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7.4 PERFORMANCE

(U  The performance capabilities of Gonflguration 401B with
the two supercritical alrfoils (AR = 3.0 and 3.75) were evalu-
‘ated.for the ssme misglons and ground rules as set forth in
Section 3.2. Both wings have & wing loading of 60 rsf and &
leading~edge sweep of 45 degrees.,

i The LRASH and SRASM mission radius capabilities for the
two design concepte gre shown helow for the 16,800-1b ver-

gions described in Section 7. 2,

88th ABW/IPI

é Q ‘k\c_cél ')
Aspect Radiua M0 .8 MI.2 Tina 1392Q 3
Ratio  Mission (m.mi) (deg/sec) (deg/dec) (¢sec) Y ¢ oL )
' . i . XA
3,0 LRASM 802 10.65 7.42 56.9 |SEC5-3L 40
SRASM 244 11.50 8.10 52.1 |38/ 4/6’@)&3)
3.75  LRASM 726 11.10 7.88  59.9
SRASM 193 11.93 8.42 55.3
55 After the supereritical designs were evalusted at a

£fixed design welght of 16,800 lb, both designs were reslzed

to meet the 225-n,.md SRASM radius requirement rather than

the 750~n,mi LRASH radius requirement. This was done be=-
cavse of the poor supersonic performamce of the supercrirical
airfoll deslign, which results in more fuel requived for combat,
The SRASM doss not have enough crulse distance for the batter
cruise L/D offered by the supercriticel wing to compensate for
added combat fuel requirement, as 18 the case with. the LRASM.

1§ﬁP The reference areas of the supercriticsl wings changed
| from 280 sq ft to 277.3 ag ft for the aspect-ratio 3,0. wing
and to 385.2 sq ft for the aspect ratio 3,75 wing. The
! following corrections, obtained from the growth data pre-
sented In Section 3.3, were added to the basic zerodynamic
data of Section 7.3 to account for the changa in alreraft
size and wing area,

0.6 ,00008 -.00013
0.8 00008 « 00015
0.9 00008 -, 00017
1.2 .00034 -.00062
1.5 00031 «.00056 -
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“The. weight data: preseated in Section 7.6 were corzected
For change in alreraft Bize through usé of the growth data
predented in Section 3.5. A summary of the corrected weight
data is presented li Table 7.4-1 for the aspect-rétic 3.0
wing and in Table 7.4-2 for the aspect-tatio 3.75 wing.

i3

“‘The engine size was maintéined fixed, and the propulsion

data from Sectlon 3.6 siere used without medificatiom.

‘Sumseiles of the mission capabilities of the resi.zed
aircraft are presented in Flgures 7.4-1 and -2. A compdiri-

500 with the basic 401B configuration 1s presented below:

w3

w

“Mission LRASH .
Welght Radiva O 10.8 Omosa G2

Config, _(1b) {r.ml) gdegjagcl gdegtucz gdangec!
Basic 401B 17,115 750 9.8 10.2 ..

.

88th ABW/IPI

s

sz?(c aaa (Zﬂ}w)

e/, ¥(a)(3)

8.1
AR 3.0 . 16,640 767  10.6 11,3 7.5
SIS ARLS 7% 11D 11.8 7.7

Accel. Time '
Go‘nfig.” . ‘gec.z Max. Mach No..
Basic 4018 33.5 2.35

AR 3,0 55,8 1.79
AR 3,75 62,6 1.77

Mission welght listed above ia full-up weight with migsion

payload and without tanks., This is the SRASH r.akeoff Bross

welth and the LRASM wei.ght st start of combat.

The supercritical alrfoll design with an aspect ratio
of 8.75 ia the same-gizé aireraft us the bagle 4018 configura~
tion and has a 1.2-deg/sec increase in subsanic turu rate
(approximately 10 percent. increase). The supersonic.design
with an agpact ratio of 3.0 is of slf.ghtly smaller size than
the basie 4018 and haa an 0.B-deg/sec incresse ‘in subsonic
turn rate.. Both super¢ritical airfoil configurations. perform
worgé at supersonic speeds -than does the basic 401B.configura-

‘tlon, This {8 caused by the ingreased wave drag assoclated.

with- the thicker airfoil section end blunter leading edge.

