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Introduction

Dynamic Simulators, also known as Operator Training Simulators are widely used in Process and Power Industry to train the operators and trainees. They are very much preferred, before a plant is commissioned, so that the operating crew can be trained in all aspects like Startup, Shutdown and Emergency scenarios. But in most of the startup projects, considerable time is spent in identifying the approach, place the order, develop the models, test the system and commission the same. 

Any wrong approach may lead to cost overrun and schedule impact in the delivery of the simulator system. Finally the simulator may not serve the purpose it intended, if it is delivered after the plants are commissioned. This paper describes the key aspects to be taken care, while selecting the approach for an Operator Training Simulator. 

Dynamic Simulator Types

The Operator Training Simulators are classified into different category based on the Operating System or Hardware Architecture. The pros and cons of the major categories are analyzed here to find out the best approach

Mini-computers Vs Desktop Systems

Traditionally, simulators were designed and run on mainframe or mini computers like DEC Alpha system using operating system like Unix/VMS. These types of operating systems were used, just to take care of the computation and updating of the data to make the simulation realistic. Lot of algebraic and differential equations has to be solved once in 250-500 milli seconds. Data has to be updated in different formats of the operator station namely, graphics, trend and control group displays

The necessities of a unique recipe skills and a very large mainframe computer, restricted the potential of simulators. Though mini computers can offer a rugged solution, even today, they are found to be difficult to maintain as specially trained resources have become inadequate

Advances in computer technology and performance, are eliminating these barriers. Just few decades back, desktop PCs were not powerful and were never considered for such type of real-time applications. But today desktop computers have become very powerful and capable of doing all number crunching problems. 

With the advent of powerful PCs, strategically, simulators are now being offered in PC platforms, to exploit the potential of the system at a lesser cost.  Since PC based simulators are found to be suitable for simulation applications and running without problems for quite few years, one should not have a dilemma on what type of operating system to chose while selecting the simulator system. Simulators built on desktop PC systems are easily maintainable and easily replaceable. 

Direct Connect Vs Emulated Systems

Often in simulation industry a misnomer “Direct Connect Systems” is being used. As the name conveys, in this system, ironically the simulator is not directly connected to the real plant. Here, it is only connected to a real Distributed Control System (DCS). Many times, the group associated for the purchase of a dynamic simulator is carried away by this terminology and decides to go for a direct connect system and finally fall into the pitfall. A powerful DCS vendor lobby is also playing a major role in favor of the purchase of the direct connect systems. The problems associated with direct connect system are explained here. 

The Direct Connect simulator employs process model to simulate the plant along with an actual operator interface of the DCS. This type of simulator is now "outdated" due to advances in computing technology, and because a significant amount of actual DCS hardware would be required, it is also very expensive to construct and install. 

The DCS hardware may travel a lot from the place of Original Equipment Manufacturer, before reaching the final destination. It has to go the simulation vendor, where the interface to the models would be developed. The simulation models along with the DCS interface have to be factory tested by the client, before making the shipment to the client’s site. Finally at the client’s site considerable time is spent on installation, commissioning and testing of the huge system. Apart from being expensive, this approach is also time consuming and makes the system unavailable for the trainees, before the plant is commissioned.  

Recently, in India, a public sector refinery decided to have a direct connect system for its simulator and finally found that the system landed much after the plants are commissioned and hence became obsolete.  

Another problem in using the actual DCS is that the original manufacturers equipment is not designed to have all the features that are required for simulation training namely, Run and Freeze etc.  Furthermore, the control algorithms in the original DCS are not designed to be "saved" and "loaded" making this type of simulator design very limited in terms of practical use.

An emulated approach in simulators utilizes a software emulation of the DCS with a high fidelity emulation of the operator interface and a process model. This design has many advantages over the direct connect type, as the actual hardware required is very much reduced. The need for costly, proprietary DCS hardware and software is eliminated and replaced by readily available and typically less expensive hardware and standard software models.

In the emulated approach, typically, a full scope simulator can be built using just two standard desktop PC’s, resulting in a revolutionary fully portable design. All of the required simulator functionality is available, as the emulation software, has been specifically written with a simulator in mind. 

In an emulated system all the features like Run/Hold/Snapshot/Backtrack of the simulator are invoked with out a fuss. Whereas, in a direct connect type, the user has to use these feature only within a boundary. Loading of a custom model with hundreds of loops in a direct connect system may take few hours, while the same thing is accomplished in minutes in an emulation system.

Many times the DCS vendors say that the disadvantage of this emulated approach is that lot of data is required to accurately emulate the DCS, the fidelity of the emulation is heavily dependent on the amount and accuracy of data that is available. But current techniques have made it possible to create a very accurate emulation. Moreover, once a particular DCS is emulated, there is no need to reinvent the wheel. Much time is not spent on this. 

The biggest advantages of the emulated approach on PC platform are the added flexibility, portability, and multiple use of the simulation. The user can quickly and easily make copies of the system, which can then be modified, for different plants or applications. The simulator is portable to different locations and platforms by simply copying the software. It can either exist in the Training Centre as a full-fledged training system or in the Control room as Off-hourly training tool or both. 

Most modern simulators are running on PC platform and of the fully emulated variety, as they are compact, and have the full range of simulator functionality required for high fidelity training. The full emulation approach, especially when combined with state-of-the-art graphical modeling tools, currently provides most users with the maximum overall benefit at the lowest possible cost.

In summary the advantages of an Emulated PC based system for Dynamic Simulator are: 

· Lowest Cost No obsolete mainframe or mini computers are used. Also no real DCS hardware is needed; Low support and maintenance costs for simulation hardware and software.

· Minimum Risk Simulation vendor can use his desktop systems for model development and testing and the user can buy his own standard PC system systems thus making minimum risk in transportation of the hardware. 

· Earliest Delivery Schedule Ensures maximum training time. Early Delivery System with Standard models is possible, so the customer can start using the system at an earlier date. Custom models too can be delivered early and the training can be completed before the plants are commissioned.

· Compact Design The emulated PC based design makes the system portable; Full simulator functionality with greater flexibility. Closely resembles actual DCS without compromising training features.

· Easy to Change Models Push one key at Instructor station and both model and DCS configurations are loaded instantaneously. 

· Multiple Sessions Can run many models simultaneously and hence makes multiple training sessions.

· Single Source of Supplier Simulation vendor will supply the entire system and there is no need to spend time with DCS vendors.

· Multiple Emulations Can have different DCS emulations loaded on the simulator system and instructor can chose the DCS emulation based on the requirement. Highly useful to clients having different types of DCS systems at their site.

· High Utilization Simulator will NOT be used as a "plant spare" and will have a higher availability for training.

