
 

 

 

Abstract—This paper presents the system identification by 
physical’s law method and designs the controller for the Azimuth 
Angle Control of the Platform of the Multi-Launcher Rocket System 
(MLRS) by Root Locus technique. The plant mathematical model 
was approximated using MATLAB for simulation and analyze the 
system. The controller proposes the implementation of PID 
Controller using Programmable Logic Control (PLC) for control the 
plant. PID Controllers are widely applicable in industrial sectors and 
can be set up easily and operate optimally for enhanced productivity, 
improved quality and reduce maintenance requirement. The results 
from simulation and experiments show that the proposed a PID 
Controller to control the elevation angle that has superior control 
performance by the setting time less than 12 sec, the rise time less 
than 1.6 sec., and zero steady state. Furthermore, the system has a 
high over shoot that will be continue development. 
 

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

I. INTRODUCTION 

HIS paper is research and development the platform of the 
Multi-Launcher Rocket System in the Mechanical and 

Aeronautical Engineering Laboratory, Defence Technology 
Institute of Thailand. In the process of designing the controller 
of the azimuth angle of the platform of Multi-Launcher Rocket 
System, first step we have to identify the system [2, 3] by the 
physical’s law. Then, simulation using MATLAB [4] and the 
Root Locus Technique for design the controller [1, 5]. The 
controller proposes the implementation of PID Controller that 
is widely applicable in industrial sectors and can be set up 
easily and operate optimally for enhanced productivity, 
improved quality and reduce maintenance requirement. The 
programming of the PLC using the brand is OMRON and CX-
Programmer for create the program of controller. Finally, 
check the results and discussed on their performances. This 
paper was organized in the following manner: Section II 
describes the plant used; Section III describes model of 
system; Section IV describes controller design; Section V is on 
results and discussion; and finally, Section VI is the 
conclusions.  

II. PLATFORM 

The plant used in this researching is the platform of the 
Multi-Launcher Rocket System (MLRS) as shown in Fig. 1,2. 
The platform consists of six major parts as following:  
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(i) The rocket pod has the dimension of 265mm, 1380mm 

and 195 mm in width, length and thickness respectively, (ii) 
The rocket pod supporting has dimension of 1000mm, 
1380mm and 230 mm in width, length and thickness 
respectively, (iii) The base has dimension of 1050mm, 
1110mm. and 360 mm in width, length and thickness 
respectively, (iv) The cylinder is a bidirectional cylinder type 
of brand name Rexroth model CDL1MP5. The piston diameter 
is 63mm, piston rod diameter 36mm, stroke 200mm, and 
piston area ratio 1.75:1. (v) The pressurized fluid flow is 
control by electronic control valve of brand name Yuken. This 
control valve is the proportional and directional type. The 
valve input voltage is ±10V dc with current range (4-20) mA. 
(vi) The pressurized pump and hydraulic motor are regulate 
fluid source of up to 2300 psi or 160 bars. (vii) The controller 
of azimuth and elevation angles by the Programmable Logic 
Controller (PLC) and (viii) The fire control system which 
gains all information such as meteorology data, target 
coordinates and rocket position and orientation for computing 
the azimuth and elevation angles in order to send to PLC for 
set up the rocket launcher.  
 

 
Fig. 1 The Platform of MLRS 

 

 
Fig. 2 2D Drawing of the MLRS Platform 
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III.  MODEL OF SYSTEM 

    The model of the Azimuth Angle Controller consists of 
Controller, Valve, Motor hydraulic, and Plant of azimuth angle 
control as shown in Fig.3 and this system can explain in block 
diagram as shown in Fig.4. 

 
Fig. 3 Motor Hydraulic with the plant 

 

 
Fig. 4 Block diagram of the open loop model 

 

Modeling of the system approximated by linearly system 
and single input single output (SISO). Using the physical law 
to determine the open loop transfer function of the system as 
following, The input to the system is the movement of the 
valve xi  through the valve constant kv, and allows a flow Q 
m3/s which makes the motor hydraulic for rotation. 

 
 iv xkQ =                               (1) 

 
From Fig.3 the formula relating flow rate Q and speed of 

rotation ɷ  in radian. Written as a formula as below. 

dt

d
kkQ qq

θω ==                        (2) 

qk  is a constant of nominal displacement with units of m3 per 

radian. θ is the angle of rotation in radian. Written as a 
function of s-domain becomes 

 θskQ q=                            (3) 

Thus, the flow rate as the input and the angle of rotation as 
the output the transfer function of hydraulic motor is 

 

skQ
sG

q
hm

1
)( == θ                     (4) 

 Then, added the transfer function of the plant that consists 
of a gear set ratio 80:10 and a movement to the angle of 

rotation in degree. Thus, the transfer function of the Azimuth 
Angle Controller is, 

 

π
180

.
1

)(
sk

sG
q

=                       (5) 

From Eq.(5) situation the value of the plant, valve constant. 
So, the transfer function of the system as bellow.  

