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Abstract

This research investigates the design of missile defense system and its
performance evaluation through simulations. The missile interceptor consists of two
rocket propulsion stages together with a kinetic kill vehicle. The kill vehicle is
equipped with an infrared seeker and a number of on-off type thrusters for divert and
attitude control. The research proposes: (i) a design of mid-course guidance law and
its associated thrust vector control system, (ii) a design of terminal guidance law
and its associated divert and attitude control system. The proposed mid-course
guidance law computes time-to-go and predicted interception point using error
correction method. The thrust vector control system employs linear angle and rate
feedback. Simulation results show that the guidance control system is very effective
in reducing the zero-effort miss distance at the terminal phase. True proportional
navigation is proposed as the terminal guidance law and the associated divert control
is implemented using pulse width modulation (PWM) to accommodate the on-off
thrusters. The attitude control system, also implemented via PWM, uses linear
feedback and is designed using simplified double integrator model. Simulation results
show that the guided kill vehicle is able to successfully intercept coming targets
through direct hit. The verification of the interception is conducted through complete
six degree-of-freedom simulations. The models, design methods, and the simulation
program developed in this research should provide a valuable reference for future
investigation in missile defense system design.
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S EKE) B U2 AN Rl R R

V() =kt (s) »  for s>t (4.15)

ﬁ%ﬁﬁﬁmﬁﬁwﬂﬂmiﬁﬁﬁﬁﬁﬁ&%QﬂiH@ﬁ{%ﬁ%@@%
BT g R R EK() o
DmU;t+%o):k(0LH%VQ(9ds (4.16)

1 * (4.15)% (4.16)Fs & & R {frB FEEROBIER €T F T t s m 3k
Bt R et e
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i AL PIP) B 5
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B 4.3 = B HEEE5I B 2B

4Bl 4.3 PIPM 5 B8 AP 2 E5EE TR BP P ke o BR P EFEHEERL

Seig Bend B G
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mGEMBERS chafic, b pESIMEIT- BFRE A
G=G, (4.19)
Sl s o BB EY pEPEG=0 BXG i REI:E[9] > A

G(t) = —%HGO (4.20)
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£ G(t) il 7/ #1A 4 chip st 5 Dy RI#-G() # 4 - = @ 34 G(t) & 2

104k B V(L) o B RV () 44 734058 Dy
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PIPM = X, (t) +£,V, +%G(t)f; (4.22)
WIPIPM2 t5 » AP F Y B KB B AP s E3hEad 123 5
PIPM —X_¢h= % 1 o
deBl 43V (1) 5 HEE Ferd Ao £ X HBBEHEE e R o PR
B g ehRl (v 029 5
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=V, (t)" -V, () (4.25)
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Ho TE §E5 44 58 mass LEENFE - 1, TR FIPTERRT
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BA2NEN 2L A B PR BERT S 7 (F
(AV +he)-(AV +he) =AP-AP (4.28)

H-(4.26) 15 » (4.28) TR 15 18
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V=V-V =G-—— (4.31)

TARG O] - FREL Y 5B T=0 2 prlfep i n £ £ 4ot
BT T EF K HEED ‘f%'—_g‘ﬁﬁx,J ;i:g %‘fﬁ.&'é}ﬁ—rﬁ’ :_E._ % ﬁmiss R
SR ERBHELARE gV LD o RE&Efrp foigtiot o £ o
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U= tan‘l[lj (5.3)

(5.4)
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BI56 =23 FhEfi &bl
251F 04620 AL S BROEERES
hRL I 42

¢, (degree) 6, (degree) v, (degree)

(kg)
8 (Hz) 0.4032 0.2584 0.1452 0.0178
10 (Hz) 0.1774 0.1418 0.0670 0.0123
12 (Hz) 0.0886 0.0816 0.0491 0.0089
15 (Hz) 0.0418 0.0561 0.0441 0.0066
17 (Hz) 0.0311 0.0501 0.0433 0.0059
20 (Hz) 0.0181 0.0471 0.0428 0.0044

202X b 4 5k IBPHIRSE %

FE gL 4

¢, (degree) 6, (degree) v, (degree)

