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Abstract—This paper presents the system identification by (i) The rocket pod has the dimension of 265mm, 380

physical's law method and designs the controller tfee Azimuth
Angle Control of the Platform of the Multi-LaunchBocket System
(MLRS) by Root Locus technique. The plant mathecahtmodel
was approximated using MATLAB for simulation andabmze the
system. The controller proposes the implementatmin PID
Controller using Programmable Logic Control (PLG) €ontrol the
plant. PID Controllers are widely applicable in urstrial sectors and
can be set up easily and operate optimally for eecdi productivity,
improved quality and reduce maintenance requiremgmé results
from simulation and experiments show that the psepgoa PID
Controller to control the elevation angle that laperior control
performance by the setting time less than 12 $exrise time less
than 1.6 sec., and zero steady state. Furtherrtioeesystem has a
high over shoot that will be continue development.

Keywords—Azimuth angle control, PID Controller, The platior
of Multi-Launcher Rocket System.

I. INTRODUCTION

HIS paper is research and developmentplagorm of the

Multi-Launcher Rocket System irthe Mechanical and
Aeronautical Engineering Laboratory, Defence Tedbgywy
Institute of Thailand. In the process of desigrtimg controller
of the azimuth angle of the platform of Multi-Lalner Rocket
System, first step we have to identify the syst@m3] by the
physical’'s law. Then, simulation using MATLAB [4]d the
Root Locus Technique for design the controller $1, The
controller proposes the implementation of PID Colter that
is widely applicable in industrial sectors and dan set up
easily and operate optimally for enhanced proditgfiv
improved quality and reduce maintenance requireméhé
programming of the PLC using the brand is OMRON &ixd
Programmer for create the program of controllemaHy,
check the results and discussed on their perforezanthis
paper was organized in the following manner: Sectib
describes the plant used; Section Il describes enadt
system; Section IV describes controller designtiSed/ is on
results and discussion; and finally, Section VI fise
conclusions.

Il. PLATFORM

The plant used in this researching is the platfafthe
Multi-Launcher Rocket System (MLRS) as shown in. Hig®.
The platform consists of six major parts as follogvi
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and 195 mm in width, length and thickness respeltjWii)
The rocket pod supporting has dimension of 1000mm,
1380mm and 230 mm in width, length and thickness
respectively, (i) The base has dimension of 1080m
1110mm. and 360 mm in width, length and thickness
respectively, (iv) The cylinder is a bidirectiorallinder type

of brand namé&exroth model CDL1MP5. The piston diameter
is 63mm, piston rod diameter 36mm, stroke 200mnd an
piston area ratio 1.75:1. (v) The pressurized flflmv is
control by electronic control valve of brand naken. This
control valve is the proportional and directiongpe. The
valve input voltage is +10V dc with current range20) mA.

(vi) The pressurized pump and hydraulic motor a&gulate
fluid source of up to 2300 psi or 160 bars. (vijeTcontroller

of azimuth and elevation angles by the Programméablgic
Controller (PLC) and (viii) The fire control systemhich
gains all information such as meteorology data,getr
coordinates and rocket position and orientationcfamputing
the azimuth and elevation angles in order to sendBLC for
set up the rocket launcher.

PLC
Controller

Launcher
Platform
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I1l. MODEL OFSYSTEM rotation in degree. Thus, the transfer functiorthef Azimuth

The model of the Azimuth Angle Controller castsiof Andle Controlleris,
Controller, Valve, Motor hydraulic, and Plant oframth angle

control as shown in Fig.3 and this system can éxphablock G(s) = i_@ %)
diagram as shown in Fig.4. Kes 7T
@ From Eq.(5) situation the value of the plant, vateamstant.
R So, the transfer function of the system as bellow.
G(s) = —+ (6)
2.24S
Driven mass . Where,
!'_ i Q Flow of oil into the cylinde(m®/s)
: : k_ Valve constan(m?/s)
[ Damping Ky, Voo
E x, Distance of the movement of valve (m)
18 Kq Nominal displacement consta(mn:‘/rad)
Damping Kgm

Speed ® rad/s

Torgue T Nm V. CONTROLLERDESIGN
From Eq.(6) is the first order system, andrgmult of simulation
T — Outlet by a unit step that is excited the open loop systEhe result is
unstable, because the result always increase exftgted by
unit step signal as shown in Fig.5 and check alamts of the
open loop system found that the system has a pdlera that

so nearly to unstable as shown in Fig.6

Stap Response

Flow rate Q m?/s

Pressure p N/m?

Fig. 3 Motor Hydraulic with the plant

Hydraulic
Controller Valve motor Plant
R (S) Y(S) 600 -
] K = Gus) ™ Guu(s) ™ G(s) —
e
Control 500} i

Fig. 4 Block diagram of the open loop model

Ampltude

Modeling of the system approximated by linearlytsys 00)- ]
and single input single output (SISO). Using thggitel law
to determine the open loop transfer function of ghistem as w0 ]
following, The input to the system is the movemehtthe
valve x;, through the valve constakj, and allows a flonQ
m°/s which makes the motor hydraulic for rotation.