  S
sG

24.2

1
)( =                            (6) 

Where, 
Q

  

Flow of oil into the cylinder (m3/s) 

vk

 

Valve constant (m2/s) 

ix   Distance of the movement of valve (m) 

qk

 

Nominal displacement constant (m3/rad) 

IV.  CONTROLLER DESIGN 

     From Eq.(6) is the first order system, and the result of simulation 
by a unit step that is excited the open loop system. The result is 
unstable, because the result always increase after excited by 
unit step signal as shown in Fig.5 and check a root locus of the 
open loop system found that the system has a pole at zero that 
so nearly to unstable as shown in Fig.6  

 
Fig. 5 Step response of the open loop system 

 
Follow as the results of the open loop system. This research 

proposed  the PID Controller to design the controller and using 
the Root Locus Technique for analyze the system.  

 
Fig. 6 Root locus of the open loop system 
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The PID Controller contains three parts that are contain the 
P-Proportional, I-Integral, and D-Derivative as shown in the 
block diagram in Fig.7. The system is a closed-loop control 
with PID Controller. The PID Controller is designed to 
determine the parameters of the appropriate control for the 
system's response and behavior, according to the stability of 
the system, setting time, and the steady state error.  
 

Fig. 7 Block diagram of the PID Controller 
 

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

 

dt

tde
KdtteKteKtu DIp

)(
)()()( ++= ∫           (7) 

 
  Then, transfers to the S-domain by Laplace transform as 
below.

 
)()()( sEsK
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K
KsU D

I
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               (8) 

  Thus, determine the transfer function of the PID Controller, 

 )(
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  When use the PID Controller to improve the existing system, 
additional the transfer function of the PID Controller to the 
system and there is the open loop transfers function as below. 
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Thus, the closed-loop transfer function as below. 
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      From Eq. (12) the feed-back control by PID Controller is 
the additional two zeros and two poles in the open loop system 
to improve the setting time and Transient response. As the 
target of design is the setting time less than 10 sec. and the 
steady state error less than 1%. Follows a requirements, 

designed the controller at and   KI=4, KP =2, KD =1. So the 
additional zero at KI/KP =2 and situation in Eq.(13). Then the 
transfer functions of closed-loop system as shown in Eq.(14). 
This the closed loop system has two poles at p= -
0.500±1.322i, and a zero at z= -1±1.732,  then analyze the 
Root Locus as shown in Fig.8  
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Fig. 8 Root locus of the closed loop system 

 

Finally, setting the parameters of PID Controller by PLC 
and using the CX-Programmer is one of the software used for 
this project as shown in Fig.9. This software will enable the 
communication between the hardware which are the platform 
of Multi-Launcher Rocket System and the PLC in order to 
control the Elevation Angle of the platform. 

 

 
Fig. 9 CX-Programmer 

 

V. RESULTS AND DISCUSSIONS 

The simulation results using MATLAB to analyze the unit 
step response as shown in Fig.10. This closed-loop system of 
PID Controller for control The Azimuth Angle of the platform 
has a setting time 12 sec. and steady state error is zero that met 
for the requirements. But there is high overshoot on the first 
time which have to development in the next step.   
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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 the platform of the 
Multi-Launcher Rocket System by Root Locus technique. 
After the model was approximated and analyze result of 
system and design the controller for control this system to 
meet the requirements. The controller proposes the 
implementation of PID Controller using PLC. A significant 
improvement in the system performance has been achieved 
with PID controller as setting the parameter KP =2, KI=4, KD 
=1. The simulation and analyze the results of the system found 
that met to requirements by the setting time less than 10 sec. 
and the steady state error is zero. But there is high overshoot 
that have to development in the next step.   
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