Tabulations of the pertinent data for.each segment .of
the three missions sre presented {n Tables 7.4-3 t:hrnugh
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(U} 7.4-8. General performarice data are preserted in Figuves
7.4-3 through.7.4-22, Sensitivity of mission weight to
welght-empty variations 1§ presented in Figure 7 .4~23 for
the aspect-ratio 3.0 wing and in Figure 7.4-24 for the
aspect ratioc 3.75 wing.

Vel
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. & ~5) Table 7,6-1 CONFIGURATION 401B WITH ASPECT RATIO
. B 3.0 SUPERCRITICAL WING WEIGHT SUMMARY
% (16,540-Lb Adrplane Without Tarks)
& Welght
2 t B
& , e _{1h)
L £ i, SRASM and LRASHM
g P
i & “ ..
- " Basic Operating Weight' 11,779
. Ammunition (500 Rounds) - 285
3 % Two ATM 3-% Missiles 348
- g Fuel 4,228
8 Aé SBASM: Takeoff Gross Welght 16.-,@0
3 E Two Full 300-Gallon Taaks aad Pyldds: 4,838
4 ] ! LRASM Takeoff Gross Weight 21,478
. "“-,
g Basic ‘Opetat,ins. Weight 11,779
;. B an One Half Ammunition 1{42
- B W ’ Fuel for 20-Minute Sea-Level Loiter 397.
4 g : ‘ SRASM and LRASM Landing Welght . 12,318
g; 2, FERRY MISSION
E & Baslc Operating Weight : 11,779
1 é Missile Pylon (Removed) . =124
2 & Amsunition (500 Rounds) 285
Zero Fuel Welght 11,940
Incermal Fuel - 4,228
'Iwo Full §00-Callon Tanks and Pylons 9,348
- One Full 150+Gallon Tank and Pylon 1,309
- Takeoff Grogs Weight 26,825
Zevo Fuel Weight 11,4940
Twe Empty 600=Callon Tanks and Pylons i, 506
One Empty 150-Gallon Tank and. Pylon 308
Five Percent Initial Fuel 654
Twenty-Minute Sea-Level Loiter . 4? .
Lehding.Weight 14,892
2
a;.
449




—(-S-}'raue 7452 CONFIGURATION 401B WITH ASPECT RATIO

3.75 SUPERCRITICAL WING WEIGHT :SUMMARY
{17,115-1lb Airplane Without Tanks)

v

- T " Welght
. Teem (1b)
1. SRASM and LRASM ‘
Basic Operating Weight 12,249
Ammuniition (500 Rounds) 285
Two ATM 9~X Missiles - 348
Fuel 4,233
SRASM Takeoff Grose Welipht: 17 ;115
Two Fiull 300~Callon Tanks and Pylons 4,838
LRASM Takeoff Gross Weight 21,933
Bas:l.c gperating Weight 12,249
One Half Ammunition . 142
Fael For 20~Minute Sea-Level Loiter 379
SEASM and LRASM Landing. Weight 12,770
2. FERRY MISSION
Basic Operating Weight 12,249
Missile Pylon (Removed) -124 .
Ammunition (500 Rounds) o285
Zero Fuel Welght 12,410
Internal Fuel : 4 233
Two Full 600-Callon Tanks end Pylons 9, 348
Ode Full 150+Gallon Tank and -Pylon __MQQ__
Takeoff Gross Weight 27,300
Zero Fuel Welght 12,410
Two Bnpty 600-Gallon Tanks .and Pyldns 1,506
One Empty 150-Gallon Tank and Pylon 308
Flve Percent. Initial Fuel 654
Twerty-Minute ' Sea-Level Loiter A0
Landing Weight - 15,348
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ALT

¥~.90

(16,640-1b A/P w/0 Taoks)
LONG-RARGE AYE~SUPERIONITY MISSIOH .
$5.,.000'

52,5201

51,460"
——
; SRUISE.WIIH
EXTERNAL . TANKS
I €2y 300 GAL

'x_-.so_,_

e — \43,960"
l

START OOHBM.‘

WITH FULL INTERNAL

FUEL, NO TANRS

60

767 ¥.MI.

L

159,100}

225 !!.33.

THISSION BADIUS

COMBAT

| *SHORT-RANGE AIR-SUPERIORITY MISSION

50,3107 .

