ENERGY MANEUVERABILITY
MAXIMUM MANEUVER CONCEPT
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VARIABLES

Es

h

VARIABLES

NAME

SPECIFIC ENERGY
ALTITUDE
VELOCITY

SPECIFIC EXCESS POWER
(ENERGY RATE)

THRUST
DRAG
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TURN RADIUS
MACH NUMBER

TOTAL OF 11 VARIABLES
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ENERGY-MANEUVERABILITY EQUATIONS

EQUATION DESCRIPTION
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D - fp (h, v, L) AERODYNAMIC RELATIONSHIP
M, - f3 (h, v) ATMOSPHERIC RELATIONSHIP
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DEFINITION

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

PARAMETER
MANEUVER OBJECTIVE | OF INTEREST
® CHANGE ALTITUDE Ps
® CHANGE AIRSPEED Ps
® CHANGE DIRECTION OF FLIGHT
PATH, EMPHASIZING
— POINTING AIRCRAFT NOSE S
— ACCELERATING PERPENDICULAR
TO FLIGHT PATH n

— TURNING IN CONFINED AIRSPACE r
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DEFINITIONS

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

MANEUVER STATE
DESCRIPTOR: [Ps, (n: ©, 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

“TRADITIONAL"” ENERGY MANEUVERABILITY
FRAME-OF-REFERENCE: (h, Mn)

CASES
1. INDEPENDENT PARAMETER: 1
MANEUVER STATE: [Ps, (n: ©, r)]

2. INDEPENDENT PARAMETER: Ps = 0
MANEUVER STATE: [Ps = 0, (Os: ns, rg)]

3. INDEPENDENT PARAMETER: Pg
MANEUVER STATE: [Ps, (Om: nm. rm)]
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DELTA PLOT
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UNCLASSIFIED DELTA PLOT
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50% FUEL

3

DELTA PLOT
AIRCRAFT 2, 50% FUEL
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- ILLUSTRATION

“MAXIMUM MANEUVER"
ENERGY MANEUVERABILITY

FRAME-OF-REFERENCE: (Eg, Pg)
INDEPENDENT PARAMETER: Mp,

CASES

1. MANEUVER STATE: [Ps=k, (Omax: 1. 1]
2. MANEUVER STATE: [Ps=k, (nmax: ©. 1]

3. MANEUVER STATE: [Ps=k, (rmin: ©, n)l



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

® AN AIRCRAFT IN FLIGHT INHERENTLY
POSSESSES ENERGY (Es)

® 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)
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“DOG HOUSE"” PLOT

ALTITUDE [h]: CONSTANT
ENERGY LEVEL [Es): CONSTANT
TURN
RATE &
(6]
LOAD FACTOR [n]
> SPECIFIC EXCESS
POWER [Pg]
MACH NUMBER [Mp,]
1
' ALTITUDE [h]
40 é
a: dr =0 b: —?— =0 e ) =0
dMn dMﬂ dMn
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MAXIMUM MANEUVER EQUATIONS
| |

TURN RATE

dé) =0 Ps, Es

SMp,

Ps, Es

LOAD FACTOR

on
dMp

=0 Vps, Es

Ps. Es

TURN RADIUS
=0 Vv PS: Es

dr
dMnp

Ps. Es

MAX © = f (M,, | Ps, Es) V Ps,Es

MAX Y]=f(Mn| PS' Es) V Ps, ES

MIN r=f(Mn| Ps, Es) 24 Ps. Es

CONSTRAINTS

n
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C
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i 7-3978
L




U NECLERSSEETED
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DELTA PLOT

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

MAX MANUEVER, TURN RATE
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UNCLASSIFIED DELTA PLOT
AIRCRAFT 1, 50% FUEL
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UNCLASSIFIED DELTA pLOT
AIRCRAFT 1, 50% FUEL
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METHODOLOGY FOR CONSTRUCTING
MAXIMUM MANEUVER CORRIDOR

“DOG HOUSE” PLOT MAXIMUM MANEUVER
CORRIDOR
(LOAD FACTOR)

ENERGY LEVEL: CONSTANT
FLIGHT ENVELOPE

ALTITUDE
Ay
RATE ’.. ENERGY
\- LEVEL
SPECIFIC
EXCESS
Mp, POWER Mn
adn

| =0 ¥ Ps
dMn | Ps. Eg |
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UNCLASSIFIED
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BN RSIS TERTED

AIRCRAFT 1, 50% FUEL
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UNCLASSIFTED
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UNCLRSSIFIED
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RESEARCH QUESTIONS
(EXAMPLES)

IS (Es. Ps) A SUPERIOR, EQUAL OR INFERIOR
FRAME-OF-REFERENCE COMPARED TO (h, Mn)?

