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Interception of target rocket moving along a trajectory in a gravitationalfield by an interceptor
rocket has been analysed to achieve interception in minimum time duration. Numerical values
of the parameters of the intercepting trajectory and locations of the target rocket for launch

- and target orbitsin Earth’s gravitational field have heen calculated for different impulsive
velocity changes applied to the interceptor rocket. ) ,

In reference (1) has been studied the interception of moving rockets at ,preassigned ,
destinations in gravitationgl field. In that the emphasis has been laid on the fuel mini-
mlzatmn in the mtercepmon operation. However, conditions may arise when interception
in minimum _flight time of interceptor rocket may become necessary The problem of-
* interception of a moving target rocket by an mterceptor rocket in minimum - time with
specified fuel expenditure in the interception operation is analysed in this paper. The
paths of both the target and interceptor rockets are supposed to be known. The location
of the target rocket at the instant the interception rocket is fired so as to hit the former in
minimum time with given impulsive velocity change imparted to the interceptor rocket has
been found out. The numerical results have been calculated for different impulsive
velocity changes.

- INTERCEPTION TB.AJEC.TORY PARAMETERS
Let the'eqtiations of the paths of the interceptor and target rockets be

I -
~- =1+4¢cost , (1)
-lf— = 1 4 e, cos (8 — &) (2)

where ! , ¢ and ¢ denote latus rectum, eccentricity, angle between the major axes of the
two orbits respectively and suffixes 1 and 2 correspond to the paths of interceptor and
target rockets (hereafter called launch and destination orbits). r and 6 represent polar
coordinates with force centre as pole and line drawn from the force centre to the peri-
apsis of the launch orbit as initial line. Let (r, , 6;) be the given launch point (Fig 1)
at which the mterceptor rocket is fired and (r,, 6,) the destination point where the target
~ "is hit by the interceptor rocket. Suppose
6, =0, + ¢ where ¢ isthe transfer angle.
Now if AV is the impulsive velocity change
applied to the interceptor rocket, we have

TE=V2+(AV2+2AV. Vo8 a (3)

" Fig, 1—Geometry of interception,
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- where V represents velocity and suffix ¢ denotes valuesat the launch point just efter
~ application of the impulse and « is the angle between V3 and AV. If ¥ is the angle
between veloclty vecfm and local honzontal o can be expressed as -

e = (')’z - ')’1) + sin— [ AV £in, ( 71)] ' ] (4)
where y1 and V, are given by o
o ey sin __ v
tan 93 7= 1 -+ ¢ cos by . (5)
Vl = [—— (1 + 312 + 261 008 01)] i (6)

K being the gravitational parameter. Wlth the help of 4) to (6), (3) showa that for speci-
fied AV; V;isa functlon of y;.

- If Eandaare the eccentrlclty and seml-ma] or axis of the elhptlc mterceptlon tm(]ec-
tory, we have :

E= [ ( l};’—' —1 ) cos® y; + sin? ] M
_ ry o , B ,
o (\‘5 _ard SR
Then flight time 7' of the interceptor rocket will be given? by

aa

r= (%) [w— ¢n~@m%—wm%)] 

where ; and ¢, are the eccentric snomalies of the launch and. desbmatlon wpomts
correspondmg to the mterceptlon tra]ectory and ,

g~
cosnIJ—

‘aE

Theréfore T can be written as 5 - . ’ ‘
3 — )  — ' o
(2] [ () e ()
— E '(sin { 608~ ( a""rz )} — sin { 008 ( a—r )})] (9)

where 74:is given by (2) as

12 . N '
T T s @+ -8 o
. MINIMUM INTERCEPTION TIME -
Since mterceptlon trajectory passes through the points (r , 6;) and (s ,- 2,) we have1
Ve _ - sec® y; (1 — cos §)
‘ ~L —cosd L sindtany;. .
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1 Substltutmn 0f:$he yalue of rzm (10), rearrax;gemem of the terms and sx,mphﬁcatlen gwes
(l+0103)eos¢+0’0 811195-}—002-——1-*0 AT (11)

| V2 cos® oy cose...
where 0]~Jl_% C_2=_L;~’O§:f 1% l(z £) 1

) . . . Trevis;illl 8 '— |
and - Oy =tany, — 2 — 1(1 )

