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1.
Introduction

An objective of the SNS Instrumentation and Controls Working Group (ICWG) is to establish standards for control equipment throughout the SNS facility. Project management strongly encourages standardization. The ICWG and project management have already agreed that EPICS is the standard for the Integrated Control System (ICS) to integrate the Input/Output Controllers (IOCs) as is done at other accelerator facilities. Standardization of Programmable Logic Controllers (PLCs) is a second issue being addressed by the ICWG. Standardization of control system networks that communicates between PLCs and IOCs and between PLCs, IOCs, and remote instruments is addressed in this paper. 

Selection of a standard PLC narrows the selection of a standard network that communicates peer-to-peer among PLCs and IOCs. The requirements for this network are that it meet the SNS performance requirements, that it be an “open” network, and that it is viable for the life of the facility. The high-level performance requirements are speed of response and network reliability. The speed of response requirement is difficult to address because needs vary with application. However, if the network is significantly faster than some of the older networks used at other accelerators, such as DH or DH+, it should be acceptable. If it were capable of transferring data at 60 Hz, it will meet some of the more stringent speed requirements. The network reliability is addressed by usage and vendor support. A large, qualified vendor that dedicates much of the company’s resources to it should indicate viability and reliability of the network. Also, an “open” network supported by many vendors, including SNS engineers, is more likely to be available for many years. 

1.1
Network Alternatives

Networks that potentially could satisfy the high-level network requirements are ControlNet/DeviceNet, Ethernet, and Profibus. By the year 2003, these networks will have two-thirds of the industrial control system networks.
 Of these Rockwell Automation--Allen-Bradley, is the primary supporter of ControlNet. Ethernet has varied backers. Seimens backs Profibus. A prediction for year 2003 is that Seimens’ share of the controls networks will be approximately 25% and Allen Bradley’s share will be approximately 21%. Siemens has a large share of the European market, but they are beginning to gain market share in the U.S. Other open and proprietary networks will have the remaining portion of the market in 2003. The Ethernet share of the network market in 2003is predicted to be approximately 22%. The SNS ICWG selected ControlNet as the standard network for peer-to-peer communication between PLCs and between PLCs and IOCs; DeviceNet as the low-level network communicating from PLCs to devices; and Foundation Fieldbus as the low-level bus communicating from process instruments to PLCs and IOCs. This document provides the background for these selections.

2.
Network Standards

The two high-level open networks that are currently most widely used in industry are ControlNet and Profibus. In 1998, each had approximately 20% of the market, and other proprietary networks had approximately 50% of the market. The solution that the standards organizations is taking is to develop a single standard for the open networks that are in wide use. Because there are multiple open networks, the IEC is attempting to combine these protocols into one standard. It is feasible that when the standard is approved, it will support more than one protocol. 

2.1
High-level Networks

ControlNet and Profibus along with some lower level protocols (Foundation Fieldbus H1, Foundation Fieldbus HSE, Interbus, P-Net, SwiftNet and WorldFIP) are being reviewed and consolidated into an international standard, IEC61158. This standard, which is not yet approved, will probably have several protocols. Multiple protocols would be included for use by different applications. The single standard probably will have multiple protocols that are available in the Data Link Layer (DLL) and Applications Layer (AL). However, the user must select hardware, and the hardware currently supports only one protocol. The PLC hardware selected by the ICWG and approved by the SNS project management will determine the networks for SNS. 

2.1.1
ControlNet

ControlNet International, an independent organization for users and vendors of ControlNet products, was formed in July 1997. The organizations manages the ControlNet specification and supports worldwide growth of ControlNet by developing test software, providing independent compliance testing, publishing the ControlNet product catalog, and sponsoring design and implementation training. The ControlNet organization web page can be accessed at www.controlnet.org.

The hardware proposed for SNS is the Allen Bradley ControlLogix, which uses ControlNet. Siemens supports Profibus and not ControlNet. Because the SNS ICWG plans to use AB ControlLogix PLCs, ControlNet is the recommended network for peer-to-peer communication. ControlNet is a 5 Mbit/s network that communicates peer-to-peer between PLCs and other equipment. Its minimum update interval is 2 ms, which is sufficient to acquire data at 60 Hz if required.

2.1.2
Ethernet

Ethernet could be used to communicate from PLC to IOC, but unless special drivers were developed it would not serve peer-to-peer for the PLCs, and it would not connect to other vendors’ equipment as ControlNet or Profibus would. A problem with Ethernet in the past was that it is not a deterministic network. However, because Ethernet now has a 100 MHz bandwidth capability, rather than 10 MHz, it is so fast that the problems with the network being non-deterministic no longer exist because it is so fast. For SNS to use Ethernet, a driver to communicate from PLC to IOC would have to be developed. This network would not permit peer-to-peer communication between PLCs, nor would it communicate to third party equipment unless additional drivers were written. A significant advantage of Ethernet is that it almost certainly will be used for many years. This degree of certainty does not apply to ControlNet or Profibus. The viability of ControlNet and Profibus is based on the backing of the large companies supporting them.

