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 introduction the process control unit (pcu) is a multi-purpose series of industrial control products that are field-programmable for solving various applications. this series of products is built around the concept that the end user has the capability to program different personalities and functions into the unit in order to adapt to different indication and control requirements. the pcu unit, which you have purchased, has the same high quality workmanship and advanced technological capabilities that have made red lion controls the leader in today?s industrial market. red lion controls has a complete line of industrial indication and control equipment, and we look forward to servicing you now and in the future. caution: read complete instructions prior to installation and operation of the unit. caution: risk of electric shock. c c us listed us listed u l r 51eb ind. cont. eq. pcucov.qxd  12/3/2009 2:05 pm  page 2
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 general description the pcu controller accepts eithe ra0to10vdcora4to20madc input signal, precisely scales the process signal according to programmable scaling points, and provides an accurate output control signal (time proportional, linear, or valve positioning) to maintain a process at the desired control point. a comprehensive set of easy to use steps allows the controller to solve various application requirements. the controller can operate in the pid control mode for both the main output and optional secondary output. on-demand auto-tune establishes the tuning constants. the pid tuning constants may be fine-tuned by the operator at any time and locked out from further modification. the controller employs a unique overshoot suppression feature that allows the quickest response without excessive overshoot. the unit can be transferred to operate in the manual mode, providing the operator with direct control of the output. the controller can also be programmed to operate in the on/off control mode with adjustable hysteresis. dual 4-digit displays allow viewing of the measured value and setpoint simultaneously. front panel indicators inform the operator of the controller and output status. replaceable and interchangeable output modules (relay, ssr drive, or triac) can be installed for the main control output, alarm output(s), secondary output, and valve positioner outputs. optional dual alarms can be configured to activate according to a variety of actions (absolute hi or lo, deviation hi or lo, band in or out, and valve fail detect) with adjustable hysteresis. a standby feature suppresses the output during power-up until the process stabilizes outside the alarm region. an optional secondary output is available (for processes requiring cooling, ph balance, etc.) that provides increased control accuracy and response. a linear 4 to 20 ma or 0 to 10 vdc output signal is available to interface with actuators, chart recorders, indicators, or other controllers. the type of linear dc output is determined by the model ordered. (see ordering information , page 84, for available models.) the output signal can be digitally scaled and selected to transmit one of the following: % output power, measurement value deviation or setpoint value. for linear dc control applications, the adjustable output demand dampening, output deadband, and output update time parameters expand the versatility of the pcu to final control devices. the optional motorized valve positioner directly controls the position of a valve by the use of twin outputs (open and close) to control the direction of motor rotation. the motor position defines the opening position at the valve. two control modes are possible: position control, which makes use of the slidewire feedback signal supplied with the positioner and velocity control, in which no slidewire feedback signal is used. parameters are provided to adjust the operation of the valve. these include: - valve activity hysteresis - valve update time - variable control dampening - slidewire signal fail action - adjustable valve position limits the valve positioner pcu achieves tight process control; yet minimizes unnecessary valve activity. an alarm event output or display alarm can be programmed under loss of slidewire feedback or under valve fail detection. the optional second analog input (0 to 20 ma dc) can be configured as a remote setpoint signal or as a secondary process signal. configuration of the second analog input as a remote setpoint signal allows ratio control, master setpoint/multiple slave operation, and the ability to cascade the pcu with another controller (external cascade). configuration of the second input as a secondary process signal allows operation as a two-process cascade controller within a single unit (internal cascade). in either control mode, parameters are provided to scale, configure, communicate and monitor the activity of both analog inputs. a square law linearizer function can be used to linearize signals derived from flow transmitters. the optional rs485 multi-drop serial communication interface provides two-way communication between a pcu unit and other compatible equipment such as a printer, a programmable controller, or a host computer. in multi-point applications the address number of each unit on the line can be programmed from zero to ninety-nine. up to thirty-two units can be installed on a single pair of wires. the setpoint value, % output power, setpoint ramp rate, etc. can be interrogated or changed, by sending the proper command code via serial communications. alarm output(s) may also be reset via the serial communications interface option. -1-

 a programmable user input is available with rs485, valve position, and second analog input models. the user input can be programmed to perform a variety of controller functions. an optional nema 4x/ip65 rated bezel is available for wash down applications and similar environments, when properly installed. modern surface-mount technology, in-house assembly and testing, and high immunity to noise interference makes the controller extremely reliable in industrial environments. safety summary all safety related regulations, local codes and instructions that appear in the manual or on equipment must be observed to ensure personal safety and to prevent damage to either the instrument or equipment connected to it. if equipment is used in a manner not specified by the manufacturer, the protection provided by the equipment may be impaired. do not use the pcu to directly command motors, valves, or other actuators not equipped with safeguards. to do so, can be potentially harmful to persons or equipment in the event of a fault to the unit. an independent and redundant temperature limit indicator with alarm outputs is strongly recommended. red lion controls offers various units (such as an imp, imd1, or imd2) that may be used for this purpose. the indicators should have input sensors and ac power feeds independent from other equipment. -2-

 installation & connections installation environment the unit should be installed in a location that does not exceed the maximum operating temperature and provides good air circulation. placing the unit near devices that generate excessive heat should be avoided. continuous exposure to direct sunlight may accelerate the aging process of the bezel. the bezel should be cleaned only with a soft cloth and neutral soap product. do not use solvents. do not use tools of any kind (screwdrivers, pens, pencils, etc.) to operate the keypad of the unit. standard unit installation prepare the panel cutout to the dimensions shown in figure 1, panel installation & removal. remove the panel latch and cardboard sleeve from the unit and discard the cardboard sleeve. the unit should be installed with the bezel assembly in place. insert the unit into the panel cutout. while holding the front of the unit in place, push the panel latch over the rear of the unit so that the tabs of the panel latch engage in the slots on the case. the panel latch should be engaged in the farthest forward slots possible. tighten the screws evenly until the unit is snug in the panel. nema 4x/ip65 unit installation the optional nema 4x/ip65 pcu controller provides a watertight seal in panels with a minimum thickness of 1/8 inch. the units meet nema 4x/ip65 requirements for indoor use, when properly installed. the units are intended to be mounted into an enclosed panel. prepare the panel cutout to the dimensions shown in figure 1, panel installation & removal. carefully apply the adhesive side of the panel gasket to the panel cutout. remove the panel latch and cardboard sleeve from the unit. discard the cardboard sleeve. the unit should be installed with the bezel assembly in place and the bezel screws tightened slightly. insert the unit into the panel cutout. while holding the front of the unit in place, push the panel latch over the rear of the unit so that the tabs of the panel latch engage in the slots on the case. the panel latch should be engaged in the farthest forward slot possible. to achieve a proper seal, tighten the latch screws evenly until the unit is snug in the panel (torque to approximately 7 in-lbs [79 n-cm]). do not over-tighten the screws. note: the installation location of the controller is important. be sure to keep it away from heat sources (ovens, furnaces, etc.), away from direct contact with caustic vapors, oils, steam, or any other process by-products in which exposure may affect proper operation. caution: prior to applying power to the controller, the internal ac power selector switch must be set. damage to the controller may occur if the switch is set incorrectly. -3-

 -4- figure 1, panel installation & removal

 unit removal procedure to remove a nema 4x/ip65 or standard unit from the panel, first unscrew and remove the panel latch screws. insert flat blade screwdrivers between the latch and the case on the top and bottom of the unit, so that the latches disengage from the grooves in the case. push the unit through the panel from the rear. removing bezel assembly the bezel assembly, shown in figure 2, must be removed from the case to install or replace output modules, or to set the 115/230 vac selector switch. disconnect power to the unit and to the output control circuits to eliminate the potential shock hazard when removing the bezel assembly. to remove a standard bezel assembly (without bezel securing screws), press the latch under the lower bezel lip and withdraw the bezel assembly. to remove the sealed nema 4x/ip65 bezel assembly, loosen the two bezel securing screws until a slight ?click? is felt (the screws are retained in the bezel) and withdraw the assembly. caution: the bezel assembly contains electronic circuits that are damaged by static electricity. before removing the assembly, discharge stray static electricity on your body by touching an earth ground point. it is also important that the bezel assembly be handled only by the bezel itself. additionally, if it is necessary to handle a circuit board, be certain that hands are free from dirt, oil, etc., to avoid circuit contamination that may lead to malfunction. if it becomes necessary to ship the unit for repairs, place the unit in its case before shipping it. installing bezel assembly to install the standard bezel assembly, insert the assembly into the case until the bezel latch snaps into position. to install the nema 4x/ip65 bezel assembly, insert the assembly into the case and tighten the bezel screws uniformly until the bezel contacts the case and then turn each screw another half turn to insure a watertight seal (do not over-tighten screws). caution: when substituting or replacing a bezel assembly, be certain that it is done with the same model using the same output modules. damage to the controller may result if the unit?s output modules are not the same. a nema 4x/ip65 and a standard bezel assembly are not interchangeable. output modules the main control, optional alarm, optional secondary output and optional valve position control output sockets must be fitted with the appropriate output module. output modules are shipped separately and must be installed by the user. output module restrictions with some models, the alarm outputs and valve position outputs share the same common terminal. when using these models, the same type of output modules should be installed in these positions. -5- figure 2, bezel assembly

