPIN WITH OSCILLATORY ENTRY

Elevator
deflection, deg

rRudder
deflection, deg

Aileron
deflection, deg

Differential tail
deflection, deg

Yaw rate,
deg/sec

Angle of
attack, deg

Heading
angle, deg

All Units Referenced to Full Scale

—CASte—— MCS ——

0
-20

-40
40

0
-40
40
0

-40
40

0

-40
160

0

160
80
40

0
400

200

Zero control ‘>| =~

1 1 1 J
l'vl/
| L 1 J
~ o~
| | | ] J
S
| N N —
—W l B

Time, sec
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F-15 MODEL SPIN WITH LOW OSCILLATION ENTRY

All Units Referenced to Full Scale
t=CAS>t= MCS—=I

Elevator
deflection, deg

Rudder
deflection, deg

Aileron
deflection, deg

Differential tail
deflection, deg

Yaw rate,
deg/sec

Angle of
attack, deg

Heading
angle, deg

160

-160

80
40

400
200

Zero control—{ f=—
= \-_/ﬁ Ao
| 1 1
“—hv‘v‘ e
| I | J
Lo
| | IJl |
)
—J
L | | J
| | A\(\\[,\,f—“l
LJI j j H‘ ] | J
20 40 60 80

Time, sec



Elevator
deflection,
deg

Rudder
deflection,
deg

Aileron
deflection,
deg

Differential
tail deflection,
deg

Yaw rate,
deg/sec

Angle of
attack,
deg

Heading
angle,
deg

400
200

F-15 MODEL MCS SPIN
All Units Referenced to Full Scale

e MCS =]
B —={ Zero control |=—o
: ~
| | | | |
=
| L | | | |
| | b WA
—._/ J -y
I | 1 j
=
L I~ —T—T 1
:’-/MVWJ\/J/M\M
| | | | 1\ N
~ANNMIINANWN
20 40 60 80 100 120
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Time, sec



SPIN RECOVERY FOR 15,000-FOOT-POUND LATERAL OFFSET

All Units Referenced to Full Scale

20

Elevator 0

deflection, deg -9

-40

20

Rudder 0
deflection, deg

-20

Ailero 0

" 0

deflection, deg

0
Differential tail 0
deflection, deg

-40
Yaw rat 0
ate, }
deg/sec 20
-100
Angle of 0
ngle o
attack, deg 40
60
Heading 3
angle, deg 180
0

|

1

NYINNYNVINYIVY ] |

10 20 30 40 50 60 70 80
Time, sec
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F-15 REMOTELY PILOTED RESEARCH VEHICLE FLIGHT ENVELOPE

100 —

Angle of
attack, N
deg \\\\\
A\
_J
0 200 400 600 800

Velocity, ft/sec
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SMOOTH MODE SPIN AND RECOVERIES
All Units Referenced to Full Scale

Elevator 28
deflection, deg
40

Rudder N

deflection, deg
-20
-40

. 40
Aileron

deflection, deg
-40

Differential tail
deflection, deg

-40

200

Yaw rate, 100

deg/sec 0

-100

120

Angle of %0
ngle o

attack, deg 40

0

-40

Heading igg
angle, deg

0

Zero control
AT ~\ AT

e e

s
N‘
| [ | | L
1A
I
| N I I | | J
I,
l'l | ] | | J
| .
l\fl | | |
N
| | | | | | J
/ .
L
| | | | | |

o
o

20 40 60 80 100120140160

Time, sec



SMOOTH MODE SPIN AND RECOVERIES

Elevator
deflection,
deg

Rudder
deflection,
deg
Aileron
deflection,
deg

Differential
tail deflection,
deg

Yaw rate,
deg/sec

Angle of
attack,
deg

Heading
angle,
deg

20
0
-20
20
0
-20
40
0
-40
40
0
-40
100
0
-100

-200
80
40

-40
360

180
0

All Units Referenced to Full Scale

[ Zero control \
— ! = _
_ Spin chute
[ deployment
L1 I I R
lL 1“]1 Lo 1
|1 1 T R
}Ff'\
I R I N B
AN A
’4
Lo
i ”"’”"”W""”“\\
L

20 40 60 80 100120140160

Time, sec
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F-15 MODEL NOSE IN PRODUCTION CONFIGURATION

3/8-Scale Model

Right side

Left side




COMPARISON OF SPIN ENTRIES WITHOUT NOSE BOOM
All Units Referenced to Full Scale

Left spin
AT
—>| '——
20 7
Elevator 0 ,
deflection, ! v
deg '20
7 J N
-20 —
Rudder 0 |
deflection,
40 I I O B
Aileron -40
deflection, 0
deg got—L 1 1 |
Differential -40 7
tail deflection, 0
deg 40 thbbﬁ_fl
=200 7
Yaw rate
’ P =YY, .mn W
deg/sec -100
0 _MMJ_‘_‘
=200 7
Roll rate, 0 _WMQFMM
deg/sec 200
Heading 0
angle, 180
deg 360 '
0 20 40 60 80

Time, sec
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Right spin
AT
=
20 7

0
-20

-40
20

i

)
o o
. —

200
100

200

-200
360

180

it

0 20 40 60
Time, sec
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STALL/POST-STALL /(¥

SPIN INVESTIGATION
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