-30, 0007
with wissiles

(3) turns 3 M~0.8
(2) tuxns @ M=1.2

Accel ¥=0.9 to l.S

- lﬂSSIﬁn !.ADIUS

R Wmm«mmvvammmw

ALT

]

-~

GO

FERRY ‘MISSION

—-—
H-.80 e - 48,580"
r37,420*
CRULSE WITH m

K S, (2) 600 GAL +
+ 1) 150 gaL i

!

LONG-RA¥GE ATR-SUPERIORITY. MISSION
21,478

PISSION RARGE

Takeoff Groas Weight
Takeof€ Distance over 50 fx 1 940
landing Distance ovér 50 £t 3 30

Accel Time, M=0.9 to 1.5 55. .8
Turn Rate @ H~0.8 10.6
Tura Rate @ M=1.2 7.5

SHORT-RANGE AJR-SUPERIORITY HISSION

Takeoff Grosa ﬂei.sht 16,640
Takeoff Distance over 50 f& 1,310
Landing Distaace over SO £& 3 300

Accel Time, M=0.9 to 1.5 51.1
Tird Rate (@ N~20,8 1.4
Turn Rate @ Me=1,Z 8.2

—48) Fisure Zobe1 Configuration 401B with Aspect Ratio 3.0 Supercritical !ﬂing
Mi.ssi.on Performance Sumnaxy w

aec
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ALT

(17,115-1b. A/P W/O Teaks)

WG-WGE AIR- SIJ?ERIORIT! IESSIOK

{ (2).300 GAL START' COMRAT'

; "WITH ¥ULL INTERNAL
I YUEL, N0 TANKS
’. 794‘ N‘ul

FESEION BADIUS:

I——sm—nm AIR-SUPERIORTITY HISSXON
55 Qo0*

. 14 52,370'
51,690

COMBAT @ 30,000* .
with misgiles
(3) turns @ M~0,8. .
(2) tums @ ¥=1.2
Accél Ma0.9 to 1.5

_225 N
MISSTON RADIUS

1' RN

FERRY MISSION

M= .80. .
— =~ 7 s0,200"
_;",_..-,-' g ]
39,990°

J CRUISE WITH EXTERNAL
TAHKS (2) 600 GAL + (1)

| .
! 3252 WM,
{. TANKS RETATRED

MISSION RANGE

LONG-EANGE AI&”SU!ERIORIT{ HLSSION
21,853 1v

Takeoff Gross Height
Tekeof€ Distance over 50 £t
‘Landing Distance over 50 fr-
Accel Time I(-O.9 to 1,5
Turn Rete @ H=20,8

Turn Rate @ M=1,2

62.6 zec
11,0 deg/aec

1,910 £t
3,320 fe -

7.7 dég/sec

SHORT-RARGE - AIR-SUPERIORITY MISSION

Tekeoff. Gross Heighe
‘Takeoff Diaténce over SO £t
.Landing Diatance over 50 fc.
Accel Time, H=0,9'to 1.S.
Turn Rate @ M=20,8

Turn Rate @ M=-12,

17,115 1b -
1,330 £c
3,320 fc

57.2 sec

11,7 deg/sec
8.3. degfsec

¥

—(-93-!:‘151.1:3 7.4-2 Configuration £01B with Aspect-Ratio 3.75 S\tpexcr:lx:i.cal Wing
Mission Perroxmance Summary (U)
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4S5) Table 7.4-3 COHFI.GURA’L‘ION 401B WITH ASPECT RATIO 3.0

