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I.  SmoPSIS

This memorandum contains basic aireraft data for the FLH-1l. The stability
derivatives of the FLH-1 ih both wind axes and body a1xes are presented along with
the airplane characteristics for both the lateral and longitudinal modes, A
brief description of the Hil-1 1a also given.

IT. DESCRIPTION OF FLli=-l

The FlH-1 is a two-seat, high performance, all-weather fighter that is
powered by two CGeneral E]ectric J79-0E~2 or =3 turbo jet engines with after-
burners, It is cepable of attaining high supersonic speeds and high altitudes,
The basic armament that the FLH-1 will carry are fowr Sparrow III missiles, but
1t is also capable of carrying a variety of external stores., The FiH-~1 has thin,
highly swept wings of low aspect ratio, and thin swept tail surfaces,

III, BASIC AIRCRAFT DATA

The stability derivatives were obtained for six different flight conditions,
They were for both maximum speed and cruise speed of the FLH=1 at altitudes of
1,000 ft., 30,000 £t., and 50,000 ft. Figure 1 gives the speed profile tor the
FiHel., The velocities in the speed profiloc which were used in obtaining the
stability derivatives will be indicated by cross marks,

The stability derivatives in wind axes are presented in Table I, Also in-
cluded in this table are the airplane charscteristics for both the lateral and
longitudinal stick-fixe nodes. Table II contains the stability derivatives in
body axes. There were ¢ reral coefficients for which either the data available
was insufficient, or no data at all was available. These coefficients will be

indicated in the tables,

In Appendix I, the force or moment ejuations are given from which the wind
gxes stability derivatives were derived. With each equation a reference is
given to show where each coefficient was obtained. Also included in this
Appendix are the equations of motion in wind and body axes form.

Thehéprtinent engles of the FLH-1 are shown in Figure 2,
In appendix 2, the pe fc*mance functions of the latera) and longituwdine

variables as influenced by‘J}, Sa, and S are given. The method of obtaining -
these performance functions is algo given.
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MODEL F4H-1
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APFENDIX I

This appendix includes the force and moment equation from which the wind

These are given in Table III, Also given
in the table is a reference as to where each coefficient required by these force and
moment equations was obtained,

axes stabllity derivatives were obtained.

The equations of motion in terms of wind axes and in terms of body axes are

also included,

TABLE 111

CAICULATION OF STABILITY DERIVATIVES (WIND AXES)

LATERAL
Coefficient | Force and Moment Equation Units %ﬁﬁf‘f’é"’oifi‘i&ent
c& Le= C 4‘_;2:_1, lb.ft./raém Ref, 1, pages 10.10,:1.1,12'
Cap. Ls=2Cap sgb Ib.ft./rad Ref. 1, pages 10.16, 17
Cay. Ls, =Cy;. Syb 1b.ft./rad Ref. 1, pages 15.19, 20
C,,‘ Nﬁ =ACn‘ qu 1b.ft./rad Ref, 1, pages 11.7, 8, 9
Cn, Ns,=Cng, S9b 1b.ft./rad - |
C"J'r NJF:.-Cnai_'qu 1b.ft./rad Ref. 1, page 11.15
Cy' Y' = C.Yg Sg 1b,/rad Ref, 1, page 11,13
Cya Ys. = Cya 59 1b,/rad -
Cys, Ys, = Cy 5. 59 1b,/rad Ref, 1, page 15.21
C-l, Lp =Gy, SQbf/zv b.ft.sec./rad. | Ref. 2, page 17.11
C.l,, L, =Ca, S?ba 2V lb.ft.sec./rad. | Ref, 1, pages 15,13,1k,15
C,,’ NJ =C na sq672v 1b.ft.sec./rad, | Ref, 1, pages 15.2L,25 B
Cn, N, = Cp, sqbfzv ‘7 1b.ft.sec./rad, | Ref. 1, page 15.22 B
Cxp YP = Cy, 536/2\/ lb.sec./rad. | Ref, 1, page 15.26, 27
CJr Yr = C.‘h- S‘ib/ZV lb.sec./rad. Ref, 1, page 15.23
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TABIE TIT (Con,) w’

. » IONGITUDIVAL S
Coefficient Force and Moment Equation Unit ¥YUH-1 Coefficient
Crm, My= Cm, 592 1b.ft./rad Ref. 1, page 9.17
Crmy Mu=Cm, S9% lb.ft./rad. | Ref. 1, pags 15.
g Mg, = Cmg, $9C 1b.£Y./rad Ref. 1, page 9.2l
'Cmq Nf- Cm" Sqt'“/zv 1b.ft.se0./rad | Ref. 1, page 15.2
Cmp, M = Crmoy nga/zv 1b.ft.sec,/rad | Ref. 1, poge 15,8
Cio Lee =Ciy sg 1b./rad, Ref. 1, page 8,33
Cig, Lsy = Ciy, S2 1b,/rad. Ref. 1, page 5.23
C., L, =C,.. sq 1b./rad. Ref, 1, page 15.6
CL,_ Ly = C‘_, 523/2V 1b,sec./rad Ref, 1, page 15,10
Co.. Do ® Cp. S¢ 1b./rad Ref, 1, page 15.7

Cp‘-e De = CD;, Sg 1b,/rad - '
C,“ D“, = C% S?, .lb./rad Ref. 1, page 15.3

‘ For the FiH-1, the remaining unknowns in the force and moment equationa of
Table III had the following valuer ' '

t I 530 8q. fte

b - 38;[‘ fto

G = 16,05 ft,

It should be pointed out that the stability derivatives obtained fram the
force and moment equations in Table IIT will not have the same value as the valuea
given in Table I, To obtain the values in Table I, it is neceasary to divide the
above force or moment equatiors by its respective moment of inertia or by mV.

For the lateral equation of motion, this could be illustrated as followss

Let

L o
L.t
I, P
Ne . 5
T, P

CONFIDENTIAL

|

[P A




CONFIDENTIAL

—-:J' -
I.. .gx).la.ndaoon

Mo
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~£ .

v C 1,_ 1

Y A ,and o0 on.

J In the case of wind axes the equations of motion will be written first with
the stabllity derivatives in the form given in Table IIJ and secondly with the sta=

bility der’-«tives in the form of Table I, where the substitutions using the abovu
equations have been mads,

Given below are the equations of motion in terms of wind a:da.
IATERAL

- Rllr (gt -fs)¢+<§u )V -La-Pa-En =
or (' -4,5) B +(-iy® -.2..3)')“ 4 P -1; lo. -la-,d',. = o

S S SR ~ Tl T TR AR
[ 2
or  (-igS' -n,s)¢+(s AV -mp -npde “npdr = O

8ide Forces
(B 418 + (1 E)s¥ v (s B)e - Yo s - Iy seo
or

N (-y,s - gf/>¢ Tt (/"Jr)sllp r(s- \Jp)p = Y S -JI;F’:"'—-O
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',w ¥ 3
(s s T;)“*(S'gfs)Y—%u—% =0

F 2N [] Lo L PR 2 SN A . A -
or (s = {"‘,#M&,l"ﬂ.‘)% 3 -m;njn M, 4 - MJ'.‘. 20

Pitohy

Lift
Db e s (- B)sY - Mw - Mk so

or (-JJ’S-!")" + (§ --!,_)sY -A, -1&& ' Y
Drege " ) ' '

.".3’ Qp’%x +(é—)¥+(s+£—3)u +-g€7[¢go

or A“-( +%Y F(s+d,)u +‘Q¢r¢;‘ £ 0

The #ix equations of motion in body axis terms are listed belows

1) &.'-W}.-vr - X, +x,.,(u-tl.)+xw(w-\%) "x’} + xf.;C_*.% ;3.“.“‘
) v 4ur-wr EYY RYpP Y *Yn e + Jeos@sin ¢

3 v wvp “up = 2, vBu (UKD vy, (W) roy g +ag +ycesocos ¢
L p *(Ei-';'-t-\’-)g.r « Ly +dyp +A, v + 4 Jo +£;YJ',

5 § +(3§-}-§)rf = 1, (U)o (W) 4, W g e,

6 F + (5-&;-.5'1 P S WV NP +NF t N ey
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APPENDIX II

‘This a.ppond:l:x inoludes the porfmume functions of the lateral and
longitudinal variables influenced by 8¢, &,, and § pe These quantities define

. the dynamic relationship of the aircraft u.r!nblu, 1.6.

Longd tadimls
&= [rPeL +CPFI T4,
[ we=Lrrl . &
Lateral:

B.= CPF7 dy + EPFJ“J;
Y- PFJ + LPFI,. 4,
@ =L’PFJM_ +EPPJ'¢J‘,

Before 1isting the values of the performanse functicns for the FiH-1,
the method of obtaining ['P¥] will bs explained,

For the lengitudinal case, we ufor back tc the longitudinal wind axes
squastiors of wotion given in Appendix I. could write these three equations as

o K %

S‘-(m,, +m&)a -"y -?s =M, "m& =90
_. "1,’8 "/(.‘ (/- -4, -,Z;‘. =0
04.‘ ! sed 44& =0
For a § , input to the system, we can rewrite above as
Ve ¥ U
s'-(ma,e-m..‘)s-m.‘ st -, My = mp
'-1},3 Ao, (/_ t)s "'(u- * ’l'fc Je
JN 4 Q/ S*J = -J;‘
T 1g Cramerts rule, we can golve above for an ol response to a .S'
input, We would have
hae CONFIDENTIAL
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A W‘J;' ’, - My
LJ“ de (I - f )3 "'1“
ol = "‘af‘ & ';/ 5*1&
§"=(m +m,ﬁ“) s-m,, -ms -m,
1 S’ ”2’ "/lu
e@ W svel..

‘ The dentminator of the above is known as the stiok fixed characteristic
equation and will be abbreviated as A,

We can rewrite abom eqQuation as

my st "" s -My,
.Q‘ (/" /e'.)S "lu.
- & sy | o Mes
. A A
vwhere | FF = =X M‘g&
N [ 1‘/;. J;
8imilariy, EH] ‘re and EP!':,’“J 7o may be solved for.
The lateral performance functions may be derived in a similar manner,
i.0, '
2 . a :
R T L d + Ay 3,
~ogy S" =N, st-ns o d enpd
P - - 5= N, (- y9)s Yoo +35 ¢
st -4, ~dgS- 4,8 Ly
“Aax S =N,S s*-n,S .
-ys$- % ('-y0s S Ye
or :
|
> CONFIDINTIAL
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"‘lt | . ‘A.us -1 $ .e& i
5 ~Aax® n, | §'-n S wl -
"lgs" (/ ‘lr S Yo | |
P = A «
-l s -,2“3‘-,0,.3 & | |
-*“s -ns s-n,S g

. v |- ye8- Y (-yJ)s ¥s, |
A

Be=CPFl 0% +LPFI S, = —Jf-—N‘”J“ L | 1

m remaining lateral performance functions may be obtained in the same
BADNSY'y

The perforsance funotions for the FiH-1 for the six flight conditions ‘
considered will now be listeds

Case Iy Vy = 1188,77 fps at 1,000 ft.
- hengltudicel

A = (8 + 0.1292) (9-0,0282) (82 + 7.8108 + 135.7)
N5, = <0178 (8-0,0116)(8 +255.2) (8 + 0,11Lk)
Nyg = #0.4178 (8 + 0,1039) (5 + 25.28) (9=2Ls97)
Nys, = +0.01276 (8 + 499.0) (8 + 1.217)

Lateral

A - +0,9964S . (8 . 3.429) (S - 0.0019) (52 + 0.,50778 + 20,12)
Na,g; = +2.2618 (8 » 2,015) (3-0.2762)
N,,;._ = 40,0105 8 (8 + 0,00025)(S + 249,96) (S +3.L46L)
Ny g #.2,329 (8 + 4.078) (32 u 0.85U58 + 5.178)
Nys, = =2.5138 (8 - 0,1623) (3 + 3.401) (8 + 0.533k)
N i, = -89.i618 (82 + 0.94768 + 20.L7) | |
Ny s, = +3.6158 (32 + 0,3989 S + 7.870) |

Case IIj V,, = 1696,63 fps at 30,000 f%. .
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Lenglingdnal,
[\ = (52 + 0.0u028 + 0,00088) (s + 2,278 + 110.7)

. o Am0)
'th‘ = =0,1385 (58 + 0.0004

) {8 + 439.3) (5 + 0.025%)
N,;,‘ = +0,1365 (3 + 0,0376) (8 + 19,01) (8 ~18.96)
N, g, = +0.003L (8 + TLbL) (5 + 0.3377)

Laternl
& - +0.99835 (8 + 1.776) (8-0.015) (8% + 0.67613 + 19,03)