DOES A SOUND RATIONALE EXIST FOR USING
(h, Ps) 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?
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ENERGY 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




ENERGY MANEUVERABIL ITY

DDC #: AD37228/

TECHNICAL REPORT: APGC-TR-66-4 VO,
MARCH 1906 (CONFIDENTIAL)

MAXIMM WANEWVER CONGEPT
DDC #: ADG22272

TECHNICAL REPORT: AR ATL-TR-72-
JUNE 1972 ( IFIED)

A REVIEW OF AIR COMBAT MANFWERING PERFORMANCE PRESENTATIONS (UPDATE ])

REPORT NUMBER: NADC - 84043-60
SEP 1984 (UNCLASSIFIED)



e I R s

]

i ' CIIART FO. (7)
B T L o~ S i T ; Eyas
i CFET BOUNDADRY
: éi - MODERATE
10,000 FT
6] 20,000FT ﬂ
NORMAL , '
ACCELERATION | M - T —
(g)
gt \_30,060 FT
0 : ————r- ey .
- 0.4 0.5 0.6 ~ 0.7 0.8 0.9 1.0
: MACH NUMBER ,
8- 4 ONSET
10,000 FT
: gl
NORMAL
ACCELERATION :
. 4- ol e
(9 e
2+ : ‘ 1§
\_30,000 FT
O* ; Y L T ) 4 ‘

D4 08 - OE. DT . 0a 08 7 e



THRUST LICATID TURMING PERTORIIAL G

Lz-.¢u =7 x...u‘-‘a du 43,

8 i M/\x rHUl‘A
: AFTERBURNER v
10,000 FT— POV/ER
6 |
20,000F T
NORMAL '
ACCELERATION | et
(9) : ‘ LA
2 ] ;1-.5"" ',"’ & | .
30,000 FTf ~ :
o v Y - Y v Y Y
ok g B e e T g8 il e U Ty
MACH NUMBER
& MILITARY
POWER
7~
6
ACCELERATION
Wy %

2- f’
| 20000FT/ < _/ A
1 30,000 FT.

A 68 06 07 08 - 09 10

CHART NO. (4)°



SPECIFIC
EXCESS
POWER

~Ps

(F T/SEC)

SPECIFIC
EXCESS

POWER

(FT/SEC)

800

CHART NC. (5)

SO I BRI I

SP EC HIC ENGCUTS C\L".”I[ZR

600

2001

0

- 20,000 FT

4004— -+ /L/

MAXIMUM
AFTERBURNER

POV/ER e

800

0.4. :

Y
MACH NUMBER

1.4 1.6

600

400

2001

/\ 30,000 FT "

e

i

IO 000 FT

'—\

MILITARY .
POWER

0.4

t4 16

- ———




SPECIFIC
EXCESS
POWER

~Ps

(F T/SEC)

SPECIFIC
EXCESS

POWER

(FT/SEC)

P

SP ECR HCEG 5 E\"..T[ZC”.
800 ' MAXIMUM
! AFTERBURNER
POVIER
600"
{20,000 FT Sy,
4001 —i /L/
— 30,000 FT
200+
O Ay e A ! : .
64 08 ° 08:. .10 1.2 1.4 1.6
; MACH NUMBER
800
MILITARY.
POWER
600

10,000 FT

400 /
; 30,000 FT
200 / \ f

g — Y
i 0 Y Y T T 4 Y
0.4 0.6 08 1.0 1.2 1.4

1.6

CHART NC. (5)




e S ST e

NORMAL

ACCELERATION

(q)

NORMAL
ACCELERATION

(g)

CHART NO. (

SUCFET DOYNDARY

6] 20,000FT

10,000 FT

MODERATE

20,000 FT.