 installing output modules to install an output module into the controller, remove the bezel assembly from the case (see removing bezel assembly , page 5). locate the correct output module socket (op1, al1, or al2/op2, see figure 6, hardware, or label outside of case) and plug the output module into the socket. no re-programming is required. if changing an output module type, be sure the appropriate output interface wiring changes are made. re-install the bezel assembly when complete. note: for valve positioner models, the circuit board markings have the following meaning: al1 - open output al2/op2 - close output op1 - alarm #1 output output module ?output on? state relay normally open contact is closed logic/ssr drive source is active. triac solid state switch is closed. typical connections relay: type: form-c (form a with some models. see ordering information.) rating: 5 amps @ 120/240 vac or 28 vdc (resistive load), 1/8 hp @ 120 vac (inductive load). life expectancy: 100,000 cycles at maximum load rating. (decreasing load and/or increasing cycle time, increases life expectancy). logic/ssr drive: type: non-isolated switched dc, 12 vdc typical drive: 45 ma max. can drive multiple ssr power units. triac: type: isolated, zero crossing detection. rating: voltage: 120/240 vac. max. load current: 1 amp @ 35c 0.75 amp @ 50c min. load current: 10 ma off state leakage current: 7 ma maximum @ 60 hz operating frequency: 20 to 400 hz protection: internal transient snubber, fused. select ac power (115/230 vac) the ac power to the unit must be selected for either 115 vac or 230 vac. the selector switch is located inside the case near the rear of the unit on the main circuit board (see figure 6, hardware, or label on outside of case). the unit is shipped from the factory with the switch in the 230 vac position. caution: damage to the controller may occur if the ac selector switch is set incorrectly. -6- figure 3, relay module figure 4, logic/ssr drive module figure 5, triac module

 emc installation guidelines although this unit is designed with a high degree of immunity to electromagnetic interference (emi), proper installation and wiring methods must be followed to ensure compatibility in each application. the type of electrical noise, source or coupling method into the unit may be different for various installations. in extremely high emi environments, additional measures may be needed. the unit becomes more immune to emi with fewer i/o connections. cable length, routing and shield termination are very important and can mean the difference between a successful or a troublesome installation. listed below are some emc guidelines for successful installation in an industrial environment. 1. the unit should be mounted in a metal enclosure, which is properly connected to protective earth. 2. use shielded (screened) cables for all signal and control inputs. the shield (screen) pigtail connection should be made as short as possible. the connection point for the shield depends somewhat upon the application. listed below are the recommended methods of connecting the shield, in order of their effectiveness. a. connect the shield only at the panel where the unit is mounted to earth ground (protective earth). b. connect the shield to earth ground at both ends of the cable, usually when the noise source frequency is above 1 mhz. c. connect the shield to common of the unit and leave the other end of the shield unconnected and insulated from earth ground. 3. never run signal or control cables in the same conduit or raceway with ac power lines, conductors feeding motors, solenoids, scr controls, and heaters, etc. the cables should be run in metal conduit that is properly grounded. this is especially useful in applications where cable runs are long and portable two-way radios are used in close proximity or if the installation is near a commercial radio transmitter. 4. signal or control cables within an enclosure should be routed as far away as possible from contactors, control relays, transformers, and other noisy components. 5. in extremely high emi environments, the use of external emi suppression devices, such as ferrite suppression cores, is effective. install them on signal and control cables as close to the unit as possible. loop the cable through the core several times or use multiple cores on each cable for additional protection. install line filters on the power input cable to the unit -7- figure 6, hardware

 to suppress power line interference. install them near the power entry point of the enclosure. the following emi suppression devices (or equivalent) are recommended: ferrite suppression cores for signal and control cables: fair-rite # 0443167251 (rlc #fcor0000) tdk # zcat3035-1330a steward #28b2029-0a0 line filters for input power cables: schaffner # fn610-1/07 (rlc #lfil0000) schaffner # fn670-1.8/07 corcom #1vr3 note: reference manufacturer?s instructions when installing a line filter. 6. long cable runs are more susceptible to emi pickup than short cable runs. therefore, keep cable runs as short as possible. 7. switching of inductive loads produces high emi. use of snubbers across inductive loads suppresses emi. snubbers: rlc #snub0000 wiring connections after the unit has been mechanically mounted, it is ready to be wired. all conductors should meet voltage and current ratings for each terminal. also cabling should conform to appropriate standards of good installation, local codes and regulations. it is recommended that power supplied to the unit (ac or dc) be protected by a fuse or circuit breaker. all wiring connections are made on a fixed terminal block. when wiring the unit, use the numbers on the label to identify the position number with the proper function. strip the wire, leaving approximately 1/4" (6 mm) bare wire exposed (stranded wires should be tinned with solder). insert the wire into the terminal and tighten the screw until the wire is clamped tightly. each terminal can accept up to two, 18-gage wires. wire each terminal block in this manner. -8- figure 7, 4-20 ma connection figure 8, 0-10 v connection

 valve positioner wiring units with valve positioner option have three output connections for controlling the valve motor and three input connections for slidewire feedback. the valve motor output connects to terminals labeled ?valve position outputs?, terminals 1, 2 and 3. see figure 9, valve positioner wiring for more details. terminal 1 is the valve motor supply common. terminal 2 is the valve close or cw output. terminal 3 is the valve open or ccw output. the valve motor must be fused with a suitable value. although rc snubbers are employed inside the controller to suppress inductive ?kicks? from the motor, it may be necessary to take further action to reduce noise effects: 1) use triac output modules wherever possible. the triac device significantly reduces radiated emi (electromagnetic interference). the triac output module also does not suffer from mechanical wear of the contacts. 2) use rc snubbers directly across the valve motor. 3) use a separate ac supply for the valve motor. where possible, the valve motor control outputs and the slidewire feedback input routing should be physically separated. noise interference from the outputs could couple into the slidewire feedback inputs, disrupting proper operation. the slidewire feedback inputs connect to the terminals labeled ?slidewire feedback inputs?. the terminal placement varies with each model, see the controller label for the actual terminals. for velocity mode valve control the slidewire feedback inputs are not necessary. in some cases, it may be desirable to have an independent valve position indicator. red lion controls model imd1 can be wired in parallel with the slidewire input?s wiper and comm. terminals for this purpose. the approximate 0 to 0.9v signal can be scaled to indicate percent valve position. linear dc output wiring units with linear dc output option have two terminals to outpu ta4to20 ma or 0 to 10 vdc signal. the type of linear dc output is determined by the model ordered. (see ordering information page 84, for available models.) these terminals are labeled ?4-20 ma (or 0-10 vdc) analog output option, out+ and out-?. the common of this output is isolated from main input common , but is not isolated from the second analog input option common. for proper operation always keep these commons isolated. second analog input wiring units with second analog input option have two input terminals to receive a 4 to 20 ma signal. these terminals are labeled ?second input, 4-20 ma+ and 4-20 ma-?.terminal placement varies with model. see unit label for actual terminals. the common of this input is isolated from main input common, but is not isolated from the linear dc output common. for proper operation always keep these commons isolated. -9- figure 9, valve positioner wiring

 program disable or user input wiring some models have terminal #7 as the user input, which is programmable for a variety of functions. other models have terminal #7 dedicated to the program disable function. any form of mechanical switch may be connected to terminal #7. sinking open collector logic with less than 0.7 v saturation may also be used (no pull-up resistance is necessary). note: do not tie the commons of multiple units to a single switch. use either a multiple pole switch for ganged operation or a single switch for each unit. ac power wiring primary ac power is connected to the separate two position terminal block labeled ac. to reduce the chance of noise spikes entering the ac line and affecting the controller, an ac feed separate from that of the load should be used to power the controller. be certain that the ac power to the controller is relatively ?clean? and within the -15%, +10% variation limit. connecting power from heavily loaded circuits or circuits that also power loads that cycle on and off, (contacts, relays, motors, etc.) should be avoided. -10-

 front panel description the front panel bezel material is flame and scratch resistant, tinted plastic. an optional nema 4x/ip65 bezel version is available that meets nema 4x/ip65 requirements, when properly installed. there are two 4-digit led displays, a red upper main display and a lower green secondary display. there are up to six annunciators depending on options installed, with red backlighting, that illuminate to inform the operator of the controller and output status. see figure 10, front panel for a description of the available annunciators. four front panel buttons are used to access different modes and parameters. the following is a description of each button. button functions dsp - in the normal operating mode, the display (dsp) button is used to select one of the operational parameters in the secondary display. in the configuration parameter modes, pressing this button causes the unit to exit (escape) to the normal operating mode with no changes made to the selected parameter. up, dn - in the normal operating mode, the up/down buttons can be used to directly modify the setpoint value or % output power (manual mode only), when viewed in the secondary display. otherwise, the parameter must be called to alter the value. par - the parameter (par) button is used to access, enter the change, and scroll through the available parameters in any mode. -11- figure 10, front panel

