THE SAPIR MONOCABLE SYSTEM

INTRODUCTION

Irrigation control systems sometimes are required to control widely spread hydraulic setups. The regular irrigation control system is quite limited with the distances of the valves it can activate and the sensors it can read. The problem becomes even more critical in DC systems where latching solenoids are used for energy saving purposes, the solenoids can not be located far from the control unit. 

The SAPIR Monocable system has been specially designed to overcome such problems. The system is built of control units to which Modular Edge Units (MEU)s are connected by a 4 wired cable. The MEUs are computerized I/O devices utilizing embedded microprocessors that can be installed in the field near the remote valves / sensors in a radius up to 10 Km. The solenoids of the remote valves together with the distant metering devices are connected to the MEUs. The control unit which is the nerves center that contains all the programs and data, is constantly scanning the Edge Units connected to it, transmitting commands to open/ close outputs and receiving information about the actual status of the remote sensors. Each second the outputs of the MEUs are updated and their inputs are monitored. 

A control system may be constructed from several (unlimited) number of control units, each of them is capable of independent operation, utilizing it’s own group of MEUs (up to 30 MEUs per each SAPIR unit). However, the SAPIR units can be connected to a central computer to have central control over the whole system. The media of communication can be a direct line of two wires, a telephone line, a cellular phone system or radio. From the center the user has full control of the activities in system. Programs can be defined or changed, processes can be manually started or stopped, printed report can be requested in a cycle dictated by the user. In case of need, a system may have more than one control center and there is an option for a portable center as well.

The modularity of the Edge Units is presented by the variable number of outputs that the units may have. The basic MEU is capable of activating 2 outputs and reading 4 dry contact inputs and it can be expanded to 4 , 6 or 8 outputs according to the needs.

The 4 wired cable connecting between the MEUs and the control unit are 2 for communication and 2 for supplying energy to the edge units. The energy is accumulated at the Edge Units inside capacitors so that when an open/ close command has to be executed, the energy is already there ready for use.

The whole system is DC powered and it activates DC latching solenoids. The low power consumption enables energizing the units by solar energy so that it can be used even in places where there is no constant supply of electric energy from the mains.

As for the aspects of irrigation features the SAPIR Monocable system is highly flexible and well equipped 

Relying on the accumulated experience from the large number of such systems working already for some years we can confidently conclude about the reliability of the system.
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GENERAL FEATURES

Flexible configuration- 


 Each SAPIR unit can be flexibly adapted to controlling a complex hydraulic structure which may include several irrigation lines along with their water sources, filters, irrigation valves and fertilizer injectors. The configuration process defines the accessories to be controlled and the layout of the hydraulic network. The second step in the process defines the physical connection point of each of the accessories. In a later stage when changes in the field require changes in the control system they can be easily done thanks to it’s flexible structure: New branches of 4 wired cable can be added, new MEUs can be connected anywhere along the cable. Existing MEUs can be expanded by adding more outputs, or they can be moved to another location if they are no longer needed at their original place. The physical changes sometimes require reconfiguration of the system and sometimes only the physical connection points have to be redefined, both steps are easily accomplished.   

Local and remote outputs

The structure of the system enables both local and remote I/O connections. The control units can handle up to 32 outputs and 16 inputs. When valves are irrigated in groups (shifts) the 32 outputs can activate a larger number of valves. The number of valves per group is unlimited provided that the total number of valves including water pumps, fertilizer injectors and filters does not exceed 252 per each SAPIR unit.  

Means of Precaution  

The system is equipped with several precautionary means that are intended to increase the confidence that commands are carried out properly. 

Prior to executing an output command the energy contained in the capacitors is checked and if needed a charge pump will raise the energy to its proper level.

The MEUs are constantly checking their ability of communication to the control unit. When they sense loss of communication ability they will shut down all the open outputs. On the other side the control unit reports the user about the loss of communication with the Edge Unit.

Lightning protection 

All Edge units include built-in lightning protection, however in lightning prone areas the cables need to have a better protection. The system will be added lightning protectors on the 2 wired communication line and the 4 wired line between the MEUs and the control unit. The lightning protectors supply a *good protection in most cases and the more units you use the better protection you get, but it has to be understood that nothing can protect against direct strike of lightnings.

The rate of scanning:


The control unit initiates a scanning sequence every second, this assures execution with no delay of open/close commands and for pulsating inputs, it enables detection of high rate pulses with no failures.   

The energy conveying system

In order to bring the energy to the far edge of the cable with minimal loss along the line a special method is used. The idea resembles to the way the electricity is transferred from the power stations to our homes. The voltage is raised and the current is decreased, this enables using thinner wires and guaranties less drop of energy on the way. In the SAPIR Monocle system the voltage is raised from 12v to 38v which is still safe to touch but it assures that enough energy will reach even to the most distant MEU. 

Audible life signals: 

The MEUs are equipped with internal buzzers that give the user audible information about the status of the unit so that the user can tell whether the unit is functioning normally or not just by listening to the sound emitted by it.

The Man Machine Interface:


Special effort has been made to simplify the Man Machine Interface      ( MMI) to the utmost simplicity.  Maximum information relevant to the subject of interest has been concentrated in order to reduce as much as possible the need of traveling between pages.  Designed values and actual values are shown together so that the user is able to compare the desired values to the left values,  both values can be changed when needed.

In the PC software an extra effort has been made and by using a “color language” the user gets information about the statuses of the devices.

Distributed control:

For the sake of reducing the system’s vulnerability the philosophy of no bottle-necks had been adopted: Each control unit is independent and self contained so that in case of problem with one unit, the others will continue 

functioning. The center contains no information that is vital for the control process.  This is what makes it a real distributed control system.

BLOCK DIAGRAMS

The control unit
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The memory block:


The memory of the control unit consists of three types:

The EPROM contains the firmware which governs all the activities in the unit. The EEPROM contains the configuration and definition of constant parameters. Both of the above memories are nonvolatile. The RAM contains variables and user defined programs. The RAM includes built-in backup battery so that even when the external battery is down, no information is lost. 

The output energy control


The outpuenergy control block makes sure that output commands will always be carried out successfully. The voltage of the capacitors is constantly sampled and whenever found insufficient another unit is activated which raises the voltage to its proper level.

 The line processor


The line processor unit takes care of the communication between the control unit and the MEUs. It is connected to the CPU bus in parallel mode and to the communication line that goes to the Edge Units in serial mode.

The Step Up unit


The Step up unit raises the voltage from 12v to 38v in order to reduce the energy loss on the supply lines .

The MEU















The basic MEU has 2 outputs and 4 inputs. The outputs can be expanded in steps of 2 up to the limit of 8. The unit is built around an embedded microprocessor, which contains the memories inside (RAM and EEPROM).

The address switch


Each MEU contains a block of micro-switches by which its address is defined. There has to be a unique address for each MEU.

The step-down block


The step-down block reduces the voltage back to 12v after it was raised by the step-up unit to 38v.
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