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m{((il_];}+ WX yp= F[,

w(sin%cos ¥sin¥— cosPsiny),

2= — usin¥+ v(sinY cos¥ )+ w( cosYcos9).
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dL
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Ly = [T q(= Lo 1y Iy q (4)
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Iy(P— Iyzr>h Ixyp>— q([xyr— [yzp)— Tp([z— Lc)— [xz(rz— p2) = My, (5)
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, Ko Fy F; My My M.
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Euler ’ & > > b Yo poagr
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Xy z
mg( ao, — (q2+ rz)RB+ Rp) + mu(ao, - (q2+ rz)RH+ Ru) = F.,
mp(ao + (> pq)Re+ 2rRp) + mu(ao + (> pq)Ru+ 2rRu) = F,, (8)
mp(ao, - (- pr)Re— 2gRx) + mn( ao, - (¢ pr)Ru- 2qRu) = F-..
Xy z
Pho+ (= @)L+ (pr= @ Ly (pg+ P+ rq(la= 1,,) = M,
vt (pP= Pt (pg= 3 Ly= (qr+ Pt pr(lec= L) =
(mpRp+ muRu)ao, + (2mpRyRys+ 2muRuln)q = M,, (9)
ot (7= p )L+ (rg= P — (pr+ @la+ pg(ly— La) +
(mpRp+ muRn)ao, + (2mpRefp+ 2muRuln)r = M. .
Fp, = ms(ao, - ((]2+ r2)RB+ Rg),
Fu = mu(ao, - (q2+ rz)RH+ Rn), (10)
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1 . 2
3 12
1 000 , +
30 ( 11~ 27) .
1
1 2
m /kg 2000%2 5002
I, / (kg*m? 50015 50x2
1,/ (kg"m?) 25 00020 200%5
I/ (kg m?) 25 000£20 2005
I,/ (kg m?) 0t£10% 0£10%
I.. / (kg"m?) 0t£10% 0£10%
1./ (kg*m?) 0t£10% 0£10%
2
P/ % *4 +4 *4
t/ms *10 *10 10
P/ *o05 — —
P, /(N*s) +10 +5 +2
e/ mm +0.3 0 0.1
3 12
1 2
- 30 + 30 - 30 + 30
v, /(m/s) 2973 2976 2979 3000. 4 3 004 3 007.6
v, /(m/s) 79. 1 88 96.9 - 2% - 231 - 18
v,/ (m/s) 239.2 249 258.8 4.5 5.3 6.1
x /m 2706 3378 4050 2716 3397 4078
y /m - 23.6 - 194 - 154.4 - 233 - 195 - 157
z/m - 355 - 297 - 2355 - 3527 -2 %8 - 2409
p ! (radls) 0 0 0 21.2 2%.2 27.2
q/(rad/s) 0.008 7 0.008 7 0. 008 7 - 0.0075 - 0.0065 -0.0055
r/(rad's) - 0.0097 - 0.0087 -0.0077 0. 007 0.01 0.013
b/ (rad) - 0.1 - 0.107 - 0102 - 0.095 - 0.091 -0.0%
9/ (rad) 0.78 0.79 0.792 0. 787 0.79 0.792
Y /(rad - 0.105 - 0.102 - 0.0% 2 2.5 37.2
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Monte Carlo Simulation of Stage Separation
Dynamic of a Multistage Launch Vehicle

J. Roshanian, M. Talebi

(Department of Aerospace Engineering, K. N.Toosi University of Technology , Tehran , Iran )

Abstract: The formulation used for studies of cold and hot separating stages of a multistage launch
vehide was provided. Monte Carlo sinulation is employed to account for the off nominal design pa-
rameters of the bodies undergoing separation to evaluate the risk of failure for the separation event.
All disturbances, effect of dynamic unbalance, residual thrust, separation disturbance which are
caused by the separation mechanism and misalignment in cold and hot separation are analyzed to and
out the nonoccurrence of collision between the separation bodies. The results indicate that the current

design satisfies the separation requirements.

Key words: ullage-rocket; retro-rocket; launch vehicle; Monte Carlo; hot separation; cold separa-

tion