Np g, = +0.L9138 (s + 2.511)(8-041740)
N, r, = +0.00L778 (S + 0.001k) (S + L79.4) (B +1.721)
Nyg, = =0sis33 (s> + 3.5775 + 0.89208 + 17.287)

l N,y = =2:2860 (8 = 0.6379) (2 + 2.55LS + 1.9686)
Nys = =27.9155 (s° + 0.70885 + 18.11)
~; M Nﬁ‘-r - "20%58 (32 + OQWO S+ 57072)
Case III, W = 1540 fps st 50,000 ft.
) Longd tudinal

\ o A = (s? + 0,02008 + 0.00068) (52 +0.94665 + 43.81)
| . N, g, = =0-05365 (s? + 0.0171S + 0,0003) (8 + L56.7)
Ny z, = #0.05365 (S + 0.0147) (5 + 12.1L) (S - 12.11)
N, g, = *0.00136 (5 + 755.1) (S * 042273)

Lateral
A = #0,9997T5 (S + 1.000) (S ~ 0,0091) (s"’ + 0,30438 +9.55)
Ngs, = 0,083 (5% = 1.1368 + 0.4717)
Np,v, = #0.00387S (S-0400063) (8 + L9046) (8 + 0,955L)
Ny g = +0.0838 (52 + 1,1608 + L.819) (8 ~ L.LL9)
Nor, = <1.898 (8 =~ 0.L748) (82 + 1,5015 8 + 0,794L)
Ngj = =1.2705 (s + 0,3217S + 9.625)
Ny; =+2.062 8 (s° + 00968 5  21.14)

(e
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Case IVy Vp = 555.5 fpa at 1,000 ft.
Longd tudinal
O\ = (82 + 0.0m85 + 0.0049) (82 + 2.8768 + 9,4y)0)
Ng = =01k29 (8 + 0.00118 + 0.0070) (8 + 136.7)
N‘; L" #0,1429 (8 ~ 0,0031) (8 + 11.69) (8B-11.62)
M,,J.- 04000038 (S + 30,066) (8 + 0,9756)
lateral
| & = +0,99898 (8 +2,380) (s-o.oo:.s) (2 + 0.3u548 » T+156)
NM = ~0,25388 (S + 5.972) (8 + 0,153k)
Ny i, = #0.033928 (3 ~ 0,0110) (8 + 123.9) (8 + 2.39)
Ny, = +0.25U5 (8-2.408) (s? + 1,,6198 + 11.50)
Ny = 4,209 (87 « 21336 8% + 0,29558 + 0.6670)
Ny = <27.9638 (82 + 0.40798 + 6.797)
Nys, = #2.300 8 (82 -.0,86008 - 22,15)
Case V5 ¥y = 893,7 £ps at 30,000 £4,
Longitudinal
O\ = (8 - 0.0155) (3 + 0.10650) (82 + 2,268 + 12.35)
N, = -0.1208 (82 + 0.003LS + 0,0038) (8 + 196.9)
Nys, = #0.1108 (8-0,0032) (8 + 12,1L) (8-11.86)
Noi = *0.00126 (8 + 872,8) (8 + 0,568L)
: Latersl
A = 4099986 8 (8 + 1,651) (8 + 0,0008) (32 « 0.19523 . 6 879)
Na, ® «0,11298 (8 + 11,18) (8 + 0.0982)
Ny, g, = #0:0173 8 (8 = 0,0058) (3 + 20,72) (S + 1.597)
Nyd, “+0.131 (8 = 2,536) (8% + 6,972 8 + 18,2L)
Ny 7, = «3:39K8% 1,661 82 « 01527 8 + 0,3230)
'N,’ ;. "=21.868 8 (82 + 0,2880 3 + 6,658)
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e v =4

Ngs,= #2557 8 (8 = L.L65) (8 + 4.098)
Case VI Wy = 873 fps at 50,000 ft.
Longitudinal

L’I_\B . (8 ~0,0662) (S + 0,0485) (8% + 0,90878 + L.653)
N s, «0,04396 (32 + 0.0120 S + 0,0037) (S + 192.4)
Ny, g, = +0.01396 (3 - 0,00L5) (S + 7.545) (3~7.405)
No,i, = 40,0047 (8 + B49.6) (8 + 0.228)

Lateral

A. +0,97628 (S + 0,7180) (S + 0.0002) (82 ¢ 0,08555 + Li.008)

Nz = ~055978 (8 + 0.,8966) (8 + 0,0403)
Np,s. ® #0,00778 (8 = 0.0179) (8 + 208,2) (8 + 0,6856)
Ny, * +0.5600 (82 + 1.505 S + 1.609) (8 = 1.055)
Ny, =-1.606 (83 + 0.6921 82 + 002378 + 0.3914)
Ng s, = =8.2261 8 (8% + 0,12068 + 3.139)
Ny i, = #0+70558 (8 - 5.221) (8 + L.63h)

25 CONFIDENTIAL




CONFIDENTIAL @E

. REFERENCES
1. MoDomnell Report No, 4873, "Stability and Control Data®, Confidential,

2. MoDonnell Report No. 4518, Volwns II, "Fighter Aerodynamic Status Reportw,
Confidential

3. MoDomnell Report No. 1518, Volvwe I, "Fighter Acrodynamic Status Report®,
Confidential

b, McCourt, A. W., "Aspects of the Linearized Equations of Aircraft Motion

Used in Fiight Control System Dasign", Appendix I, page 84. Doctoral
Digsertation, University cof Pittsburgh, Pittsburgh, Pennsylvania

-20. CONFIDENTIAL

© e




CONFIDENTIAL

APPENDIX TI

Navy Misasile Study Technical Report #2

FliHE-1 Basi¢ Rerformance Deta

=-9011;-

Proprietary Information
MoDonnell Alrcraft Co.

5/9/57

R. B. Tucker
Rx 5-8/1m

CONEIDENTIAL




CONFIDENYIAL %

O "‘*"“v*"‘f‘m

1
II
111
.5'

=Y v =

Table of Contents

. Page
symeai' L 2N BN BN BN BN BN RN BN BN BN BN RN BN BN BN BN BN BN BN NN BN BRI N RN BN RN R RN N B A 1

DOﬂorlptlon Of Fuﬂ-l Q’..l.‘.ll’l'll..‘.ﬂ.‘l. 1

Basio Performance Data ......... P 1

ROfGrOnOOl PO LS PP LIPS IIVEIBIRRAESCEEEBIPEROEOILIENS 16

CONFIDENTIAL

e P AR

R




R . ]

-

-

CONFIDENTIAL

Q"

List of Illustrations

1 Model FiH-1 Maximum Speed Envelope .esececosss
2 Model FLH~1 Airplane Drag Summery.ccecececcess
3 Model FLH-1 Maximum Useable Lift chsetsessenea
4

Model FLHE-1 Mach Number=Load Factor

Envelopes at Combat Welght at Altitude,
35,000 feet, with Maximum Power eeeecccssceses 6

5 .Required and Available Thrust versus

Mach Number for Different Load Factors;
Altitudo - 1,000 fe.t LI IR A B LI I I L I I A I I ) 7

6 Required and Available Thrust versus

Mach Number for Differsnt Load Factors;
Altitud’ - 30,000 feat..-..-..-.....n.....-... 8

7 Required and Availeble Thrust versus

Mach Number for Different Losd Factors;
Altitude - 50,000 feet..-..-........-

et e e 9

8 Model FijH-1 Climb Data versus Altitude........ 10

9 Maximum Reheat Net Thrust for (1) General

El.ctric J-79 mgin@ PO eB GO0 s o b0

g v ec s 12

10 Military Power Net Thrust for (1) General
EIQCtric J-79 Engine 28 B0 8P POLLIIISIIELs0t e 13

11 Normal Fower Net Thrust for (1) General
i Electric J-79 Engine OPesCs st ssbeE s PO eI e R 1u

12 Intercept Distance versus Bomber Distance
from Ship at time of detection eecececcecncacs 15

i1

CONEFIDENTIAL




CONFIDENTIAL

Q=

I. Synopsis

This report presents some of the basic performance data
which are ocurrently available on the FLH-1 airoraft. These data
are presented in the form of graphs. A brief description of the
Fi4H-1 is alao given. '

II. Desgription of H-1l

The FijH-1 1s & two seat, high performance all-weather
fighter designed for intermediate and long range, high altitude
interceptions. As its prinoipal armament, 1t will carry four
Sparrow III missiles, but it is also capable of oarrying a variety
of external atores.

It is poworod'by two General Eleotrio J79=GE=2 or =3
turbo jet engines with afterburners. It haasa thin highly awept
wings of low acpect ratio and thin swept tail surfaces.

iII. Basio Performnance Data

The airoraft performance data shown in the following
figures are for the basioc FLH-1 airplens ocarrying four Sparrow III
missiles seni-aubmerged on the underside of the fuaelage. For
comparative purposes, the psrformance data in some oceses are also
given for the oclean airoraft configuration which is 1,500 pounds
lighter than the airplane with four Sparrows. All performance
data at ’1t1nuda are at combat gross weight (60 percent of take~
off fuel). :

The perfcrmance date presented in most of these figuraes
have been given for seversl different engilne specifications. 1In
all cases where the enzine had any effect on the presented data,
the Tigures have been labled to indicate which engine specification
. was used. JIn general, all data to be used for furcther computation
are good for the improved J79-GE=2 engine with specification
AQT 400,

Figure 1 presents the maximum speed envelope of the
FL4H=1 for different sltitudes. For the J=79-A«2 engine the
maximum spoeds attainable by the FiHel are limited by englne teme
perature reatriotions at altitndes from approximately 23,000 feet
to ¥6,000 feet. Also shown are the maximum speeds attainable by
the J79=-X-209A engine. At pressnt, this isz an experimental engine,
but it may be of future interest,

Figure 2 ocontains the drag summary for this alroraft,

where the 1lift coefficlent (Cy) 1s plotted versus the coefficient
of drag {Cp) for various Mach numbers. Figure 3 presents a curve
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of the predicted meximum useable lift coefficient for various
fighter Mach numbers.

The Mach Number=-Load Faotor Envelope, whioh is given in
figure L, outlines the mansuvarabiliity of the Fiflel with maximum
power at an altitude of 395,000 foet as limited by buffet and con=-
trol power. Also inscluded are the available load factors for con-
stant speed turns and for -0.5 and -1.0 g deceleration turns at

congtant altitude are shown.

In figures 5 through 7, the amount of thrust that 1s
required for the sircraft to sustain different steady stete loud
fastors for various fighter speeds 1s shown. Also given in these
figures i1s the net thrust which i1s avallable from maximum, military -
and normal povwer settings. The data shown in each figure has
been obtained for the airceraft flying &t a constant altitude.

Climb data for the FLH-1 at different altitudes are
presented in figures 8a and 8b, In figure 8a, the graphs give
the rate of oclimb end also the time to olimb to different altitudas,
Figure 8b indicates the best aubsonic and supersonic Mach Numbers
for the FiH-]l to climb.

In figures 9 through ll, the net thrust that 1s avail-
able 18 given for different altitudes over a rangs of variouas
Mach numbers. These net thrust figures are for maximum reheat
power, military power, and normal power respectively. Also .
indicated in thess figures are the aircraft Mach numbers at which
the operatlon of the engine becomes either pressure limited opr
temperatures  limited. The thrust curves presented in these figures
are given in terus of only one engine. It should be pointed out
that the thrust values on the military power curve for speeds
above M = ).} have been superseded, but the new data for the speeds
abave M l.4 were not available,

For figure 12, it 1s assumed that the FLH-l 1s on deck
alert and 1s launched when a detected snemy bomber, coming in at
M =1,0 at 50,000 feet, is a given distance from the ship. The
interceptor olimbs to 50,000 feet and dashes out at maximum power
to the point of intercept. The graph gives the diatance to the
point of intercept and the oombat time which is avallable at
maximum power for oombat at that point.
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Model FiH-1 Mach Number - Load Pactor Envelopes at
Combat Weight at Altitude, 35,000 ft. with Maximum
Power.

(2) J79-0B-2 Engines
Engine Spec.=-AQT 78; Hg/nol FL 41855=1

-]
\ ‘Cﬁ?trbl:rowar
M Lim#t '
& B“frﬂt_ L~ \ - g
Limit | 3 \VEE T
_ T +
a 17 ‘-':&__k:_.———— Deceleratior
d : - 1,0 (4
5 6 "
&
]
-“. [ -""'""'-’ - Oas 3
Te
o
3
= —_— e = ie— _ :Mgigel.dm_it
a- ixs g
R
-
o
O.. 'co 'ta i-’ ’ ’-‘ Io. 8.0
MACH NUMBER
Groas Wt,
NOTE: Structure Dasigned for U Sparrow 1II
6.5 g at 34,500 lbs. Gross T Missiles 4,473
Weight - = = «(lean 32,973

Figure U
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Model QH-I Cl mb Data versus Altitude at Maximum
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Figure 8(b)
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Normal Power
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Revised 9 April 56. A

MoDonnell Heport No. 4L 65, "FLH-1 Two Seat Twin Engina All-~
Weather Fighter and Long Range Attack", Confidential,
Dated 3 January 1956, Revised 30 April 1956.

