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SUMMARY OF FAVY STUDY PROGRAM FOR FiH-1 WEAPON SYSTEM
INTRODUCTION

The study effort covered by this volume is primarily concerned
with the investigation of the Sparrow III 6a launching and guidance
phases. From such an investigation the effect ot these phases on
overall system probability of success can be determined. For this
reason it was necessary to conduct an accurate and detailed simu-
lation of the Sparrow III 6a missile, Through the excellent coop-
eration of the prime contractor, a detailed knowledge of this missile
was gained. Examples of this cooperative effort are given in references
1l and 2. After conversion of the data obtained to simulation methods
and techniques, the prime contractor reviewed the entire simulation
program (reference 3).

MISSILE DATA

This appendix details the basic data used in the simulation of
the Sparrow III 6a missile.

Seeker Data

Figure 1 shows the 90% probability of seeker lock-on against a
B-47 size target for the missile studied. This is the result of
NMC tests (reference 4) scaled to the B-LT7 size target. It is seen
that the seeker has a 90% lo:k-on capability against the B-L7 size
target, head-on, of 6.82 n, mi,

Aerodynamic Range Equations

The AN/APA-128 computer equations used in the simulation are
as follows:

Ruax = Ry (h) £ Ty (Vg = Vp) Rpey €6.5 n. mi. (1)
Rpay = maximum launch range

Ry (h) varies with altitude as shown on Fig. 2

closing velocity

Ve = fighter velocity

+3
[
u

11 secs for Vo >V,

Ty varies with altitude for V, £ Ve as shown on Fig. 2

6 CONF IDENTIAL
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Rmin = R (h) + ToV, (2)
Rpin = minimum launch range
Ry (h) varies with altitude as shown on Fig. 2
To = 4,3 sec

Rgy = Rpayx + T3Ve = Ry (3)
Rgy = Pull-up range

10 sec

i

T3

Rg 6000 ft

Steering Error Equations

Vo = 800 [1 + 041 (1 - p/pSL):l ()

Vo = Viu = Ve

\

ma = 8verage missile velocity

P = pressure at altitude
Pgy, = pressure at sea level

€ g =57.3V,8tn)\, + R K (5)
145

2300

& a. = azimuth steering error in degrees

Aa = azimuth gimbal angle
R = range in feet
wk = azimuth line of sight rate in radian/sec
€e = 57.3 EVO sin )¢ Cos ABJ-G-R % - 0.48%€T  (8)

2300

€ e = elevation steering error in degrees

T CONFIDENTIAL
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Ae = elevation gimbal angle
wj = elevation line of sight rate in radians/sec

©C ; = angle of attack (angle betwien aircraft
RGMA and velocity wvector)

Allowable Launch Error

E=A+Kg Rg';xlvc'xlvf, - Kalvc - Klvrl (7)
E

]

allowable launch error in degrees
30
0.75

0.0054 deg/tt/sec

0.015 deg/fu/sec

X
ke
k3

Rpey = maximum aerodynamic range (not limited to 6.5 n, mi.)
Missile Head Slaving

IEB, = + (Je -Bg) (8)
IEBs = + (g -Ea) (9)

IEBg = initiq.l English Bias in elevation
IEBy = initial English Bias 1n azimuth
In the FUH-1 (Sparrow III 6a) system, the missiles will be rolled 45°,
- The effect of this :ol_l must be accounted for ia the Englisﬁ Bias. Thus

FEBe
FEB&

0.707 IEB, + 0.707 IEB, (10)

0.707 IEB, + 0.T07 IEB, (11)
FEB, = final English Bias in elevation

FEBg = final English Bias in azimuth

8 CONFIDENTIAL
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The initial English bias and the final English bias are then combined
into a composite signal to be applied to the yaw and pitch channels of
the autopilot. The equations for these composite English biss signals
are:

:

(IEBe - FEB,)e"% + FEB, (12)
(1EBy - FEBg)e™® + FEB, (13)

5

EB_ = composite English Bias signal applied
to the pitch channel

E:By = composite English Blas signal applied
to the yaw channel

Misslle Head-Aim Equations

=m.-1(cC Sin A C)-SiA)AC
>\am1 Ten~ +o§11an[Lsgn >a\.e(+°§1 (-'O%Aejn + os) (1)

Cos ) (C08 Je -1 SInpe) =Yg Sin),
N

Aagy = missile azimuth gimbal angle at launch

.

11 :ﬁ £1ltered with L. type filter

2= pe:)

8 = stored missile roll angle with respect to the interceptor

)e =7 =1 Cos)a Cos a.(Sin>\ +)1 Cos )\e) - Sin a
mi = “an Eain)a (Cgs Ae -)1 S:n)\e)+>‘2 Cos ) 3)71 (15)

Co8 Y a(cOS Je =71 SiBAe) =) o SinA,

) emt = missile elevation gimbal angle at lsunch

-Sequence of Launch Operations

ol There sre several time delays between missile commitment and seeker
lock-on time. It is important to inject these time delays into the over-
a2ll simulation., The sequemnce of events occurring at launch are:

1. Missile commitment zero time
2., From missile commitment
to start of ejection stroke

(Umbilical is pulled at stert of
eJection stroke) 1.01 seconds

9 CONFIDENTIAL
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3. Motor ignition 1,08 seconds

Ik, End of stroke 1.09 oec.onda

5. Thrust applied 1.23 seconds

6. Wing unlock 1.42. seconds

T. End of thrust 3.23 seconds

8. Seeker lock-on 2.32 seconds for
Rpin launch

3.23 seconds for
Rpax launch

Nolge Effects

There are several noise effects which must be considered in the
similation of the launching and guiding of the Sparrcw III missile.
The first of these 1s the noise due to radome refraction in the Sparrow
ITI seeker. The radome refraction curve used was obtained from Raytheon
anéd is shown by Fig. 3.