(kg)
8 (Hz) 0.4010 0.2687 0.1586 0.0181
10 (Hz) 0.1752 0.1581 0.0940 0.0124
12 (Hz) 0.0881 0.1058 0.0819 0.0089
15 (Hz) 0.0473 0.0872 0.0772 0.0069
17 (Hz) 0.0353 0.0833 0.0766 0.0059
20 (Hz) 0.0262 0.0812 0.0765 0.0047
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£53F b hL 5z bR eSS

¢, (degree) 6, (degree) v, (degree) A
(kg)
0.3989 0.2580 0.1451 0.0178
0.1397 0.1437 0.0756 0.0113
0.0660 0.0834 0.0530 0.0081
0.0370 0.0566 0.0459 0.0062
0.0286 0.0491 0.0437 0.0055
0.0160 0.0467 0.0433 0.0042

PIP w50k 51~ 53 ik S 5 7 R § PWMAE & & 14 (8H2)
o R RGRAL A R R R il R E A PR R e gk 6
WgR o Rl R end o F AR 3 _10(HZ)- B 34 7] 15(Hz) 0 & B AN
FOE AT o T AL ohE s WU e R 0 O 5L L5(H2)
H4v 3] 20(HZ)pF > & ReF-Zecd chE @ G280 chh > 7 P s B
WA o] 2-20(dB) 14 gk Bengr a4 2 m T ez g 5T o
uﬁg 7 &)‘;gi_;;fgi@;#%ﬁgﬂ o § — i FTes A i aE & PWM AR & mjj‘k,{vg.’vﬁ}%“)‘—;z
P w IR i Sl o (ABL~ABA) it A 4 chd < 384 5 158 2> A
i g o (AAL S AA2) 97 A 2 e a4 5 316 £ 0 T E LRSS Bef
WA PR kA S L E 5 T ey PWM RS 5 15(Hz) P ciovg o
RS ERT R K OB A Y o N AT A AL S R
VU] 7] Hk e T o e e ABL fr AB2 4 € F R0 02 = 2 B e iAo 4ol 5.7
Poanb)arm o FAEF L LT(H) %0 R &4 5 2 SR RERE
ool B A RIcHE S 5 15(HZ)E 0 4o 5.8 ¢ (b)#77F o % 4 3 & 20(H2)
P ABL - AB2 & B b yi R B - LR RBP4 H 59 ¢ (D)4 ¢
BeAR b — iR L R B AR hEL LRI RE T TR
M F I PR ] A R ST A, s A P e i # 15(Hz) B i § h PWM

ﬁﬁ,xﬁiﬁﬁﬁﬂﬁﬁ%*3%°
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roIIe (degree)

pitche (degree)

(degree)

yaw,

0.1

20 T T
ol A VAVAV'VMA MAMMARAARERAARARARARAAA . j j N
a1 ik
o 0.5 1 15 2 ] 25 3 35 4 4.5 5 DO > 2 5
time (s) .
time (s)
02 20 1 T
B ! # < NHATMRIL |
-0.2 o]
0 0.5 1 15 2 25 3 35 4 4.5 5 0 2 4 6
time (s) time (s)
0.2 40 T T
AVMVANAAAAAAAAAAAAANSAAAAANAANAAAANAAN - ‘ ‘ o~
-0.2 0
0 0.5 1 15 2 25 3 3.5 4 4.5 5 0 2 4 6
time (s) time (s) time (s)
(@) (b)
T 0.2 20 T 20
g |
T S AAMAAAAAAA AN A AR AMAAAAA AR & 2 1 4 2 n AAAAN 2 10 3 | @ 10 T
g, WMWY WAMAMANI | | ST
® o2 0 I| : 0
o 0.5 1 15 2 25 3 3.5 4 4.5 5 0 2 4 6 0 2 4 6
time (s) time (s) time (s)
o 02 20 ” 20
o |
g o 'AV‘W w“v NWVAVW NVAVAANV @ 10 ‘“ [ 3 10 Il
=0 < <<
LT A L 0
0 0.5 1 15 2 25 3 35 4 4.5 5 0 2 4 6 0 2 4 6
time (s) time (s) time (s)
g 02 40 : : 40
g of T T TN 2 Zo‘n M o ol
%‘” \M\/JJN \\r\,\ < m | | 2
> 02 ol ‘ 0
o o5 1 15 2 25 3 35 4 45 5 o 2 4 p o 2 4 6
time (s) time (s) time (s)
(@) (b)
& 01 20 20 ‘
3 ;
2 okAAAAAR ﬁhh MM\/\MM AAAﬁAAA ANAAA 2 10M | 3 10 | I
1)1 L 1 TR 1 T 1
® o1 Orl”_ll | | | o llll (I
0 0.5 1 15 2 25 3 3.5 4 45 5 0 2 4 6 0 2 4 6
time (s) time (s) time (s)
7 02 20 20 ;
g o AW WV WA 8 sl 2 0 I
g ] TN . s
0 0.5 1 15 2 25 3 3.5 4 4.5 5 0 2 4 6 0 2 4 6
time (s) time (s) time (s)
'gg 0.2 40 40
g oNWWWaannann WAL 3 I i
A AAAANAAAANAAS :(( 20 :(( 20
§ -0.2 oM 0 |-|'|
o o5 1 15 2 25 3 35 4 45 5 0 ) 4 p o 2 4 ps
time (s) time (s) time (s)
(a) (b)
B57 o R TenF bl an i zi{oz & 3o PWMAE S 5 15(Hz)