b
} g
-

ok 3%%%’:
6 JEC 533(15
& 8¢ fz R,

K

3
£

4,
80

Orage

P s

mxmca:. ‘WING LRASM MISSION mnmuou (u)_ "
4 . 4 —*-sx"’fﬁgx“ . tiafiinik ' >
Mission Phase §3;~ ‘&t BES* Hilgslt P;:ﬂ.; e L_Igmia TSF%’ Y D 1 ngfu‘ba;,c_c’.nbﬂt
__ioitial Veight o ["o | 7w , : — 1
‘Ground. Operation b 321 9 2]
0 0 | 21357l
—__Accel ro Cliab Speed - 261 © 210 - ;
- 1 o050l __0 | 20916 _ | . 25201 .B751 7.42
Clizb_to Cruise AlLt. | Sil| 42} .10 — 3
" | 0.80 | 41463} 20405 ‘ 1923 | .B35) 10,71
_Outbound Cruise .~ 1 2397 723 .}.1.59 L ;
. 0.80.) 43961 18008
Drop Tanks - . i 1368 0 0
(B4 7 Tanic+571fFuel) | 0.80 {43961 16640 .
Gombar ' (Z353) (73] |
Accel MOL9-WL5 D5-1.5] 30004 TEs8 | 0| .08 - .
2 1.2 Turns: 1.2 | 30000f 910 0 02 632 | 4.88 [
2)M0,8 Tuxns_. 0.8 _| 30000} 6801 0 .03 9177} 4361
0,90 | 30000{ 14495 . j T
ap ad : : 0 s}
- ' 0.90] 30000[ 14147
——Dzop % Asmo - 3] ¢ 0 . * s
- ' "0.90] 30000} 14004 : 2269.1 __B87| 5.89
__climb_to Giuise Alt, 1. -1 | -3e6{ 32 | .06 | b
' 1 0.90} 52517 13838 - 1275 { .886 10.98
——Returp Cruise 1 _1520] 735 | 1.52 .
' ) 0.90 | 55000{_12318|
Descend i N 0 0 1 .- )
L . Q.25 O {io3iml 1025 {1,175 12.00
— Landing Resexves : . e '
—A20=Hin.Loiter S.T.) 3971 0 233
Zero-Fusl Ueight el




—€5) Table 7.4~4 CONFIGURATION 401B WITH ASPECT RATIO 3.0
SUPERCRITICAL WING SRASM MISSION TABULATION (u):

88th ABW/IPI

FOIA (b)(1)
EOr3626- sscmmm
1.4. (a)(g) .

Mission Fhase ﬁ‘{,‘fh ?}'és “?{ES“: W&ES‘ Ehn. gtij ?x‘rn -E{:‘iggk‘.a ]_ﬁiﬁ%ﬁ)w{ Ca:nbat Co:é:bgc A
—Inigial Weight 0 o_| 36640 | '
.._..G:.@.uud_ﬂairation — 2521 O | 0O i !

0 —0 . [ 1650 !

Accel ~r.szf£‘.13imh Speed |- ] ~ 183 »10 : ’ i i

. [0.50. 0 | 1622 ) T 20354 .845| 6.50 T

—CLImb to Cruige Alk, 462| 49 211 {
. - 10,80 150092 15726 : T 1466 | ,872| 10.81 H ‘
—Outbound Crujse - A432) 376 ) .36 1 . |- . i
. 0,90 } 50332 15331 . T

comba: . (1970% (06>

Acéel ¥0,9<M1. 5 _10.9-1.5] 30000} -5053 O .01 ‘

OIMIL2 Durns 1.2 | .30000} 845 1] .03 431 $.28
_ {3IMD0.8 Miirns 0.B. ] 30000 ‘ 6201 0 .02 | 910! 4 94
: , - . 13361 -
——_Drop Paylaad 348 O 0
- 1 0.90 | 30000} 13013 ‘

¥ " Drop & Ammo v |-, ol. -1 1&3] O o
0.90 | 30000} 12870 ' ' " 22537) _.B76) 5.47).
. C3imb to Crpise’Alf. i . 173 37 .07 . ) B
i ” 0,90 | S5000] 12697 . . 3167 1 .8851 10.93
Return Gruise 379% 188 | .36 :
m s - 1 0,90 | 55000} 12318 - .
D.e'- d. i o i . - 0 . o ). 0 .
SER0 0.25 23 1 1025 | 1175 12071
ndi - L i L . ]
S (20 Mio. Loiter S.L.) 379 [*) .33
—.ZegrosFiiel Weight - 'u'mF




88th ABW/IPI
FOIA (b)(1)
E.0:13526 SEC. 3.3.(b)(4)

T RS

' Q‘ - {‘ : | )

%1 T
2
—8)- Teble 7.4~5 CONFIGURATIOR 401B WITH -ASPECT RATIO 3.0
" SUPERCRITICAL WING. FERRY MISSION TABULATION {i1)
Hission Fhass B | ey OB e | Bea] Thay Mciapioeniipal Cosbetiagyat
Tnitial Yeight 0| 026825 |
Ground Operation . i |38t 0 [¢] )
0 0. |2643B - - oA "~ . _ i .
. Aceel to Clich Speed j ' 307 <1} | - .
. N S 25 55 ELTHNG R
| Clinh to Crwise Alf, R 627 | 46 il -
_ 0.80_|37424 25504 ’ 1 2485 1,825 10,37
T Cruise w/{2)Ext.Tanks G ___|30612 [3025 | 6.60 R . -
S ‘ 1 0.80 48576 (15892 | . | | ; T i
~__ Descend S ] C [} [} -0 ) 4,
—|0-26._{ 0 14892 . " T i515 | .973 | 9.98
Landing Ressrves. 11.38)! . i i | j
~_(Z0Min.Leiter S,L.) - ' T - 85
— (5% Initial Tuel) - . 654
| T ZeroFuel Welsht. - S F5 T
w
Hl‘ .
4
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¥~ Table 7.4<6 CONFIGURATIOR AOLB WITH. ASPECT RATIO 3.75

