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Abstract:	A flow valve is an integral part of any process loop; it is usually accompanied by an accurate sensor (a flowmeter) giving an additional tool in treating valve with modern  AI tools by integrating some intelligent features. The control valve and its flow characteristic must fit the process, while the actuator must operate reliably. In conventional process flow loops this is an unquestioned matter after installation, but with AI this is continuously tested.
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Introduction:	In process industry safety relies on flow valves [1], [17]. Safety interlock are performance oriented and tested. Valves shut-off is not allowed, until it is needed; therefore an allowable on-line test, improves reliability drastically [2], [3]. Availability should usually be addressed to a specific failure mode, while unnecessary trips are referred as nuisance trips. Valve design, see fig. 1, affects overall system performance. Traditionally to improve system performance, the valves are tested more often, or/and dual valves are placed in series (with a bleed valve between them), an 1oo2 arrangement, since either valve can control or shut down the flow, but this increase the nuisance trips [10]. By monitoring the valve pattern we allow:


sequence control for opening / closing


monitor the open/close status of a valve


execute emergency actions 


integrates status (on, off, stop, moving, abnormal, etc) monitoring


integrates operation,  alarms monitoring


maintains synchronization and timing


monitoring on  line setup patterns


reduce development and debugging time 


increased reliability


multiple monitoring /  control


valve operation as a series of operations


patterns modifications


activating of answer-back check


monitoring a series of operation,  fig. 2


monitoring MV, PVs, limit switches


valve pattern discrepancy alarms


operator messages


monitoring valve’s answerbacks 





Event Detection:	 Operational efficiency, repeatability of analysis and automated data reduction (time to review data, consistency, reliability, data processing) and diagnosis is optimized by post-test and real-time event detection algorithms, rather than process variables acquisition [18]. In valves technology testing and evaluation, data screening, quality control, maintenance are supported. Events (nominal and anomalous) detected in intelligent  valves are drift, level shift, peaks, spikes, noise, comparison, limits violation [13], [15]. 


	Shutdown valves are easier tested if by-passed, but this increases installation cost. Limit switches and position feedback increase reliable control and/or shut-down [8], but only off-line pressure testing verify complete closure and shutoff class.





Silo-to-Silo Transfer:	     A classical application [7] is presented under a PLC control with a group of intelligent valves, by analyzing its steps, see fig. 3.


set-up the transfer line (e.g. silo A2 - to silo B1) with open / close suitable valves


start blower


carry out air purge for 5 s


start rotary valve R_A2


keep rotary valve for 60 s


stop rotary valve R_A2


carry out air purge for 5 s


stop blower


shut off line close suitable valves


The possible transfers are: A1-to-B1, A2-to-B1, A3-to-B1 and A1-to-B2, A2-to-B2, A3-to-B2.


� EMBED PhotoFinish  ���� EMBED PhotoFinish  ���





	Fig.  1.  Valves actuators [4]





Control-Valve Dynamics - The Actuator:	    A typical pneumatic-diaphragm valve assembly conceivably behaves as a mass-spring-dashpot system, with additional forces involved (air pressure on the diaphragm, disturbance force associated with the fluid flowing against the valve plug) resulting into:


� EMBED Equation.2  ���


simulated by the valves dynamics of a first-order lag, i.e. the control valves open loop transfer function:


   � EMBED Equation.2  ���        where  τ = 1 ( 10 sec. 


The valve positioner (an air relay (with separate air supply and feedback signal indicating stem position) used between the controller output and the valve diaphragm) improves both the dynamic and the static behavior of the valve.
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	Fig.  2.    Valve operation as a time event in a test rig
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	Fig.  3.  Silo-to-silo transfer in pneumatic transport system
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The positioner acts to eliminate hysteresis, packing-box friction and the valve-plug unbalance and it assures the exact positioning of the valve stem in accordance with controller output. There are valves positioners of both the force-balance and the motion-balances types. The piston type actuator gives more output power than the spring and diaphragm type. Plug unbalance is minimized by double-seated valves, while packing friction is minimized by Teflon and special design.