McDonnell Report No. APS-519 "Model FLH=l Current Performance
Status Summary", Confidential, Dated 7 February 1957.
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Y. Synonails

This addendum contalins two grapﬁs that presents further

basic performance data on the FLM-1l aircraft.

II. Basloc Performance Date

Figure 1 shows the Model FLH~-1 1if% curve slope variation,
(CL.‘). veraus Mach Number which was omitted in the origilnal report.

Figure 2 1s an extension of the figure 2 contalned in
the body of NMSTR #2. This figure presents the drag summary for
this airorelt, where the 1lift coefficient (Cp) is plotted versus
the coefficient of drag (Cp) for various Mach Numbers of trimmed
flight. It was found nevessary to have data for Cy above the valus
of C, = 0.7 to permit analysis et maximum values of CE. Thus, the
ta

data_presentsd in this figure presents the original d

extrapolated data out to Cp = 1.0,

al=

plus
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SYNOPSIS

s The 1ift coeffiolent (0Op) va. dreg coeffiolent
(Cp) curves (Figure 2)# ocontained in Navy Missile Study
Teohnical Report #2 were extrapolated so that they could
be read to the maximum usable 1lift coceffioient (Figure 3)4
The only ourves in question were those between and
inoluding Mach 1.C to 1.6.

# Flgure number refers to Navy Misslle Study Teohnlgue
Repopt H.1 Basio PerTormance Data !5767;7), R. B.

uskKker.
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I. Introduotion

. Observ.ng figurss 2 and ) in the Navy Missile Stud
Teochnical Report #2, it was noticed that the oﬁrVau ;rom Mae%

1.0 through Mao% 1.6 of Figure 2 could not be read to the maximum
usable 1ift coelficient. This paper desoribes a method by which

the Cr, va. Cp curves were extra
available. D trapolated to meke this information

II. Disoussion of Iquatlon

Refering to Mode) F4H-1l Two-Plage All-Weather Fighter
erodynamio Status Report, (First Perlodlo Revialon §7u7§§’ !
g. K. Landgraf, Fage i t ! ) !

ODtota1 ™ CDoger *  Cp, * Lop2 + %pr(ey) * Obrrim

Although ¢ is & rather large value, it wae ignored becsuse
the valuesngggm these ourves are in doubt. Cro s&a dropped
because it le emall and oonstant for any maoh number. Looking
at the figure on page L.7 of the above report,

°n°mrr = interseotion of the extension of the limear portion
of the Cp ve. Cr, ourve with the zero 1lift axie.

L « induoced drag faotor, gg%a

°Df(CL) = non-paratolic drag
CboEffs» L and Cpr(CL) were dotermined

from the graphs on pages 4.12s, L4.l4 und 4,15 reopoctivaly of ihe
above report. The rerissd equation 1s as follows!

Z
% * %Doges T 0L * Cugp (cL)

IT1I. Method of Extrapolation

Values of Cp were oaloulated from the revised equation
for various values of Cp at the maoh numbers in question. (See
tabls below.) Usiag these values, a set of c% va. Cp eurves wers
plotted. Because of the revision of the equation, this set of
ourves was dieplaced, along the drag axis, from thas est of curves
to be sxtrapcolated. Hawever, the forma of the two bats of ourves
are similay,

The mach 1.} ourve of Figure 1 will serve as an example
of the extrapolation procedurs. Ourve 0A was plotited using the

.oaloulated points from the abocve table, Along side of it, OB, the

-1- CONFIDENTIAL
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op | M M M M M M M
| 1o 1.1 1.2 1.3 1.4 1.5 1.6

0.1 | 0.025 0.035  0.036
0.2| 0.031  0.042  0.044  0.0LS  0.046
0.3 | ©0.042 0.085  0.087  0.089  0.089  0.063  0.06%
o4 | 0.087 0.072 0.07%  0.078  0.082  0.08,  0.090
0.6 | 0.076 0.094 0.099  0.100 0.110 0.1l  0.120
0.6 | 0.100 0.120 0.130 0.130  0.140  0.150  0.160
0.7| 0.140 0,150 0.3:0  0.170  0.180  0.190  0.200
0.8 | 0.196 0.200 0.200 0.210  0.220  0.240  0.260
0.9 1 0.270 0.260 0.240 0.260 0.270  0.290  0.320
1.0 0360 0.320 0.200 0.310 0.330 0,320  0.380

ourve to be extrapolated, was roglottcd from Figure 2 of tho Navy
Missile Study Technicel ﬁaport #2. Taking into mcocount the
rolutionshig of the alopes of aurves OA and 0B, and making a "by
eye™ epproximation, OB was extended to B', Thus an oxtrapolation
orgoot »ely using the ODTrim estimation of the original curve wan
MACde . '

IV. Results

The extrapolated curves are shown in Flpure 2. lor mach
1.0 through 1.2, the curvea werea extended from a Cp of 0.7 t¢ a
Op of 1.0, For mach values from 1.3 through 1.6 the ourvus wure
extended from a 0L of 0.6 to a Cy, of 1.0,

Just bolow mach 1.2 for the hlghor values of Ct, Cp

r(cy)
becomes very large. This effoot manifesto lteelf in the oonverggnoo
of the mach 1.0 and 1.1 ocurves with the other surves in the pgroup.
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Sl A B P s AT L S e e o

e . L e <




—

T 40914
. a9y
F-ls 26 g2 o o2 gpr 24 8o ()
. T T L} Y K
1
. -4
| \ s
| | ) ) \
TSAOND daLS3 WIET \ ¥
j| 30 Nou¥Od QIVIOJ4VHLIX3- 88 -
WIML ¥30- Q31038300 AN -80 -
u IABND 3ANO A3LYNIVO-VO \\
Al Gy~ \ 9-
= \ P \\
\
~ 4
_ _ \ Ju
-
el \ o
ol —
m 4 |
A R \.—A -
— ' - cri
= — ¥ .
N :um\ \
L -
B
w v
Y
N -
Q

CONFIDENTIAL




CONFIDENTIAL

== = <t 2 22" *Z T oF . =r i) L] r o = o
- o . - —
~ — - . + — = s - b oy i R
T n - ™1 i e - i —
¥ HIE ST - - L. FVE= ) . 2
T ? T " 1 : I
T T ran T 1 B T I T
L 7 1 LI - 1 T n RSNINES |8 5
— 17 T+ T T ¥ I - = LA
- +——4—~ TTE s 717 o
T 0 7 T 1 i gD & P
™ ml_mq. + + i - [ v4-~“h~_ Iy
— — KNP ottt o h L
-+ B iy e t T T Ay X 4 7 A/ T
1 PR HEENEY / B8 SR &k )
T T yw—— FRCar /S e ST T
T T 2 | ) FAm §
I e T I I BRI B A SR} RE | N
1 —3 - L ¢
Lo T T i 1 L T .HNﬁN?r =t i FJI.w
I Il 1 —
y | T T 1 A N APy AURY  WANS B
T T W= - AR Y. ASNR § SR 17
T I . IBRANES ¥)f / N1 15 d T
ey 0 : ey o 9 77T T
i T gy y # a3 ya :
3 T1 14 T - 1 Ikhk ) 4 -
T B T T T M T p g1 f AEY NN 1
T A 4 iy A T
T o, - T 8 "
T T T + V) 4 :
T T T
-y Lo § L A
I 3 mr i e e 3
P i & = 7T
== . S Y
Lo e s . i =
1 1T T T TT T T
T ._HTA 1 T T )
H 3T o y
L T T B
P i —pr T ~—~ PN «)
? T t PN O YR SN | (N =)
I i T R i M i T 2 T o7y A =
+ + -1 =+ T Tt st | =
v i " 1 ) - y
- - ey =4
T T I —
? T T TF
: T T — -
1 A L v
v n - Py T
'l 1 . H I T iy
P 1 T b 3 iz
FE T T 7 T Y £
: +——1 :
T ——
T T v T 1 C.
T - : 1 +
T ! f e
T T T T T = I
1 1 y - — 1 T T T
HED K ] L L) )4 ) P T T
[ 1 J 1 T 12 : = i T
: =1 T b ; 1,
- T P ” —4L
PO NS A8 A1 FELA ] B~ i 7T -
Tt T PR i et B P78 s " n
1 L S LI - P o0 . o B 7 | PVt n -
. : PR N ™ + t
H ek ¥ — H H 1N D~ 4 > -~ i S
’ )T p T ol N | T 1T 3T
T 0 T : R 7 7.8 T |
T - . -z »”- L AL |
—1— n T ~ > > > T T T
T — T —3 3 i s T B
- T PO O 2 T D 1 T
L SR 1 A g 4
. - . L H i
T Ny st - H n 7
R A S 1 ¥ P 2, I 1 L) +
—f [N L I 1 1 1 -
= o ¥ 1 T T It 1
~ * > T - 1 1 Ey T s Y
g - — 5 o -3
1 T oz Tt 7 .
o T ¥ L 7 B
= < Tt 1 T
P - Tt L LI L
Pl r 3 I
I et 0 F H T T . : T T :
G, T Y T 4 i ) B - ] T T 0 1 I T
'y i) i * 0 - ™1 T, T t + T T 1 T Ty P T 13 Iy T "y T 0 |
—— i — —t T 1

CONFIDENTIAL

=t . T T n T + T
TCHOOTE T TLL A BSLATION ULS D58 B04 ELALd RIVED WOLS! TN ISR B



CONFIDENTIAL S

APPENDIX V

Kavy Missile Study Technical Report #3

LATERAL AND LONGITUDINAL BQUATIONS DESCRIBING THE SPARROW ITI

MISSILE TRAJECTORY IN SPACH DURING A COPLANAR ATTACK

by

G. C. Anthouy
NHavigation and Plight Control Group
Ney 15, 1957

Chnrg'
003-103-100-C-9011%
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ABETRACT

: This report presents the equations vaich descride
the Sperrow III missile trajactory from missile lock-on until
impact. The equations have been presented for aoplanar attacks
in both the horizental and vertical phnu and assule & -
maneuvering target.

Due to0 the scarcity of information 1t was impossible

$0 extend the trajactory to cover the period from launch wntil

y lock-on. KHowsver, vhen the required information is made avail.
able the necessary modificstions will be published in a subse-

quent report.
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SINBOLE

2 = Bpead of aound

g = Acceleraticn of gravity

h = Altitulde of Miasile
Ng = Actual normal acceleration of missile (g's)
No = Cmmmnded normal sc-“leration to missile (g's)

Atmospheric pressure

L-}
1

Po = Atmospheric pressure at sea level (2116‘.2 1b/rt2)
G = Dynamic pressure of air
t = Time
tp = Duration of missile boost
Cp = Drag coefficient of missile
Opp = Zero lift drag coefficient of missile during bogst phase
Cpg = Zero lift drag coeffTicient of missile duéins glida vhase
Cr, = Lift coefficlent of missile
D = Drag force on misiile
L = Lift force on missile
N = Mach number of missile
Pad/at
8 = Wing area of {wo panels
T » Nissile Thrust
V = Veloeity of missile
Yt = Velocity of target
Vo = Cdrhponent of the closing velonity falling along the conical scan axis
AV, = Component of the closing velocity falling along the X.axis

-AVg = Component of the closing velocity falling along the Z axis

s CONFIDENTIAL
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Missile waight

E
1

Miss{le weight after boost (glide phase)

=
[
]

Wi, = Missile weight at launch

X = X coordinate of missile

Xt = X coordinate of target

Z « Z coordinate of missile

Zy = Z coordinate of target

¥ « Flight path angle of missile
){t = Flight path agle of target
% = Burface deflection of missile

£ = Angle between the conical scan axis and line of sight from the mivedBw
to the target .

A = Angle between a horizontal plane and the line of ¢ight from the missile
“to the taiget

Ae = Angle between a horizontal plane and the conical scan axis
P = Density of air

f, = Density of air at sea level (.00:2378 slugs/ft3)

0" = Density ratio (P”Po) |

- - - - o-

BOTES: (1) English units (ft. - 1b. - sec.) will be used throughout with all angles
glven in degrees.

(2) X5, Xg, T3, and Ts are eutopilot parameters and are limted in Teble I.
A .

(3)--‘,-2,5".-,2 cf s the component of the drag coefficlent due to Lift and i
° .

dgucribed in figure 3 ,
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1. INTRODUCTION

The purpose of this report is to present ths longltudinal and lateral
equations for the Sparrow III air-to-sir missile in a coplanar attack on a non-
mancuvaring target. The equations describe the space trajectory of the misaile from
A the time of tock-ch to ths tims of limpact with the target.