. . SUPERCRITICAL WING L SSTON Tarl) uy :
Jm—— - - . t . 4 o m—m’
Mission Phase 1" ?k&) ey * 1§ sgﬁlgii ;1 T:v}sa b D g gmﬁt’
B W T N o 131953 | X IR . ‘
gmgnd Opeririog - i : '3__27 0 9
9 0 _[21626] .
ccel: r.o c:limb ged 1. - AT o 1 .10 i
0.50 | 0 | 21379 2513 | 0,875}, 7.65
T CTiah ta Cruise ALE. ' 551) 48 13 T ,
- | 0.80 43499 | 20878 - __~13794 10.839] A1.73
Qutbound Cruise 23151 144 . '
— Drop Tenks. ‘ 1398 © )
g;sn#ganw-sz;ﬁmg_p__ 0,80 {45980 | 17135
Combar ) ZINTD M TN
YT TR T 0,51, 30090 635 0O 02 i N
’6‘. .._.(z».&..%_:mms_ ;-% gg.ggg i A 1'195r 8 -ig .'.gir;- :.S;-‘l j
et (2)M0, 8_Tuyas 1.0, _— 03 - 9497 4.375
0:90_| 30000 | 14936 . . ‘
“prop Payload | -t %8| @ )
e 0.90 | 30000 | 14588 | '
Drop_%_Awmo L . 143 Q. ¢
0,30 130000 { 14445 I ' 2305_| 0.887] 6.00]
b to.Cxuise <193} ko | .08 R
. : 0.90 {54606 | 16252 - 4 | 1198 ! 0.892{ 11.99}
T Return Criise . 14831 754 0 - ‘ ‘ 1
0,50 | 55000 ] 12770} T ‘
escend. i 0 0 0 ‘
M g.26 [ 0~ [12770 1 949 | 1.213|. 13,51
Landing Reserves. | ' 1 __379F 0 | .33
" _Zero-Fuel Welght 1 12391
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E 0 13526 SEC 3 3(b)(4)
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= Table 7.4+=7 CONPEGURATTON 4013 WITH ASPECT RATIO 3.75
SUPERCRITICAL WING SRASM MISSION TAB oK (U)

ission se _TH |10 PR VEIBY o]ty PRSeSe Yatat e S

07115

= . . ‘ o T .
) 2381 0 [ 0 I ‘
0 | o |iesi7 | _ ' T .
1 : 388 ] 0§ .10 ) )
D:50| © 16689 | ; : 2054 |0.875 | 6.72
: N %031 55 1 .12 [ T -
0,90 |51687_| 16196 ) — 1387 {0,878 | 1.8

—10.90 52372 15800
Copbae - [ © — [coow Con |

Aucel MD.9ML.5 ___10,9-1 530
_Q2YN.2 Turns 1,2 g
e £3)M0.8 Turng

=

N

, 0 ) - a0 | 5
i . 929 | 5.3

28 ||

13796
~_0.90(30000_| 13448

_ | _0.50[30000 [13305 [ _ . 296 | 0,887 |_5.53
— . Clinb to Crufge Alf, | R {75 37 | o7 ) kI .
: ' .90.[55000 33130 | | 3107 | 0,899 | 1380
— _Return Cruise f o~ 1 | 360 188 |. .36 '
0,90.55600 112770 | - ” 1950 [1.213 | 13.5)

0,24 6 |33330 |
ing Res R 375 ] 0 | .33
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ol [0 |olele
v

