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Ratchani Yuenyaw 2011: Guidance Studies for Multiple Launch Rocket System.
Master of Engineering (Aerospace Engineering), Major Field: Aerospace Engineering,
Department of Aerospace Engineering. Thesis Advisor: Assistant Professor

Group Captain Pahron Sanguanbhokai, Ph.D. 62 pages.

Increasing the precision and accuracy for the rockets will provide greater lethality and
effectiveness. To achieve a controlled trajectory of the rocket from the initial launch to its target
need the rocket guidance section. In this study, describes guidance system studies for multiple
launch rocket system (MLRS), ground to ground munitions that fired from launcher tubes to the

target with ballistic trajectory. This guidance problem is the portion of constrained optimization.

The solution of the rocket guidance problem in this research was assigned to be
received GPS navigation updates and commenced during the initial phase of flight from the
motor burnout up to the time of apogee that account for significant parameter is launch-induced
offsets from nominal at burnout state. Dynamic programming method is applied to correct the
ballistic trajectory by generating a set of feedback gains for guided portion to compensate that
launch offsets. Dynamic programming method validation is obtained by comparison of the
controlled ballistic trajectory with the nominal trajectory and also analyzed the target miss
distance with respect to the different launch offsets. Results from studies will retrofit of existing
domestic unguided rocket as a few internal hardware actuator add-ons that become to the guided

rocket.
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nominal coursa data

correction module .7

MW 14 MLRS rocket trajectory
1301: Thomas e al. (1998)
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State variable Ref. Burn-out State error Ref. Impact State error at impact
conditions at burn-out conditions

Velocity (m/s) 1191.7 0.2 461.8 0.5

Flight path angle (°) 35 0.045° 55,172 -0.003
Heading (°) 0 0.048 0.0 0.048
Downrange (m) 0 12.5 60000.0 135.1
Crossrange (m) 0 25.0 0.0 75.2
Altitude (m) 22525 47 0.0 0.0

1301: Gadiot (1999)
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0

Taehn | = Intermediate function
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X(tO ) ~ Xo
X(tl) = X

A o = 9 1 q K A o
NANUNIT(3) mammmﬂu“lﬁagiugﬂ Optimal performance function DN UA State

Fudui X taznasudun t oz ldauns 4)
I =37 (x,t) )
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v

Y [
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Ad 20 a2 1daums (5)
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Welen J7(x+Ax,t + At) Treglugiloynsu Taylor 9214
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J7(X+AX, t+At) = J*(x,t)+aiAx+aiAt+... ©)
OX ot
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lim X =
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) 4 9
_N - max (I(x,u,t)At+£f(X,U,t)
ot fu®) OX

nazilodaloglugaunsues Bellman ag ldauns (10)
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[T S ]

{ Iz =
NNINGN 20 Boundary condition UBI&NUNITVUDI Bellman 11l State qﬂﬁ’mmam
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I (xt)t) = f(x.t,) (11)
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2.3 M31135M3 Dynamic Programming 1114 usguuniungy
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1301: Robinett ez al. (2005)
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MNN 25 NMIAADUNUDY Point-mass 1UTLUIY 3 WA
3: Jakka (2004)
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2. Guidance control problem (iJayti1M3AIVANNIIHIID)
Dohrmann (1996) fvuald Input U @151 Guidance control problem AIaNNT (14)
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3. Transformation of Guidance problem (mmﬂmﬂtymmsﬁﬁﬁ)
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N-1
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Glug 1) Discrete time

N-2
F(uk) = XJ—1WN—1XN—1 + hzuluk

k=1 (3 7)

Taeh

W, , =A(A,,-B,,D)'G'G(A,,-B,,D)+hD'D (38)

' ° Y Y a LY o _Aad Ay 1
ﬂa131@ﬂﬁﬁqTJﬂ”lﬁﬂ’]ujﬂml']fi@]ulﬂuﬂ’]ﬁ!ﬂﬁEJH‘]JﬂJW']fniu”nﬂﬂi?ﬂﬁnﬂuﬂﬂ‘ﬂlllﬂlﬂ"I 3

<
mizasaganeluaums (19) vuiluwuumizewaigaie t, luaums 37)



36

4. Dynamic Programming Solution
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5. Simulation
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Variable Nominal trajectory at  Nominal trajectory at  Controlled trajectory
burnout state target state at target state
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3| ' [ a 1 4
Slug LﬂUﬂu’JﬂﬂJBQNTJaLL'}JDE’NﬂQH Joseph and Charles (2006) Tiienn 143 el
o o Y 3 = 1 2
1159911A 1 pound-force (Ibs) M1NF2H19291 IHUIAUUA 1 slug HuTANSe 1t /sec

A1319WUINT 01 1WSeuieuniienia slug AUKHIBNIADUN

d' =) = 1
MIWUINT 01 MslFeumeuniienia

TeUY FPS FPS FPS Absolute Metric
Engineering Gravitational

usa(F) F=ma F=walg F =ma F=ma

Wit (w) w=mg w=m w=mg w=mg

Ny

ANuII(a) ft /sec? ft /sec? ft /sec’ m/sec?

wa(m) slug pound-mass pound Kilogram

usa (F) pound pound-force pound newton

nn: Joseph and Charles (2006)
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Mach No. C,_a C b, (Per®) Kg
1.00 0.180 0.450 0.095
1.05 0.200 0.540 0.085
1.10 0.200 0.540 0.085
1.20 0.200 0.540 0.085
1.30 0200 0535 0085
1.40 0.195 0.530 0.085
1.50 0.190 0.520 0.085
1.60 0.185 0.515 0.090
1.70 0.180 0.510 0.095
1.80 0.175 0.500 0.100
1.90 0.170 0.490 0.105
2.00 0.168 0.480 0.110
2.10 0.163 0.470 0.115
2.20 0.162 0.460 0.120
2.30 0.160 0450 0125
2.40 0.155 0.440 0.130
2.50 0.150 0.425 0.135
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N13%1 State Transition Matrices
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