These equations are intended to provide a general set of equatioms which
can be applied to a large number of problems. Furthermore, since the Sparrow III
information is rather incomplats it has not been possible to describe the actual
missiie cperation in the detail that one might expect. This supplementary infor-
mation will be published in a subsequent report.

2. MISSILE EQUATIONS

2.1 Longitudinal

When using the pitch-up lauvnching technique it is possible to obtain
altitude differentials -f appronimately 33,000 feet when the fighter starts the
attack at 35,000 feet*. In view of this large variation in ultitude it is recommended
that the variation of air density, pressure, and speed of sound with rltitude bve
taken into account. :

This type of program has already been programmed on the IBM TO4 computer
. and has been completely checked out. It will thus be assumed that thie program (AA A'I'K)
will be used in conjunction with the following equations. This program will require
altitude (in feet) as an 1n33ui:. and will produce pressure rafio, density ratio, and
. speed of sound (in ft./sec.) as outputs#,

The migsilie tragcctory cen thus ba defined by the following equations:

TR (1)
q= %Pn vag (2)
L-q8C (3)
i D 98 Cp ()
| 7 m g2 - stn) | (s) .
¥ w %’ (% - cosY) (6)
XaV coey (7)
2 whw-Velnf - (8)

* #  "Pitch-up Launching Studies for Sparrow III - F3H-2M Missile-Airplane Combination",
U.S.Naval Air Devclopment Center, Johnsville, Pa., Report No. NADC-WR-5622,
Dated October 1956. (Secret)
’ **  Temperature in degrees Rankine would 2lso be avallable if this quantity were
: required.

-1~
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Figure 1 chows the missile-target geomeatry.

+ missile ) X
Z
Pigure 1. Missile-target geametry
AVy @ V cos¥ - Vi cos ¥y (9)
AV, = - Vein¥ + Vi sin ¥y (10)
Vo = AV, cosle - AV, sinAe (11)
Ex=Ae - o (12)
A = arc ten - )Z(:——_“k‘ (13)
Zy =0 (14)
X, = V¢ (15)
The autopilot equations ﬁr“
Ke T ' ¢ .
5--127%5-5-(%-1“1'3'15“{6“) (16)
' L
Ng = 7 - cos ¥ (17)
N, = .013EV, (18)
Ne=6E (19)
"2 CONFIDENTIAL
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F

T
'.,I -
5 max

In the oabove equations W, T, ard Cp have different values for the boost
and glide phase. These values are:

Boost, Phase 01146 Phase
T80+ 2 (- 2) 7.0
Cp = Cry + ?—%R-Ci cD-ch+E‘.‘.§2_ci
W oy, (L ;bwc ) W= Wg

AC ¢
In these equations CDB, Cpg, ETN-—D- , and ZI“_%_;_ are functions of Mach number, and

the approximate nature of their variation can be found in figures 2-4.

Table I also 1lists the various missile characteristics including the
sutopilot gains and missile limits which must be used in the above equations. How-
ever, since the autopilot gains sre set at launch,it is the launching altitude that
determines the sutopilot gain and not the instantaneous altitude of the missile.

2.2 Lateral

Due to the symmetry of the Sparrow III missile about its longitudinal axis
the missile dynamics will be the same in both the lateral and longitudinal planes.
Thus the only difference in the equations will be those due to gravity. In view of
this fact it becomes necessary to make two types of changes: (1) remove the
acceleration due to gravity from the three acceleration equations (equntiona 5, 6,
and 17), and (2) 844 the é¢rag dque to the vertical 1ift that is required to maintain
level flight.

The equations in the previous section can thus be converted into the
lateral form by merely making the following changes:

1) Replace Z with ¥ in equations 8, 10, 11 and 13.
2) Drop the trigoncmetric function of ¥ in equations 5, 6, and 17.

3) Replace 0% with (08 &+ bne ) in the Op equations for both the boost
and glide phases (Vhore 6L¢ « 1),
- ‘,55
+ It should aloo be noted that these latersl squations desoribe a coaltitude
attack and thus A, p, and & ave constant.

-3-
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FIGURE 4. SPARROW III-B MAXIMUM TRIMMED LIFT CCEFFICIENT VS MACH NUMBER
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TABLE I

MISSILE CHARACTERISTICS

Weight

At launch (Wr)
End of boost (Wg)
Impulee (at sea level
Duration of boost (t
Thrust (at sea level
Wing Area (each panel)
Wing movement (each wing)
Maximum differential wing movement
Maximum acceleration
Antenna gimbal limite
" Maximum closing speed (Vo)
Maximun sweep rate of conical scan axis (Xe)

AUTOPILOT GAINS

Altitude

Range K5
ft. deg/sec/g g/deg/sec.
0 - 17 3.25 12
17K-32K 5.05 12
32K-46K 8.k2 12
sbove 4EX 12.33 12

-7-

Bec.
.085
.085
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380 1b.

309 1b.
16,000.1b. - sec.

1.8 sec.

8889 1v.
1.265 f£t2

+ 21 deg.

S deg.
15 g'e

+50 deg.

3500 ft/sec.

+20 deg./sec.

sec.
2.96
1.91
1.73
1.18




N

S e gt -

T i e L N

[PPSR

 Arri e

3. DISCUSSION

. The above equations describe the missile trajectory from the time of lock-
on until impact, but do not cover the period from launch to lock-on. This limitation
was imposed by the fact that the required data is not available as yet.

The Sparrow III employs an "English Bias" signal to provide an open loop
attitude command during the boost phase. However, since the axact manner in which
this signal is fed to the surfaces and the switching cycles that are employed in
the missile are not known, it is ' impossible to define the initial part of the tra-
Jectory at this time. ‘ .

L. SUMMARY

This report has presented the equations which describe theSparrow III
traJectory from missile lock-on to impact. The equations have been presented for
coplanar attacks in both the horizontal and vertical planes and assume a non-
ma.neuvgririg target. The required English bias and firing sequence information has

been requested and will be used to extend the scope of these equations when available.

It should also be noted that in view of the ia.rge nu;liber of different sources

of information all of these missile parameters and assumptions should be approved

- by the customer before performing a.ml calculations.
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SYNOPSIS

A study was initiated on the RUAC to determine the system settling time
of an airborne fire control system which flies a lead pursuit course and utilizes
alr=to-air guided missiles (Sparrow II and Sparrow III), Oystem settling time,
in this study, 1s defined as the time required to reduce the initial error to or
below a specified value for a prescribed length of time, Thls prescribed time,
Ta» 18 related to the time required to launch the missile and pilot delay time.

The results from this study are presented #8 curves in which the true
radial error is plotted as a function of settling time. These results do noi
include the transient settling time of the radar, computer and auxiliaries. How-
ever, when the values of these parameters have been established, they may be added
;,o tg: Jatgling time curves of this report and the total system settling tims can

e o0 ned,

The probable errars to be expected when the intercetor is vectored into
the proper zone using a pure collision vectoring technique were calculeted. Using
this g:ta in conjunction with the settling time curves, the following conclusions
were drawn,

1, In the case of an interceptor which has been vectoied
onto a poaition 20° off the nose of an oncoming target;
the time required to reduce tho initial error to or below
10° will be equali te or less than 10 seconds after lockwon
for 7T4% of the cases flown, This time decreases to B.2
seconds when only L43,5% of the cases fluwn are considered.
Lock=on is assumed to be 15 nautical miles andT”, = 3 seconds.

2. In the case of an interceptor which has been vectered onto
a position LO® off the nose of an oncaming target, the time
required to reduce the initial error to or below 10° will
be equal to or less than 10.3 secon’3 after lock-on for
6,68 of the cases flown, This time decreases to 8.2 seconls
when only 38f of the cases flown are considersd. As before,
lock=on is assumed to oscur at 15 nautical miles and’l’8 o

. 3 seconds,

METHOD USED

The three dimensional, pitch linearized, aerodynemic equations of an
FlH=1 aircraft were simulated on the REAC, The values of the stability coefficients
corresponded to a fighter velocity of M 1.91 and an altitude of 30,000 feet. These
equations were then combined with the simulated equations of a leud pursuit course
to provide steering information for the pilot located in the cockpit mock=up.
Since the intemceptor's weapons are assumed to be missiles, the error equations
were mechanigea to point the velocity vector rather than the armament control axis,
The simulation equations are found in Appendix 1, page20, The error presentation,
in this case, consisted of a dot which the pilot was required to "fly* to the
center of an osoillossope. This was accomplished by actuating a stick which trans-
mitted steering voltages to the airplane equations. The thermal and glint nolse of
the rada:: was simulated and added to the elevation and ezimuth error signals at
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the pllot's scope. This noise was simulated »y ashaping w n
—teo.. . filter, The mapnitude at this roint was adiustad
(1 + 0.2 3

RMS, This was then multiplied by R . and filtered through 1 before
Vs 0.0

olse through an
to ba 4 ll/sec,

being seen on the scope, The block diagram of the entire simulation is shown in
figure 1, page 23,

Due to the limited time available for this study, it would have been im=
poasible to investigate the effect. »f the variation of all of the parameters wh'ch
affect settling time. Therefore, mosi =f these parameters were made conatant and
only the initial angle=off the nose, T s and the initial error, € Ay Were varied.

)

The conditions used in this study are as followse

(1) vp = M 1,91
(3) Angle=off target's nose = +20°; +0°; +60°; +90°
. (L) two trained jet pilots
(5) Noise aas described above
6)e Ao = 210°, #20°, +30° (sign is dependent on sign of angle-off)
(7) 045 seconds simple filter on error aignals
(8) soope sensitivity = 7°/inch
(9) V, = constant = 1000 fps
(10) Ry, « 10 n.me; 15 nem.

The presc.ibed time,T” 5, was chosen to be 3 sec. and 6 sec, In order to
alleviate any bias due to pilet antieipation, the angle-off and the initial errors
were randemized, A list of the treatments used is found in Table 1, page|7 . 15
runs were taken for each treatment and fram the results of these runs, the medisn
settling times and the 85% mettling times for five values of allowable error were

determined, and plotted versus the radial error. These plots appear in figures 3
to 34, pages’8 to\s, The initial attack picture is shown below in figure 2, All

symbols sre defined on page37.
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Figurs 2: Initial Attack Ploture for Settling Time Study

RESULTS AND CONCLUSIONS

Figures 3 to 34, pages 8 to0l5 present the results of this study. In these
curves, the radial error is plotted as a function of settling time. Instead of plote
ting curves for both plus and minus angles-cff the nose, the data was combined so that
only one curve appears for each angle-off, '

In several of the cases, the radial error never diminished below a value
between 2 and 9 degrees, When this occurred, the curves were extrapolated to this
value znd the extrapolations are indicated by broken lines on the figures.

For one case in particular (1T~ = +60®3 R = 10 n,m.5 Somerville) the 20°
and 30° initia) srrors settled to a lowSr value thfn the 10° initial error. The .
explanation for this may be found by considering figure 35, below., In this figurej;

Figure 35: Sketch of lead Pursuit Geametry Showing G Contonzs
. A 18 the interceptor heading on a lead pursuit course.

.B 18 the interceptor heading on a lead pursuit course
with a 10” initial error,

C is same as B except that the initial error is 20°,
D is same as B except that the initial error is 30°,

N CONFIDENTIAL
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?he'daahed_linas indicate: the path of the intorcepior in relative coordinates on a
4&ad pursuit courge, The 3 g contour representa the locus of points on a lead pur-
suit course at which the interceptor is "pulling 3 g's". It is seen that an initial
error of 30° forces the interceptor into the rear of the 3 g contour; thus, the interw
oagtor pllot has more time to reduca the errcr than ha has on a courses with only a

10° initial error, Since there is more time availuble with a 30° initial error than
with a 10° initial error, it follows that the error will be reduced to a smaller

valus on the 30° initisl error couxse,

The question which now arises is why the aforementioned phenomenon appeared
in Somerville's runs but did not appear in Nupp's runs, This question is answered by
referring to table 2, page | , which tabulates the average "g's" pulled on each course
for each pilot, when reducing an initial error of 30° to an error of 10°, The method
by which the average g's were computed is found in Appendix 2, page?24. Fram the
table, it is seen that while Somerville averaged between 3 and E g's on this particular
course, Nupp averaged between 4 and 5 g's. Since Nupp was pulling more g's, he
approached the target faster and brought the interceptor into the forward portion of
the 3 g contour which shortened the available time and resulted in a higher value of
radial error,

It may seem that the explanation above is contradic-tory to the old adage of
“never pull more than 3 g's", However, this old adage refers to a situation in which
the interceptor pilot is performing a precise task (for example; keeping the error
geroed while on course)j and, in our case, there is nothing precise about pulling the
stick back, rolling the airplane, and watching the error dot drift towards the center
of the scope, As far as man and aircraft structural limits are concerned, Reference 1
indicates that an average man can withstand 5 g's of acceleration for 25 seconds (no
g suit) without losing consciousness and Reference 2 states that the aircraft structur-
al limitation is 6.5 g's, Since the longest time required to reduce a 30° error te
10* was about 16 seconds, it seems that the above limits have not been exceeded in the

gtudy.