Zero-Tuel Weighe _ || ___[12391 ' - . I
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- 2 . <t - Y = a — c e T
P | Sk S AR A S e s e
T Initial Veight o [0 |z7300 ' '
Ground Operation: 3 _ 392 0 ¢}
. . . 0 G |26908 | iR .
Accel ' to .Climb Speed Nz 6t .11 b ; i
. 1 Q.50 6 [26596 - . {2827 10.875 | 9,02
. Cliwb to Cruise Alr. -y . 1 678 55 23 4 . :
e : 1_ 0,80 | 3398 8 . 2292 10,828 (11.28.} .
Crulse @/ (2)Ext.Tagks! "~ 110570 13197 (6.97 | - i
. ‘0,80 | 50201 |15368 1
Degcend i il ] 0 1§ 6"
] 0.26y 0 - 15348 _ {31301 .11.035 }11.85
Tapnding Reserves (1Y24y . .
(C0Min.Joirer §,L.) 470
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7.5 STABILITY AND CONTROL

Other than en.evaluation of the aerodynamic-centei

location, since there had been an alteration of wing=-syeep
angle and aspect ratio, no attempt was’ made to establish
specific stability and control chavacteristica for the

supercritical wing study, The variation of aerodynamic-

-center location with Mach numbey {s presented in Figure
7.5~1 for the point design airplanes, Also showa in this

. figure for comparative putposes is the predicted aercdynamic-

D)

center location for the basic 401B configuration. .

 With the exception of the aerodynamic-cénter location
noted above, the bagie stability and cortrol parameters for
the selected. supercritical wing point-design configurationa
are similar to those presented in Section 3.4 for the 40138
configuration. - :
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¢ I 7.6 STRUCTURES AND WEIGHTS

A

—{5)— Thé two alrplanes selected from the parametric study
vere. examined in detall by use of the same techniques dia-

. cussed: in Section 3,5. These airplanes have an aspect ratio
of 3.0 and 3.75. Input data for weighlng these airplanes
wefe obtained from the design laynuts shown in Section 7.2.
The resulting weight breakdowns are shown in-Table 7.6-1, A
sugmary of the center-of-g:avu:y conditmns for the various
mipsion. loadings is as follows:

Basic

Operating 2ero Gross
Condition. . Weight  Fuel Refght - Weight
AR 3,0 '
Weight (1b) 11,835 12,468 16,800
C.G. (% MAC) 26.6 25,8 23,1
Weight . (1b) ) ‘12,683 13,316 21,638
G.G. (% MAG) 26.7 26.0 2642
Percy Miseion .
Weight (1b) 13,525 13,810 27,000
C.G. (% MAC) 26,6 25.6 24 8
AR 3,75
SRASM” B
Weight , (1b) 12,131 12,764 16,800
€.6. (% MAC) 31.9 31 1 28.9
LRASH | ’
Welght (1b) 12,979 13,612 21,638
C.G. (% MAG) 31.5 30.8 28,1
Fercy Mission o : A
Weight (1b) 13,821 - 14,106 27,000
C.G. (7 MaAG) 31.2 .30.0 27 7
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-ES-)-Table 7.6-1 WELGHT SUMMARY:

CONFIGURATION 401B-
WITH SUPERCRITICAL WING WITH 3.0 AND

Lol Rl i ar Bt

3,75 ASPECT RATIO {pouuds) Asy
It elght ...
il “AR=3,0 AR=3.75
Structure ( 5302) { 5561)
Wing 1400 162t
Fuselage 2608 2636
‘Horizontal Tail. 368 336
Vertical Tail 310 302
Landing Cear 616 - 616 |
Propulsion ( 3530) ¢ 3530)
Brigines . 21737 2737 -
Alf Induction 322 - 322
Fuel System 421 421
Engine Controls 22 22
‘Starting System 28 28
System and Equi.pmenc { 2603) .| € 2641)
Surface Controls’ 468 481
Landing Gear Controks 115 115
Instruments 94 94
Hydraulics ‘and' Pneumatics 271 288
Electrical 362 370
Avionics 460 460
Furnishings- 238 238
Air Corditioning 142 142
Armaizent 453 453
Weight Empty 11,435 11,723 |
Uséful Load ¢ 400y | ¢ 399
Crew 200 | 200 o
Unusable Fuel 23 22
Engine O1il. 17 17
Migsile Racks and Pylons 124 124
Miacellaneous 36 36
Basic. Operating Weight 11,835 12,131
‘Faylodd - ( 633) | ( 8639
Ammo (500 kounds) 285 285
Migsiles (2) 348 348
Zero Fuel Weight 12,468 12,764
Fuel 4332 4036
Gross Weight 16,800 16,800
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SECTION 8

vy .
COMPOSITE WMATERIAL
STUDY ON 401B

A

Vete eV g adat oo e ik

A design tradegoff study waa couducted to deterwine how

the potential weight reduction from the uge of composite
materials should ba used to.maximize the maneuver capabilities.

