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VARIABLES 

VARIABLES NAME DIMENSION 

Es SPECIFIC ENERGY FT 

h ALTITUDE FT 

VELOCITY 
FT 

V -
SEC 

Ps SPECIFIC EXCESS POWER 
FT 

(ENERGY RATE) SEC 

T THRUST LBF 

D DRAG LBF 

L LIFT LBF 

'1 LOAD FACTOR 

e TURN RATE DEG 

SEC 

r TURN RADIUS FT 

Mn MACH NUMBER 

TOTAL OF 11 VARIABLES 6-4265 



ENERGY-MANEUVERABILITY EQUATIONS 

EQUATION 

v2 
Es .,.. h + - -

17 

r 

L 

w 

V 

2g 

DESCRIPTION 

ENERGY EQUATION 

DEFINITION 

KINEMATIC EQUATION 

KINETIC EQUATION 

(
T -· D) Ps - -- V KINETIC EQUATION 

w 

T - f1 (h, V) AERODYNAMIC RELATIONSHIP 

AERODYNAMIC RELATIONSHIP 

ATMOSPHERIC RELATIONSHIP 

TOTAL OF 8 EQUATIONS 7-2266 



.. 

DEFINITION 

MANEUVER: THE ABILITY TO CHANGE ALTITUDE, 
AIRSPEED AND DIRECTION, IN ANY 
COMBINATION 

7-3978 



PARAMETERS TO MEASURE 
MANEUVER OBJECTIVES 

MANEUVER OBJECTIVE 

• CHANGE ALTITUDE 

• CHANGE AIRSPEED 

• CHANGE DIRECTION OF FLIGHT 

PATH, EMPHASIZING 

- POINTING AIRCRAFT NOSE 

- ACCELERATING PERPENDICULAR 
TO FLIGHT PATH 

- TURNING IN CONFINED AIRSPACE 

PARAIVIETER 
OF INTEREST 

Ps 

Ps 

. 
8 

n 
r 
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DEFINITIONS 

MANEUVER STATE: A SET OF FLIGHT PARAMETERS 
THAT DETERMINES THE 
AIRCRAFT'S MANEUVER 
POTENTIAL 

MANEUVER STATE 
DESCRIPTOR: [P5 , (r,: 0, r)] 
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DEFINITIONS 

FRAME-OF-REFERENCE THE CHOICE OF FLIGHT 
(FOR): PARAMETERS WITHIN 

WHICH TO ILLUSTRATE 
OR COMPARE MANEUVER 
STATES 

INDEPENDENT A FLIGHT PARAMETER 
PARAMETER: CHOSEN TO DEFINE THE 

MANEUVER STATE 
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ILLUSTRATION 

11TRADITIONAL" ENERGY MANEUVERABILITY 

FRAME-OF-REFERENCE: (hi Mn) 

CASES 

1. INDEPENDENT PARAMETER: r, 
. 

MANEUVER STATE: [Psi (r,: 01 r)] 

2. INDEPENDENT PARAMETER: Ps = 0 
. 

MANEUVER STATE: [Ps = 01 (05: Y1s1 r5)] 

3. INDEPENDENT PARAMETER: Ps . 
MANEUVER STATE: [Psi (0m: Y1m1 rm)] 
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ILLUSTRATION 

11 MAXIMUM MANEUVER" 
ENERGY MANEUVERABILITY 

FRAME-OF-REFERENCE: (E5 , P5 } 

INDEPENDENT PARAMETER: Mn 

CASES 

• 
1. MANEUVER _STATE: [P5 =·k, (0max: YJ, r}] 

• 

2. MANEUVER STATE: [P5 = k, (YJmax: 0, r}] 

• 
3. MANEUVER STATE: [P5 = k, (rmin: 0, YJ}] 

7-3978 



CHOICE OF PARAMETERS FOR MAXIMUM 
MANEUVER FRAME-OF-REFERENCE (Es, P5) 

