Blocking aircraft

Kikuchi Morio

Abstract :
Arranging a small type decoy between an aircraft and an aam and making the decoy meet the aam or using various kinds of

ways, we free the aircraft from the aam’s threat.

Key words : carrier, mounted missile, auxiliary wing for low speed, backward seeker

1. Protection from aam
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Figure 2

Figure 1, 2 are meeting fugures of an aam and a decoy when the aam and the decoy which is separated from an aircraft fly
at constant speed together.

In fuct, an aam is not constant in speed and after acceleration with rocket motor, its speed decreases by drag. Besides, it is
not easy that we make the speed of a decoy constant. Therefore, when we protect an aircraft from an aam, we must adopt
realistic conditions.

2. Backward seeking
On an aam which approaches from behind, we make a decoy do straight-line flight or guided flight without thrust. An

aircraft flies in order for the three objects to form a straight line cooperating with a decoy.
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Fizure 3

Figure 3 shows a condition in order for an aircraft to be located on LOS of a decoy. The initial speed of the decoy is V. For
simplicity, we assume that the aircraft’s speed V(> V) is constant. B(zp,yp), A(X,Y") are the places of the decoy and aircraft
at the time ¢ respectively and B'(xg’,yg’). A’ are the places of the decoy and aircraft at the time ¢ + At respectively. We
assume that the LOS angle, flight-path angle, speed at B are op, 0g, Vi respectively and the LOS angle, flight-path angle,

speed at B’ are o/, 0g’, Vi’ respectively. The initial LOS angle is negative. Assuming dtf to be first derivative on the time, we



get expective values.

o’ = o + dtogAt

0’ = 0p + dtdp At

V' = Vi + dtVAt

x5’ =z + V' At cos 05’

ys' =y + V' Atsin 6’

Oy =7/2—0p' — (/2 —08") — 6,

We use low of sines.
sinfl3  sinfs
a VaAL
asin 0
VA At

03 = arcsin
The aircraft’s direction angle 6y is

90271'—93—(7'(/2—0']3/)

or
bo=m—(m—03)— (/2 —0p')
v
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In Figure 4, we use the former.

3. Forward seeking
On an aam which approaches from forward, we do not use a carrier but fire a mounted missile normally. In this case, there

are two ways in the flight of an aircraft.
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For example, we assume that an aircraft does straight-line flight in the arbitrary direction at the arbitrary speed like Figure 5.
Leaving the direction aside, if the speed is excessively large, it is expected that the LOS rate becomes large. Therefore, the
range of the miss distance in which a mounted missile can neutralize an aam becomes narrow.

We can use the condition in Figure 3 on forward seeking too. The initial LOS angle is positive and as the aircraft’s direction

angle 6, if we use the following:
(90:7'('—93—(77'/2—0']3/)

Figure 6 is got.

bluetaircraft
red,cvan,vellow:hlocking aircraft
Zreen:aamn

~

Fizure B

As the aircraft’s direction angle 6y, if we use the following:
bo=m— (m—03)— (7/2 —0oB')

an aircraft is opposite an aam like Figure 7.
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4. Meeting triangle

I

Reference Line

Figure 8
Figure 8 shows a meeting triangle on aam.
P= VAtgo

am tp — t t
Qi = Vatgo — —tgo” + Iipg (1 - £9 log —=° )
2 tgo tr — tgo

1
Qo = X log(1 + AVmtgo)
Using the above values, we solve the following equation:

Q? - P? - R?>—-2PRcos¢r =0

I Reference Line

Fizure 4

Figure 9 shows a meeting triangle on mounted missile. The function form of mounted missile’s flight distance is the same as

aam.
tRB — Teo too
P = VBtgo - althgo2 + IspBg (1 — 1B - lOg £ )
2 tgo tRB - tgo
1
P, =— log(l + )\BVBtgo)

AB



The question is the function form of aam’s flight distance. In fuct, the side of mounted missile has no way to know aam’s
parameters, and so we estimate estimable parameters from observed values. Because the motion equation after the end of

rocket motor’s combustion is
dtVar = —A\Var®

we get A\ from the above.