 operation overview controller power-up upon applying power, the controller delays control action and process indication for five seconds to perform several self-diagnostic tests and display basic controller information. initially, the controller illuminates both displays and all annunciators to verify that all display elements are functioning. the controller then displays the programmed input type in the main display. concurrently, it displays the current revision number of the operating system software in the bottom display. the controller checks for correct internal operation and displays an error message (e-xx) if an internal fault is detected (see troubleshooting , page 73, for further information). upon completion of this sequence, the controller begins control action by displaying the process value and updating the outputs based upon the pid control calculation. controller power down at power down, the steady state control value as well as all parameters and control modes are saved, to provide a quick and predictable process response on the next power-up. when powering down the process, it is important to power down the controller at the same time. this prevents the reset action of the controller from shifting the proportional band while the process signal is dropping and prevents excessive overshoot on the next process start-up. process start-up after starting the process, the controller?s pid settings must be initially ?tuned? to the process for optimum control. minimal tuning consists of adjusting the proportional band, integral time, and derivative time parameters to achieve the optimum response to a process disturbance. the controller can be tuned once, but must be re-tuned if the process has been changed significantly. several options exist for tuning these parameters: a) use the controller?s built-in auto-tune feature (see auto-tune , page 64). b) use a manual tuning technique (see manual tuning , page 76). c) use a third party tuning software package (generally expensive and not always precise). d) use values based on control loop experience, calculated values or values from a similar process. if the controller is a replacement, the pid settings from the unit being replaced may be used as good initial values. be sure to consider any differences in the units and the pid settings when replacing. the pid settings may be fine tuned by using the techniques outlined in the pid control section. after tuning the controller to the process, it is important to power the load and the controller at the same time for best start-up response. manual (user) & automatic operation the controller can be transferred between automatic control (closed loop; pid or on/off control) and manual control (open loop). in the hidden function mode, the ?trnf? parameter allows the operator to select the desired operating mode. to allow front panel switching between control modes, program the transfer (trnf) parameter to ?enbl? in the lockout module. the user input or rs485 serial interface option may also be used to perform the auto/manual transfer function, independent of the setting in the lockout module. manual operation provides direct control of the output(s) from 0 to +100%, or -100% to +100% if the secondary output is installed. for valve positioner models with slidewire feedback, this mode allows manual valve positioning. the man (rem for remote setpoint models) annunciator flashes to indicate that the unit is in manual operation. when transferring the controller mode from/to automatic, the control power output(s) remain constant, exercising true ?bumpless? transfer. when transferring from manual to automatic, the power initially remains steady but integral action corrects (if necessary) the closed loop power demand at a rate proportional to the integral time. the programmable high and low power limit values are ignored when the unit is in manual operation. -12-

 remote and local setpoint operation the controller setpoint mode can be switched between local setpoint operation and remote setpoint operation. in the hidden function mode, the ?spsl? parameter allows the operator to select the desired setpoint operating mode. to allow front panel switching between setpoint modes, program the setpoint select parameter (spsl) to ?enbl? in the lockout module. the user input or rs485 serial interface option may also be used to perform the setpoint selection function, independent of the setting in the lockout module. front panel annunciator rem is on for remote setpoint operation and is off for local setpoint operation. when transferring the controller mode from/to the setpoint modes, various controller response options are available (see sptr parameter , page 37). -13-

 configuration of parameters as supplied from the factory, the controller parameters have been programmed to the values listed in the programming quick reference tables. the user must modify the values, if necessary, to suit the application. operation and configuration of the controller is divided into five distinct operational/programming modes to simplify the operation of the controller: normal display mode, unprotected parameter mode, protected parameter mode, hidden function mode, and configuration parameter modules. see figure 11, operational/programming modes. -14- figure 11, operational/programming modes

 parameter entry the par button is used to select the desired parameter. to modify the parameter setting, use the up and down buttons. press par to enter the new value. the controller progresses to the next parameter. in a configuration parameter module, pressing the dsp button causes the new value to be rejected, the controller displays ?end?, and returns to the normal display mode. for those parameters outside the configuration parameter modules, the new value takes effect and is committed into controller memory while the value is keyed in. the following is a list of commonly modified parameters: setpoint output power output power offset proportional band integral time derivative time proportional band #2 integral time #2 derivative time #2 directed setpoint (cascade) ratio bias alarm 1 value alarm 2 value note: while in a configuration parameter module, all new parameters are rejected and the old ones recalled if power is removed from the controller. if power is removed while modifying any parameter, be certain to check the parameter for the proper value. normal display mode in the normal display mode, the process value is always displayed in the main display. by successively pressing the dsp button, one of these operational parameters can be viewed in the secondary display (model dependent): setpoint % output power second analog input (remote setpoint) process setpoint deviation each of these displays can be independently locked out from appearing or from being modified by the user (see lockouts module , page 27). only from the normal display mode can access be gained to the other modes (unprotected, protected, or hidden). modifying a secondary display parameter from the front panel the controller must be in the normal display mode to modify the secondary display parameters. the setpoint value and % output power (in manual mode) are the two parameters which may be modified. the other parameters are read-out values only. setpoint value - use the up and down arrow buttons to modify the setpoint value when viewed, if not locked. if locked, the setpoint can be changed in the unprotected mode when ?sp? is viewed, independent of viewing in the secondary display. the setpoint value is confined to the programmable setpoint limit values (splo & sphi, input module 1). % output power - the % output power can only be changed when the unit is in the manual mode. see manual (user) and automatic operations , page 12. the annunciator % pw lights, and the manual annunciator flashes when viewed. use the up and down arrow buttons to modify the % output power if not locked. if locked, the % output power can be changed in the unprotected mode when ?op? is viewed, independent of viewing in the secondary display. the % output power is not confined to the programmable output power limit values (oplo & ophi, output module 2). -15-

 unprotected parameter mode the unprotected parameter mode is accessed by pressing the par button from the normal display mode with program disable inactive. in this mode, the operator has access to the list of the most commonly modified controller parameters. at the end of the list, a configuration ?access point? allows the operator to enter the configuration parameter modules. these modules allow access to the fundamental set-up parameters of the controller. when the program list has been scrolled through, the controller displays ?end? and returns to the normal display mode. the unit automatically returns to the normal display mode if no action is taken. unprotected parameter mode reference table display parameter range and units (factory setting value) description/ comments sp setpoint confined to range of limits splo, sphi, (0) appears only if setpoint value is locked (loc) or read only (red). opof %output power offset -99.9% to 100.0% (0.0) appears only if integral time (intt) = 0 and controller is in automatic mode. op output power -99.9% to 100.0% (0.0) appears only if controller is in user (manual) mode and % output power is locked (loc) or read only (red). this parameter is not limited to output power limits (oplo & ophi). prop proportional band 0.0 to 999.9% of scaled input range (4.0) 0.0% is on/off control. if using on/off mode, set control hysteresis appropriately. intt integral time 0 to 9999 sec. (120) 0 is off. this parameter does not appear if proportional band = 0.0%. dert derivative time 0 to 9999 sec. (30) 0 is off. this parameter does not appear if proportional band = 0.0%. pb-2 proportional band #2 (secondary) 0.0 to 999.9% of scaled input range (4.0) 0.0% is on/off control. second analog input models only. it-2 integral time #2 (secondary) 0 to 9999 sec (0) 0 is off. this parameter does not appear if proportional band #2 = 0.0%. second analog input models only. -16-

 display parameter range and units (factory setting value) description/ comments dt-2 derivative time #2 (secondary) 0 to 9999 sec (0) 0 is off. this parameter does not appear if proportional band #2 = 0.0%. second analog input models only. sp-2 internal cascade directed setpoint -999 to 9999 (n/a) second analog input models only. read only parameter. rtio remote setpoint ratio multiplier 0.001 to 9.999 (1.000) second analog input models. bias remote setpoint bias offset -999 to 9999 (0) second analog input models. al-1 alarm 1 value -999 to 9999 (0) alarm option models only. al-2 alarm 2 value -999 to 9999 (0) this parameter does not appear if the alarm option is not specified, the secondary output option is installed, or if locked (loc). cnfp configuration access point no 1-in 2-op 3-lc 4-al 5-02 6-sc 7-2n 8-vp 9-fs return to normal display mode. enter configuration modules. configure input parameters. configure output parameters. configure parameter lockouts. configure alarm parameters (opt.) configure secondary output (opt.) configure serial communication parameters (optional). configure second analog input parameters (optional) configure valve positioner parameters (optional) factory service operations (qualified technicians only) end unit returns to normal display mode ____ brief display message. -17-