The. study yielded the .following results:

P . 1., The weight reduction should be used to change
aspect ratio, wing loading, and alrerdft size

aimultaneously rather than any dne. variable
separately.

2. The degree of change of each varidble 1s de-
pendent upon the degree of composite material.
usage in the sireraft construction.

3. The best combination of varjiables is dependent
tpon -the agpect of the maneuver cdapability
that is to be maximized (i,e., increased sub-
sonfc Lurh Pate réquires incressed wing aspect
ratio and size, while increased acceleration
capability requirea the opposite.)

A{";. The following selection ‘of varfables is for
the case where turn rate is maximized while

s acceleration ‘tIme between Mach 0.9 add 1.5
i3 ‘held constant. Both turn rate and .accel-
eration are for maximum power and 30,000-£t

altitude conditions.

(¢
13&5@)(9?:.. :
| LB A @)

Laaalan iiaein s

DRYY

E © ; ot ‘Composite 17
¥ pecesr | Wi | UG W Bl oo
o Accel Time, sec | 35.5 | 35.5 | 35,5 | 355
i M.8 deg/sec 9.9 1.2 | i1.8 13,5
by Mission W&, b | 17,115 | 16,570. [ 16,270 | 15,600
’ . Aspect Ratio 3.0. 3.3 3.4 .| 3.8
; gi- 3 {W/s psf 60 54 47 45
R ) 1 L6z | 145 | L0 ___]
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‘The matrix of varlables: selected is:

8.1 5TUDY PLAN AND DESIGN DATA
8,11 Scudy Plan

The.plan followed in the composite mateérial study on
. Configuration 40IB Sbught to detérmine the best way to use
the weight reductions resulting. from use of composite
waterials to maximize maneuvet capabilities, The first step
wag the establishment of a matrixz of variables to be con-
gldered. The sécond step wags the selection of maneuver
condliticns to use for'the evaluation, '

8.1.1.1 ‘Marrix of Variables

A matrix of variablés was selected to datermine whather
the wefght reductions from the use of composite materials
-ghould be: used for increased wing aspect ratio (AR), reduced
wing loading (¥/8), reduced alrcraft size, or & combination
of the three to maximize the maneuver capabilities., That i3,

Higher AR.

s , Lower W/S§ [ __ ‘Maximum Turn Rate
Lover Weight' ™ |gpgller Size Miniize Accel, Tim
, (Highet T/W) i

Mission Weight (Ai:ci;’aft:

Size), 1b. - 15;600; 16;800; 18,000
Wing Loading; psf . . 45, 50, 55, 60

Agpect Ritio C 3, 4,5, 6

Composite Material Content 1. None (all alumloum),

2, Wing only, 3, Wing,
tall and {nlet duét,
and 4, Maximum usable

The other configuracion variablea (i.e,, wing leading-
edge sweep arigle, thickress ratio, and taper ratic} are held
conepant to keep the matrix of variables within a reascnable
size; also, the present values are. felt to be near optimum.
Flying qualities and 1ift and dvag considerationg have showm
the 35-degree leading-edge sweep to be desirable :for am alr J
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<53 The matrix of 48 airplanes described abave in Subsection.
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Iﬂ*superiori:y Eighter., The requirement for aupetnanic opera-
tion rxestricts the wing thickness ratio to a low value. -The
thickness ratio af 0.04 and the taper ratic of 0.2 were held
constant as practical values, ,J

8.1.1.2 Maneuver Conditiona

Two coanditlions were selectéd. for evaluating the mapneuver
capabilities of the various combination of variables. ‘Both
conditions ave for mdximim power operation st 30,000 feet. -
Oneé tondition is the maximum sustained turn rate at Mach 0.8,
which i representative of the high-subsonic-speed turning
portion of afr-to-air combai, The second condition is &
level acceleration from Mach 0.9 to 1.5, which gives ag
insight into the supersonic capabilicies,

. Maneuver capabilitiés attained wich the various combina--

tions wexe compared at the aid-combat weight for the Long-:
Range Air~Superiority Mission (LRASM) with a 750-n.mi radius,
The resylts .are presented @s plots of turn rate versus accel-
eration time for each level of composite waterial usage,

8.1.2 Design Data

In this subsection, the manner {n which the dealgn data
were derived is described, the ground rules which governed
the development of the data are defined, and the- geometric
data thar formed the basla for che. analytieal studieg are

sumngrized.