100} 4

L L
500 1000 1500
Time (sec)

Q =k x ) Fig. 5 Step response of the open loop system
. . Follow as the results of the open loop system. Tésgarch
From Fig.3 the formula relating flow rate Q and espeof proposed the PID Controller to design the corgraiind using

rotationa in radian. Written as a formula as below. the Root Locus Technique for analyze the system.

déo ool Lacus
Q = kqa) = kq R (2) . . \

Kq is a constant of nominal displacement with unftsnd per

008 : B

radian. 6 is the angle of rotation in radian. Written as a

function of s-domain becomes s ]
Q= k,s6 @ & 7
Thus, the flow rate as the input and the angleotdtionas ¢ 7

the output the transfer function of hydraulic mator oozl i

Gu(s)= 2= ) ]
Q kqs D08 -

Then, added the transfer function of the plant tuesists |
of a gear set ratio 80:10 and a movement to thdeaof B B _de o 5 72

Fig. 6 Root locus of the open loop system
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The PID Controller contains three parts that amgtaio the
P-Proportional, I-Integral, and D-Derivative as whoin the
block diagram in Fig.7. The system is a closed-lgoptrol
with PID Controller. The PID Controller is designed
determine the parameters of the appropriate corfitrothe
system's response and behavior, according to #imlist of
the system, setting time, and the steady state.erro

Kp
R() &~ E(5) PR T "o
- +
KpS
H(s)

Fig. 7 Block diagram of the PID Controller

From the block diagram in Fig.7 the PID Controlier
satisfy the following equation.

de(t)

u(t) = K e(t) + K, _[e(t)dt Ko = @)
Then, transfers to the S-domain by Laplace transfas
below.
U(s) = (K, + R+ K,y9)E(s) 8)
S

Thus, determine the transfer function of the PIDvicaler,
U -k + Kk,
E(s) S

When use the PID Controller to improve the exissggtem,
additional the transfer function of the PID Corliolto the
system and there is the open loop transfers fumetsobelow.

K(s) = ©)

K 1

K(s)G(s) = (K, +—L+K (10)
(815(9) = (K, + =+ KoS)

:KD52+KPS+K| (1)

s(s+a)

Thus, the closed-loop transfer function as below.
Y(s) __K(9G(9) (12)

R(s) 1+K(s)G(s)

KD52+KPS+ KI (13)

T (Kp +1)8° + (K, +a)s +K,

From Eq. (12) the feed-back control by PID Conaplis
the additional two zeros and two poles in the dpep system
to improve the setting time and Transient resporse the
target of design is the setting time less than d€) and the
steady state error less than 1%. Follows a reqeintsn
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designed the controller at andK,=4, Kp =2, Kp =1. So the
additional zero aK,/Kp =2 and situation in Eq.(13). Then the
transfer functions of closed-loop system as shawkdq.(14).
This the closed

0.50041.322i, and a zero at z= -1+1.732, thenyaeathe
Root Locus as shown in Fig.8
Y(s) _ K(s)G(s) s?+2s+4 (14)
R(s) 1+K(s)G(s) 448s®+ 448s+ 896

Root Locus

Imaginary Axis

2 . L i
Sz ] 08 06 04 02 o 02
Real Axis

Fig. 8 Root locus of the closed loop system

Finally, setting the parameters of PID Controllgr BLC
and using the CX-Programmer is one of the softwaed for
this project as shown in Fig.9. This software wilable the
communication between the hardware which are thdggom
of Multi-Launcher Rocket System and the PLC in orte
control the Elevation Angle of the platform.

= HalfScale_VO1 - CX-Programmer - [NewPLC1.NewProgram1 Output [Diagram]]
[E5 Fa

Fig. 9 CX-Programmer

V. RESULTS ANDDISCUSSIONS
The simulation results using MATLAB to analyze tineit
step response as shown in Fig.10. This closed-$ysfem of
PID Controller for control The Azimuth Angle of thpdatform
has a setting time 12 sec. and steady state srearo that met
for the requirements. But there is high overshaottee first
time which have to development in the next step.
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loop system has two poles at p= -
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Step Response
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Fig. 10 Step response of the closed loop system

VI. CONCLUSIONS

The modeling by physical law method and designs the
controller for control the azimuth angle of thetfdam of the
Multi-Launcher Rocket System by Root Locus techaiqu
After the model was approximated and analyze resflt
system and design the controller for control thistam to
meet the requirements. The controller proposes the
implementation of PID Controller using PLC. A sificéint
improvement in the system performance has beerewathi
with PID controller as setting the parameiter=2, K,=4, Kp
=1. The simulation and analyze the results of ttstesn found
that met to requirements by the setting time lass t10 sec.
and the steady state error is zero. But theregh bvershoot
that have to development in the next step.
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