2.1.3
Profibus

Profibus is the open network backed by Siemens. There are actually three protocols named Profibus: Profibus-DP (RS-485), Profibus-PA, and Profibus-FMS. Profibus DP is similar to DeviceNet, which is discussed later, in that it communicates between controllers and distributed I/O. DP is designed for high-speed data communication at the device level. PLCs communicate with distributed field devices (I/O, drives, valves, etc.) via a high-speed serial link. Most of the data communication with these distributed devices is done in a cyclic manner.  Profibus PA is designed especially for process automation. It permits sensors and actuators to be connected on one common bus line even in intrinsically safe areas. Profibus-PA permits data communication and power over the bus using 2-wire technology according to the international standard IEC 1158-2. Profibus-PA is the Profibus solution for process automation. PA connects automation systems and process control systems with the field devices such as pressure, temperature and level transmitters. PA can be used as a substitute for the analog 4 - 20 ma technology. The PA network is similar to Foundation Fieldbus. Profibus-FMS is designed for communication at the cell level. At this level PLCs communicate primarily with each other. In this application area a high degree of functionality is more important than fast system reaction times. The FMS network has a similar function as ControlNet.

3.1
Low-level Networks

3.1.1 Foundation Fieldbus Bus

Several large process industry vendors support foundation Fieldbus. The Foundation Fieldbus is an open protocol that is standardized across the process industry to replace the older 4 – 20 ma current loop. The advantages of using Foundation Fieldbus interface to instruments are the following. A significant cost savings results from the reduced number and length of signal cables. In operation, real-time control can be integrated into the sensors and actuators without a PLC, the information provided is greater than that of a current loop, the instruments run diagnostics over the network, and instrument configuration can be changed online. Also Foundation Fieldbus interfaces to ControlNet. Typical instruments that have Foundation Fieldbus interfaces are temperature, pressure, flow, level, pH, and conductivity. In addition to process-monitoring instruments with Fieldbus, there are actuators that are controlled over the network also. For example, there are valve operators and manifolds that have Foundation Fieldbus capability. The sensors and valves can be configured and integrated to perform control without a PLC. For example, a level instrument can directly control a valve using a PID algorithm to maintain tank level. This is all part of the Fieldbus protocol. Some of the large process industry vendors that support Foundation Fieldbus include Allen-Bradley, Honeywell, Foxboro, Fisher-Rosemount, Yamatake, and Yokogawa. Instruments supplied by any of these vendors will connect to the network, communicate with each other, and communicate to control systems including PLCs that connect to the network. 

Allen-Bradley (plus other vendors) supplies a module that connects Foundation Fieldbus to the ControlNet network. This connection makes all the Foundation Fieldbus instrument measurements deterministically available to all the PLCs and IOCs on the ControlNet network.  The bandwidth of ControlNet and Foundation Fieldbus should be adequate for most of the SNS process instruments. Field devices can execute control algorithms independently of a central control system using Foundation Fieldbus function-block technology. That means functions such as PID control can be assigned to transmitters, analyzers, or valve controllers, rather than to the host system. Of course, the host can perform the control if that is the preferred method. If some control loops require faster response, they can be connected directly to PLC I/O.

3.2 DeviceNet Bus

The DeviceNet bus is similar in function to the Foundation Fieldbus bus, but DeviceNet was designed more to support the manufacturing industry where Foundation Fieldbus was designed for the process industry. DeviceNet connects to different kinds of instruments and controls than does Foundation Fieldbus. Also, DeviceNet would connect to a PLC module rather than to ControlNet. It does not connect directly to the ControlNet bus. Therefore, DeviceNet is a lower level bus than ControlNet. Typical devices that connect to DeviceNet are remote I/O modules (such as Flex I/O provided by Allen-Bradley or similar I/O provided by other vendors), motor controllers, pushbuttons, proximity sensors, etc. Many typical process industry instruments such as pressure, temperature, etc do not contain DeviceNet interfaces. The best use of DeviceNet to connect to process instruments is to connect to remote I/O to monitor contacts, thermocouples and other instruments that are not on Fieldbus, and to motor controllers that are not on Fieldbus. Several PLC vendors, including Allen Bradley, and other equipment vendors support DeviceNet.

4. Conclusions and Recommendations

The ICWG proposes to standardize on the open buses ControlNet, Foundation Fieldbus, and DeviceNet. ControlNet and DeviceNet are strongly supported by Allen Bradley. Foundation Fieldbus interfaces to ControlNet, and it is an open protocol supported in the process industry. ControlNet supports peer-to-peer communication between PLCs would integrate groups of PLCs within the SNS. It would be an important factor for integration of the Conventional Facilities controls into the ICS. If the Conventional Facilities control system used ControlNet, the A/E could design and test the equipment without knowing EPICS, but the controls would easily integrate into EPICS over ControlNet. Digital instrument buses—ControlNet, Foundation Fieldbus, and DeviceNet—have economic benefits over standard control systems. The installation advantages are reduced wiring, the ability to test wiring remotely using features of the smart I/O and smart instruments connected to the wires, rapid sharing of information between PLCs, and the “smart” features that assist system checkout. The operational advantages are that smart I/O and smart instruments have built-in diagnostics that help detect instrument failures, that the instruments have additional status and configuration parameters that are valuable for installation and operation.
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