From equation (11) We'ébtaiﬁ /

an 2o OO £ (G, O — o (o +03) {0, (0 -—o,)-—2}]* ‘
e T 101(0 —OG)—2y

12)

Posmve sign is taken before the radical because negative sign w: w111 correspgnd tqgrea.ter
‘value of ¢ for the interception tm]ectory and therefore greater interception time. With .
(8) to (8) and (10), interception. ‘time T in (9)is a functron of smgle vana.ble y;and
‘ 1therefore for minjmum time mterceptmn ’ ,

o T @ sT . 8 9T . IE
T — . = . ) . _ 0 ’ :
3 g% Y + g 3 +_, aE 3‘)" (13)
where : . . : | |
-NNE T AU T N S e
90 2 a (aK)

, | {(aBP — (a—n )} {(q@z La-—rm}i
_aT_=(a)* ey 8in (¢ + 6, — &) ryd ‘

) K ) I {(aB)F— (a - rpH
. 91' (N 1 Is ] faw(“"""ay) ‘ o 71 ,(“'_'7'1) N
3E T(Tf) [ {(aBfF —(@a—rP} {(aE)ﬁ—-;a—rl)z}*]
_ {sm(corl a—-rz )—»ﬁn(cos a_-rl)}
0 Mo S . ‘
2 7 oot v, (M — 273 tan ) (1 —cos$) + sin ¢ Oy sest,

A Cilsin¢—0C, (Coo08 9 —Cysing)] -~

IE OOSy. Ve VA
2 - (2 e ()

o

and ) , B -

_ ' Vl 008 (75 — 741) ' | 41
M= | 2AVV1‘[ 14 AV —{ ¥, sin (Y._"Yf) }21* 3 ¢
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Equation (13) can be numerically solved which will givey; and ther F, cand
obtained from equa.tlons (7), (8) and (12) respectlvely Havmg ‘known, E,
-interception time for minimum time interception trajectory can be evaluated from 9)
and corresponding @, also becomes known.

TARGET ROCKET LOCATIONS

~

Let (2, 02) be the position of the target rocket on the destination orbit at the instant
the interceptor rocket is fired from the Jaunch point so as to intercept the former at
" the point (r, , 6,) the destination point corresponding to the minimum time 1ntercept10n
tra.]ectory Then,

1 Iy ~ g[{ {1—-32 }3 ;B;-—-.-"‘;"-_ ;Y,,‘__ﬁl( 1—e 1%
v K (1“‘922) 2t T't+e _tm»l 1+ e }

6; — ¢ 2 \3 sin (6, — £) ~sin(6g— &) ) S
an 5 E) b a1-4) { R e i e iy A R U]

From (14), the unknown ; can be evaluated and then from (2) 74 can be found out. (74 , 6;)
will give the location of the target rocket for minimum time interception. The equations
have been numerically solved for two arbitrarily chosen launch and destination orbits in
Earth’s gravitational field to-obtain rocket locations for minitmum time-interception and
parameters of the corresponding mterceptmn trajectories for different specified values of
AV. The results obtained are given in Table 1.  The launch érbit is specified by [, =-4243
miles, ¢, = 0-04 and the destination orbit by I, = 6006 miles, e, = 0-3 and £ = 30°.
The vectorial [ . 6, of the launch point is taken equal to 60°. A study of Table 1 shows
that as expected Wlth increasing velomty impulse AV minimum mterceptlon time
decreases, - . S -

O
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Rooxer LOCATIONS AND TRAJEOTORY PARAMETERS FOE MINIMUM TIME INTERCEPTION _

AV ve T 8 B a 0,

; i s 4 -
(milesfsec) (sec) (mﬁes) L (miles) - , (miﬂas
1-00 7° 15; 1839:2° 7035-73 149° 1(2' 0-437 720054 76° 30’ 497800
1-25 11° 48 1039-4  5928-93 . 117° 31/  0-457 714143  67° 2 = 484556
1-50 16° 23’ 706-2  5475-30  101° 9  0-480 - 7107-13  63° 54’  4808-65
1475 18° 44/ 534-7  5256-14 91° 36’  0-502  7021-42  62° 12  4790-02
2-00 21° 26 - 431-7 5140-11 85° 60" 0-546 7365-63 61° 35’ 4783-51
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