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Abstract—This paper presents the automation of Boom conveyor of a Stacker cum Reclaimer machine using a 
programmable logic controller. The Simatic S7-300 series programmable logic controller is used to automate the system. 
Sensors such as zero speed switch, belt sway switch, pull chord switch, chute block switch are used to provide input to the 
system. The motors serve as the output of the system. The software used to program the controller is called Step-7 and the 
programming language used is Ladder logic.       
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I. INTRODUCTION  
 
Automation is used in various control systems for 
operating equipment such as machinery and process 
in factories with minimal or reduced human 
intervention. Prior to Programmable Logic 
Controllers (PLC), many control tasks were solved 
with contactor or relay controls [1]. This is often 
referred to as hardwired control. Circuit diagrams had 
to be designed, electrical components specified and 
installed. Electricians would then wire the 
components necessary to perform a specific task. If 
an error was made the wires had to be reconnected 
correctly. A change in function or system expansion 
required extensive component changes and rewiring. 
With the improvement in the field of VLSI, 
Programmable Logic Controllers were developed. 
Thus nowadays, the same, as well as more complex 
tasks can be done with a Programmable Logic 
Controller. Wiring between devices and relay 
contacts is done in the Programmable Logic 
Controller program. Hard-wiring, though still 
required to connect field devices, is less intensive. 
Modifying the application and correcting errors are 
easier to handle. It is easier to create and change a 
program in a Programmable Logic Controller than it 
is to wire and rewire a circuit. A Programmable Logic 
Controller can be programmed in the following three 
languages [2]: (a) Ladder diagram (LAD)-Ladder 
logic uses graphic symbols similar to relay schematic 
circuit diagrams. (b) Functional block diagram 
(FBD)-The Function Block Diagram is a graphical 
language which can describe the function between 
input variables and output variables. (c) Statement list 
(STL)-Statement list is a programming language 
using mnemonic abbreviations of Boolean logic 
operations. Programmable Logic Controllers (PLCs) 
are used in commercial and industrial applications. 
Programmable Logic Controllers consist of input 
modules or points, a Central Processing Unit (CPU), 
and output modules or points [3]. An input accepts a 
variety of digital or analog signals from various field 

devices (sensors) and converts them into a logic 
signal that can be used by the CPU. The CPU makes 
decisions and executes control instructions based on 
program instructions in memory. Output modules 
convert control instructions from the CPU into a 
digital or analog signal that can be used to control 
various field devices (actuators). A programming 
device is used to input the desired instructions. These 
instructions determine what the PLC will do for a 
specific input. 
 

 
Fig.1 Constituents of a PLC [4] 

 
This paper is focused on the automation of the Boom 
conveyor of a Stacker cum Reclaimer machine. A 
Stacker cum Reclaimer is a machine that performs 
stacking and reclaiming operation using a conveyor 
and bucket wheel. A stacker is a large machine used 
in bulk material handling. Its function is to pile bulk 
material such as limestone, ores and cereals on to a 
stockpile. A reclaimer is a large machine used in bulk 
material handling applications. A reclaimer’s function 
is to recover bulk material such as ores and cereals 
from a stockpile. An interlock is a device used to 
prevent undesired states in a state machine, which in 
a general sense can include any electrical, electronic, 
or mechanical device or system. In most applications 
an interlock is used to help prevent a machine from 
harming its operator or damaging itself by stopping 
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the machine when tripped. The various field devices 
that act as an interlock in a stacker cum reclaimer 
machine are zero speed switch, belt sway switch, pull 
chord switch, chute block switch. A stacker cum 
reclaimer machine can move in three ways. (1) 
Travel: Move along the length of the yard rail. (2) 
Slew: Rotate around its axis. (3) Luff: Lower or raise 
the height of boom conveyor.  
 
II. WORKING METHODOLOGY OF 

STACKER CUM RECLAIMER 
 
A. Common steps 
There is a common set of procedure the Stacker cum 
Reclamier  machine must follow before starting its 
operation in any mode: 
 (1) Check for the healthiness of the main supply. 
 (2) Release the brakes and check for the brake 
release feedback. 
(3) Switch on the motors and check for the motor’s 
ON feedback. Figure two explains the basic terms 
such as, inner edge and outer edge of a stockpile. 
 

 
Fig.2 Stacker cum Reclaimer top view. 