In the majority of the radial error vs. settling time curves it is noted that
a few seoonds are required before the error stays below its init’ -l value. The reason
for this is that, initially, the error was increasing faster than the interceptor was
turning (i.e., the pilot was not pulling enough g's). Bince the pllots did not know
initially what course they were going to fly (due.to the random order of the courses)
and since they could not tell what the initial error was (due to a limiting circuit
which always kept the error dot on the scope faca), the first second or two of each
run was usually flownby "guessability"., It is seen that the above phenomenon appeared
more often in Somerville's runs than in Nupp's runs, This is to be expected since

- Semerville habitually pulled less g's than Nupp.

After reviewing Nupp's results on the small angle-off cases (7. = 20° and
L0®) 1t was decided to increase the initial range, Ro, to 15 nautical mt18s for
Somerville's runs. It was found that the system was much easier to fly with the
larger R, (the g requiremsnts were considerably lower and the error was reduced to
a lower value than was possible at 10 nautical miles)., This fact stresses the ime

portance of greater detection ranges.

The differences between using a V_ of 1000 ft/sec, rather than V_, = 1291
ft/sec are illustrated in figure U5, page |g. In this figure, lead puruugt courses
beginning at B, = 10 n.u. have been plotted for7~, = 20 ,46* and 60° using values of
Vo of 1091 ft/sec and 1291 ft/sec. The reasgn that 1091 ft/sec was vsed instead of
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1000 £5/s56 was that the caloulations had previously been made for another study using
V8 = 1091 ft/sec, Since figure L5 indicates a very small difference between V_ =
1091 ft/sec and V, = 1291 ft/sec, it follows that an even smaller difference eRists
. between Vo = 1091 ft/sec and V, = 1000 ft/sec.

Appendix III, page?29, by R, B. Tucker of the Analytical Section describes
the probable errars to be expected when the interceptor is vectored into the proper
gone using a pure collision vectoring technique, Although these calculations were
made for Vp = 1940 fps, and V_ = 1291 fps. the results may be applied to the

‘®tidy without excessive loss in accuracy, Assuming a lock-on range of 15 nautical
miles it is seen that fort, = 60° and Vp = 1,0, about L4BF of all runs will have an

k3

initial error of 30® or greater. This justifies the use of a 30° initial error in
the study and alsc indicates that a more accurr.te vectoring system is needed if high
angles-off are to be used,

Since the curves from Appendix IIT assumed a lock-on range of 15 nautical
miles, they may be incorporated with the radial error vs. settling time curves which
used an Ry of 15 nautical miles to provide the fullowing information.

1. In the case of an interceptor which has been vectored onto
a position 20°.off the nose of an oncoming target, the time
required to reduce the initial error to or below 10° will
be equal to or less than 10 seconds after lock-on for TL¥
of the cases flown, This time decreases to 8.2 seconds
when only 43.5% of the cases flown are considered. Lock-on
is assumed to be 15 nautical miles and T ™ 3 seconds.

2+ In the case of an interceptor which has been vectored onto
a position 40°® off the nose of an oncoming target, the time
required to reduce the initial error to or below 10° will
be equal to or less than 10.3 seconds after lock-on for
64.6% of the cases flown, This time decreases to 8.2 seconds
when only 38% of the cases flown are considered., As before,
lock-on is assumed to occur at 15 nautical miles andTg =
3 seconds,

3. Nothing can be said for the case where the interceptor is
vectored to 60° off the nose since the settling time data
was gathered for an R, of 10 nautical miles.and the curves
from Appondix III were drawn for an R, of 15 nautical miles.
Even if numbers could be specified for this condition, their
meaning would not be too significant since only 52% of all
runa had initial errorsof 30° or less when considering the
15 mile lockw~on rangs. This percentage would even be less
if a 10 mile lock-on range were considered.
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SUMMARY

The system settling time of an airborne fire control system utilizing aire

to-air guided missiles and flying lead pursuit was determined on the REAC, This

settling time is defined as the time roquired to reduce the initial error to or below

& spscified value for a prescribed length of time, The results were presenied as
curves of radlal error va, settling time and the total settling time (including
settling time of the radar and computer and effects of allowable launching error)
may be found by shifting the ordinates of these curves to allow for the effects of
the alforementioned parameters,

The probable errors to be expected when the interceptor is vectored into
the proper gone using a pure collision vectoring technique were calcuwlated, Using
this data in conjunction with the settling time curves, certain conciusions were
drawn which are restated below for convenience,

1. In the case of an interceptor which has been vectored onto
a position 20° off the nose of an oncoming target, the time
required to reduce the initial error to or below 10° will be
equal to or less than 10 seconds after lock-on for 7LU¥ of
the cases flown. This time decreases to 8.2 seconds when
only 43.5% of the cases flown are considered. Lock-on is
assummed to be 15 nautical miles and Ty = 3 seconds,

2, In the case of an interceptor which has been vectored onto
a position LO° off the nose of an oncoming target, the
time required to reduce the initial error to or below 10°
will be equal to or less than 10,3 seconds after lock-on.
for 6l.6% of the cases flown, This time decreases to 8.2
seconds when only 38% of the cases flowm are considered,
As before, lock-on is assumed to occur at 15 nautical miles
and7’y = 3 seconds,
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TREATMENT RQ (nom') ’r;'\ (deg) e-‘-ﬁ (deg) f
1, E 10 + 20 + 10
2, ¥ 20 v 20
ﬁ. 15 ¥ 20 ¥ 30
» 16 T Lo ¥ 10
5 17 ¥ Lo ¥ 20
6, 18 ) * 30
7, 19 ¥ 60 .:. 10
8, 20 ¥ 60 ¥ 20
9 21 ¥ 60 + 30

10, 22 ¥ 90 ¥ 10
n, 23 ¥ 90 + 2
12, 2, ] ¥ 90 ¥ 30
25, 2 15 ¥ 20 + 10
26, 32 ¥ 20 ¥ 20
27, 33 + 20 ¥ 30
26, 33 T 10 T 10
29, 3% L0 T 2
30, 36 * lo + 30

NOTEr Treatments 1-12, and. 25«30 rafer to plus value of’l“o mdeto
Treatments .13-2!;, and 31=36 refer to minus valuea of ‘T‘o and e*o

TABLE 1¢r LIST OF CONFIGURATIONS USED IN STUDY
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B T PAL5t OVHIAL ‘S TEsdeRs gse i
2 Lo 8 0 3
15 2 8 50 -
15 20 S 8 3-4
28 Lo 5 8s 3l
10 0 s 50 34
10 60 g 85 3-4
10 90 8 50 3b
10 90 8 8 3b
10 20 N 50 b5
10 20 N 65 b5
10 ko N 50 b5
10 Lo N 8 N5
10 60 N .50 b5
10 60 N 85 b
10 % N %0 45

10 90 N 8 3=

TABLE 2¢- AVERAGE G'S REQUIRED TO REDUCE AN INITIAL 30° FRROR TO AN ERROR OF
10.. |

=18~
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TABLE 3¢

L & W WM W n E W MR W W N oW

5
&

- 10
6.6
7.1
10,9
6.6
16,9
8.6
6.0 ‘
- 15
7.4 '
5.3
7.8
5.8 J

TIME REQUIRED TO REDUCE AN INITTAL ERROR CF 30° TO AN ERROR OF 10°

WHILE FLYING A CONSTANT LOAD FACTOR COURSE,
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AFPENDIX I - DETAILS OF SIMUIATION

The following squations are those which were used inthe interceptor asttling
time study, The airplane is an FLH-1 flying at 30,000 fast whoss velocity im M1.91.

" Adroraft Boualicns

'P' = "Cch.Ja‘ +/£7”‘P *‘Vpl-u-/e) +/EJ‘. 59’ + /{r r
g.= M, Se +\Ne M, OC +Mg 4

i = n& é_a_ +n5'_ ér +VF n‘,—/é +nrr

O =3, de +30 OC +3. @ + 2’{;:%.9- CoS @ + BALANCE

B = Yoo Sr+ Yo+ Yy T +3322 s
M, w118

a8 6\’ = ;K";_':?ﬁ—'- - Kua ﬁ whare {K.\‘u\.oo
é=tLp+ Rl
Q= %[cg. cos ¢ -V sm‘cﬂ
V=3 ?,, SING +¥ cosd)

6. == 2.4'
Target Velocity in Carth Coordinates

X, = CONSTANT = M LS}
?1- = i-r =0
Target nelocity in Aircraft Coordinates

We =X, COSY

Ve = %[ (1%) sing cos¥ - cos ¢ snt)

W, =%, [(85%) Cos ¢ cos¥ + SIN @ SINY)
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Range Rate in Alrcraft Coordinates
Ry = Uy —Va C0S 0,
v,
Qy = VT - ';-1%

Re =Wy = Y% Ve SIN O,
oL, = - 1.24°

'Range Rate in Antenna Coardinates .
R =[P, C05A, +Ry SINA,] COSAe = Ry SIN e

W= -R, SN + Ry COSA,
-Rw; =[ R, co5A,+R, SINAL] SINAe + Ry CoSAe

Lead Angle Rates |
Ao, = W, COSAe —G) SINAe =T
Ae= @ +PSINA —G COS A
@ =[P cosAa +@ SINAL] €08 Ae ~(F+a) SINe

m [ e = .'0-140

True Errors

€, <822 R, +Y, SN2

= =.-:1-3 [R(ov\i SINAe COSA, +V, CosAeGre )]

i =0.5°
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The following table lists the values of the aerodynamic coeficients
wsed in this study. These values were. cbtained from Reference 3,

Ky = .=28,0 N = 0.00939
Lp= <1728 Ny = 0,456
L= - 00267  dge™ =0.138
L, = 2,92 - d= L0

Ly - 0.6 _ 3w * = 1,083
Mg, = 1.0 Yo 0,255
Mu = ~,0579 Yse = O <0078
Mg = 21,289 Yy = =1.0
Ns. = 0,115 |

Mg, =  =2.36

=22~ CONFIDENTIAL

[




CONFIDENTIAL

NOLLYTINWIS 40 WVYS

SS% |

SYoHAI —v
oNim3als pb—, "

Elg-A8
Soms |

"

oy

Y
BN

SILNIQACOD
WNNIINY OL

SV |
JIONY [*Z
Cava | *

4_ .
-,
1o

Vi A2018 : T 33Noid

TIOULNOT SOliS
L1d¥200 ANV

Ty N\aSIQ "oda3

%

dKA

NOILNT0S3
wl ol Ty

S31IVNIQUO0D =

= MNYA

49

LAVEOEIY
N 3w

T AW

[ I

SATNIAA00D

A aNHOAW

Nl ALDON3N |
1353V1 |

- S3LT

(%] AVINONV

6 MoLYINS N0

Q‘ﬁ‘ﬁ*xq

CONFIDENTIAL

-2 B




Pmn IT CAIBULATIONOF AVNGE G'S RUIREJ TO

The geonetrical equations of an interceptor flying a constant load factor

course in Cartesian target coordim tes were developed by J. F. Buchan of the
Analytical Section. These equations sppear below. All symbols are dsfined on

page 37.
Ry =R, cosT, -3 +agsv-LsN(T+LL) - st sme) v

Ry =R.SINT, +eoo— cos(Vt+T7+L.) - cos(’r'+Li @

V= ¥, Yha-i (3)

L=l -€,, 2

Lig = SN [v.\«'::, sm"(‘.] (5)

T=N[R €

Le¥t +T;+ =T Q)

The assumptions are:

1. Vp = constant
2. Interceptor and target are at the same altitude,
3, Target flies straight line, constant speed course,

The initial space picture is shown below.
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For each condition flown on the REAC, the following scheme was used to
caloulate the average g's required to reduce an initial error of 30° to an error
of 10°. A sample set of the intermediate curves needed to perform the calculations
is included in this Appendix, The sample condition is one in whichq~ = 60°;

Ro - Io n.ln.; N’ - 3’ 9 md s 8'5’ VF - VT - 1897 fps.

Considering first the case where N, = 5, equations (1) to (6) were used
to obtainT for t = 0,5,10,15,20,25 and 30 seconds, Once T is known, eguaticn (5)
may be used without the subsoripts to calculate values of L;p as a function of Y7 »

- Kleo equation (7) may be used to obtain L as a function of 4 Now, L and L

are plotted vs, 7" on the same graph paper as showr in figure 36, From e:que.tl‘gn(h)
(without subscripts), € "L P " L. Therefore, a pair of dividers may be used to

find the value of at which &, = 10°. Finally; T is plotted vs. time {figure 37);

thus the time at which€&, = 10° may be read from this curve, This value of time is
the time required to redfice an initial 30° error to a 10° error while pulling a
constant S g's, ,

The above procedure was repeated for N, = L and N_ = 3, The plots of Lyp

and L vs. T for these two cascs are sho.n in figures 38 and 39, It is 1nterest3.ng
to note that for Ny = 3, €, never diminished to 10° but reached a minimum of 2L°.