8,1.1 was developed around the three growth data pointe
derived in the 4018 growth study (Subsection 3.1.1), The
data from the three growth data points. at wisaion welghts of
15,600, 16,800, and 18,000 pounds were expandad to include
the Eour aspect ratlos and four wing loadings to dévelop

che desired matrix for tha parametric investigation. Varia-
tions in fuselage, wing, and tail purfaces were goversned by
the list of ground rules, which are summarized briefly as

followa:
I-I. The vatues t/c = 04y Ayg = 35° and A=

. —

rémain constant for all wings.
' AB 11P]
O %w’ LR
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—(-l%— . 2. The §/4 of all reference wings is located af  °
4 constant fuselage station,

3. The horizontal and vertical tail momént aym (dis-
tance from T4 wing to ©/4 of the tails) is constant
at a given alrcraft mission weight.

4. The sizing horizontal tail planform geometry
remains const:am: (AR = 3,0, A=0:2, and Apg = 359,
S« The vettical can planform geomecty remaina. !
constant (AR - 1.3265, A= 0.4, and ALE = 459 ..

6. The horizontal tail and vertical tail moment .
. . e¥ms vary as.alreraft mission weight varies
: {scaled gecording to the square root of the
alxcraft gross-weight. ratio) .

7. The "d" distdnces to the exposed wing root chord
exposed horizontal tail chord: (neasured from
airplane centerline) remain constant for a given
alrcraft mission weight. This nd' distance .
vaxies as a function of alrcraft mission weight
(scaled according to the square root of the
groes-weight ratio),

8. The ratio of the exposed horizontdl tail area
to the sizing tail ares reiains constant at a
valve of 0,866, :

9.. The vertical tail slzeé is constant for a given
nission weight and is determined by a 'vertical
tail coefficient of 0.037 (per tail) and. a
wing geomecry defined by AR = 3,0 end
W/S = 60 paf,

10. For a given aircraft mission weight, an.
initial sizing horizontal tail is determined
by a. horizotital. tail volume coefficlent. of -
0.:26 and & wing geometry defined by AR = 3.0
and W/S = 60 paf, This establishes & hori-
zontal tail drea to wing area ratic of 0.202.,
A8 wing geometry changes because of. corres-
ponding variations.in aspect ratio and wing
loading, the sizing howizontal tail arés is
determined by keeping the area ratio of 0.202 [
canietant,
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11.. Fuseldge length is comstant for a given air-
craft design mission weight, As mission
weight 4s varied, the fuselage ledgth is scaled
as a function of the square root of the gross-
veight vatig.

External airplene compariaons that. indfcate the effect
of selected variations of the matrix on the airplane axrange-
ment- aré presented in Figure §,1-1, =2, and -3, These com=
parisons show the effect of varying nspect: ratio at a constant
wing loading and .aircraft mission weight (Figure 8. 1-1), the
effect of varying wing loading at a constant wing dgpect
ratio and given mission weight (Figure-8,1-2), and effects
of varyi.ng aircraft mission welght at a constant wing aapect
ratio and.wing loading (?igute 8.1-3)., .

| n;;acrix is defined in Figures 8, 1-4, -5 and ~8. The geometry

of &ach of the sizing horizontal tai.l. planforms utilized in
the ‘study is defined in Figure 8,1-7, The geometry for each.
of the yertical tails and ventral fing of the matrix is

deffned in Figure 8. 1-8.

The reference wing areéa variation is plotted as a func-
tion of wing loading for the three. misa!.on weights in Figure
8,1-9. The varidtion of total wetted area for the afrcraft
con“figuration 15 plotted as a Function of wing aspect ratio
and witig loading in Figures 8:1-10; <11, and 12 for airplane
migston weights of 15,600, 16,800, and 18,000 pounds,
respectively, Wetted-area varilations for the various- com~
ponents ln the matrix are shown plotted in Flgures. 8,1-13
through 8,1-18, Further explanatlion of the dafinivios of
these components as they relate td wetted-area buildup is
presented in the growth study approdch cor(tai.ned in

Subsection 3,1.3.1,
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