The next noise effect which was considered is that due to the
target. The noise power density versus range for the Sparrow IXI
missile against a B-U47 size target is shown on Fig. 4 (reference 5).

The fipal noise effect that was simulated is that due to transients
occurring during missile launch., These transients are due to the fact
that the mlssile is launched into a high velocity airstream. -The re-

‘sulting transient effects are giver by Figs. 5a thru 8b. This data was

obtained from McDonnell Aircraft Co. (reference 6).

Seeker and Autopilot Loops

The block diagrams of the seeker and autopilot are shown by Fig.9.
The gains and the time constants are given on Table I. The definitions
of the additional symbols used are as follows:

wjy = antenna elevation angular rate with respect to.
inertial space

n

antenna azimuth angular rate with respect ;bo
inertial space

“Km

10 CONFIDENTIAL
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"e(p)
Be(y)

IC

normal acceleration commsanded in pitch

normal acceleration commanded in yaw

normal acceleration measured along the missile ZJ axis
normai‘acceleration ‘neasured along the missile Y' axis

components of migsile angular veloclity about the body
axes X, y- and z' respectively

autopilot gain

autopilot time constant

angular deflection of pitch wings

angular deflection of'yaw wings

differential angular deflection of pitch wings
Range

range rate, fighter-to-target

range rate, fighter-to-missile

range rate, missile-to-target

initial conditions

Aerodynamic Data

The orientations of various angles and coefficients pertaining to
the aerodyvamic data are shown on Fig. 10. The actual aerodynamic data
(reference T) used in the similator are shown on Fig. 11 thru 67. A
brief description of each type of data slong with the appropriate figurs
numbers are as follows:

l L4 CDO

= Zero-1ift drag coefficient - CDO for all altitudes is
given for the boost and the glide conditions as a function
cf Vach in Fig. 11l. The change in coefficient of drag due

éo normal force 1is given by Figs. 12 and 13.

11 CONFIDENTTAL
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2. Cy = doefficient of normal force Cys corrected for aero- l
elastic effects, is givea as a function of Mach, wing -
deflection, angle of attack and roll angle on Figs.
14 thru 31.

3. Cp = Pitching moment coefficient Cp, corrected for aero-

elastic effects, 1s given as a function of Mach, wing

deflection, angle of attack and roll angle on Figs.

32 thru 49.
L, ‘Cmé‘= Estimated pitch derivatives Cmé and cma.c are given
o onFigs. 50 and 51.

Se Cp_ = Estimated roll moment coefficient (;2 is given as a
function of Mach, angle of attack and roll angle for ‘
differential wing deflection of 6° on Figs. 52 thru

62. For angle of attack and wing deflection both equal ]

to zero, the roll moment coeffiecient C 74 s is given on
a .

Fig. 63 as a function of Mach. Roll moment coefficient

versus angle of attack for §g = 0° 1s not currently

available and will be assumed to be zero.

6. CQp = Estimted roll clamping moment coefficient. clp is given

as a function of Mach muber on Fig. 64,

T. Aercelastic correction factors are given for the wings, tail
and aerodynamic center on Figs. 65, 66, 67.

12 CONFIDERTIAL .




CONFIVENTIAL
8. The thrust vs time curves of Fig. 68 were approximated by
assuming a thrust (at sea level) of 7300 1lbs. acting for
an 1nm£;;);';; seconds. The thrust correction for

altitude is obtained from Fig. 69.

Missile Physical Characterigtics

NN g,

These characteristics are for the C8 motor without short autopilot,

Weight before launch = 399.8 1bs.

Weight after burnout = 326.8 1bs.

Center of gravity before launch = Sta. 82.01" + 0.5" - 1.0"
Center of gravity after burnout = Sta, 75,01" + 0,5" - 1.0"
Wing area (S) = 1.265 £t2 per panel - 2.53 £t2 total

Taill area = 0.77 ft2 each panel

Wing span (b) = 3.3 £t

Wing chord (c¢) = 1.106 £t

Mechanical wing limits = + 22°
Electrical wing limits = + 20°

Antenna mechanical gimbal limits = + 50°
Aptenna electrical gimbal limits = + 46°
Moment of Inertial:

1.45 slug-ft2 at launch, 1.31 slug-ft2 at burnout

I!QC
I

yy = 103 slug-ft2 at launch, 79.7 slug-ftZ at burnout

I,z = 103 slug-ft2 at launch, 79.5 slug-ft> at burnout

13 CONFIDENTIAL
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TABLE I
SPARROW III AUTOPILOT PARAMETERS
t £ TIME FROM LAUNCH (TIME FROM END OF STROKE)
t, 2 UNLOCK TIME = (0.4-0.08) SEC
to 2 END-QF-BOOST TIME = (2.22-0.08) SEC K

) £ MISSILE SEEKER 10CK-ON TIME = (2.22-0.08) SEC

RLTTTUDE
CONDITION A B C D
ALTTTUDE SL-17K 17-32K 3246 >h6K
Ts .15 .15 0.4 0.4
(sEC) 0.085 0.085 0.129 0.129
7s way k.93 3.17 1,70 1.09
(SEC) PITCH 3.87 2.h9 1.33 .857
. v
(o/g SEC) 3.57 5.56 10.5 16.3
T
{sEC) 0.0053 0.0063 0.008 0.008
Gy 1.14 1.1k 3.43 3.43
 {o/o/SEC) T+355 L1575 T35 LiI5%s
K -
o?o/SEC. 0.054 0.110 0.21 0.43 v‘

1 CONFIDENTIAL
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