Therefore, it would be impossible to attain a lead pursuit course at these conditions
without exceeding 3 g's,

The procedure was again repesated for all of the contiguraticns used in the
study. The times to reach 10° were tabulated and appear in Table 3, page 19. The
times from Table 3 were then used in conjunction with the radial errcr vs. settling
time curves to predict the average g's pulled for each condition. These average g's
are tabulated and appear in Table 2,.page 18. -
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APPENDIX IIT - PROBABILITY DISTRIBUTION OF SYSTIR:! STELRING ERROR AT LOCK-ON

1@ objective of this phase of the study was to determine the probabllity
distr ution of the system steering errors at lock-on when vectored to detection by
& or dsion vectoring system, Converting this probability diatribution into a cumu=
lat. ve probability ylelds design curves from wiich the expected initial errors versus
the cumv® *ive parcent cases mry he read, Thess design curves have slignificance in
the d: _gn o. avror circuitry and the cholse of aystem required settling time.

The assumptions mad- in t.iis phase of {hu study werer

(1) The lock~on from the pure ¢ llislon course ocourred
at a constan* rrnge of % nauatical miles at all
anglus, T the 1 w's nose,

(2) The target was fly’ng s“rr.ght and level,
(3} Vectoring accuracy assimptions

(a) 1In this study, the interceptor was
vectared onto one of four pure
collision courses, either s, = 20°,
30°,40% or 603 where 1~ was the
initial angle o*f the target's nose.

(b) Parallel to sach of these pui‘e collision
courses, we have a atandard deviation, 6,
of 3 nauticsl miles, _

(c) The heading in all the courses comprising
the distribution was the heading associated

with the course at the center of the dis-
tribution,

The percent of interceptions which occur in one nautical mile increments
about the pure collision course from O to 30 were obtained from a Caussian distri-
bution., The curve of this distribution function is shown in figure LO,

The headings of the interceptor for the pure collision and lead pursuit
courses can be obtained from the following equationst .

Pure Collision
= V_I. T
(1) = Aec, e SN

(2‘) "". = ’AP.C.. ""Uo
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Lead Pursuit

\
(3) Sin ’A\_.r, = \%:;K‘\_‘_ \9'_ 1$\NT
(h) '\h_ = 1|_.?, +* T

where 'Vlsz are the interceptor headings on pure collision and lead pursuit

respectively.

The difference in the heading of the interceptor on the pure collision
cour:; atsthe time of lock-on and the desired lead pursuit heading may be found from
equation 5,

© &=~

The conditions used in this phase of the stuciy.were &8 followstr
Altitude of Interceptor - 50,000 ft.

VF - VF max w 1940 ft/sec.
/S = 1291 ft/sec.
VTM - 100, 0.8, OQhS

Having now obtained the heading error of thé interceptor at lockeon, the
cumulative sum of the percent of interceptions which were between 0 and +30% errars
were obtained over increments of five degrees of error. . -

This cwnulative sum is shown in figures L1 through LL, where the initial
angle off the target's nose,y-,, was 20°, 30°, L0* and 60° respectively.

These curves indicate that there is a smaller distribution of errors for
the lower speed ratios than for the higher speed ratios. For the cases considered,
the percent of intercaptions decreased as the angle ‘T‘o ‘increased,

Since the body of this repdrt 'was only concerned fdr the speed ratio of 1.0,
the remainder of the discussion on these curves will be for this condition.

For all the cases, except Ty~ 20°, over S0% of the interceptions had #15°
or more error at lockwon, For this exception, L6% had +15° or more errar, _

The cases of 7 = 20° and 30° had 14§ and 18% of the interceptions which

had #30° cf error or mor§ at lockon, For 47 = L0°, there was 24 with an error of
+30° 0r mare and for the case whereq, = 60°, there was 4B% of the interceptionswith

an error of #30° or more at lockw-on,

=30~ CONFIDENTIAL
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REFERENCE: NRL Memorandum (=5309-387/57 +lmm :
Subjects "Classification of Vectoring Erroe in Airbarne Intercepth,
Dated 1 May 1957, Confidential,
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DEFINITION OF SYMBOLS

Intercuptor angular rates in roll, pitch, and yaw
respectively (deg/sec),

Intercoptor slevator, alleron and rudder control
surface deflectione respectively (deg.).

%gcre?ental angles of attack and sidealip, respectively.
-89 I

Initial pitch.angle, angle of attack, and elevation lead

angle, respectively (deg.).

Buler angles relating space coordinates to airoraft .
coordinates in roll, pitch and yaw, respectively (deg.).

Target linear velocitiea with respect to space coordinates,
(ft./sec.)e . :

Range rate components in aircraft coordinates, (ft/sec.).

Range rate (ft./sec.).

Roll, elevation and azimuth space rates of the line of
sight (deg./sec.). '

Depression angle between armament control axis and aircraft
principal axis (deg.).

Azimuth and elevation antenna lsad angles (deg.).

Azimuth and elevation true errors (deg.).

Azimuth and elevation scope errors (deg.).

Interceptor velocity (ft./sec.).

Target velccity (ft./sec.).

Projectile velocity (ft./sec.)

Range to target (feet),

Component of range in target direction (n.m;).

Component of range perpendicular to target direction (n.m.).

Azimuth lead angle on constant load factor course (deg.).
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L = Azimuth lead angle on lead pursuit courss (deg.).

T, = Angle~off the nose (doge) e
€., = Initial azimuth error (deg.).
@ =~ Oravitational acceleration {§t/sec.?),
Ny = Incremental nomal acceleration (gt's).
n} = Interceptor yaw rate (deg./sec.).
Ts

= The prescribed length of time for which the radial
'~ error must be on or below a specified value, (sec,),

NasNeL = Shaped noise in Azimuth and elevetion channels,
respectively,

() = Subscript denoting initial cbndition,

Superscript denoting differentiation with respect
to time.

-
—
[}

t - Time (sec.).

25&) j’f) 'e"; "Jr) £r
Mge ) Ma, mf

Nse s Nge , N, Ny Interceptor aerodynamic constants
obtained from aircraft manufacturet!s
55‘; }w‘ b? datau

BST ) ‘A’r; %fl \AY

Median settling time = The time required to reduce the initial error on 50% of
the runs to or below a specified value for a prescxibed
length of time,

85% settling time ~ The time required to reduce the initial errcr on 85% of

the runs to or below a specified value for a prescribed
length of time.
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Analytioal Section Technical Memorandum No. 176

APPENDIX VII.

. AN/AARS-T2 Improvementa In Fair
Meather Enviropmont

885558
;

8. Paida
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Abetract

This kemo evaluates the effeot of the currently
proponsed improvements on the fair weather detec-
tion range performance of the AN/APQ-72 radar.
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the ourrently proposed 1mpx;ovonenta, the following are evulungod in terms

t on the dotection range cepability of the AN/AFQ-72: ;

1. Triangle vectoring

2+ Search Volume Optimisation

3. Antomatic Alarm

4e Improved Receiver Noise Figure
5. Bandwidth Switching

6. Bright Display

The improvements relating to ECM, olutter and foul weather will be treated
sesparately in subsequent reports. ‘

IL Trdsngle Yeotorind

Triangle vectoring is intended to repladce the preseutly used voice control.
It will provide the pilot with suffioient information to analyse the tactical mitua-
tion and as’ acooxdingly. The attack course will be entirely of the pilot's choosing.
The proponsnts of triangle vectoring maintain that the pilot in a better position to
deolde on an attack oourse, ' .

Terget information will be transmitted by digital means to the fighter's
oomputer every two seconds. 7The ocomputer will also receive sontimuous information
pertaining to the fighter's motion. The inputs to the computer axe:

1. Relative displacemsnt between the fightor
and the u:got in reotangulaxr ovordinates

2, Target ape Transmitted to the fighter

3. Target bearing svery two.seconds,
4¢ Wind velooity
5. Fighter speed Determined by the fighter and contimuously fod to

6. Fighter bearing [ the ocomputer.

~ The search rodars that vill determine target information will be eithor
shipborne or airborne, Table I liats some search radars that will be ~vailable in
the 1960-1965 exa.

Type exd Dosign.tien Frequenay Range (N.M) Soan Rate (rpm) Fower (watts)
Unatabilized
8F3-12 L 80  1.5-2.5
BP3-17 L 70 0-12
Stabilised ‘
8FS-3 8 135 1, 2,3, 5 10
85813 3 0 3.6
858-26 8 120 10,15
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~ Iable I - Search Badars (Cont'd)

Type and Desiguation Frequency Rangs (N.M.)

Stabilised ,

BPS.3 - 40
EW

8rS.17 200 or 400 mopa 200

Airdorne -
rT 208 8 200 6-10 2.25 mw
1370 425 mops 250 - 2 mw
APS..5 b ¢ - - 450 v

In the computer, both the fighter and target velocity veotors will te
derived. Range to the target and the designated relative position of the target with
respect to the fighter will be computed, The lead angle will also be computed and the
antenna driven such that it is pointing at the targat. The target designation point
vill be determined and presented to the pilot. .

All presentation to the pilot will be made on thoe B=Scope. Here the fighter
position will alvays be on the bottom of the scope (zero range) and in the genter of
the amirith indication (sero asimth angle). The pilot then will feed an arbitrary
time=to~go setting into the computer. The scope presentation will then show both the
fighter and targetl velooity veotors for the particular tims-to-go setting. This is
shown in Figure _]_.

]

<«— Range —»

\
\
\

'\ai teT

€ Aximuth -

<

Flgure 1

By adjusting tho tims-to-go setting, the velocity vectors will assume
different lengths. The tactical situation i1s thus presented to the pilot to evaluate,
Target bdearing, the gpoed ratio, iead angle, angle off the target's tail and rarge are
displaysd or essily dstermined.

If the pllot wants to fly a collision course, then he maneuvers the fighter
such that the two VI westors intersect as shown in Figure _2_ .
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@ ABiMUth ——>
- Pigure 2

"7 Afber the time-to~go setting is initially made, a time olock will xrun
tima-to-go down, The antenna is automatiocally pointed at the target.

o veotoring oan be applied to any desired course or taotio. If for
. oxample the fightey is approaching the target nose-on, but an anti-paralled course is

deairoed, then the display will be alterod to acoommddato’the devéloping geometry.
This 1s showa in Figure _3.. '

_Position (1) —Pogdtion (2) Position ()
Q | L
. .T | I |
| Upr YWt AI"'FT .
9 v l .
Panition () oaition (5) - Positioq (6}
0 L
| | P u
) o) IW' %ﬂ' ]%T
. v’ '
Figure 3
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The aococuracy with which triangle veotoring can establish the relative
position of the target is 2 n.m radius (rms) in asimith and 1 n.m. redius (rms) 4r, °
elevation, Eatimates on the acouraocy with which the target bearing angle can be
determined vary from + 10 dogrees to 4 20 degrees. Significant improvoments in AX
doteotion and look-on range oan be made with the proper us. of triangle vectoring
beoause the searoh volume oan be shortened with the result that ecither the number of
hits / soan oan be inoreased or the frame time deoreased or both.

It 48 plenned that flight tests conducted by NRL wvill start July 1, 1957.
Dat\ taking is to commonce on September 1, 1957. It is hoped that the tost program
of {:inngle vectoring will be oomploted by Junel, 1958. The primary objection of
the f£light test program is to determine the asccuracy of the system, It 1s estimated
by NRL that due to lead time faotoras, triangle veotoring will not be available for
the X1A oystem, Existing veotoring teohniques mmat be used. The vectoring acouracy
vill still be the same as for triangle veotoring. Honoce deteotion range improvement -
through optimization of the search area ia still possibdble.

III. Seaxch Area Ontimisation
The probabllity of deteating a target is the produot of two probabilities.

1, The probability that a target 1o within the area scanned.
2« The probabllity distributiongiven that the target is witrin the scanned
area,

To optimize the swvarch area, the arca scanned should include “much": of the
area of uncertainly of target location., The ultimate critericn of an optimized search
area inm the deteotlion range atiainable with the partioular scun pattern chosen. )
Veotoring inacouraciss will produces am area of unoertainty of 2 n.m radius (rms) in
azimuth end 1 n.m. redius (xma) in elevation. Sinoce targota are assumed to be normal-
ly distributed about the designated target position, a search area of 12 n.,m x & n.m.
would provide 993 probability of a target lying withwtho area searched. If R is the
detection range, then the anguilar area that should be scanned is B_;:...ﬂd x Lxﬁilddos-?