(@) & 3L > (b)f o B ahim
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rolle (degree)

pit(:he (degree)

yaw, (degree)

rolle (degree)

pitche (degree)

yaw, (degree)

roll_ (degree)

e e

pitch _ (degree)

yaw, (degree)

L LA

i

(@) & R EL - ()f % B ECH =

44

0.1 20
ok A MAMAARAAARARRRARARAARR AN RARRRAANRARARAL & 10l
VWYV VY VYRV <
01 0.5 1 15 2 25 3 3.5 4 4.5 5 ° 2 4
time (s) time (s)
0 : 20 ‘
oo SUAMEMANUAUAAAAAUAAMAAAL 5 .. m
STV e T v v <
o1 05 1 15 2 25 3 35 4 45 5 % 2 4
time (s) time (s)
0.1 40 T
0.05 ‘ﬁv\"‘ I R S Y 2 2 ik
00 0.5 1 15 2 25 3 3.5 4 4.5 5 00 2 4
time (s) time (s)
(a)
0.1 20
OMA'AAML; A h ﬂ | Aaksa A V @ 10—
VV VMVVVV?I'! LA Ww yyvy' <
>0'10 0.5 1 15 2 25 3 3.5 4 4.5 5 00 2 4
time (s) time (s)
0.2 20
o An Y WW\A N '\NW 2 10
MV "MW i
020s 1 15 2 25 3 35 4 45 s % 2 4
time (s) time (s)
0.2 40 T
. r/,av\-\ \ /,-"M.\ \ 2 " ‘
—/'/ < f
>0'20 0.5 1 15 2 25 3 3.5 4 4.5 5 00 é 4
time (s) time (s)
(a)
0.1
oln etk A AR MM o
vw VVVUWVV YYvyyyy ”WWV\NVVV <
>0'10 0.5 1 15 2 25 3 3.5 4 4.5 5
time (s)
0.1
“0 05 1 15 2 25 3 35 4 45 5
time (s)
0.1
AAAANN AN N o
0 \/\/\I\rw—'\ww :E(
>0'10 0.5 1 15 2 25 3 3.5 4 4.5 5
time (s)

AB2

AB4

AA2

time (s)

(b)

AB2

AB4

time (s)
40
~ |
7 lmmﬂmmmﬂmmﬂm“;
<
0
0 2 4 6
time (s)
20
3 10— i
< |
0
0 2 4 6
time (s)
20
3 | il
o 1 1 |
< 0 i
0
0 2 4 6
time (s)
40
o
< 20
<
0
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time (s)

(b)

Ay sz foz 4k Sl PWM 5 4 17(Hz)



