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ABSTRACT

Pneumatic conveying is the movement of solids through a pipe using air as the driving force. It differs from
hydraulic or slurry conveying in that the gas expands continuously along the pipe length. The flow profile in the pipe
depends greatly on the ratio of solids to gas and the particle characteristics. This paper presents a novel approach for
controlling a pneumatic conveying system using RTOS (Real Time Operating System). The methodology utilizes
proven control logic for pneumatic conveyors and introduces a deterministic control by using an RTOS.
Experimental results are shown in this paper highlighting the reliability and effectiveness of the method in controlling
a pneumatic conveying system.
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1. INTRODUCTION

Conveying is the process of transporting materials from one location to another. Pneumatic Conveying is the
perfect way to convey dry bulk solids and powder materials. In order to perform the pneumatic conveying, the solid
material is carried into a gas flow, where it disperses and forms a two-phase flow. Pneumatic conveying has many
advantages over other methods of transport, including flexibility in design, lower maintenance costs, dust
minimization, and high system availability. It can also be used for other purpose such as drying and preheating of
the conveying materials. By controlling the airflow inside the conveying line and the level of the material the system
can efficiently convey materials from the source to destination. Almost all control systems used for pneumatic
conveying systems are executed using conventional programming through microprocessors or through PLC
(Programmable Logic Controllers). While using PLC offers several advantages like reduced scan time and reliability
it is still relatively expensive. In order to reduce the operating cost without sacrificing the controlling quality, a Real
Time Operating System can be employed. Modern microprocessors and microcontrollers are readily available with
large inbuilt memories.

A Real Time Operating System (RTOS) is an operating system used to execute tasks in real time without
any buffering delays. It utilizes a specialized algorithm for scheduling the tasks. There are two classifications of Real
Time Operating System such as Hard Real Time Operating System (timing strictly followed) and Soft Real Time
Operating System (some relaxation in delay). The events occurring in the control logic can be executed as individual
tasks in order to provide a deterministic control of the conveying system with reduced interrupt latencies and context
switching overhead. It also allows easy debugging of the program. As a case study, results obtained on RTX RTOS
demonstrate the effectiveness of the proposed strategy in terms of controlling the pneumatic conveying system. In
this paper Section Il provides a background in pneumatic conveying systems and Real Time Operating System.
Section |11 details the proposed approach of control methodology using RTOS. Section IV presents the experimental
results and Section V presents the conclusion of this paper and the future work planned.

Background Review:

Pneumatic Conveying System: A pneumatic conveying system transfers powders and granules through a closed
horizontal or vertical conveying pipeline. The driving force for this transfer comes from a combination of pressure
differential and the flow of air (or another gas) supplied by a blower or fan. The block diagram of a pneumatic
conveying system is shown in figure.1. By controlling the pressure or vacuum and the flow of air inside the conveying
line, the system can successfully convey materials. Pneumatic conveying provides several advantages over the
mechanical conveying method. A pneumatic conveying system can be configured as per our requirement with
multiple bends to fit around the existing equipment, giving it more flexibility than a mechanical conveying system
which has a straight conveying path. This also means that the pneumatic conveying systems occupy less space
compared to a mechanical conveyor. The pneumatic conveying system is totally enclosed, unlike many mechanical
conveyors, which enables the pneumatic system to handle dust particles. The pneumatic conveying system typically
has fewer moving parts and hence they are easy to maintain than a mechanical conveying system. Pneumatic
conveying systems can be classified by their handling of substances into dilute phase and dense phase. Both phases
can be handled by pressure or vacuum. If the source is single and destination is multiple then it advisable to use a
pressurized conveying system. If there are many sources and a single destination then a vacuum type conveying
system is feasible. In dilute phase conveying the particles are fully suspended in the conveying air and transported
at low pressure and high velocity. In dense phase the conveying particles are not suspended in the conveying air and
are transported at high pressure and low velocity. It has some disadvantages compared with mechanical conveying.
One among them is that the pneumatic conveying systems consume a large amount of energy than a mechanical
conveyor. It occurs due to the pneumatic system’s need to regulate air pressure to generate the required conveying
power. The pneumatic conveying system also uses a comparatively larger filtration unit at the receiving end than a
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mechanical conveyor because the pneumatic system has to separate the materials from the conveying air at the
conveying loop end. Some materials also have certain properties that make the materials difficult to convey in a
pneumatic conveying system. Two basic systems that are used to generate
High velocity air stream:

e Vacuum systems - utilizes a vacuum created in the pipeline to draw the material with the surrounding air.

e Pressure systems - a positive pressure is used to push material from one point to the next. The system is ideal

for conveying material from one source point to a number of destination points.