Such a search area is not necessarily an cptimum one. An estimate of target range will
be available from vectoring information. Ideally, the area scanned should vary con-
tinuously with target rarge, but an alternative can be disorete changea in the area
soarched to be made either manually or automatically as the deaignoted target range

ghangea.

Deteoticn range improvement &s & result of a roductlion inm the area scamned
arisss from a reduotion in the frame time or an inorease in hits psr scan or both.
The Zmprovement due to & reduciion in from time can be seen from figure 4 which shows
the rolationship betweon R/Ro and & ‘

wheret Ro = Idealiged ronge
R = Deteotion range for 85% and 50% sumletive probability of
deteotion
AR = Rte R = @losing' rate
tf = Frame time
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F;gtonrg L is derived for slouly scintillating target signals and an orerator factor
° e g

Improvement in detection rangs as 2 result of an ineresse in hits per
ecan can bo seen from figure 5 which shows /R as a function of hits per scan for
variour values of n (total number of noise variants in a false alarm time). Figure
4 is derived in reference 1. This relationship betwsen R/R, and hits per scan was
derived for constant amplitude target signals. If scintillation of tarpget echoes
is taken into account, then the detection range improvement that would result from
increasing the hits par scan froem n) to n2 would be approximately

», 3 "'r
(=)

Optimizatior. of the search area must consider boih the probability of a
torget lying within the area searched and the probability distribution for a target
within the area searched. For the X1A system, the most important case is the nose-
on, high speed attack. It will be assumed that ilp = LO n.m. 1s attainable. This
figure for Ro can be jusiified and will be developed later. The closing rate is
assumed as 0.6 n.m./sec. The optimum detection ranges for various search areas for
these conditiona are shown in figure 6a. This figure was derived by extrapolating
APQ-6} flight test results (reference 2) by the methods of reference 3. Th~ optimum

detection range for & given scarch area is the detection range optimized with
reapesct to irame time.

For a given detection range, there exists an optimum scarch area. This
is evident from tigure 6a. Search areas greatcr than the optimum results in either
an increase in frame time or a decrease in hits per scan or both, On the other hand,

" & “-gduction of the search arca from the optimum will decrease the probability of a
target lying within the area searched. No one particular search area is optimum
for all detection ranges. A truly optimum search pattem is one that varies with
target rarnge. A compromise between system detection requirements and nmechanization.
considerations can be made by considering that tactically 20-30 miles of detection
range is needed. Hence a search pattern that covers ‘17 dagrees by 8.5 degrees at
long range and one that covers 23.6 degrees by 11.8 degrees (3 bar scan) at ranges
below 24~26 1 1, will provide maximum probability of detection for the tactically
requived detec 1 ranges. The cumulative probability of detection curves for this
situation wra .own as curves A and B of figure 6a. As additional information, the
casc where the ‘ectoring accuracy is 3 n.m. (rms) in radius by 1 n.m. (rms) in
radius is shown in figure 6b. Here curves A and B of figure 6a are degraded by
the additional vectoring inaccuracy. :

It naa been assumed thus far that fighter bearing is lmown exactly and
that the bemiing inaccuracies lie entirely with the target. If this be the case,
then the cwrves of figure 6a are valid. This is the exceptional case. II the
bearing inaccuracies are divided between the fighter und the target, then the
fighter's bearing inaccuracy must be included in the search pattern. From con-
siderations of vectaring accuracies, it appears that 10 degrees need be added to
the azimuth cuoverage. Under this condition, curves A and B of figure ba would be
altered t¢ those as shown in figure 6c.
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For smuller Ro ¢.g. Ry = 30 n.m., the search pattern must bs enlarged.

BT SR

'n.m Ta shows. detection ranges as a funotion of aearch area assuming no heading

errors and a ventering aocoursoy of 2 n.m. (rms) in radius in asimuth and 1 n.m,
(vme) in radius in elevation. When 1O degress of heading errar are included, the

. ourves aof figure Th results. From figwre TH it can be ooncluded that for smaller

M A B T e EEL b A A

Ro, & awitch from 33.6° x 21.8° to 40.2® x 15.1° should ocour at /6 n.m.

T™he area searched as a funotion of target range is tabulated delow,
The tabulation reprorents the optimua switching in search area that should ocour
in order to achiiave maximum probabdlity of detestion for all ranges. Mechanizatiomn
difgienlties mighi rule ocut some gwitching. Henos the search ares switching

‘tabulates below omnot be recommended until mechanisation oconsiderations are -

investigated,
Renge Area 3earched
Oreatsr than 26 n.a. 27° x 8.5°
16 =26 n.n, 33,6° x 11,8°
lecs than 16 nuxe 40.2* x 15.1°
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IV, Antomatio Alarm.

The purpcsec of sutoxatio alera oirouity are tot

1, Inorease the dstection Tange by nopuhg the delaterious effects of
"operetor faqtox®,
2. Permit the pilot to oonoontnto on flying hin edroress.

The proposed automatio alarm systenm will activate . sn alara vhen the oystem
deteots a target. *Operator Ymotor® degredes ths detection renge by virtue of the
following faotore,

1: The cpmtor cannot concoﬁbrato on ths dctoetion problon.
3¢ The'operator mwonoonpus a large field of view for primary deteotion.
'3+ The detention 4im> of ths cperator must inolude 1.2 additional framo
. tims for target wriﬂostion purposes..
4. Operator fatique. S

The proposed autcmatic alare oireuit for the ARQ72 48 shown ih figure 8.
The oirouit 1s basically a two-gtep threshold detector, Delay liue oancellation
digorimipates azsinet large oluttor signals. The primary detector responds to any

-single pulse vhose amplitude exoeeds & givan threshold sotting. ,The serond detector

sesponds only. whon the summation of the suooceeding four pulscs exceeds a second thres-
hold sefting. ‘The false alamm time for “he primary detector is 0.1 uconda. For the

second dotoowr, the rc..'l.u alarn time 1- 1800 seconds.

The video ei, nals are applied 0.4 two ni‘.tge video amplifie  An AGO loop
eontrolled by udblss’ regulates the ghid of the wideo awplifiers. This is necessaxy

- sinoe the pr deteotor threshold 1o eet at some lovel abovs the aversge nolse..
This level will dntpmd.nod Iater,

The output of tho seoond video mpnﬁ.or is fod to an 1nvarse log amplifiver
vhoge function is to make homogeneous alutter signals have a constant. amplitude and
well defined leading and lagging edges, (Homogeneous olutter 1a defined as clutter

that &8 conpooito 'in whe oonpe that the echo amplituds is the veotor sum of many

small echous from individual targets sosttered over an area determined by the baam=

‘width and pulsowidth., The irdividual echoes are go mumerous in the illuminated area

that even tho. largest ia small compared to their sum ard the phases of these eohoes

are indopendent). Tho ipverse -log amplifier is a high gain amplifier whose charaster-' |

‘4wtics are guch that the greater the amplitude of the input signal, the grouter the

gain of the mpliﬁdr, thus lhaquing the edgee of the olutter signal. -
l‘hq output of the inverse log ifler is then coupled into & nnit.or oir-

ouit vhioh limits the input signal (to a oclutter rejection oirouit) to a constant

amplitude, The olutter rejecticn oirouit is & pulsewidih disoriminator. It oconsisté
of a delay line-difforentiator, adelsyline and & sumning ampiifiar. The puleewidth
uuriniutor mduou positive and negative pulses of equal amplitude amd width. The

cannot exoeed tho deluy'time of the delay line dieoriminstor. Gonsequentiy,

mddthl in oxoeas of the dalay $ime of the differentistor are cancelled cut by re=
sations nonq the 1ipe and results in 4 dead sone betwoen the positiveand negative.

m‘- i mﬂ 9 and 10,
" CONFIDENTIAL

b e




CONFIDENTIAL

g 2am3t4

uey
deeag

qoI80g

107 003

Lrewrag

“dep
.'l* desang
<boy

0OPpTA
paoosg

andano

CONFIDENTIAL

15




CONFIDENTIAL

Input to Del
- Iine Differenviater

Qutput of Delay Line
Differentiator

Bignal Width Equal %o Delay Time of Differontistor

Pigure 9

‘ Ingut to Delay Lino
Differentiator

i‘ 8ignal Width Equal

Outgut of Delay Line
: Differentiator

to Twice the Deluy.Tima of Differentiator

Flgure 10
“16- CONFIDENTIAL
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The outpat of the differentietor ie went o sm imp® Vo a summing amplifisr

Apd into & delay line, The cutput of the delay ! ie went to another ipput of the
susai ng mlifiar. Ths aumning amplifier il 4 op &n output 1f tho mignelx

to 1% from the differsatiator and the delay lius are in Lime gwineiisnos and 180 dw-
grees- ot of phase, Rsfer to figures 11 and 12.

— Input from aifferentiator

|

e Ingusbs Vo sweeing emplifier vhen signal vidth equala delsy tire of dif{vr-
) Figure 1

L

 — [~ 1Input from differentiator

Input from delay iine

Input from delay line

Inpute Vo nntu unnﬁu- vhen signel width axceads ‘tidoe delay time of
. Ad2taventistor. . 1.,

Figure 12
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input to Delay Lines Cutput of summirng
4 fferantistor Amp.

Bignel Wilith 8lightly lees Than Delay Time of Differentiator
Figure 13
e

&

RPacvingin

For signal ﬂdtho mltof than the dainy time of the Aiffsrantiator, the
dead mon® betwoen the positive and negative pulses inoroases, oausing those pulses to

" move out of time ooinoldencs resuiting in a reduced width out of the summing amplifier.

For signal widtha greater than twiocs the delay time of the differentiator, thore is no
output of the sumning amplifier. (Figure 13.

| Input to Delay Line Qutput of Summing
ifferentiator Amp.
‘Bignal Wid han Twice Yhe Delay Time of the Differentiator
. The pulsowidth digoriminator output is sent tc an integrator and the prlwury
deteatdr, The primary deteotor generctes a range gate., Pulses within tho range yute
sre integrated for a rusber of ropotition ratea. the intograted snergy sxceods tho
threghold level of the spoond dsteotor, an alarm is given,

Upon reoeption of the triggsring signal, the ascarch sveep's integrater
starts integrating., The output inoroases until a suspected target signal triggers tho
W detootor, The primary deteotor holds the ocutput of tho search sweop at tho

1 4% had vhen the suppectod target signal triggored the primary detooter. The
primry detector output initiates the acquisition sweocp.

-18~ CONFIDENTIAL
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The soquisition sweep ouilds up = ¥ ags =00 “rr fra oage 7 oic Ctage
and the held cutput of the sesaraoh awerp gonera’ s o vange gata A7 Ay ton 1o gata
has b‘ﬂl‘on&r‘t‘d{ the aocquiaition sweep holde thim reference. The acarch aweop
relurbns VO sarc, bul ithe acquisiilon svssp holds its lavel. Ths asarch BWOOD NOW

returns to luooping. A gate is generated over the target whanaver the oum of the
soarch swwop putput and the held soquiasition sweep output ¢ 1ups the gomparater to go
into conduotion. This will ocour when the search sweep output is at target rungs.

Mlda 181 aandbdoien itV o dloloe adcmaadd ccbidabh da bl cmanaa A L. &L g . .
ALAD Whid VVLVLLUY WUVAL B VLLALOK VilUULY WOLUL A8 VvIAgEDIOU LY w0 px.unnry aouvecLor

returna the oiroult to its initial oconditiens,

_ Yor the AFQ-72, the number of pulses in a pulse pac'tet is (for no lubing
of the si...one)t

Nl = pfp B = Boamwidth (half-povsr)
W $r = FRF
W = Agimuth antenna rate

¥\ - Lﬂig'om Cv 20 pulses

Lobing will reducs the effective number of pulses in the pulse packet to approximately

8inoce the falpe alarm rate for the primary deteotor 1s 10 per second, the
punber of chancee of gotiing a falas alarm for the firet threshold is

anTe%p Tea ™ falso alaym time = 0,1 seo
‘fr = FRL = 550 pulses / 860
P U number of gatez in a gweap.
n e 3,88 x 204 p ™ 700 aor a
100 mile swaep,

The probability of oxoooding the firet throshold oan be dotarmined from reforonce 1,
fince the b{rimry dotootor 1a a peak deteotor, the portinant parameters in dotermining
She probabllity of excooding tho firit threshold are:

n ™ 3,085 x 104
Nm]
Ym7y

st Pa be this probability  for & given B/N.

After the first threshold has been exocoded, tho noxt four pulses are intograt~

od, If the resultant integration excsods the sesond. threshold, an alarm 4s givon. For
the ssoond deteotor, Tea fip :
ne A As
= 2800 % 550 x 1 = .99 x108

Yron Seforence 1, the probability that K integrated pulses will exoeod the sooond
thresiold (sPpic) is determined. The portimant paramoters are:

n-.99::105
YajmK

o CONFIDENTIAL



p—

B ergrng i

W‘wr‘rz BT A

CONFIDENTIAL

Ps and B) hoving boon dntormined an n function of J/N the joint probubility of an
elarm a8 a funotion of S/N 1o detormined. The ways in whioh an alorm ie glven aro.