During the combustion

using the above

Anm
Qi = VMtgo + Ttgo2

We may use the above after the combustion too.

Using the above values, we solve the following equation:

P? —Q%*— Rg? — 2QRpcospp =0

5. One-dimensional imaginary seeker

We try adjusting miss distance varying seeker’s place imaginarily.
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Figure 10 shows LOS on seeker. For simplicity, we assume that the centre line of missile agrees with the direction of velocity
vector. The length of LOS, LOS angle on the point D which is apart from the front seeker on the centre line backward by [ are

Rp, op respectively.
Rp? = Rp? +1% — 2Rplcos{n — (05 — o)}

RB2 = RD2 + 12— QRDZCOS(QB — UD)

Rp? + 1?2 — Rp?
cos(fp — op) = fip” + 17 — ig”~

2Rpl
sin(fgp —op)  sin(fg — o)
Rgp N Rp

Differentiating the fourth expression

COS(GB — O’D)(%QB — ﬁUD)RB — sin(GB — UD)ERB _ COS(@B — U)(%@B — %O')RD — sin(OB — O’)%RD _f
2 =

Ry? Rp
cos(fp — op)(dtfp — dtop)
Rp
COS(@B — JD)(%QB — EJD) = RBf + VCB Sin(@B — O’)/RD

= f+ Vigsin(fg — o)/(RpRg)

Using the third expression

— _ 2 5 Si _
dt0p — diop = RDl{RBf +2VB 51n(9]32 U)/RD}
Rp®+12—-Rp
2Rpl{Rpf + Vepsin(fg — 0)/Rp}
RD2 + l2 — R32

%O’D = %QB -

On the rear seeker, on the point D which is apart from the rear seeker on the centre line forward by [

RD2 = RB2 + 12— 2RBZCOS(9]3 — O’)
Rp? = Rp® + 1% — 2Rpl cos{m — (U — op)}



Therefore
Rp? — (Rp® +1?)
2Rpl
QRDZ{RBf + Ve sin(GB — O’)/RD}

cos(fg —op) =

EO’D = %GB —
Rp? — (Rp? +12)
¥
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In Figure 11, the decoy does guided flight and the aircraft uses the condition in Figure 3. The right side is the magnified flight
path. The green point and blue point are the closest aam and one before the closest aam respectively. The magenta point and
red point are the closest decoy and one before the closest decoy respectively. The radius of the cyan circle corresponds to miss
distance and the end point of the magenta straight line corresponds to the imaginary seeker D.

When we use a front seeker, if we want to arrange the imaginary seeker forward, we use expressions for a rear seeker and

when we use a rear seeker, if we want to arrange the imaginary seeker backward, we use expressions for a front seeker.

6. Data

The values proper to a flying object are the same as references’ values.

aam :
* mass : 94kg — 63kg

* burning time : 5.508s

- thrust : 12740N

- specific impulse : 231.0s

-+ 5 :0.0127m?

- N.:35

* time constant : 0.3s

- load limit : 25g

* maximum attack angle : 18deg
* initial dead time : 0.5s

- blind distance : 100m

mounted missile :

* mass : 94kg —> 63kg

* burning time : 5.508s

* thrust : 12740N

- specific impulse : 231.0s
-+ 5 :0.0127m?



*N.:35

* time constant : 0.3s

- load limit : 25g

* maximum attack angle : 18deg
* initial dead time : 0.5s

- blind distance : 50m(decoy) or 100m(missile)
We use references’ values which correspond to average speed in aerodynamic derivatives.

aircraft :
* time constant : 0.3s

- load limit : 6g

We use the above time constant when an aircraft’s direction angle 6y is updated. If an aam enters the blind distance of a

mounted missile, the aircraft quits the update.