Real Time Operating System: Traditionally developers of small embedded applications had to write all the code
that runs on the microcontroller, which is in the form of interrupt service routine triggered by an interrupt. Now with
the latest advancements in microcontrollers we have low cost, high performance devices with large amount of
internal memory. This makes it possible to introduce more advanced software development techniques in
programming. Introducing a Real Time Operating System (RTOS) into test programs has its advantages. With an
RTOS, all functional blocks in the program are developed as tasks and are scheduled by the kernel. The widely used
scheduling algorithms in RTOS are pre-emptive scheduling, round robin scheduling and co-operative scheduling.
The pre-emptive scheduling allows assigning priority for individual tasks. When a high priority task needs to be
executed the scheduler halts the processing of the low priority task and passes the control to the high priority task.
In non-pre-emptive scheduling the task which is running currently cannot be interrupted and it runs to its completion.
The round robin scheduling assigns an equal time value for all tasks and executes the tasks in a circular order ensuring
each task gets executed in the complete cycle. The cooperative scheduling allows the individual tasks to pass the
control of execution among the other tasks. These types of scheduling algorithms provide a detailed design analysis
of the final program structure at the beginning of the development. Each of the program tasks can be developed and
tested separately before integration into the complete system. Each RTOS task is then easier to document and reuse.

2. PROPOSED METHODOLOGY

The proposed methodology has an effective set of control programs devised specifically for controlling the
pneumatic conveyor system. The RTOS used is RTX from Keil. A new project is created in Keil IDE (Integrated
Development Environment) by selecting the microcontroller from the device database. This step is necessary to
configure the right complier and debugger. The configuration settings for RTOS like time slice for each task and
stack size are modified through the RTX_Config.c file which is added to the project. A total of four tasks are created
by assigning individual task ID’s. They are executed by cooperative multitasking which is supported by the
scheduler. These tasks are the same as C functions with the exception that they are executed in an endless loop. The
scheduler allots time slices to each task which by cooperative multitasking appears to be executing simultaneously.
The main function in the program is used to start the RTOS. The main function is executed and it starts the first task,
which is assigned with default priority. The first task is used to create the other three tasks. All tasks are assigned
with the same priority. Since all tasks have equal priority they are allotted run time in a round robin fashion. However
when a task becomes ready to run with a high priority the scheduler halts the current task and executes the task with
high priority. After creating all the tasks the first task deletes itself in order to reduce context switching overhead.
Each task checks for an event flag which is use to trigger the task corresponding to an interrupt. The interrupt code
is executed as tasks within the RTOS.

In the proposed model there are totally three conditions which control the whole pneumatic conveying
system. During the initial phase the Pressure Gate Valve, Vent Valve and Air Valve are fully closed. The closed
condition is ensured by observing the input from a limit switch placed on the control valve assembly. The stem travel
of the control valve actuates this limit switch. The second task checks for the level in the conveyor vessel. If the level
is 0% then it opens the Pressure Gate Valve in order to fill the conveyor vessel. Once the vessel reaches 100%, which
is sensed by a level switch, the Pressure Gate Valve is closed and after some delay the Air Valve is opened. This
delay is required to avoid any materials being carried back to the hopper through the Pressure Gate valve. As soon
as the air valve is opened the compressed air carries the material in the conveyor vessel to the storage silo. As this
process is continued the level in the conveyor vessel simultaneously decreases. Once the level reaches 10% the Vent
Valve is opened and the remaining materials are fed back to the hopper. This whole process needs to be completed
without any delay as it will lead to the settling of materials at undesired places such as elbows and corners. The level
measurement can be done by use of vibrating fork type level meter or any other level measurement type suitable for
solids. The existing methodology uses traditional programming languages combined with a microprocessor. The
output of the microprocessor is given to suitable solenoid valves through relay logics to operate the control valves.
The control valves used here operate only in two modes which are full open and full close. Hence they are called as
On/Off Valves.