 protected parameter mode the protected parameter mode is accessed from the normal display mode by pressing the par button with program disable active. in this mode, the operator has access to the list of the most commonly modified controller parameters that have been ?unlocked? in the configuration parameter lockouts module. depending on the code number entered in the lockout protected parameter mode reference table display parameter range and units (factory setting value) description/comments prop proportional band 0.0 to 999.9% of scaled input range (4.0) 0.0% is on/off control. if using on/off mode, set control hysteresis appropriately. this parameter does not appear if locked (loc). intt integral time 0 to 9999 sec. (120) 0 is off. this parameter does not appear if proportional band = 0.0% or locked (loc). dert derivative time 0 to 9999 sec. (30) 0 is off. this parameter does not appear if proportional band = 0.0% or locked (loc). pb-2 proportional band #2 (secondary) 0.0 to 999.9% of scaled input range (4.0) 0.0% is on/off control. second analog input models only. it-2 integral time #2 (secondary) 0 to 9999 sec. (0) 0 is off. this parameter does not appear if proportional band #2= 0.0%, or if locked (loc). second analog input models only. dt-2 derivative time #2 (secondary) 0 to 9999 sec. (0) 0 is off. this parameter does not appear if proportional band #2= 0.0%, or if locked (loc). second analog input models only. sp-2 internal cascade directed setpoint -999 to 9999 (n/a) second analog input models only. read only parameter. module, access to the unprotected parameter mode and hence, the configuration parameter modules is possible. the controller returns to the normal display mode if the unprotected mode and configuration modules cannot be accessed. this mode cannot be accessed if all parameters are locked out in configuration module 3. display parameter range and units (factory setting value) description/comments rtio remote setpoint ratio multiplier 0.001 to 9.999 (1.000) second analog input models only. bias remote setpoint bias offset -999 to 9999 (0) second analog input models only. al-1 alarm 1 value -999 to 9999 (0) alarm option models only. al-2 alarm 2 value -999 to 9999 (0) this parameter does not appear if the alarm option is not specified, the secondary output option is installed, or if locked (loc). code access code to unprotected mode 0to250 (0) to gain access to unprotected mode, enter the same value for code as entered in parameter lockouts. this parameter does not appear if zero is entered in code parameter lockout. end unit returns to normal display mode. brief display message display mode. -18-

 front panel program disable there are several ways to limit the programming of parameters from the front panel buttons. the settings of the parameters in the lockout module, the code number entered, and the state and/or function programmed for the user input (terminal #7) affect front panel access. it is possible to have the program disable function on versions with the user input, even if the user input is not programmed for program disable (ploc), by the use of a code number. versions that do not have the user input are dedicated to the program disable function. the following charts describe the possible program disable settings depending on your model. models with user input user input state code number description inactive or user input not programmed for ploc 0 full access to all modes and parameter modules. active with user input programmed for ploc 0 access to protected parameter mode only. code number does not appear. active with user input programmed for ploc or user input not programmed for ploc any # between 1 & 250 access to protected parameter mode. correct programmed code number allows access to unprotected parameter mode and configuration modules. note: a universal code number 222 can be entered to gain access to the unprotected mode and configuration modules, independent of the programmed code number. models with program disable program disable code number description inactive 0 full access to all modes and parameter modules. active 0 access to protected parameter mode only. code number does not appear. active any # between 1 & 250 access to protected parameter mode. correct programmed code number allows access to unprotected parameter mode and configuration modules. note: a universal code number 222 can be entered to gain access to the unprotected mode and configuration modules, independent of the programmed code number. -19-

 hidden function mode the hidden function mode is only accessible from the normal display mode by pressing and holding the par button for three seconds. these functions must be unlocked in configuration module #3. factory settings are locked. in this mode, these controller functions can be performed. local/remote setpoint selection automatic/manual transfer initiate/cancel auto-tune reset alarm events each function may be ?locked out? in the configuration parameter lockouts module. the par button is used to scroll to the desired function and the up and down buttons are used to select the operation. pressing the par button while the function is displayed executes the function, and returns the unit to the normal display mode. pressing the dsp button exits this mode with no action taken. the unit automatically returns to the normal display mode if no action is taken. hidden function mode reference table display parameter range and units (factory setting value) description/comments spsl select local or remote setpoint loc - local setpoint re_t - remote setpoint (loc) appears only for models with second analog input. ?sptr? determines nature of controller response. trnf transfer mode of operation auto - automatic control user - manual control (auto) this step does not appear if locked (loc). exits to normal display mode if executed. tune auto-tune invocation yes: starts the auto-tune sequence. no: terminates the auto-tune sequence. prl - tune primary (cascade) sec - tune secondary (cascade) (no) this step does not appear if locked (loc) or exits to normal display mode if executed. these parameters appear only if second analog input internal cascade is selected. alrs alarm reset up key resets alarm 1 down key resets alarm 2 this step does not appear if alarm option not installed, if locked (loc) or previous step performed. -20-

 configuration parameter modules accessible from the unprotected parameter mode, the configuration parameter modules allow the operator access to the controller?s fundamental set-up parameters. there are nine possible configuration stages that can be accessed. at the configuration stage access point ?cnfp?, the operator uses the up & down arrow buttons to select the desired configuration parameter module. press the par button to enter the module where the settings can be viewed or modified. the par button is used to scroll through the parameters and the up and down buttons are used to modify the parameter value. the par button enters the desired choice, advancing to the next parameter. the operator can press the dsp button to exit (escape) without modifying the parameter. the unit returns to the normal display mode. after the parameters in a module are viewed or modified, the unit returns to the configuration access point, allowing access to other modules. input module (1- in) the controller has several input set-up parameters that must be programmed prior to setting any other controller parameters. input type (type) select the signal input type voltage (volt), or current (curr). the appropriate signal input terminal for voltage is #8 and for current is #9. square root linearization (root) (optional) the main input can be linearized by use of the square root function. see square root linearization , page 35, for a complete description of the square root function. the ?root? parameter in program module 1 applies to the main input, and the ?root? parameter in program module 7 applies to the second analog input. decimal point position (dcpt) select the desired decimal point position for the scaled display. the selected decimal point position appears in the following parameters; rnd, dsp1, dsp2, splo, sphi, sp, al1, al2, db-2, ahys, and chys. 0 0.0 0.00 0.000 rounding increment ( rnd) rounding values other than ?1? causes the scaled number to ?round? to the nearest rounding increment selected (ie. rounding of ?5? cause ?122? to round to ?120? and ?123? to round to ?125?). if the process is inherently jittery, the display value may be rounded to a higher value than ?1?. if the range of the process exceeds the required resolution, (ex. 0-1000 psi, but only 10 psi resolution required), a rounding increment of 10 will effectively make the display more stable. this programming step is usually used in conjunction with programmable digital filtering to help stabilize display readings (if display stability appears to be a problem and the sacrifice in display resolution is unacceptable, program higher levels of digital filtering or increase the level of process dampening). rounding increments of 10, 20, 50, and 100 may also be used to add ?dummy zeroes? to the scaled readings, as desired. 1 2 5 10 20 50 100 the rounding increment is for the controller?s display only and does not affect (degrade) the control accuracy of the unit. -21-

 input signal filter and display update rate (fltr) select the relative degree of input signal filtering and display update rate. the filter is an adaptive digital filter that discriminates between measurement noise and actual process changes. therefore, the influence on step response time is minimal. if the signal is varying too greatly due to measurement noise, increase the filter value. additionally, with large derivative times, control action may be too unstable for accurate control. increase the filter value. conversely, if the fastest controller response is desired, decrease the filter value. the auto-tune procedure sets the filter value appropriate to the process characteristics. also see output power dampening parameter (opdp) , page 25, for filtering the output. fltr-0to4 0 = least input filtering 3 = most input filtering 4 = most input filtering and slower (2/sec) display update rate (outputs update at 10/sec rate) scaling points prior to installing and operating the controller, it may be necessary to change the scaling to suit the display units particular to the application. although the unit has been programmed at the factory, the scaling will generally have to be changed. the controller is unique in that two different scaling methods are available. the operator may choose the method that yields the easier or more accurate calibration. the two scaling procedures are similar in that the operator keys in the display values and either keys in or applies a signal value that corresponds to those scaling points. the location of the scaling points should be near the process end limits, for the best possible accuracy. once these values are programmed (coordinates on a graph), the indicator calculates the slope and intercept of the signal/display graph automatically. no span/zero interaction occurs, making scaling a one-pass exercise. before programming the indicator, it is advised to organize all the data for the programming steps to avoid possible confusion. to scale the indicator, two signal values and two display values that correspond to the signal values must be known. these four values are used to complete the scaling operation. an example is listed below: scaling point #1 scaling point #2 0.0% @ 4.00 ma & 100.0% @ 20.00 ma reverse acting indication can be accomplished by either reversing the two signal points or the display value points, but not both. if both are reversed, then forward (normal) acting indication will occur. in either case, do not reverse the input wires to correct the action. display values (dsp1 & dsp2) key-in the display value for scaling point one and scaling point two. dsp1 -999 to 9999 (ex. 0.0%) dsp2 -999 to 9999 (ex. 100.0%) signal input values (inp1 & inp2) the signal input value can either be keyed in via the front panel buttons or an input signal can be applied to the appropriate signal input terminals. when entering the signal input parameter, the unit is in the key-in mode. key-in method key-in the signal value for scaling point one and scaling point two. inp1 -999 to 9999 (ex. 0.00 vdc or 4.00 ma dc) inp2 -999 to 9999 (ex. 10.00 vdc or 20.00 ma dc) signal input method to change to the apply signal method press the dsp button. front panel annunciators % pw and dev will flash, and the display indicates the signal value applied to the input terminals. the unit can be toggled to the key-in method by pressing the dsp button again. signal range display range 4.00 to 20.0 ma dc 0.00 to 20.00 0.00 to 10.00 vdc 0.00 to 10.00 when the desired value is indicated on the display, press the par button to store the value and advance to the next parameter. -22- figure 12, scaling points