	 Electrically operated analog valves have fast response but high cost. The widely used pneumatic control valves will present a dynamic lag. The step response of a used miniature pneumatic control valve, under fluidized bed operating conditions, is given in fig.  4 [16].


The time constants are derived graphically from the step responses curves, while the valves gains are derived by the control valve sizing formula:


      	flow control range [ lt/s ]


KV[lt/s/mA]   =  ((((((((((((


     	             driving current range [ mA ]
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 Fig. 4. Pneumatic control valve step response





Valve Diagnosis:	          Real time diagnostics reduce downtime and recommend valve adjustments and optimal maintenance [6].  The key parameters to such diagnosis are:


position vs time


pneumatic actuator pressure supply


valve 2 diaphragm side pressures or ΔP


and they summarize the stroke performance. Fluid dynamics and flow capacity dictate the rate of pressure changes in the actuator, while pressure drop buildup is influenced by the capacity of the supply piping [12]. 


Nonlinear control techniques, allow the design of a locally intelligent actuator, such that a control valve may run nearly independently of the central digital control system. Nonlinear compensation and input-output linearization cancel friction nonlinearities, while closed-loop observers estimate non-measurable parameters [11]. A model-based fault detector is developed to monitor valve failure, sending a warning to the operator describing the exact nature of the fault.


Modern Trends:		 Competitiveness has driven chemical companies to produce higher quality products at lower prices, while maintaining ever tightening environmental emissions constraints. One road to new control strategies are biological control systems (neuromimetic approach to control design), since the human body is effectively a complex chemical factory, composed of many highly interactive multivariable subsystems. Natural "controllers" achieve tight regulation under a variety of conditions in order to meet stringent performance requirements - thus achieving robust performance. Engineering problems share similar hierarchical structures, with high level discrete decision variables that are driven by low level continuously measured variables. Research of biologically inspired control strategies for (i) hierarchical integration (from high level discrete decision variables through to low level continuous continuous measurements), (ii) advanced control design (in the form of dynamic scheduling algorithms), (iii) robust process design (employing the concept of local stabilization), and (iv) novel approaches to modeling (exploiting the internal model representations in nature). The robustness of natural control systems is attempted to be transferred for process engineering applications [14].
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Fig. 5.  Open loop phase portrait of a pneumatic valve with varying  nonlinearity





A prototype is developed for locally intelligent valve control in industrial applications. This locally intelligent control design incorporates nonlinear control techniques along with process state estimation and fault diagnosis. The approach used for the prototype will be applied towards industrial solids handling actuators. Precision control, dynamic stability and shut-off are a necessity over a wide variety of flow rates or pressure ranges reducing the 'hunting' effect and increasing response time the direct mount feature of the angle body version virtually eliminates hysteresis low energy and torque requirement for the actuator provided with pneumatic, hydraulic, electric/hydraulic and electric actuators, see fig. 5. Field conversion to a new form of actuation is possible.





Optimal Control:	 Optimal process performance includes optimal actuator operation [5]. Pressure, temperature, specific gravity, operating percent of time, inlet / outlet pressures, velocity, etc. trends with flow rate and time are available under laboratory test conditions. Automatic  valve characteristic continuous identification is a helpful diagnostic test, in steps of 20 % mass flow increments, see fig. 6. Valve manufacturers suggest equations of the type:


	travel [%] = a . logcv [%] - b


� EMBED PBrush  ��� Fig. 6. Valve inherent flow characteristics [9]





Conclusions:	The valve pattern monitor allows on-line valve and process identification in order to improve control and shutdown operations. Encoded opening/closing and monitoring of valves allows multiple field control stations monitoring in large plants. The software advises not only about proper valve operation, but also selection and sizing. Oversized valves reduce control resolution.
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