The RTOS program used here simulates the condition by getting the level input from the previous task. By
default the first task is executed by the (Real Time Operating System). It creates all the other tasks and then the
control is passed to the second task which is assigned with a high priority compared to the other remaining tasks.
The second task simulates the condition for 0% level and gives output to open the Pressure Gate Valve. After
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completing its job it initializes the condition for 100% level. This is obtained by setting an event for the third task.
Similarly the other tasks are executed without any delays. The RTX RTOS provides an option to view the task
running status and the variable values. Hence it is possible to declare a variable to represent the execution of each
task by incrementing the variable. The event set option simulates the level in the conveyor vessel which can be
practically set by using a level switch. The usage of a microprocessor with flexible inputs and outputs can reduce the
cost for controlling the pneumatic conveyor system. The problem of non-deterministic behavior using infinite loops
can be overcome by the usage of RTOS. This type of pre-emptive scheduling allows us to prioritize each task
individually and increase the reliability of execution. The functions performed by the individual tasks are explained
in the sections below. Finally the results are viewed through the task viewer in debugging stage.
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Figure.l. Block diagram of a pneumatic conveying system

Task 2: This task is executed first among the remaining two tasks since it is initially assigned with a high priority
during task creation. In this program the level input is simulated by the user input. The task 2 checks the condition
of all the valves. If the Air Valve and Vent Valve are closed then an output is sent to open the Pressure Gate Valve.
In order to view the changes in the output a delay is introduced and then the event for the next task is set. After
completing its execution the priority is normalized and the execution is passed to the next task. A separate variable
can be used to show that the required state has been attained. This is done by incrementing a variable value from
zero. There is no event wait function used and the last task increases the priority of the second task after its own
execution. Two or more functions can be performed inside the same task by lowering the priority of the task after
completing the operation of one and passing the execution to another task. By combining two functions which does
not interfere with each other in a single task reduces the number of tasks to be created and thereby reducing the
context switching overhead.

Task 3: This task performs the function when the level in conveyor vessel reaches 100%. The event is set by the
task 1 upon its completion. This task checks whether the Air Valve and Vent Valve are closed. If they are closed
then the Pressure Gate valve is also closed. A time delay is provided after closing the Pressure Gate Valve. After the
timer is elapsed the task checks for the Pressure Gate Valve close indication obtained from the limit switch. After
ensuring that the PRV is closed within the specified time the Air Valve is opened. This enables the compressed air
to carry the materials from the conveyor vessel to the storage silo. The time delay is important to ensure that the Air
Valve does not open when the Pressure Gate Valve is still open. After completing its execution the event for level10
is set and the priority of the task is normalized. The control is then passed to the next task.

Task 4: This task performs the functions related to the level at 10%. The event flag for this level is obtained from
task3. Once the event flag is set it checks whether the Pressure gate Valve is closed. If the condition is satisfied then
the Vent Valve is opened. This action is required to vent any remaining materials back to the feeder. This process is
continued for a predetermined time and then the priority of the second task is incremented.

3. EXPERIMENTAL RESULTS

The proposed method was tested using RTX RTOS. The different stages of the control logic were executed
efficiently and displayed to the user as shown in table.1 and table.2. The tests were performed with minimum
interrupt latency and context switching overhead. This method of controlling using RTOS shows that the control
logic for complex systems can be executed within a fixed time with each function getting ensured time slices to
execute. This method can also be enhanced by modifying the tasks to be executed in a round robin manner or pre-
emptive manner. Thus this method of control using RTOS has shown that it is more effective than the traditional
control methods.
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Table.1. Task details

Item Value
Timer Number 1

Tick Timer 10.000 mSec
Round Robin Timeout | 50.000 mSec
Stack Size 200

User provided Stack 0
Stack Overflow Check | Yes

Task Usage Available:6, Used:3
User Timers Available: 1, Used: 0
Table.2. Task status and memory utilization
ID | Name Priority | State Stack Load
255 | os_idle demon | 0 Ready 48%
4 task4 1 Ready 32%
3 task3 1 Running | 0%
2 task2 1 Ready 32%

4. CONCLUSION AND FUTURE SCOPE

In this paper, a new control logic using RTOS is presented which is used to control the material feeding
through pneumatic conveying. This method significantly reduces the interrupt latency and increases the
controllability of the process. The usage of RTOS significantly reduces the complexity of the code and the response
time. The method has been experimentally validated using RTX RTOS. The obtained results shown in the task viewer
clearly demonstrates the advantages over the traditional control methods. As a future work it is planned to implement
this method using ARM (Advanced RISC Machine) based microcontroller to implement the control logic.
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