\__30,060FT
o ¥ 1 = T T Al T
C04 L 05 0.6, L0 OB g 10
MACH NUMBER |
& “] ONSET
10,000 FT
6.4

7

)




THRUST LILUTID TURDENG PORTODRIIALICS

L:u.ed A= x.u._.h. ol -J\‘J“

8 : MAMXIVUM
%3 POWER
4 2l
ACCELERATION 41 e
(9)
2 | et Ty |
(0] g | & : | | |
0.4 0.5 0.6 0.7 0.8 = |
MACH NUMBER
v POWER
ACCELERATION
(9)

CHART NO. (4)




SPECIFIC
EXCESS
POWER

(F T/SEC)

SPECIFIC
EXCESS

POWER -

(FT/SEC)

CHART NC, (5)

.
i d

SE‘CCGC’&‘ Er C\ LV
Q,OK
800 F— MAXIMUM
AFTERBURNER
POV/ER
600 e o
— 20,000 FT g
400{ \\-\f' 33/<
30,000 FT
200+
o WA it ! . .
0.4 .0-0.6 O/ 0 12 “ouxe 1.6
: MACH NUMBER
800
MILITARY.
POWER
600
10,000 FT ;
400 /
; 30,000 FT
200 / / (
Pt
o) - : " ; .
g4 . we. . 08 L0 12 18 L 6




CHART NO. (5)

IEE———

SPECEHC EXCLES W i

gﬁK

800 ' / MAXIMUM
AFTERBURNER
POV/ER

speciFic  ©001

EXCESS 20,000 FT
POWER - 2
- 1 o . y
~Py 400 . < P 3&/(
(FT/SEC) 30,000 FT . |
200-
O AT L] T T T " " v

0.4 0.6 08 10 1.2 1.4 1.6
; MACH NUMBER

800
MILITARY.
POWER
SPECIFIE. P00 »
EXCESS . b ke !
POWER - 10,000 FT | RS

~Ps 400 /
(FT/SEC) - ; |
30,000 FT
200 / \ /

e
0 > = Y T T 2 4 : ;

04 0.6 (O: ] 1.0 1. 1.4 1.6

v



	COLL_2062_BX10_FLD20_01
	COLL_2062_BX10_FLD20_02
	COLL_2062_BX10_FLD20_03
	COLL_2062_BX10_FLD20_04
	COLL_2062_BX10_FLD20_05
	COLL_2062_BX10_FLD20_06
	COLL_2062_BX10_FLD20_07
	COLL_2062_BX10_FLD20_08
	COLL_2062_BX10_FLD20_09
	COLL_2062_BX10_FLD20_10
	COLL_2062_BX10_FLD20_11
	COLL_2062_BX10_FLD20_12
	COLL_2062_BX10_FLD20_13
	COLL_2062_BX10_FLD20_14
	COLL_2062_BX10_FLD20_15
	COLL_2062_BX10_FLD20_16
	COLL_2062_BX10_FLD20_17
	COLL_2062_BX10_FLD20_18
	COLL_2062_BX10_FLD20_19
	COLL_2062_BX10_FLD20_20
	COLL_2062_BX10_FLD20_21
	COLL_2062_BX10_FLD20_22
	COLL_2062_BX10_FLD20_23
	COLL_2062_BX10_FLD20_24
	COLL_2062_BX10_FLD20_25
	COLL_2062_BX10_FLD20_26
	COLL_2062_BX10_FLD20_27
	COLL_2062_BX10_FLD20_28
	COLL_2062_BX10_FLD20_29
	COLL_2062_BX10_FLD20_30
	COLL_2062_BX10_FLD20_31
	COLL_2062_BX10_FLD20_32
	COLL_2062_BX10_FLD20_33
	COLL_2062_BX10_FLD20_34
	COLL_2062_BX10_FLD20_35
	COLL_2062_BX10_FLD20_36
	COLL_2062_BX10_FLD20_37
	COLL_2062_BX10_FLD20_38
	COLL_2062_BX10_FLD20_39
	COLL_2062_BX10_FLD20_40
	COLL_2062_BX10_FLD20_41
	COLL_2062_BX10_FLD20_42
	COLL_2062_BX10_FLD20_43
	COLL_2062_BX10_FLD20_44
	COLL_2062_BX10_FLD20_45