7 0.05 . :; 20
g ‘ 3 10
k) 0 L o N [ 711 " T
= AMMMNVWIW WAV <
€ 05 0
0 0.5 1 15 2 25 3 0 2 6
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T 0 T T T T T T T T T 20
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S 005 3
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() | il |
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> 01 T 40 T
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S 005k Arara ANARAAARAA & RAAAAAR & AR AA et 2 20 YT 1
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0 0.5 1 15 2 25 3 3.5 4 4.5 5 0 2 4 6
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& 01 20
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2 o1 0
0.5 1 15 2 25 3 3.5 4 4.5 5 0 2 4 6
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o AAMAA R
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time (s) time (s)
(a)
T 0.05 20
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time (s)
& 01 20
o
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time (s)
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T e 4
- SMAAWMMA %
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time (s) time (s)
(a)
= K RE s N\ Yo Al
BS59 d FRTHhEfHéps i

(@) & R EL - ()f % B ECH =

45

20
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AB4

time (s)

N
<
<
time (s)
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8 10 ol
<
0
0 2 4 6
time (s)
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< |
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a 10
<
0
0 2 4 6
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A B E3 25 0 d GL8)N @R hE v bl e AL AR A
EZT o, RN Tf%‘&jﬁ_@;}a CHEMEFRAET A anEr > F P £ % PWM ﬁﬁ%])\ﬂ
%1{»"

atpn,B :TBN 'atpn (525)

=<

B To 5 AR AR > a2 B GRS Rl e
Boo IR e et FPWM el » 3UL5 a,,p B Y frZyeha £ o
AP R e Bendi 4 BoX @5 315 2 o FR B e 4 e
ﬁv&%ﬁ‘if; 2133 27 kP E PRl E BEw it Birn A2 k@ BRIEX K5
147679 m/s® » &t (7 enilfey o HFE BT R € Tl FRUEOM 7 g7
o AT A PR § PWM g5l 15 mis® 0 2 3E 3 PWM e

F % 3(Hz) -
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AR HERASRP
6.1 Simulink #4258+ k503 BRI
A pd BIFHEEEAZ 1 Matlab/Simulink #cdg 3 B o fkiAeS 3 % & 5N

S Bt R E G BB AAS N AT -

1. F# > 4258 (EQOM): 3-8 Esfer pd BRfi» e 2028 B> X ML & »
b3f B2 RARE AR o

2. 7 #45¢ (AERO) 1 38 % - PP s - PA R B TR Dleng 4 &2 5 # 4

3. P ¥y (MGNC): f 3-8 P 251 &b o7 R firdle @4l
LA 4 F Radid g oo

4. 5 £ 4] (DACS): 8 hérg fended Bfe X 4 5 1% PWM 0§ =
7

5. x5 €4 (ATMO): B #B* a3 Rz f TR~ T ~BRABES o

6. 44 F 4+ (PROP): d do4 « | fr= w3 B o 3lend am e di 4 2 W
AR o
7. B HEH;Y (TAGT) (35 P Ren g Hfe s X Pleng F 124 fvd 4 > iR P &

b R

8. HutH (AUXI) @3 Ercd ~ 8 Ml EFARITEE o
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6.2 3 % &Lmﬁ]»ﬁ] e :J

DI W B *J '.fii%J HHE S

(- )& & > f254 (EQOM)

ﬁ] *EE G

l1.mass: #ERFE (ko)

30y y-th v R R (kg-mP)
5.FTy:x-#h=> »3l&Fig 4+ (N)
7.FT,:z-8h> w3l &4+ (N)
9.FAy1y-#h= % f 854 (N)

11, gyt X-$0= 5 £ 4 4ok A (I 2 1) (M/sD)
1&&Jﬁf@ﬁ4hﬂ§WH&%MWﬁ

15. MTy: y-#h= » 51 & 4 5& (N-m)

17. MA: X-#h = w § # 4 5& (N-m)

19. MA;: z-#h~ w § & 4 %&£ (N-m)

21 MTay: y-ih= w» % = & 51 & 4 52 (N-m)
23.time: PFR(S)

ﬁ.?] R

L X-gh 58 =8 (m)

3mz: Z-ghEE=F (M)

5. Vimy: y-#h ¢ 3¢ & (m/s)
7.p:X-#h> w & i& 5 (rad)

9.r:z-#h> v & & ¥ (rad)