+ air density : 0.73611kg/m3
- speed of sound : vy = 320.5m/s

transcendental equation on aam :

- V. =dtR

- initial value of the time in Newton method : R/|V,]|

* initial value of the time in bisection method : 0, R/|V¢|

* backup value of time required to meet : ty, = R/|V|

transcendental equation on mounted missile :

- Vig = diRp

- initial value of the time in Newton method : Rp/|V.g|

- initial value of the time in bisection method : 0, Rg/|V.s|

* backup value of time required to meet : 5, = Rp/|VeB|

time required to meet of mounted missile(2) :
* tgo = Rp/|Vep|

Figure 4 :

- place of aam : (1925, -3334)

- off-boresight angle of aam : 4deg

- initial flight-path angle of aam : 118.8deg

- initial speed of aam : 0.75vg

- place of aircraft, decoy : (0, -350)

- initial speed of decoy : 0.75vg4

- initial direction angle of aircraft : 5.970deg
- speed of aircraft : 1.2 x 0.75vg

- increment of loop : ¢ = 0.0005s

Figure 5 :

- place of aam : (2750, 4463)

- off-boresight angle of aam : 4deg

- initial flight-path angle of aam : 238.4deg

- initial speed of aam : 0.75vg

- place of aircraft, mounted missile : (0, -800)
* initial speed of mounted missile : 0.75vg

- direction angle of aircraft : 20deg

- speed of aircraft : 0.75vg



Figure 6, 7 :
- initial direction angle of aircraft : 5.970deg

- speed of aircraft : 0.8 x 0.75vq

Figure 11 :

- place of aam : (1925, -3334)

- off-boresight angle of aam : 4deg

- initial flight-path angle of aam : 118.8deg

* initial speed of aam : 0.75vg

- place of aircraft, decoy : (0, -350)

- initial speed of decoy : 0.75vg

- initial direction angle of aircraft : 5.970deg
- speed of aircraft : 1.2 x 0.75vq

-1:1.5m

 magnification : 100 times
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KDET,

o’ = o + dtogAt

0’ = 0p + dtdg At

Vi' = Vi + dtVAt

g’ = xp + V' At cos O’

ys' = yp + V' Atsindp’

Oy =7/2—0p' — (/2 —08") — 6,

EEHIz LD
sinfl3  sinfs
a VA AL
asin 0
VaAL

fRZERE D TT I 0y 13

03 = arcsin

90:7'('—93—(77'/2—0']3/)
F7-

Op=m— (m—03) — (7/2 — op’)
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Reference Line
8
K8 IEMZEI AT 2R =AERLTVET,

P = Vatgo

am tp — t t
Qﬁzw@@—%£+gw<1— £2 Jog —=° >
2 tao tR — tgo

1
Qo = X log(1 + AVartgo)

FEDEZHWTA IO GEAZHE X7,

Q? - P? - R?>—-2PRcos¢r =0

. Reference Line
E 1
B0 IR IV AVCHIT B RESABERLTVWET, BRI Y1 L ORGEMOBEGRAE S 1 L2 U TT,
- B GI*B 9 _ tRB - tgo tgo
Pl = VBth 2 tgo + [SpBg <1 tgo log tRB - tgo

1
P, = — IOg(l + )\BVBtgo)
AB
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FEHOEEZHWCUTOFERZHE X T,

P?— Q% - Rg?—2QRgpcospr =0
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X 10

H10 3y —H—ZBF5LOS ZRLTVWET, iDL, ITAILOFLMHMIEERS MLOSE —8T 5 LREL £T,

SYANVOFLREDOHTHHAY = =5 1 ZFERAICHNZRADIZBIT5 LOSDES, LOSMH%2&% Rp. op LT,
Rp? = Rp? +1* — 2Rplcos{m — (05 — o)}

Rp? = Rp® + 1% — 2Rpl cos(fs — op)

R2 12_R2
cos(f — op) = 2T~ B

2Rpl
sin(fp —op) _ sin(fp —0)
RB N RD
Bz LT
COS(OB - O’D)(EGB - %UD)RB - sin(GB - JD)%RB - COS(QB - U)(%@B - %J)RD - sin(&B - U)%RD :f
Rp? a Rp? B
COS(@B — JD)(%QB — EUD)

- = f+ Vsin(fg — 0)/(RpRB)
B

COS(GB — UD)(%HB — aO'D) =Rpf+ VB sin(@B — U)/RD
FHE=RNeHWT
_ - 9 "5 i _
dibr, — diop — RDZ{RBf —|—2VB bln(9}32 O’)/RD}
Rp® +12—-Rp
2RDZ{RBf + Ve sin(GB — O’)/RD}
Rp® +12 — Rg?