• AN AIRCRAFT IN FLIGHT INHERENTLY 
POSSESSES ENERGY (E5 } 

• THE PILOT MUST MANEUVER IN THE PRESENT 
WHILE ATTAINING SUFFICIENT ENERGY TO 
MANEUVER IN THE FUTURE 

• HIS ABILITY TO ATTAIN AN ENERGY LEVEL 
FOR FUTURE MANEUVERING IS DETERMINED 
BY THE RATE AT WHICH THE AIRCRAFT'S 
ENERGY LEVEL IS CHANGING IN THE 
PRESENT (Ps} 

7-3978 



a: 

TURN 
RATE 
[0] 

11DOG HOUSE'' PLOT 

ALTITUDE (h]: CONSTANT 

ENERGY LEVEL (Es]: CONSTANT 

MACH NUMBER [Mn] 

ALTITUDE (h] 

d8 
b: - =0 

dMn 

)'(/. 

~1' 
~~ 
~/~ 

\$' 
~./ 

SPECIFIC EXCESS 
POWER [Ps] 

OrJ 
c: =0 

dM0 
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MAXIMUM MANEUVER E(l.UATIONS 

.TURN RATE 
. 

d0 =0 V Ps, Es . 
dMn Ps, Es MAX 0 = f (Mn I Ps, Es) -V- P5 ,Es 

LOAD FACTOR 

dr, =0 V Ps, Es 

dMn Ps, Es MAX r, = f(Mn I Ps, Es) V Ps, Es 

TURN RADIUS 

dr =0 V Ps, Es 

dMn Ps, Es MIN r=f(Mn I Psr Es) -V Ps, Es 

CONSTRAINTS 

7-3978 
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TURN 
RATE 

METHODOLOGY FOR CONSTRUCTING 
MAXIMUM MANEUVER CORRIDOR 

11

DOG HOUSE11 PLOT 

ENERGY LEVEL: CONSTANT 

MAXIMUM MANEUVER 
CORRIDOR 

(LOAD FACTOR) 

FLIGHT ENVELOPE 

ALTITUDE 

{

SPECIFIC 
------------------- EXCESS 

POWER 

• =0 V- Ps 
Ps, Es 

i 

t 
' 

7-3978 



UNCLASSIFIED 

6 0 0 0 

... 
"- 5 0 0 0 
'-' 

l,LJ 

C 
::, 

4 0 0 0 ... 
.... ... 
.J 
C 

3 0 0 0 

07/16/87 

AIRCRAFT 1, 50% FUEL 
MAX TURN RATE CORRIDOR 

0 00 . 2 0.4 0.6 0.8 1 0 1.2 1.4 1 6 1 . 8 2 . 0 2 . 2 2 . 4 2.6 

111\CH NU118ER UNCLASSIFIED 



UNCLASSIFIEO 

6 0 0 0 

,_ 
u. 5 . 0 0 0 
'-' 

UJ 
C 
::, 

4 0 0 0 ,_ ... ,_ 
... 
C 

3 0 0 0 

1 0 0 0 

07/16/87 

AIRCRAFT 2, 50% FUEL 
MAX TURN RATE CORRIDOR 

T -
I 

I 
I 

0 . 00.2 0 . 4 0.6 0.8 1.0 1.2 1.4 1.6 1 . 8 2.0 2.2 2.4 2.6 

11ACH NU118ER UNCLASSIFIED 



-
UNCLASSIF IED DELTA PLOT 

AIRCRAFT 1, 50% FUEL 
AIRCRAFT 2, 50% FUEL 

MAX TURN RATE CORRIDOR 

6 0 0 0 

I-

L.. 5 O O 0 ..., 

UJ 

0 
:;:) 