 
B. Operation in stacking mode 
The step by step procedure for stacking operation of 
Stacker cum Reclaimer machine is as follows:   
(1) Start the boom conveyor in the forward direction. 
After starting, provide a feedback to the main plant 
PLC. 
(2) On receiving the boom conveyor on feedback start 
the yard conveyor from the main plant. 
(3) Detect the material on conveyors. 
(4) Fix an appropriate slew angle depending on the 
position of the stockpile. 
(5) Keep the boom conveyor at the lowest luff height 
and start stacking the material over the stockpile. 
(6) When pile is detected raise luff height. 
(7) Check whether highest luff position reached. 
(8) Move machine by predefined distance. 
(9) Lower boom to the lowest position or till it detects 
pile (formed in earlier operation). 
(10) Continue step 6, 7 and 8 till operator decides to 
stop machine operation 

C. Operation in reclaiming mode 
The step by step procedure a stacker cum reclaimer 
machine has to follow  while operating as a reclaimer 
are as follows: (1) Get a feedback from the main PLC 
whether the yard conveyor is running. 
(2) Position the stacker cum reclaimer machine at the 
innermost edge of the stockpile i.e. at the smallest 
slew angle and start from the highest level of the 
stockpile. 
(3) Start the boom conveyor in reverse direction. 
(4) Start the bucket wheel. 
(5) Start reclaiming the material from the inner 
surface of the stockpile to the outer surface. 
(6) After reclaiming the top surface lower the luff 
height. 
(7) Now start reclaiming the lower bench from outer 
surface of the stockpile towards the inner surface. 
(8) Repeat steps 5, 6 and 7 till the lowest luff height 
is reached. 
(9) Now move the stacker cum reclaimer machine 
forward by a predefined distance and repeat the steps 
5, 6, 7 and 8 till the operator gives a stop command or 
the entire stockpile is reclaimed.  
 
III. DETAILS ABOUT STEP-7 
 
The Stacker cum Reclaimer is a huge machine. This 
paper aims at automating the boom conveyor section 
of Stacker cum Reclaimer machine. Different PLC 
manufacturers use different softwares for 
programming. For example, RSLOGICX-5 software 
supports Allen-Bradley PLC family; ISPSoft is used 
to program Delta PLC.  Simatic Step-7 is the software 
used to program the SIEMEN’s controller S7-300 
[4].Step-7 software is supported by Windows XP, 
Windows7, and Windows8. Minimum 1 GB ram and 
2 GB of free disc space is required to install Step7.  
Figure 3 shows the general procedure to be followed 
while using the software. 

   
Fig.3 Using Step-7 [4] 
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The program is written in ladder logic because it is 
easy to understand and debug. In Ladder logic -| |- 
represents a normally open contact. When it is 
provided with logic 1, a contact s established. The 
symbol -|/|- represents a normally closed contact. 
When it is provided with logic 1, the contact is 
opened. Step-7 software provides an option to write a 
program in any of the three programming language 
that is STL, FBD, LAD. Program written in one 
language can be easily converted in to other language 
just by selecting that particular language.  
 
IV. PROGRESS TILL DATE 
 
Some part of the logic implemented in the program is 
explained ahead. 
D. Boom ready to start. 
Network shown in figure 4 defines the logic to check 
for boom conveyor ready to start condition. Memory 
bit M50.0 is assigned to Boom fault bit. There are 
many fault condition such as, pull chord activated 
fault, zero speed switch fault, belt sway switch fault, 
boom overload fault, boom forward/reverse on 
feedback fault, boom break limit switch fault. If any 
of these faults arise the boom fault bit will be set to 1, 
as the contact assigned to M50.0 is a normally closed 
contact this will result in opening the contact. Thus in 
such a case boom is not ready to start. Similarly logic 
1 at DBX1.2 means the belt sway switch is activated, 
this will break the contact. On the other hand if the 
belt sway switch is to be by passed, I 24.3 is set to 1. 
This will establish a contact and the boom will be 
ready to start which means M50.1 will be equal to 1. 
 

 
Fig. 4 Boom ready to start 

 
E. Boom forward/reverse start memory bit. 
Once the boom is ready to start that is, M50.1 is set, 
the boom conveyor can be started in either local or 
manual mode figure 5 illustrates the ladder logic for 
the same. 