 setpoint limit values (splo & sphi) the controller has programmable high and low setpoint limit values to restrict the setting range of the setpoint. set the limit values so that the setpoint value cannot be set outside the safe operating area of the process. on models equipped with second analog input, configured as a remote setpoint, the remote setpoint reading is also restricted to these limits. splo - -999 to 9999 sphi - -999 to 9999 setpoint ramp rate (sprp) the setpoint can be programmed to ramp independent of the controller?s decimal point position and rounding increment. the setpoint ramp rate can reduce sudden shock to the process, reduce overshoot on start-up or setpoint changes, or ramp the process at a controlled rate. sprp - 0.1 to 999.9 units/minute a ramp value of zero disables setpoint ramping. if the optional user input is programmed for setpoint ramp, it affects the enabling and disabling of setpoint ramping (see user input , page 23). setpoint ramping is initiated on power-up or when the setpoint value is changed and is indicated by a decimal point flashing in the far right corner of the main display. once the ramping setpoint reaches the target setpoint, the setpoint ramp rate disengages until the setpoint is changed again. if the ramp value is changed during ramping, the new ramp rate takes effect. if the setpoint is ramping prior to invoking auto-tune, the ramping is suspended during auto-tune and then resumed afterward using the current display as a starting value. deviation and band alarms are relative to the target setpoint, not the ramping setpoint. if the analog output is programmed to transmit the setpoint value, the instantaneous ramping setpoint value is transmitted. note: depending on the ramp rate relative to the process dynamics, the actual scaled process value may not track the ramping setpoint value. on models equipped with second analog input, configured as remote setpoint, this parameter may be used to establish a maximum rate of change of the remote setpoint reading. if the controller or transmitter that supplies the remote setpoint reading is swinging too wildly, or changing too fast, resulting in control problems, the ramp rate can be used to reduce the rate of change of the remote setpoint reading. when ramping in remote setpoint operation, the flashing decimal point is suppressed. the units of ramping for remote setpoint operation are 0.1 to 999.9 lsd/minute. user input (inpt) the user input may be programmed to perform a variety of controller functions. the input must be in its active state for 100 msec minimum to perform the function. the unit executes all functions in 100 msec, except the print request function that requires 110 to 200 msec for a response. a function is performed when the user input, (terminal 7) is used in conjunction with common (terminal 10). note: do not tie the commons of multiple units to a single switch. use either a multiple pole switch for ganged operation or a single switch for each unit. below is a list of the available functions. ploc - program lock. a low level enables the program disable function which places the unit in the protected parameter mode. note: front panel disable is possible without using this program lock function, see front panel program disable , page 19. iloc - integral action lock. a low level disables the integral action of the pid computation. a high level resumes the integral action. trnf - auto/manual transfer. a negative transition places the unit in the manual (user) mode and a positive transition places the unit in the automatic operating mode. the output is ?bumpless? when transferring to either operating mode. -23- figure 13, setpoint ramp rate

 user input (inpt) (cont?d) sprp - setpoint ramp. a low level terminates setpoint ramping and the controller operates at the target setpoint. terminating setpoint ramping is the same as setting the ramp rate to zero (sprp = 0.0). a high level enables the programmed setpoint ramp rate. alrs - alarm reset. if the alarm option is installed, a low level resets the alarm(s) to their inactive state as long as the user input is low. prnt - print request. a low level transmits the print options selected in the serial communications module (6-sc). if the user input is held low, after the printing is complete a second print request is issued. spsl - select local or remote setpoint. on models equipped with second analog input, configured as remote setpoint, a negative transition engages remote setpoint operation and a positive transition engages local setpoint operation. select the controller output response to the local/remote transfer operation (bumpless, tracking, etc) by the setpoint transfer parameter (sptr). output module (2-op) the controller has parameters that affect how the main control output (op1) responds to process changes and signal overdrive actions. time proportioning cycle time (cyct) the selection of cycle time depends on the time constant of the process and the type of output module used. cyct - 0 to 250 seconds for best control, a cycle time equal to 1/10 of the process time constant, or less is recommended; longer cycle times could degrade process control, and shorter cycle times provide little benefit at the expense of shortened relay life. when using a triac module or a logic/ssr drive output module with the ssr power unit, a relatively short cycle time may be selected. a setting of zero keeps the main control output and front panel indicator off. therefore, if using the analog output for control, the main output and indicator can be disabled. this parameter is skipped for valve positioner models. output control action (opac) the main control output (op1) channel is programmable for reverse acting or direct acting. most control applications use reverse acting (see on/off control , page 62). opac - rev (reverse acting) drct (direct acting) if drct (direct acting) is selected, the main output (op1) is direct acting and the secondary output (op2) is reverse acting. the secondary output always maintains the opposite setting of the main output. note: when using a relay output module, the control action may also be reversed by using the normally closed contacts. the linear dc analog output, when assigned to output power (op) for control purposes, tracks the controller output power demand. a direct acting linear output signal can be implemented in two ways: 1. use ?direct? for output control action (opac). 2. interchange the two analog output scaling points anlo & anhi (see linear dc analog output , page 26). -24-

 output power limits (oplo & ophi) enter the safe output power limits for the process. these parameters may also be used to limit the minimum and maximum controller power due to process disturbances or setpoint changes, to reduce overshoots by limiting the process approach level. oplo & ophi - 0 to 100% if the secondary output option is installed, the limits range from: oplo & ophi - -100 to 100% with the secondary output option installed, the lower limit can be set to less than 0% to limit maximum secondary output power or set to greater than 0% to limit minimum main control output power. set the high limit to less than 0% to limit minimum secondary output power or greater than 0% to limit maximum main control output power. when controlling power in the manual mode, the output power limits do not take effect. input overdrive preset power (opfl) if an input overdrive signal is detected, the control output(s) default to a preset power output. opfl - 0% (op1 output full ?off?) to 100% (op1 output full ?on?) if the secondary output option is installed, the range is extended from: opfl - -100% to +100% at 0% both outputs are off, at 100% op1 is on and op2 is off, and at -100% op2 is on and op1 is off. the alarm outputs always have an up-scale drive (+9999), independent of this setting, for an input overdrive signal. for position mode valve controllers, the valve is positioned according to the setting of this parameter. for velocity mode valve controllers, the following actions occur: velocity mode: opfl = 0%, valve close output activates opfl = 100%, valve open output activates opfl = any other setting, both valve outputs disable output power dampening (opdp) the output power calculated by the pid controller can be dampened (filtered) to reduce the controller output activity. those processes with high gain and/or derivative times or those processes with a relatively high noise content can benefit from the dampening action. opdp-0to250 seconds the dampening parameter is expressed as a time constant in seconds. increasing the value increases the dampening or filtering effect. a value of zero disables output power dampening. the amount of dampening to be used depends primarily on the response time of the process and the amount of final actuator activity desired. generally, dampening times in the range of 1/20 to 1/50 of the controller?s integral time (or process time constant) prove to be effective. dampening times longer than these may cause controller instability due to the added lag effect of too much filtering. in the case where a relatively high dampening time is desired, the controller?s proportional band may be increased to restore an adequate stability margin. the auto-tune procedure of the controller sets the dampening value appropriate to the characteristics of the process. on/off control hysteresis band (chys) the controller can be placed in the on/off control mode by setting the proportional band to 0.0%. the control hysteresis value affects only the main control output (op1). chys - 1 to 250 units the hysteresis band should be set to a minimum value to eliminate output chatter at the setpoint. set the hysteresis band to a sufficient level prior to invoking auto-tune. internal cascade controllers, secondary loop, have a fixed hysteresis of 1.5% of scaled range. -25-

 auto-tune dampening code (tcod) prior to invoking auto-tune, the dampening code should be set to achieve the desired dampening level under pid control. after auto-tune is complete, changes to ?tcod? parameter have no effect until auto-tune is re-started. when set to 0, this yields the fastest process response with possible overshoot. a setting of 4 yields the slowest response with the least amount of overshoot. dampening codes of 0 or 1 are recommended for most processes. linear dc analog output (anas, anlo, anhi, andb, anut) (optional) the linear dc output can be programmed to transmit one of the following controller parameters: assign dc output (anas): op ? percent output power inp ? scaled input process value dev ? process setpoint deviation sp ? process setpoint value de-2 ? process deviation of secondary loop (internal cascade only) sp-2 ? process setpoint of secondary loop (internal cascade only) with high and low digital scaling points, the range of the linear dc output can be set independent of the controller?s range. this allows interfacing directly with chart recorders, remote indicators, slave controllers, or linear power control units. anlo (4 ma or 0 vdc) ? -999 to 9999 anhi (20 ma or 10 vdc) ? -999 to 9999 linear dc output deadband (andb) and linear dc output update time (anut) parameters are additional parameters used for control purposes (anas=op). the deadband parameter requires that the output power, in percent, must change more than the deadband amount in order for the output to update. a value of 0.0 disables the deadband action. the linear output update time updates the output at the time interval specified. a value of 0 seconds updates the output at the controller?s scan rate (10/sec). in the manual mode of operation both parameters are overridden. the front panel indicator op1 and main output can be disabled by setting the time proportioning cycle time equal to zero (cyct = 0). note: valve position controllers disable the ?open? and ?close? outputs when the linear dc output is assigned to output power. in this case, the slidewire feedback signal may be used to verify valve position. andb ? 0.0 to 25.0% anut ? 0 to 250 seconds for setpoint transmission, (external cascade control used with another controller), the controller transmits the instantaneous ramping setpoint, not the target value, when the controller is ramping the setpoint. for models with remote setpoint, the linear output transmits the active setpoint (local or remote). -26- figure 14, dampening code