4 0 0 0 
I-

I-_, 
< 

3 0 0 0 

0 , 00 .2 0 4 0 . 6 0 . 8 l o 1 . 2 1 . 4 1 6 1 . 8 2 . 0 2 . 2 2 . 4 2 . 6 

07/16/87 11ACH NU118ER UNCLASSIFIED 



UNCLASSIFIED 

I-

u. ..., 

UJ 

C 
:::) 

I-... 
I-
..J 

C 

6 0 0 0 

5 0 0 0 

4 0 0 0 

3 0 0 0 

I 
I 
I ...--~-cc- - - - , -

AIRCRAFT 1, 50% FUEL 
MAXIMUM MANEUVER CORRIDORS 

I 

- i- - I 

\ i 
- + -

I 

T 
I 

I 
I 

0 00.2 0 . 4 0 . 6 0 . 8 1 . 0 1 . 2 1 . 4 1 . 6 1 . 8 2.0 2.2 2.4 2 . 6 

07/16/87 11ACH NU118ER UNCLASSIFIED 



UNCLASSIF IE D 
-

AIRCRAFT 1, 50% FUEL 
MAXIMUM MANEUVER CORRIDORS 

60 00 tlr-~==----- - --,-----::-- ---,:>-".-;:,-7""-:r""7""'7'--- ~ --(:---'----
1

--;----, 

4 0 0 D .... ... 
w 
::, 
::, 

3 o DO .... 

_, 
< 

2 0 0 0 

1 0 0 0 

0 . 0 0 . 2 0 . 4 0 . 6 

07 /27/ 87 

0 8 1 0 l . 2 1 . 4 

MACH NU MB E R 

I I 

1 . 6 

I 
I 
I 

1 . 8 2 . 0 

UNCLASSIFIED 



-
UNCLASSIFIED 

6 0 0 0 

... 
II. S O O 0 

"' 
l,U 

Q 
::i 'I O O 0 ... 
... .. 
C 

3 0 0 0 

1 0 0 0 

07/20/87 

AIRCRAFT 1, 50% FUEL 
MAX TURN RATE CORRIDOR 

o 00 . 2 D . 4 o , s o , a 0 1 , 2 1 , 4 1 6 , 8 2 , 0 2 . 2 2 . 4 2 . 6 

MACH NUMB ER UNCLASSIFIED 



-
UN CLASSIFIED 

... 

..a 
C 

S O 0 

07/17/87 

AIRCRAFT 2, 50% FUEL 
MAX TURN RATE CORRIDOR 

0 , 00 , 2 D , 4 O , G 0 , 11 l.O l.2 1.4 1.6 1.11 L O 2-2 Z. 4 2 . 6 

IUCH NU11BER UNCLASSIFIED 



I - I 
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RESEARCH QUESTIONS 
(EXAMPLES) 

• IS (Es, P5 ) A SUPER.IOR, EQUAL OR INFERIOR 
FRAME-OF-REFERENCE COMPARED TO (h, Mn)? 

• DOES A SOUND RATIONALE EXIST FOR USING 
(h, P5 ) AS A FRAME-OF-REFERENCE? 

• CAN A MANEUVER STRATEGY BE DEVISED 
THAT INCORPORATES ALL ELEMENTS OF 
ENERGY MANEUVERABILITY /MAXIMUM 
MANEUVER CONCEPT? 

• HOW CAN THE ENERGY MANEUVERABILITY/ 
MAXIMUM MANEUVER CONCEPT BE APPLIED 
TO AIRCRAFT DESIGN? 

7-3978 
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ENE-RGY MANEUVERABILITY 
CHARACTERISTICS 

• SIMPLE EQUATIONS 

• SOUND THEORETICAL BASIS 

• READILY EXPLAINED IN OPERATIONAL TERMS 

• EASY TO UNDERSTAND WITH SIMPLE RULES 

• USEFUL TO A WIDE VARIETY OF AUDIENCES 

- OPERATIONAL 

- ENGINEERING 

- ANALYSIS 

- MANAGERIAL 
7-3978 
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