BERY—=A—12BVWTEIVYANVOFMEEDRAERAY —A—05 | ZIaiAIC#in S DIZELT

%O’D = %QB -

Rp? = Rp® +1? — 2Rpl cos(f — o)
Rp? = Rp® + 1% — 2Rplcos{m — (fg — op)}
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2Rpl
QRDZ{RBf + Ven sin(GB - 0)/RD}

cos(fp — op) =
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HNZEIH A

- B & : 94kg = 63kg
- BRIGERFRY ¢ 5.508s

- #£47 1 12740N

- FeHES : 231.0s

-5 :0.0127m?
“N,:35

- REEEL: 0.3s

- IR : 25g

- BRI 18deg

- VAR VEBIRER : 0.5s
- 754 v NI - 100m

By

- B & : 94kg = 63kg
- PRBERR  5.508s

- #7471 12740N

- LEHEST : 231.0s

-5 :0.0127m?
+Ng:35



- REREH : 0.3s

- faf EH IR : 25g

- KA ¢ 18deg

- WIHAARAESRER ¢ 0.5s

« 754 v NEE#E - 50m(fEHES)) F 7213 100m (B HEST)

ZE IR BU T IE (3G 5 25 Xk Offi 2 FlVW £,

fize g
- RFRER : 0.3s
- frEHIRR : 6g

RFEBUIMTZRED I O 2 HHT BBV ONE T, WEI VA UDPEWI T A NDT T A ¥ NEEBENIZ A > 72 Sz f
[ 6y DEHrzPHE T,

- ZESVERTE 1 0.73611kg/m?
- B vg = 320.5m/s

X7 I AOVIZBY B R

“V.=dtR

- Newton (28 1 2 RO HIMIME - R/|V|

C EIT BT SR OFIHIME 1 0, R/|V.|
REFERMONY 7T v Tl ty, = R/| Ve

BRIV A VT B8 AREN
Vep = dtRp

- Newton {EIZE 1T 2RI O W HAME : Rp/|Vep|

C ORI BT 2 OFIE 0, Rg/|Ves]
Aéﬁﬁ%lﬁf’aﬁ@/“v i 77[3 : tgo = RB/|VCB|

AR 5 1 L DR AT (2) -
* tgo = Rp/|Ve|

X 4 :

S IV A IVOALE (1925, -3334)
CREIVANDATERTY A M ddeg
CWZE I YAV OYIRREEA  118.8deg

<X 22 I A IV OYLE 2 0.750,

- WiZER%. T a1 OLLE - (0, -350)

T a1 DYIE : 0.750,

- MZERE DRI SR 2 5.970deg

- M2 DHE 1 1.2 x 0.750,

< =T DLAIE = ¢t = 0.0005s

&5

CNZE IV A IVDALE ¢ (2750, 4463)
CXHZEIVANDATRT YA M ddeg
- W22 IV A IV DY A« 238.4deg

- XF2E I A L DFIE 1 0.750,

- fZeR%. FER I U L OfE (0, -800)
- HEE IV AL OWIE 0750,

- WiZERE D s 20deg

- FZEREDEE : 0.750,



6. 7:
- MRZERE DY A 5.970deg
- WIZERE DS 0.8 x 0.750,

X 11 :

- XF2E I Y A IV DALE 1 (1925, -3334)
IV ANDLTRT VA M - ddeg
- B IV A IV OYIREEE A - 118.8deg
<322 I A IV OHLE 2 0.750,

- fiiZERg. 7 a1 OALE ¢ (0, -350)
< T a1 DY : 0.75v

- M2 DY SR 2 5.970deg

- 2R DT : 1.2 x 0.750,
+1:1.5m
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