11.0: ¥ 4& (rad/s)

13.60: - B4 ~% (BE )

15.e;: =B 4~% (BE )

17. Vi & 48 B 15 X-fh 5 5832 & (M/S)
19. Vingp © 8 A% z-#h 58 & (m/s)
21. ay: y-ph B 4ciE B (M/S)

23. ax : REAE x-fhEE4eiE B (M/sD)
25. 8z MWAE z-fh B4 E B (MY
S lc/A 4 iE 1

1. Mmxo=Tmx(0) : X-$h & 3B A~ 4= % (M)
3. rmz0=rmz(0) : z-h & A= 4512 (M)
5. Vinyo=Vmy(0) : y-ifih ¢ 38 4~ &é%é & (mls)
7. po=p(0) : X-#r = @zﬂizp % (rad)
9.10=r(0) : z-h > v 44 & (rad)

3
S

2. Iy X-h = g B ]
4.1, z-ph™ o B AR
6. FTy:y-#h= = 5liF4a4 (N)
8. FA: X-§h= » 5 80 4 (N)

10. FA, : z-fh= w5 85 4 (N)
12.gy:y-ph= o £ 4 4ok B (17 2R R) (/S
14. MTy: X-$h=> w51 & 4 42 (N-m)

16. MT,: z-h=> = 51 & 4 5& (N-m)

18. MAy: y-$ih=> v § & 4 %&£ (N-m)

20. MTa: X-$h= w % = & 31 & 4 22 (N-m)
22. MTay: z-#h> » % = & 518 4 & (N-m)

2. My  y-#hEHE = (M)

4. Vmy: X-fh £ 58:& & (m/s)

6. Vinz: Z-Fh £ 581 & (m/s)
8.9:y-#h> v & 5 (rad)

10.y: ;R & (rad/s)

12. ¢ : 4k (rad/s)

1l4.e1: - B4 ~% (BE )
16.e3: %> B4 ~% (&H )

18. Vimyp : %8 A 4% y-h {8 R (M/S)
20. ay: X-fh & B4 B (M/s?)

22. 8,  z-thE B4 id B (M/s?)

24. ayy: RE AR y-ph§ EAciE A (MUS)

2. Imyo=Tmy(0) : y-$h & 3 A- 4 i B (M)

4. Vinxo=Vmx(0) : X-fih & 384~ 438 & (M/s)
6. Vmz0=Vmz(0) : Z-$i ¢ 5B A4 438 & (M/S)
8. 0o=q(0) : y-#h= & 4~ 4> & 3# & (rad)
10.e0=eo(0): % - B 4~ 245 (& H )



11. elo:el(O) - - A ‘,% # 18 (.ft’t H ff_)
13. 930263(0) T xe B4 ‘,% # 18 (.ft’t H ff_)
15.00 =6(0) : #°4aiir & (radfs)

(=) # = H3 (AERO)

ﬁ] *EE G

t EFR(S)
3. Vo B AR X-fh 383 B (m/s)
5. Vg : B B Ak z-#h & 58H# B (M/s)
7.p: X-#h> % &:F 5 (rad/s)
9.r: z-$h=> w &i& F (rad/s)
ﬁ] il
Lgs # & (kg/m’)
3. FA X-8h~> w5 54 (N)
5.FA;:z-h> v 5 &+ (N)
7.MAy: y-#h= = 5 & 4 & (N-m)

(=)¢ # %3 (MGNC)

ﬁl *E L

Lo X-fh 58 =% £ p/E (M
3t Z-Fh FESE =8 R E (M

5. Vmym: Y-t & 3% B £ R & (M/S)
T M. X-h P =% £/ E (M)
9. ym:z-#hp &= % FRE (M)
11, Viym © Y- 85838 & £ B E (M/S)

13.t: PR (S)

15. tht © 3845 4 (N)

17.p: x-#h=> » & 5 (rad/s)

19.r:z-3h> v &% F (rad/s)

21.0: ¥4 (rad)

ﬁ’] J B

1. delta_y : y-#heg o & & (rad)

3. tgo: FIEPFER (S)

P TPARTY SO

1. tg0=tgo(0) : #= 4 FI A FF R (S)