 Local mode: I 16.5 will be set when local 
mode is selected. I 24.0 is a input indicating 
forward start command from the push button 
in local mode. T1 is a timer, it provides logic 
1 at its output after a specified amount of 

time once it receives a 1 at its input and in 
this case 1 sec is the timer value. Once the 
timer elapses M 55.1and M50.2 will be set 
and these memory bits can be further used in 
the program. 

 Manual mode: I 16.3 will be equal to 1 if 
manual mode is selected. When the boom 
conveyor operates in a forward direction it 
means it is stacking the material. I 15.2 is an 
input for selecting stacking mode. The boom 
conveyor can either be operated from the 
control desk or the human machine 
interface. I 12.4 is an input from control 
desk and DBX0.0 is a bit which become 1 
when forward start command is issued from 
the human machine interface. Once this 
connection is established memory bits M 
55.1 and M 50.3 will be set, these memory 
bits can be further used in the program. 

Figure 5 shows the logic for the boom conveyor to 
operate in forward direction also known as the 
stacking mode. A similar logic can be written for 
running the boom conveyor in reverse direction to 
operate it in reclaiming mode.  
 

 
Fig. 5 Boom forward start in local/manual mode. 

 
F. Boom brake release. 
 

 
Fig. 6 Boom brake release 
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Network shown in figure 6 defines the logic to check 
for boom conveyor brake release condition. Before 
starting the boom conveyor brake should be released. 
For forward or reverse direction, the boom conveyor 
can be started in local or manual mode. Memory bits 
M50.2, M50.3 are assigned to boom local and manual 
start bits for forward direction also known as stacking 
mode. Memory bits M50.5, M50.6 are assigned for 
boom local and manual start bits for reverse direction 
.If any of these mode is selected to operate boom 
conveyor in forward/reverse direction, the normally 
open contact will be closed. T3 is a timer; it provides 
logic 1 at its output after a specified amount of time 
in the timer value once it receives a 1 at its input and 
in this case 10 sec is the timer value once the timer 
elapses boom conveyor brake release bit, Q 5.2 will 
be set. 
G. Boom conveyor forward/reverse start command. 
The logic shown in figure 5 was to generate local and 
manual start memory bits, now these memory bits are 
used in figure 7 to actually start the motors of boom 
conveyor. The boom ready to start memory bit from 
figure 4 is also used in this logic. When M50.1 is 1 
and either manual or local mode is selected the timer 
6 receives an input and it starts the timer with a timer 
value of 5 seconds. The timer T4 and T5 are defined 
for siren. Siren is a very important part of any 
material handling plant; its function is to warn all the 
workers in the vicinity that the machine is about to 
start. Its main purpose is to ensure human safety. The 
siren rings for a duration specified in timers T4 and 
T5. Later the brake release feedback is checked, if the 
brakes are released the input I 24.7 is logic 1. Further 
boom conveyor reverse start command is checked, if 
it is set the connection is not established. This is 
because the boom conveyor cannot be operated in the 
forward and reverse direction simultaneously. T9 is a 
timer for boom conveyor  

 
Fig.7 Forward start command. 

 
 
 
 

reverse start command. On receiving a boom 
conveyor reverse start command it is monitored for 
10 seconds, and the boom conveyor forward direction 
motor on operation is aborted only if the boom 
conveyor reverse start input exists for 10 seconds. If 
there is no reverse start command a connection is 
established and the output bit Q 5.0 becomes 1. This 
is the actual output bit which will operate the motors 
in the field. M52.0 is a memory bit used to bypass all 
the conditions. It is mainly used for testing purpose. 
 
CONCLUSION 
 
This paper presents the automation of Boom 
conveyor of a Stacker cum Reclaimer machine using 
programmable logic controller. PLC today are 
advancing in terms of capability applicability. The 
program is written in ladder language using 
SIEMENS Step-7 software. SIEMENS S7-300 series 
programmable controller is used. The wiring and 
installation procedure are also improved because the 
PLC input and output devices are assigned with 
specific addresses, and thus it further simplifies 
troubleshooting. PLC models may be suggested 
depending on the need and specifications of different 
processes. Some PLC is now web-based while some 
already have the file transfer protocol (FTP) 
integrated and email applications as well. The 
program for boom conveyor operation in forward and 
reverse mode is implemented and tested.  
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