 example: chart record process display value (0 to 10 vdc): the process range is 300-700. programming 300 for anlo (0 vdc value) and 700 for anhi (10 vdc value) yields full scale deflection for a chart recorder (0 to 10 vdc). the 0 to 10 vdc output is assigned to transmit the input reading (anas = inp). example: linear control output (4 to 20 ma): a linear dc input power control unit is used for process control. an output control deadband of 2.0% and an output update time of 10 seconds is desired. the following set-up values illustrate the configuration: anas = op anlo = 0.0% anhi = 100.0% andb = 2.0% anut = 10 seconds lockouts module (3-lc) the controller can be programmed to limit operator access to various parameters, control modes, and display contents. the configuration of the lockouts is grouped into three sections: lower display lockouts, protected mode lockouts and hidden mode lockouts. lower display lockouts (sp, op, in-2, dev, bdsp) the contents of the secondary display can be changed in the normal display mode by successively pressing the dsp button. this action scrolls through the possible display parameters, when enabled. the parameters can be set for one of the following: loc (lockout) ? prevents the parameter from appearing in the secondary display. red (read only) ? parameter appears, but cannot be modified. ent (entry) ? parameter appears and can be modified. the lower display content possibilities are: sp ? setpoint value op* ? % output power in-2* ? second analog input (remote setpoint) dev* ? setpoint deviation bdsp ? blank display if all parameters are set to lock ?loc?, the display remains on the last parameter that was viewed. *note: these parameters are model specific and may not appear in the programming sequence. note: if a parameter is active in the lower display and is then subsequently locked out, press ?dsp? once in the normal display mode to remove it from the display. -27- figure 15, linear dc output

 protected mode lockouts (code, pid, pid2, rtbs & al) the protected mode is active when program disable is active. the parameters in the protected mode can be set for one of the following modes: loc (lockout) ? prevents the parameter from appearing in the protected mode. red (read only) ? parameter appears, but cannot be modified. ent (entry) ? parameter appears and can be modified. the code number allows access to the unprotected mode. to enter the unprotected mode from the protected mode, the code number entered must match the code number entered here. see front panel program disable , page 19, for a description of the various program access levels. code ? 0 to 250 pid ? permits access to the main pid parameters pid2  ? permits access to the secondary pid parameters rtbs  ? permits access to remote setpoint ratio and bias parameters al  ? permits access to the alarm value(s). hidden mode lockouts (alrs, trnf, tune and spsl) the hidden mode is accessible from the normal display mode by pressing and holding the par button for three seconds. the parameters can be set for: loc (lockout) ? prevents the parameter from appearing in the hidden mode. enbl (enable) ? allows operator to perform the selected hidden mode function. the functions available in the hidden mode are accessible independent of the status of program disable. alrs  ? reset (override) the alarm output(s). spsl  ? select local or remote setpoint operation. trnf ? select automatic or manual operation. tune ? invoke or cancel auto-tune.  note: these parameters are model specific and may not appear in the programming sequence. alarm module (4-al) (optional) the controller may be optionally fitted with the dual alarm option (al1 and al2). some models are equipped only with a single alarm (al1). one of three types of output modules (relay, logic/ssr drive or triac) must be ordered separately and installed into the appropriate alarm channel socket. the output modules may be replaced or interchanged (with appropriate wiring considerations) at any time without re-programming the controller. the alarm values can be accessed in configuration module (4-al), the unprotected mode, and in the protected mode, if not locked. a front panel annunciator illuminates to indicate that the alarm output is on (al1 for alarm 1 and al2 for alarm 2). note: when deviation low-acting with positive alarm value (d-lo), deviation high-acting with negative value (d-hi), or band inside-acting (b-in) is selected for the alarm action, the indicator is ?off? when the alarm output is ?on?. these alarm modes latch the outputs when the output is ?on?, when selected for latched operation. caution: in applications where equipment or material damage, or risk to personnel, due to controller malfunction could occur, an independent and redundant process limit indicator with alarm outputs is strongly recommended. red lion controls offers various units (such as an imp, imd1 or imd2) that may be used for this purpose. the indicators should have input and ac power feeds independent from the other equipment. alarm action (act1, act2) the alarm(s) may be independently configured for one of the following modes: absolute high acting (a-hi) absolute low acting (a-lo) deviation high acting (d-hi)    relative to setpoint (local or remote) deviation low acting (d-lo) band inside acting (b-in) band outside acting (b-ot) -28-

 second analog input alarm on models equipped with the second analog input, the alarm(s) may be configured to monitor the second input reading in addition to the main input. refer to the corresponding alarm operation figures for operation modes. note that deviation and band alarm modes are only valid for internal cascade operation. absolute high acting -2 (a2hi) absolute low acting -2 (a2lo) deviation high acting -2 (d2hi)    relative to sp-2, second input (internal cascade) deviation low acting -2 (d2lo) band inside acting -2 (b2in) band outside acting -2 (b2ot) valve fail alarm (vfal) on models equipped with valve positioner (position mode control only), alarm #1 may be configured as a valve fail alarm (act1 = valv). this alarm mode is useful to provide early detection of valve failure before significant process errors occur. in this mode, the usual alarm function is disabled. the alarm triggers under the two following conditions: 1. the valve slidewire feedback position does not match the controller output power (within the valve position deadband) after the valve fail time has expired. the alarm indicates that the valve cannot be properly positioned due to a malfunction of the valve or valve positioner. 2. the slidewire feedback signal is broken or out of range. in this case, the valve position controller cannot position the valve. message display alarms ?valv? and ?slid? appear when conditions 1 and 2 occur, respectively, whether or not the alarm is configured as a valve fail alarm. this alarm mode also applies to linear dc output used for valve positioning. in this case, a slidewire signal must be supplied to the controller for valve fail detection. to silence a triggered valve fail alarm, see valve fail time alarm (vfal) parameter, page 38. the alarm action figures describe the status of the alarm output and the front panel indicator for various over/under process conditions. (see output module ?output on? state table , page 6, for definitions, under installing output modules section.) the alarm output wave form is shown with the output in the automatic reset mode. note: select the alarm action with care. in some configurations, the front panel indicator (led) might be ?off? while the output is ?on?. -29-

 alarm action figures -30-

 -31-

 alarm reset (rst1, rst2) each alarm reset action may be independently configured. latc - latching auto - automatic latched alarms require operator acknowledgment to reset the alarm condition. the front panel buttons can be used to reset an alarm when the controller is in the hidden mode (see hidden function mode , page 20). an alarm condition may also be reset via the rs485 serial interface or by the user input. automatic (auto) reset alarms are reset by the controller when the alarm condition clears. figure 16, alarm reset sequence, depicts the reset types. alarm standby delay (stb1, stb2) the alarm(s) may be independently configured to exhibit a power-on, standby delay which suppresses the alarm output from turning ?on? until the process first stabilizes outside the alarm region. after this condition is satisfied, the alarm standby delay is canceled and the alarm triggers normally, until the next controller power-on. figure17, alarm standby delay sequence depicts a typical operation sequence. alarm value (al-1, al-2) the alarm values are either absolute (absolute alarms) or relative to the setpoint value (deviation and band alarms). an absolute alarm value is the value that is entered. a relative alarm value is offset from the process setpoint value by the amount entered and tracks the setpoint value as it is changed. al-1 and al-2 - -999 to 9999 if the alarm action is set as a band alarm, then only a positive value can be entered. al-1 and al-2 - 0 to 9999 -32- figure 16, alarm reset sequence figure 17, alarm standby delay sequence

 alarm hysteresis (ahys) the alarm(s) values have a programmable hysteresis band to prevent alarm output chatter near the alarm trigger setpoint. the hysteresis value should be set to eliminate this effect. a value of 2 to 5 is usually sufficient for most applications. a single alarm hysteresis value applies to both alarms. see the alarm action figures , page 30, for the effect of hysteresis on the various alarm types. ahys - 1 to 250 secondary output module (5-02) (optional) the optional secondary output (op2) operates as an independent output for systems that require a second output. one of the three types of output modules (relay, logic/ssr drive or triac) must be ordered separately and installed into the op2 channel socket. the output modules may be replaced or interchanged (with appropriate wiring considerations) at any time without re-programming the controller. the front panel indicator op2 illuminates when the secondary output is on. (see output module ?output on? state table , page 6, for definition). secondary output power is defined as ranging from -100% (full on) to 0% (off, unless a deadband overlap is used). time proportioning cycle time (cyc2) a value of 0 turns off the secondary output, independent of power demand. cyc2 - 0 to 250 seconds relative gain (gan2) this parameter defines the gain of the secondary band relative to the main output band. a value of 0.0 places the secondary output into on/off control mode with the parameter (db-2) becoming the secondary output hysteresis. this may be done independent of the main output control mode (pid or on/off). relative gain is generally set to balance the effects of op2 to that of op1 for best control. gan2 - 0.0 to 10.0 overlap/deadband (db-2) this parameter defines the area in which both the main control output and secondary output are active (negative value) or the deadband area between the bands (positive value). if an overlap is specified, the displayed percent output power is the sum of the main power (op1) and the secondary power (op2). db-2 - -999 to 9999 if relative gain is zero, the secondary output operates in the on/off mode, with this parameter becoming the secondary output hysteresis (positive value only). the operation figures illustrate the effects of different deadbands. -33- figure 18, operation (db=0) figure 19, operation (db>0)

