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1.0 SUMMARY
Previous analyses determined eme;gency separation procedures for ALT
free flight configurations for a range of airspeeds between 180 KEAS
and 260 KEAS. This supplementary Snalysis investigates emergency
separation capability for the landing configuration of ALT Captive
Inert Flight Number One. The quick look analysis documented herein con-
firms emergency separation capability under nominal conditions for the
ALT landing configuration. The recommended emergencyAseparation pro-
cedure under those conditions is not applicable to all ALT configurations.
.The emergeﬁcy éeparation procedure documented herein was informally pro-
vided to JSC MPAD (FM4) for transmittal! to JSC EAD (EX32) prior to the
ALT Captive Inert Flight Number One.



2.0 INTRODUCTION
A quick look analysis of emergency separation capability during ALT
Captive Inert Flight Number One is required to support JSC MPAD inputs
to the ALT flight test planning. Previous analyses (see Reference 1)
have been performed to determine emergency ALT Separation procsidures
for an ALT free flight éonfiguration in an airspeed'range between 180
KEAS and 260 KEAS. This analysis is supplemental to that of Reference 1
in that emergency separation capability is investigated for the ALT
Captive Inert Flight Number One landing configuration at an initial
airspeed of 140 KEAS. '



3.0 DISCUSSION
The SCA landing configuration for ALT Captive Inert Flight Number
One consists of landing flaps aﬁ position 30, landing gear down,
and spoilers retracted. Vehicle mass properties documented in
Reference 2 were assumed although orbiter weight was.adjusted to
i42,390 1bs. The aerodynamic increments (supplemental to those
documented in Reference 3) for the SCA landing flaps are tabulated
in Table 2 (see Reference 4). The corresponding initial conditions
for straight and level flight at an airspeed of 140 KEAS and an
altitude (above MSL) of 16,000 ft are tabulated in column one of
Table 1.

. A quick look feasibility analysis of fhe separation capability of the
ALT Captive Inert Flight Number One landing configuration is performed
using The Mated Trim Program (see Reference 5). Relative normal
¢ sceleration between vehicle cg's increases as angle of attack decreases.
An extreme SCA angle of attack condition of -4 deg is considered for the
SCA configuration of landing flaps positioned at 30, landing gear down,
and spoilers extended (45 deg). (This would be difficult to attain
and maintain via a pushover limited to 0.3g as recommended in Reference 1.)
The moment trim conditions at 140 KEAS for a -4 deg SCA angle of attack is
tabulated in column two of Table 1. The negative relative normal accelera-
tion between the two vehicle CG's precludes separation capability for that
configuration even at a -4 deg SCA angle of attack. Separation capability
with SCA landing flaps at position 30 is thereby eliminated from further
consideration. The landing flap retraction rate capability is tabulated

in Table 3. The landing flap full retraction time of 45.5 sec is also




undesirable from a standpoint of expediency in an emergency separation.

However, landing flaps may be retracted from position 30 to position 5
in 14 sec. The moment trim conditions at 140 KEAS for a 0.3g mated
normal load factor for SCA landing flaps at position 5, landing gear
down, and spoilers at 45 deg are tabulated in column three of Table 1.
The 0.12g relative normal acceleration between the two vehicles is
indicative of potential separation capability. Further analysis via

Space Vehicle Dynamics Simulation (see Reference 6) is thereby warranted.

The trial emergency separation sequence is tabulated in Taﬁle 4. Landing
flap repositioning is initiated immediately in order to expedite separation.
A pushover is also initiated immediately in urder to build up airspeed
and modefate angle of attack buildup. Pitch attitude is 1imited to -10
deg in order to moderate the steepness of the flight path angle. The
throttle chop is timed to allow five seconds for thrust decay before
separation. Spoi1ers are simultaneously deployed for consi¢tency with
the nominal separation sequence. The second pushover is calibrated to
approximate a .3g pushover (recommended by Reference 1). Separation is
timed for the near simultaneous attainment of flap position 5 and the

.3g pushover. Pitch attitude hold is initiated at separation in order

to moderate the steepness of the SCA flight path angle. The SCA roll
steering is executed t6 effect the evasive maneuver. Only nominal

conditions are considered in this quick look analysis.



4.0 RESULTS
The results of the Space Vehicle Dynamics Simulation are {llustrated in
Figures 1 through 19. The effectiveness of the pitch attitude steering
(response shown in Figure 1) in enabling separation capability is evident
in Figures 2 through 6. Figure 2 shows an SCA angle of attaék attain-
ment of approximately 1.5 deg at separation (14 sec). The corresponding
mated vehicle normal load factor is approximately .42g (see Figure 3).
Normal load factor of each vehicle (see Figure 4) is thereby managed to
yield a relative normal acceleration of approximately +0,175g's at
separation (see Figure 5). The re1at1vé axial acceleration of the two

vehicles (see Figure 6) is acceptable.