3. Vy_table : e & 58iE B PR chaBic i

(= )i v % & =4 (DACS)

\/v

e
B
P
E

12.e0=,(0): % =B 4 ~Z4 & (£ H )
14. w0 =y(0) : 4474 & (rad/s)
16. 0 =@(0) : 4= 4~k (rad/s)

2.tho: &#ETa B RhT F 2 A (kg/md)
4. Viyp: K8 AL y-h it 3B3E & (M/s)

6. Mach: #3585 ##c (& 8 )

8.q: y-#h> w ki 5 (rad/s)

10. Xeg : X-§h~> w 0o =% (m)

2. X AP

4. FAy:y-#h=> w5 54 (N)

6. MA: X-#h= =  # 4 5& (N-m)
8. MA;: z-#h= w § # 4 %&£ (N-m)
2. toym - Y-Bh = % B R E (M)
4 Viym : X-Fh §583E & £ Bl E (M/s)
6. Vinzm & Z-h & 3 :E B £ R E (m/s)
8. lym:y-#hp &% £ RlE (M)

10. Vg : X-$h P {53 & 2R E (M/S)
12. Vi : Z-$h 43 5838 & £ R E (m/s)
14. SMG :¥ i 51 a2 55

16. mass : 38 5 & (k)
18.q:y-#h=> w» & i & (rad/s)
20.y: Ei& & (rad)

22. ¢: ek (rad)

2. delta_z: z-$wvf ¥ & & (rad)
4.ZEM: 5 % 4 %4 (m)

2.e0 =ei(0) : A= 4FE RIS B



ﬁ] *EE G

L X-gh 588 ()

3 mz: Z-ghEHE=F (M)

5. Vmy: y-#h ¢ 382 & (/)
7.y X-$h= w p =% (m)
. ry:z-#h> v p =¥ (M)
11. vy i y-h = » P 3k B (M/s)
13.p: x-#h=> » & ¢ 5 (rad/s)
15.r: z-h=> v & & F (rad/s)
17. ¢: #4ed (rad)

19. Syg: ¥ =Bl Exd L
ﬁ] il

1. DAl

3.DB1

5. AAl

7.AB1

9.AC1

11. AC3

(Z)~#% £+ (ATMO)

R
1 oo X-gh= w H5EF & (M)
3 mz:z-fh= » HEF R (M)
ﬁ&lﬂzgwf.,:

2. My  y-#hEE = (M)

4. Vmy: X-fh 8% & (m/s)

6. Vinz: Z-#h 58 & (m/s)

8. ry:y-#h= w B =% (m)
10. Vi : X-$h = P HRiE B (M/S)
12. vy i z-967 v B ik B (M/S)
14.q:y-$h~> » &2 5 (rad/s)
16. 6: ¥ & (rad)

18. y: B & (rad)

2. DA2
4. DB2
6. AA2
8. AB2
10. AC2
12. AC4

2. My y-#h=> = HEB R (M)

l.rho: ¥3E T a8 Rehz 7 2 & (kg/md) 2.P, : HEH AR RO FRS (N/M)
.temp: HE#r g AR R (°C) 4.ss: BT H B R DF i (s)

5. Qe X-fh i £ 4 e iE R (17 AR (/) 6. gy y-B= & 4 4ok & (17 1R ) (/)
7.0, 290w £ 4 4o A (F HA ) (m/s?)

(= )4+ 1+ (PROP)

ﬁl »E D

Lt: R (S) 2. delta_y : y-#hrg ¥ & & (rad)
3. delta_z: z-$v ¥ & & (rad) 4. DA1

5. DA2 6. DB1

7.DB2 8. AAl

9. AA2 10.AB1

11.AB2 12.AC1

13.AC2 14.AC3
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15.AC4

ﬁ] Az g o

1.tht: #s&4e 4 (N)

3. I x-dh= i H 1 £ (kg-m?)
5.1,: -0 » 8 17 £ (kg-m?)
7. MTy: X-#h= & 518 4 52 (N-m)
9. MT,: z-#h > w 51 & 4 5& (N-m)
11.FT, :y-$h= w3l &4+ (N)
¥