1. The firot pulno of tha pnlaa paakat aan axnead the £irat thresheld,

[EP i i

That probability is Pn, The next four integruted pulses can exocood tho socond throe-
hold. Thoe probability is Pa Py,.

2. Tho firg* pulpe of tha rulne paucket exoeads the first thr

aahald it
he firat thresheld, but
the next four intoprated pulses fail to oxcoed the sccond throshold. That leaves two
pulses. The ni.:th pulse ean oxoood the firast threshold and the ceventh pulee can ex.-

ooed the pooond throohold. Thie probabilityis Pa (1-Fy,)Pb.

!-r

1

3. Tho first pulse falls to excesd the first threshold, bLut the noxt pulmne
exoeodu it and¢ho ouccooding four integrated pulses exceod the second threshold.
This probubility 1o (1-Pa) Pa Py.

4s Tho firat two pulses fall to exceed the first throshold but tho next
pulse exceeds it andtho puccosding four pulses excoced the second threshold. This
probability is (1~Pa)? Pa P,

Thus the jJoint probability of an alarm for a given 8/N 1s
P = Pa Py, + Pa Ry (1-Ry,,) + (1-Fa) Py + (1-Pa)? Pa Ry,

vy G+ g1 s o)

It hag boen aspumsd thup far that the input pulses are oconstant amplitude
pulees. To toko into account polntillatién of the target echo, 1t will be assumod
that the tarpot eshoos are oxponontially distributed.

Tho joint probability of an Alerm as a function of B/N assuming target ocho
sdintillation is shown in figure 1.

It has further beon agsumed that the percentage of time that the second
Jdetootor has deen ihtegrating nolse is negligible,

The camulative probability ot deteotion for the automatic alarm circuit is
shown on figure 15. Tuo case are oonsidered: range eeparation betweon scans oqual
to 0,4 nem. and 1,2 n.o, Extrapolation of AN/ARQ-64 flight test results to those
corditions givon the following destection ranges for comparison purposes. The ideuldized
rango 18 40 n.u, Thogo are for pilot operator deteotion rather than autnuatic alarm,

Ranpo Soparatior Betwoon SBcans Cumulative Probability of Dotection nggttogp Ranﬁ |
' o oration

0ed Mum, 85% 25.1 n.m.
0.4 nem. oA 7.4 a.m.
1.2 n.m. 85% 21  n.m,
1.2 nlmi 5% 24,3 n.m-

(Thoeo detootion rangelassume that the target 1ies within the area goanned)

20~ CONFIDENTIAL
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Fer Soan Probability for Automatio Alarm
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It can tuorefore Lo oonnict -0 ot faa ~ i frea wnvir otent,
A Loution rapges Atialnable with aut-— "o aiarm <ii) eroond that attaliabic by ptlot
operaticn,

Ths slutter rejeotion eircuii of ine proponad autoratio aiarm ayoetem uvill
rejeot oluiter whose width exoesods twloe the tranamitted puleo. Good cluttcer -
jootion ia thorofors attainable for homogeneous olutter, Hownver dimoreto clutter
roturns will be paspud by the system., Of partiosular sonoorn is tho altitudn line and
BTAE cluttor, Doth of those are disorels siutier returna. Flight tosto of the
AN/AR-50 reveal that the altitude lino 1is approximately 1-2 times an wide uo tho
transmittod pulse. ‘Thoss tests (Roforonoe 4) were made for a 0,5usos pulsewidth,
but since the illuminated ground (or pea) area is proportional to pulnowidth, tho
samo altitude lino width depondence on transmitted pulsewldth holdo for tho wide
puloe (1,75 neeo). The altitude line 1s oharaotorized by a sha.ply dofined liudlug
edgo and an approximately exponontianl decay from its peak amplitude, The triulling
edge will have more or less hash suporimposod on it depending on tho type of terrain
or the moa atate, The altitude lino width moasuroments are at a point whon itas
amplitude is 37% of its peak, Table II lists tho altitude line moapuromonts mude
with the AN/AFQ-50,

Iable XI - Altitude Ling Meaguremonta
(Flight Test Data)
Altitude = 20,000 ft.

Antenna Angle (degree) Peak Fover (dbm) Width (Frection of Pulsewidth)

0 "72 088
"20 -55 1076
+“ "'70 3004
"'20 "56 1064
=40 -55 1.44

Altitude m 10,000 £t,

0 ~60,5 2.26
420 =345 1.12
LN =65,5 1.53

=20 =50 1.12
=40 =53 l.44
Altitude = 5,000 ft.

0 . =52,5 1,83
4‘20 -3205 1068
+44 "56 1088
-20 -56 1.29
=40 =57 1.1

As stated previously, the false alarm time for the primary detector is 0.1
soconds. The threshold level for the primary deteotor can be dbtermined from the
approximate relationship
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vhorot N = llumbor of pulaes integrated
Jhe Hinpg loval
Fo = Probability that noise 8lone will not exneed tho bilaa lovel
n = Total mumbor of nolge variante in a false alarm timo
This equation 1a dorived in roferencs §. For the primary doeteotor,
N=]
Po = 0.5
n = 3,35 x 104

Honoe the blas lovol, /= 8 db
Tho avoragoe noipe powor = NFPKTAS&
For the AR-72, WF 4 o4/

Bixl.omeps

Honce the averago noisoe power#i ~ 104 dbm. From the flight test data, it can vo ex~
pectod that altitude lino signala will be passed by the pulsewidth discriminator and
tho automatio "alarm oiruits. Oonoeivably, the problem of the altitude line causing
alarmg can be sliminato: by gating out the altitudo line. The entiro clutter piaturo
cen be oonsldorably camed uy flying the fighter at a lower altituds then the targot.

Whother taotios should be altered to ease a radar problem is beyond the sonpe of thia
memo.

8ince much olutter encountered in a doteotion problem will be of a disoretle
nature, the usefulness of automatic alamm is of dublous quality unlees some moans of
eliminating disordte clutter ocan be found.

V. Imnroved Reolover Nolme Fimire
The overall receiver noiss figure is given by
nP:Q(Q*Iﬁ?“O*%

vhere lx = Orystal conversion loss
tx @ "Orystal nolse ratio

Irne = IP nelse flgurs

lo & Duplexer lossos

The overall raceiver noise figure is determined primarily by the orystal
of deteotor. Tho 1N230 orystal which is used in the AN/AFQ-50 ha« values of Ix and
tx of 6 db and 2,0 (ratio) regpootively., For representative IF nolse figures and
duplexor lossos of 1.5 db and 0.7 ab respeotively, tho overall roceiver noise fifuro
1a 1055 4b. Improvomont in receiver noipe flgure ocan be attalned by using tho 1N23D
or tho 1N23% (not evailable in quantity at present) orystals. Oomparative receivor
noige figures attainable with thoso orystals are tabulatod below
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Hoise Fipure Bstirntes by Crvstal Manufacturer

grystal’ Ly tx Receiver Noise Figure
IN23C 6.0 db 2,0 10,5 do
‘ IFNF = 1.5 db
1N23D 5.0 db 1.7 8.9 db
LD - 0.7 db
1N23E o8 db 1.3 _ 7.8 db

The present AN/APQ-72 has an average noise figure of 10.7 db. Measure-
ments of the comparison between the 1N23C and 1N23E crystals leads to an
estimate of 8.5-9.0 db (average) attainable with a redesigned front end. CW
injection lossecs would add an approximate 1.6 db loss in noise figure. In
addition tlie losses due *o the isolator would come to approximately 0.5 db,

- The average noise figure for the improved receiver including losses due to

CW injection and the isolator would therefore be approximately 10.5-11 db.
Bandwidth Switching

Present plans call for a reduction in the IF bandwldth from the present
L meps to 1-1.2 meps in search. Improveusnt in detection range arises from
the resultant docrsase in noise power. Not all of this improvement is realized
in detection ranye since IF bandwidth reduction was accomplished at the cost of
a reduction in the visibility factur. The net improvement in detection range
vould therefore bo by a factor of Wb

£( A £9) [ A-rl‘l
T(aty L a1, - 126

- Optimived Dlapley

NiAL estimates that the detection rangc ‘aprovement that would rosult from
optinizing the scope presentation would te on the order of 0.5 db in range.

Fair Woathor uVetectlon Range

The search parameters of the AN/APQ-72 will be:-

Peak Powor (at the directional coupler) = P = 200,000 watts
Digh Diamotor = U = 24 inches

Wavolength = A = 3.2 cm

Pulse ltepetition Frequency = PHF = 550 pps
Pulgsowidth =77 = 1,75 usec

I)* Bandwidth = 1.2 mecps

ltecodiver Nolse idgure = 10,5 db

Losses = 0.7 db

Pleld Degradation = 10 db

8can Typo: 3 bar Palmor Scan = 33.0° x 11.86°
Azlmuth Scanning late = @ = 100 dogrees/sec,

25~ CONFIDENTIAL
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“The 1dsdlived range 13 38 n.d., The detection range oontour (85%

cumlative probability of detection) against a B-L7 type target is shown iy
Figure 15, The search pattern was optimised for the mose-on case,

Beferencess

ls Maroum « "A Statistisal Theory of Target Detection by Pulased Sadne®
20 AA-1U0 ~ UFinal Rerart, Detection Runge = Phase I - AN/ARQ-Al
- Flight Test Program® 4 .
3. ANTM25 =« "Raviaed Radar Bange Repart®
he Filight Test Report #7 .
Se AA=1006 - "Deteption Probability With a Square Law Deteotor™
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AN/APQ-72 DETECTION RANGE (857 CUMULATIVE PROBABILITY)’
FAIR WEATHER, NO CLUTTER,NO ECM. ~

Go .
- ® UNIMPROVED . ! 4
£ D\ @SEARCH VOLUME REDUCTIQN
v ‘ALONE +23.6" = 11.8°
@ BRIGHT DISPLAY ALONT
~1 D REDUCED T RTDANDWIOTH ALONE
(B ALL IMPRDVE MENTS INCLUDED
: 4s - -
-nr—
14
2o}
~ /
2
ga \_/Z '
I - -
'06 a, ge ____‘ [ v 'l ’U ]
Y 1 Lo 140 5
QOBI a‘a he 2&3&:‘ ' TAIL .
Q
FIGURE 18
~27- CONFIDENTIAL



Naval Research Laboratory
Technical Library
Research Reports Section

DATE: February 26, 2001

FROM: Mary Templeman, Code 5227

TO: Code 5300 Paul Hughes

CC: Tina Smallwood, Code 1221.1 /ﬂ 5/0 /
SUBJ: Review of NRL Reports

Dear Sir/Madam:

1. Please review NRL Report MR-754 Volumes I, 11, III, IV, VII, VIII, IX, X, XI, XII, XIII,
X1V, XV, MR-1372 and MR-1289 for:

M Possible Distribution Statement
[l Possible Change in Classification

Thank you,

Maryﬁ:;ZﬂeW

(202)767-3425
maryt@library.nrl.navy.mil

The subject report can be:

B Changed to Distribution A (Unlimited)
O] Changed to Classification
| Other:

B YCI 7o

Signature Date




* MAY CONTAIN EXPORT CONTROL DATA **

Record List o o o L 03/8/101
Page 1

AN (1) AD- 367 907/XAG
FG (2) 010100

010303
160401
170900
CI (3) (u)
CA (5) NAVAL RESEARCH LAB WASHINGTON D C
TI (6) SUMMARY OF NAVY STUDY PROGRAM FOR F4H-1 AND F8U-3 WEAPON SYSTEMS. VOLUME II.
APPENDICES.
DN (9) Memo. rept.
RD (11) 01 May 1957
PG (12) 136 Pages
RS (14) NRL-MR-754-VOL-2-APP
RC (20) Unclassified report
NC (21) See also Volume 9, AD-345 945.
AL (22) Distribution: DoD only: others to Naval Research Lab., Washington, D.

C.20390.

DE (23) (*jet fighters, naval research)
performance (engineering), data (u) stability, aerodynamic characteristics,
alrspeed, altitude, force(mechanics), moments, equations of motion, angle of
attack, air to air missiles, drag, lift, maneuverability, aercdynamic loading,

thrust, climbing, interception, range{distance), time, guided missile
trajectories, aircraft fire control systems, search radar, radar tracking
DC (24) (U)
ID (25) an/apg-72, f-4 aircraft, sparrow
IC (25) ()
DL (33) 04
CC (35) 251950

APPROVED FOR Pigi 1

RELEASE - DISTRIBUTIgN
UNLIMITED