Relative normal displacement, relative normal velocity, and relative
normal acceleration of each of the three attach point pairs is shown in
Figures 7, 8, and 9, respectively. Avoidance of attach point recontact

of all three pairs is evident from Figures 7 through 9.

Compliance with the 20 deg design target cone angle is illustrated in
Figures 1C and 11. . Figure 10 is the displacement of the orbiter mid
aft attach point relative to the carrier mid aft attach point. Figure 11
is the projection of the relative position of the two vehicles in the

carrier pitch plane.

Success of the carrier evasive maneuver is illustrated in Figures 12 through
14. Figure 12 shows the carrier CG moving to the left and behind the
orbiter CG. Figure 13 shows the carrier cg moving below and behind the
orbiter CG. Figure 14 also illustrates acceptable wing tip clearance of

the respective vehicles.



Acceptable post separation dynamic responses are {llustrated in

Figure 15 through 19. Figure 15 shows the carrier roll response

which effects the successful evasive maneuver. Figure 16 illustrates
the carrier turn coordination. Figure 17 shows the carrier airspeed
buildup to Se within carrier overspeed 1imits. Figure 18 shows
carrier aliftude sufficient for carrier pull out to straight and

level flight. Flight 19 shows the carrier flight path angle to be
sufficiently shallow for carrier pull out to straight and level flight.



5.0 CONCLUSIONS AND RECOMMENDATIONS

It 1s concluded that emergency separation capability exists for ALT
Captive Inert Flight Number One landihg configuration under nominal
flight conditions. It is therfore recommended that the separation
sequence of events tabulated in Table 4 be used to accommodate the

specified emergency separation contingency.
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ALT Captive Inert Flight #1 Trial Separation Initial Conditions

Carrier Configuration
Landing Flap Position (-)

Spoiler Position (deg)
Landing Gear (deg)
Incidence Angle ?deg)
Orbiter Elevon Setting (deg)
MSL /.- tude (ft)
Airspeed (KEAS)
Mach (-)
Flight Path Angle (deg)
Carrier Angle of Attack (deg)
Carrier Pitch Attitude (deg)
Relative Nurmal Accelerations (g's)

Orbiter Initial Post Separation
Pitch Acceleration (deg/sec?

Table 1

Equilibrium
Glide

16,000.0
140.0
0.287
0.000
2.98
2.98
-0.854
1.64

Moment Trim Conditions
for Landing Flap Position
30.0 5.0
30.0 5.0
45.0 45.0
90.0 20.0
6.0 6.0
-1.0 -1.0
16,000.0 16,000.0
140.0 140.0
0.287 0.287
0.000 0.000
-4.0 2.0
-4.0 2.0
-0.295 0.122
1.54 1.40




Table 2
SCA Landing Flap Aerodynamics

A = [83+ .04a 8
U T 747] x —:hP
AC - [159 + 002 « ] s
b L e M) x HP
AC = -[22+.032 q 5
MeLap [ 6 747] x LB

Table 3
SCA Landing Flap Retraction Rate

Time (Sec) Flap Position
0 30
5.0 20
10.0 10
14.0 5
44.0 1.
45.5 0

10




Table 4
ALT Captive Inert Flight #1 Emergency Separation Sequence

of Events
TIME (SEC) EVENT ‘
0 Start flap retraction (ses schedule from Table 3)
0 Begin -2 deg/sec pushover |
> 6.5 Attitude hold @ 6 = - 10 deg
9 Chop throttle to idle
9 Deploy spoilers
1 Begin -4.3 deg/sec pusther (approximate .3g pushover)
14 Separate
14 Attitude hold (pitch)
19 Start -10 deg/sec roll maneuver to -30 deg bank angle

n



PITCH ATTITUDE - DEG

FIGURE 1
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
PITCH ATTITUDE TIME HISTORIES
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ANGLE OF ATTACK ~ DEG

FIGURE 2
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
ANGLE OF ATTACK TIME HISTORIES
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MATED VFHICLE NORMAL LOAD FACTOR - G'S

FIGURE 3
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
MATED VEHICLE NORMAL LOAD FACTOR TIME HISTORY
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NORMAL LOAD FACTOR - G'S

FIGURE 4
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
NORMAL LOAD FACTOR TIME HISTORIES
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RELATIVE NORMAL LOAD FACTOR - G'S