Loty % — &¥HERT (S)
3.thtl: % - &4a4 = @ (N)
S.t: & — &IEPFRF (S)
Tt %= &8 VPR (S)

(=) B &4t (TAGT)

"R

L Ou:X-#h> o &4 4eid B(]
3.0 z-#h> w & 4 4eig (1
ﬁ]ﬂzgwfu:

Lrg:x-#> % p &= (m)
3rgiz-fh=> v p =% (M)
5. Viy:y-#h= % B i & (m/s)
7.M: P RS A

¥

Lryo i X-$h= o P iRd~ 4% (M)
3.t Z-$h % B Ao (M)
5.Vyo ! Y-~ & B A= 4iE & (m/S)
7.Cp: 14 fhd#c

(~)H #3E (AUXI)

ﬁl »E D

1. Vgt X-Hh 583 & (m/s)

3. Vmz: - 58 & (M/S)

5. Vinxo © ¥ B 1% X-#h & 38:& & (m/s)
7 Vizp: A z-#h {58 & (m/s)
ﬁ’] J B

1. Mach: #3# 5 ###c (& H )
3.beta: Bl %

M) (m/s?)
M) (M/s?)

51

2. mass : 585 £ (ko)

4.1 y-ph @ E 1 (kg-m?)
6. Xog : X-#th~ e e 28 (M)
8. MTy: y-#h= = 31 & 4 5& (N-m)
10. FTy: x-$h=> a 518424 (N)
12.FT,:z-h> o 518324 (N)

2.t F I EYHERE (S)
4.tht2: § = 454 B+ & (N)
6.t2: % = SWAPFREF (S)

N

2.y y-fh= % PR E (M)
4 Vi X-Bh7 % P g B (M/S)
6. Vy:z-#=> % P i B (M/s)

Tyt Y- e PoARA 4R (M)

Vo X-fh B AR deiE B (m/S)
Vo § Z-fh b B A 4eiE B (m)s)
B PHEEFA G (kgfim?)

o oo AN

2. Vy: Y- 582 & (M/S)
4.ss: HEATEF R g i (m/s)
6. Vimyo : 1 AR y-#h {382 & (M/s)

2alfa: iz &

Gyl y-Bh e E 4 eig R (1 B AE) (MUSY)



6.3 § ##5 (AERO)

B A I BRI PEf B E B e § e

=

424075 » B ¥ (Xg, Y Zg) 5 M A= B A HRph o (X, Ye,Z) 5 B i T ik -

V, i@ AL UV W] A RSB R AAET Sz BAE o 2otk

\Y W ) \Y
T h e hkg=tant— > sthka=tant— > BlF £ B=sin"
¢ W U 'F'J/ﬁ' IB v

o0

o

LU
&, =00s™

FA:[FAX Fay FAZ}Tﬁﬁf%ﬁfL*E@’f%‘—r%ﬁ”%ﬁ%’g ’MA:[MAX My MAZ:|T

SREAMABERET XGRS B E F B4 od BT E g B hlicio(6.1) o

. X5 YpZy: Body Axes
X;-Yo-Zg : Stability Aves
C.G. : Center of gravity

#1

B 6.1 F 84 43
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Cex =—Co(M, ., 9)

rl
C., =C,(M,a,,¢)+C, (M)
Fy (M, ,4)+C, ( )ZVOO
C., =—C\ (M., §)—Cp (M) I
Fz N c Ng 2VOO

plref (61)
Cw=C(M,a,,¢9)+C (M)—
Mx (M, ., 9) Ip( )2\/@

Pl

CMy:Cm(lvl’0[(:7¢)+CN(I\/I’Otc'¢)xcg-i_CNq('\/I)(Xcg_chq)yf

rll‘e
Cyv. =C,(M,a,,9)+C, (M, )X, +Cy, (M)(X,, — chr)zv—f

B M : RSl LB R GEP R B FTEAELA S Cy ~ Cy
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Pa = Pb -exp _go'MO'(_rmz _hb) (67)
R-T.,
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g0 @ £+ 4ci# & (9.80665 m/s3

MO : # ®8 5 f £ (0.0289644 kg/mol)
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ss = /% (6.10)
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missile acceleration in body coordinate
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