 overlap/deadband (db-2) (cont?d) in practice with the secondary output, observe the controlled process characteristics and if the process remains above setpoint with a sluggish return, increase the relative gain. similarly, if the process drops too sharply with an overall saw-tooth pattern, decrease the relative gain. alter the deadband/overlap until a smooth response in the controlled process is observed during band transition. serial communications module (6-sc) (optional) when communicating with a pcu unit via the serial port, the data formats of both units must be identical. a print operation occurs when the user input, programmed for the print request function is activated, when a ?p? command is sent via the serial communications port, or after the time expires for the automatic print rate, if enabled. serial communication is covered in detail in rs485 serial communications interface , page 47. baud rate (baud) the available baud rates are: 300, 600, 1200, 2400, 4800, or 9600 parity bit (parb) parity can be odd, even, or no parity. address number (addr) multiple units connected on the same rs485 interface line must each have a different address number. a value of 0 does not require the address specifier command, when communicating with the pcu. the address numbers range from 0 to 99. abbreviated or full transmission (abrv) when transmitting data, the pcu can be programmed to suppress the address number, mnemonics, units, and some spaces by selecting yes. an example of abbreviated and full transmission are shown below: no - 6 set 123.8f  full transmission yes - 123.8  abbreviated transmission print rate (prat) the pcu can be programmed to automatically transmit the selected print options at the programmed print rate. selecting 0 (zero) disables the automatic print rate feature. prat - 0 to 9999 seconds -34- figure 20, operation (db print options (popt) selecting yes for the print options allows the operator to scroll through the available options using the par button. the up and down arrow keys toggle between ?yes? and ?no? with ?yes? enabling the option to be printed when a print function occurs. inp - print input process value set - print setpoint value opr - print % output power value pbd - print % proportional band value int - print integral time value der - print derivative time value al1 - print alarm 1 value al2 - print alarm 2 value dev - print deviation from setpoint value ofp - print % output power offset value r-p - print setpoint ramp rate value crg - print relative gain value cdb - print deadband value ost - print output status rat - print remote setpoint ratio bia - print remote setpoint bias rsp - print remote setpoint reading in2 - print second input reading pb2 - print proportional band #2 it2 - print integral time #2 dt2 - print derivative time #2 sp2 - print internal cascade directed setpoint second analog input module (7-2n) (optional) the second analog input can be configured as a remote setpoint input or as a secondary input for internal cascade control. as a remote setpoint, the controller can operate as an external cascade controller, setpoint slave controller and as a ratio controller. see cascade control , page 56, for an overview of cascade control. operation mode (oper) the second analog input must be configured for either remote setpoint operation or internal cascade operation (single controller cascade). rsp - remote setpoint cscd - internal cascade square root linearization (root) in some cases it may be necessary to linearize the second analog input by use of the square root function. selection of ?yes? results in the square root linearization of the second analog input(only). selection of ?no?, results in linear scaling. the square root linearization exhibits a 3% low cut point (17% of scaled reading) to eliminate reading jitter at low flow rates. the following example illustrates the scaling of the second analog input with square root linearization. example : it is necessary to square root linearize the output of a differential pressure transmitter to indicate and control flow. the defining equation is f  278  p , where  p=0-500psi, transmitted linearly b ya4-20ma transducer. at full flow rate (  p = 500 psi), the flow is 6216 ft 3 /hr. the following scaling information is used with the controller: dpt2 = 0 root = yes dsp1 = 0 ft 3 /hr inp1 = 4.00 ma dsp2 = 6216 ft 3 /hr inp2 = 20.00 ma -35-

 square root linearization (root) (cont?d) as a result of the scaling and square root linearization, the following represents the readings at various inputs: delta p (psi) transmitter (ma) flow (ft 3 / hr) 0.00 4.00 0 15.63 4.50 1099 31.25 5.00 1554 62.50 6.00 2198 125.00 8.00 3108 187.50 10.00 3807 250.00 12.00 4396 312.50 14.00 4914 375.00 16.00 5383 437.50 18.00 5815 500.00 20.00 6216 decimal point position (dpt2) for remote setpoint operation, the decimal point position is normally programmed to be the same as the main input. for internal cascade operation, the decimal point may be different from the main input. example: if main input = 500 degrees fs, second input = 15.00 psi fs, then dcpt = 0 and dpt2 = 0.00. second analog input scaling points (dsp1, inp1, dsp2, inp2) prior to installing and operating the indicator, it may be necessary to change the scaling to suit the display units particular to the application. the indicator is unique in that two different scaling methods are available. the operator may choose the method that yields the easier or more accurate calibration. the two scaling procedures are similar in that the operator keys in the display values and either keys in or applies a signal value that corresponds to those display value points. the location of the scaling points should be near the process end limits, for the best possible accuracy. once these values are programmed, the indicator calculates the slope and intercept of the signal/display graph automatically. no span/zero interaction occurs, making scaling a one-pass exercise. before programming the indicator, organize all the data for the programming steps to avoid confusion. to scale the indicator, two signal values and two display values that correspond to the signal values must be known. these four values are used to complete the scaling operation. an example is listed below. example: scaling point #1 scaling point #2 0.0% @ 4.00 ma and 100.0% @20.00 ma display values (dsp1 & dsp2) key-in the display value for scaling point 1 and scaling point 2. dsp1 -999 to 9999 (ex. 0.0%) dsp2 -999 to 9999 (ex. 100.0%) signal input values (inp1 & inp2) the signal input value can either be keyed via the front panel buttons or an input signal can be applied to the appropriate signal input terminals. initially, the unit is in the key-in mode. key-in method key-in the signal value for scaling point 1 and scaling point 2. inp1 -999 to 9999 (ex. 4.00 ma dc) inp2 -999 to 9999 (ex. 20.00 ma dc) signal input method to change to the signal input method press the dsp button. front panel annunciators %pw and sec flash and the display indicates the signal value applied to the input terminals. the unit can be toggled to the key-in method by pressing the dsp button again. when the desired value is indicated on the display, press the par button to store the value and advance to the next parameter. the scaling of the remote setpoint and internal cascade units are normally made equal to the physical range of the system. example: if the control range of the process is 100 to 400 units, the remote setpoint is normally scaled to 100 and 400. example: the secondary variable under internal cascade control is steam pressure over the range of 0.00 to 60.00 psi. the second analog input is normally scaled to 0.00 and 60.00 units. -36-

 local/remote setpoint transfer modes (sptr) when switching from/to local or remote setpoint, the response of the controller can be programmed to act in a variety of ways. these responses apply to changes in setpoint mode from the controller?s front panel, user input or serial communications. the table summarizes the responses for setpoint transfer operation: sptr parameter local to remote remote to local nor ? output may bump. output may bump. auto ? no output bump. process error eliminated at rate of integral action. no output bump. process error eliminated at rate of integral action. trac ? output may bump. local setpoint assumes value of remote setpoint (tracks). no output bump. note: in situations where an output bump may occur, the setpoint ramp function (sprp) can be used to reduce or eliminate bumping when switching setpoint modes. the setpoint ramp feature ramps the setpoint from the old setpoint mode to the new setpoint mode. after the initial ramp has been completed, the active setpoint (local or remote) remains in the setpoint ramp mode. secondary output power dampening (opd2) the output power of the secondary loop (internal cascade) can be dampened (filtered) independent of the primary loop. the secondary output power is the actual output of the controller. the primary output power (setpoint to the secondary) is dampened by the opdp parameter. the secondary output power is dampened by the opd2 parameter. valve positioner module (8-vp) the valve positioner controller must be configured to operate in either position mode or velocity mode. position mode requires a slidewire feedback signal from the valve or valve positioner. velocity mode does not require a slidewire feedback signal. see valve position option , page 54, for an overview of valve position control. valve position 1 and valve position 2 (vps1, vps2) the full closed valve position and the full open valve position are represented by parameters vps1 and vps2, respectively. these values are expressed as a percentage of the valve open position. they do not represent slidewire resistance. normally, for position mode control, vps1 = 0.0% and vps2 = 100.0%. in some processes, it may be necessary to limit the range over which the controller positions the valve. in such a case, vps1 defines the minimum open position and vps2 defines the maximum open position. the controller then scales the valve position values to represent 0 and 100% output power. in this way the valve is confined to work over a smaller portion of its total range. setting both parameters to 0.0% engages velocity mode control. slidewire feedback is not required for velocity mode. additionally, slightly different controller parameters are required for this mode. vps1 & vps2 ? -99.9% to 999.9% for position mode control, there are several ways to determine the valve position values: 1) position the valve to the closed or open positions (by use of the controller or manually) and have the controller measure and record these positions. to engage this mode, press the dsp button while either vps1 or vps2 parameters are called. %pw and dev annunciators flash to indicate this mode. the valve may then be positioned directly through the use of the front panel up and down buttons. the up button causes the valve to move open and the down button causes the valve to move closed. simultaneously, the controller indicates the slidewire position. after the valve has been moved to the desired position (by use of the button and observing the display), press par to record the position. this technique is preferred because it compensates for leadwire resistance errors. -37-