FIGURE 5
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
RELATIVE NORMAL LOAD FACTOR TIME HISTORY
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RELATIVE AXIAL LOAD FACTOR - G'S

FIGURE 6

ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
RELATIVE AXIAL LOAD FACTOR TIME HISTORY
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ATTACH POINT RELATIVE NORMAL DISPLACEMENT - 100 FT

FIGURE 7
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
ATTACH POINT RELATIVE NORMAL DISPLACEMENT TIME HISTORIES
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ATTACH POINT RELATIVE NORMAL VELOCITY - FT/SEC
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FIGURE 8

ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
ATTACH POINT RELATIVE NORMAL VELOCITY TIME HISTORIES
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ATTACH POINT RELATIVE NORMAL ACCELERATION - G'S

FIGURE 9
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
ATTACH POINT RELATIVE NORMAL ACCELERATION TIME HISTORIES

—— S, ISP S——— —— e - ...._._.—4__.. PO T~ FRNEIEI TS .
I ) B L R O O O T T 5 0, G 51 I L 1 6 B
£IUNR SR NSt : O : HIP R

e in I : s »oow
o b o ! PN T i e e
!
aa—— 4 - 4 SR P D S SPGB oY —
B g o it % 60/ S O 5 G I
1 |- i o R BNV (0 UM A A & 2k 5 R =i o
|
b oo —— —— . ———— e —— e | e et o e N SE— PURBS—
L : = N - {— L
SN, S — . et - e
$ e -

Bt g Eppiet
SR EE A SIS SN TS, & MSSSR Y B B RN SRS STSESRE R B S 6 - EsES
2 I, U AEIRTTS T—— - a . LIS - - i} e

T i '

| 1

e ] Y ——

me PTERCas .

{==—" FORWARD ATTACH POINT

P

| o

W e e ——— /"~ "\\FT ATTACH POINTS

— SEPARATION : B
- T = |
1 o : -
_-..?.. ‘ 3
EE e 0 0 0 e 5 D P A
—— e e — f-~~ ) ———— —'-—*--— ‘
VR (RSB T O Rl R 1N B e (e g
V55 il T g €2 R
1 o ISR [ T R RGN b LTINS W Hae:
T e e RS R A ST S R B e W S
ral } o E W S e AN R D D AR e e T a
- Y ——— —— —. — s SE———
! ) ) i AL P I O TN
1500 S5 T e T L S0 R S 0 IR 500 IR 8 B e N N
! - . S il L o
N I O A D R R L B i, e 3 1
P——— - B — S— - - p— '
|
TR e | ST S8 1Y
oS A Y I - P 2
e IRalRERE S T R S MU +
- b —— - . - 1 - -_ -

-2 9 10 20 30

TIME-SEC

20



NORMAL CLEARANCE - 100 FT

FIGURE 10

ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
NORMAL CLEARANCE VERSUS LONGITUDINAL CLEARANCE
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NORMAL POSITION - 100 FT

,ml

FIGURE 11
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
HOTION OF ORBITER RELATIVE TO 747 AFTER SEPARATION
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FIGURE 12
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION

RELATIVE DOWNRANGE VERSUS RELATIVE CROSSRANGE
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RELATIVE VERTICAL RANGE - 100 FT

FIGURE 13
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
RELATIVE VERTICAL RANGE VERSUS RELATIVE DOWNRANGE
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.i7Z VERTICAL RANGE - 100 FT

REL/
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FIGURE 14

ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
RELATIVE VERTICAL RANGE VERSUS RELATIVE CROSSRANGE
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ROLL ATTITUDE ~-DEG

FIGURE 15
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
ROLL ATTITUDE TIME HISTORIES
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SIDESLIP ANGLE - DEG
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FIGURE 16

ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
SIDESLIP ANGLE TIME HISTORIES
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EQUIVALENT AIRSPEED - KEAS

FIGURE 17
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
EQUIVALENT AIRSPEED TIME HISTORIES

f T -
1 s -~
i | e
. ! a H W A O
| ] | 1
45 SLE BAESRE i ! Sl
240 ;
i G § e
| | | i
i —
i
il
{ |
] 1 :
! ! 1
t
+
! 1
200
1

TIME-SEC

28



ALTITUDE ABOVE MEAN SEA LEVEL - 1000 FT.

FIGURE 18
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
ALTITUDE TIME HISTORIES
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FIGURE 19
ALT CAPTIVE INERT FLIGHT NO. 1 EMERGENCY SEPARATION
FLIGHT PATH ANGLE TIME HISTORIES
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