 valve position 1 and valve position 2 (vps1, vps2) (cont?d) 2) use the specifications provided by the valve manufacturer. divide the closed and open position resistance values by the total slidewire resistance to yield percentage values. directly key-in the values as a percentage. 3) measure the resistance of the open and closed positions and divide by the total slidewire resistance to yield percentage values. directly key-in the percentage values. valve update time (vudt) (position and velocity mode) the valve update time is the time interval in which the valve position outputs are updated. the update time may be increased to reduce valve activity. valve update times up to 1/10 of the integral time (or process time constant) may be used with good results. longer update times may adversely affect control quality. the update time is variable from 0 to 250 seconds. a value of zero causes the valve position to be updated at the controller?s scan rate (10/sec). valve position deadband (vpdb) (position mode) the difference between the power output and the slidewire valve position must exceed the deadband in order for the controller to update the valve position. normally, the deadband is set to a minimum to compensate for valve motor overrun and gearing backlash to eliminate hunting. deadband values that are too large may result in excessive errors. values that are too small may result in excessive hunting. the output power dampening (opdp) parameter can also be used to reduce valve activity. typically set in the range of 1 to 3%. vpdb - 0.0% to 25.0% valve fail time alarm (vfal) (position mode) the valve fail time is the maximum time allowed in which the slidewire feedback signal must match the output power before an error message appears. if this condition is not met, a valve sentry alarm message appears (?valv? in display), indicating a failed valve or failed valve positioner. optionally, an alarm can be configured to provide an output event (see alarm action , page 28). this feature also applies to valve positioning with linear dc output. the fail time must be set, at a minimum, larger than the valve update time together with the valve motor transit time. a value of zero disables the valve fail feature. an active valve fail alarm is silenced in these ways: 1) set the valve fail time to 0 2) the output power and slidewire signals subsequently agree. 3) cycle power to the controller. vfal - 0 to 9999 valve motor open time and valve motor close time (vopt, vclt) (velocity mode) for velocity mode control, the valve motor open transit time (vopt) and valve motor close transit time (vclt) must be known. in many cases, these transit times differ from the valve specification. the actual transmit times under load are normally measured for best results. in some cases, the open and close times may be different. the transit time range is 1 to 9999 seconds. valve minimum on time (vont)(velocity mode) as a result of the pulsed-type algorithm used in velocity mode control, a minimum on-time pulse threshold is required for proper valve control. the control does not update the outputs until the calculated on-time pulse exceeds this value. normally, set this value to the minimum on-time of the valve motor. if not given, or otherwise unsuitable, set this value approximately equal to 2.0 to 5.0% of valve open or valve close time. the minimum on-time range is 0.1 to 25.0 seconds. factory service operations module (9-fs) the factory service operations are programming functions which are performed on an infrequent basis. they include: controller calibration, and reset programming to factory configuration setting. given the ramifications of these operations, access to each is protected by an access code number. entering code 66 restores all parameters to factory settings, the unit indicates the operation after the par button is pressed, by displaying ?rset? in the lower display momentarily. the calibration operations are detailed in calibration , page 78. -38-

 reference tables: configuration parameter modules configure module 1 - input parameters (1-in) display parameter range and units (factory setting value) description/ comments type input type volt - voltage curr - current (curr) root square root linearization yes/no (no) second analog input models only. dcpt decimal point 0, 0.0, 0.00, or 0.000 (0.0) if 0.000 is selected, scaling points must be a positive value. rnd rounding increments 1, 2, 5, 10, 50, or 100 (0.1) used in conjunction with filtering to stabilize the display reading. fltr digital filtering for input signal 0to4 (1) increase number for more filtering effect. 4 = 2/sec display update rate. dsp1 scaling point #1 display value -999 to 9999 (0.0) normally, key-in display low value. inp1 scaling point #1 input signal value key-in method -999 to 9999 (4.00) normally, key-in input low value. press dsp button to select signal input method. signal input method 4to20ma 0-10 vdc 0.00 to 20.00 0.00 to 10.00 normally, apply input low value. dsp2 scaling point #2 display value -999 to 9999 (100.0) normally, key-in display high value. display parameter range and units (factory setting value) description/ comments inp2 scaling point #2 input signal value key-in method -999 to 9999 (20.00) normally, key-in input high value. press dsp button to select signal input method. signal input method 4to20ma 0-10 vdc 0.00 to 20.00 0.00 to 10.00 normally, apply input high value. splo lower limit setpoint range -999 to 9999 (0.0) set low limit below high limit. sphi upper limit setpoint range -999 to 9999 (999.9) set high limit above low limit. sprp setpoint ramp rate 0.0 to 999.9 units/minute (0.0) 0.0 is off (no ramping) this parameter also ramps remote setpoint. inpt user input ploc - program disable iloc - integral action on/off trnf - auto/manual select sprp - setpoint ramp rate on/off alrs - reset alarm output(s) prnt - print request spsl - remote/local setpoint select (ploc) available on all second input ( mvp and ana) models and on models with rs485. -39-

 configure module 2 - output parameters (2-op) display parameter range and units (factory setting value) description/ comments cyct cycle time 0 to 250 seconds (2) 0 turns op1 off. this parameter does not appear if valve positioner option is installed. opac control action drct rev (rev) for both pid & on/off control. oplo output power lower limit range 0% to 100%, op1 (0) set oplo < ophi -100% to 100%, op1 & op2 (-100) if secondary output is installed. ophi output power upper limit range 0% to 100%, op1 (100) set ophi > oplo -100% to 100%op1 & op2 (100) if secondary output is installed. opfl input overdrive power preset 0% to 100%, op1 set to a value to safely control the process in the event of input overdrive condition. -100% to 100%, op1 & op2 (0) opdp output power dampening (filtering) time 0 to 250 seconds (3) 0 = off (no dampening) set in range of 1 50 to 1 10 of integral time. chys on/off control hysteresis 1to250 (1.0) hysteresis for op1. tcod auto-tune dampening mode 0to4 (0) 0 = fastest response 4 = slowest response display parameter range and units (factory setting value) description/ comments anas linear dc output assignment op -% output power inp - scaled display value sp - setpoint value dev - deviation de-2 - internal cascade secondary deviation sp-2 - internal cascade, directed setpoint (op) this parameter appears if analog option is installed. anlo linear dc output low scaling value -999 to 9999 (0.0) units depend on anas selection. this parameter appears if analog option is installed. anhi linear dc output high scaling value -999 to 9999 (100.0) units depend on anas selection. this parameter appears if analog option is installed. andb linear dc output deadband 0.0 to 25.0% (0.0) only used when anas=op. 0.0%= no deadband anut linear dc update time 0 to 250 seconds (0) only used when anas=op. 0 seconds updates output at a rate of 10/sec. -40-

 configure module 3 - lockout parameters (3-lc) display parameter range and units (factory setting value) description/comments sp setpoint access loc - lockout red - read only ent - enter (ent) determines access to process setpoint. op output power access loc - lockout red - read only ent - enter (ent) determines direct access to output power. %pw indicator illuminates when parameter is selected in display. dev deviation loc - lockout red - read only (red) determines display of deviation. dev indicator illuminates when parameter is selected in display. in-2 second analog input loc - lockout red - read only (red) determines display of second analog input (remote setpoint) (sec) illuminates) bdsp blank display loc - lockout red - read only (red) blanks secondary display. code access code 0 to 250 (0) refer to front panel disable section for access levels. pid pid values enable loc - lockout red - read only ent - enter (loc) protected mode lockout. pid2 secondary pid values enable loc - lockout red - read only ent - enter (loc) protected mode lockout. cascade only. display parameter range and units (factory setting value) description/comments rtbs remote setpoint ratio & bias loc - lockout red - read only ent - enter (loc) remote setpoint ratio and bias values enable al alarm values enable loc - lockout red - read only ent - enter (loc) protected mode lockout alrs reset alarms enable loc - lockout enbl - enable (loc) hidden mode lockout spsl remote/local setpoint select enable loc- lockout enbl - enable (loc) hidden mode lockout trnf automatic/manual (user) mode select enable loc - lockout enbl - enable (loc) hidden mode lockout tune auto-tune enable loc- lockout enbl - enable (loc) hidden mode lockout -41-

 configure module 4 - alarms (4-al) unit returns to configuration access point if alarm(s) are not installed. display parameter range and units (factory setting value) description/ comments act1 alarm 1 operation mode a-hi - absolute high a-lo - absolute low d-hi - deviation high d-lo - deviation low b-in - band inside b-ot - band outside valv - valve fail alarm a2hi - absolute high, second input a2lo - absolute low, second input d2hi - deviation high, second input, cascade d2lo - deviation low, second input, cascade b2in - band in, second input, cascade b2ot - band out, second input, cascade (a-hi) if changed, check alarm values. rst1 alarm 1 reset mode auto - automatic latc - manual reset (auto) manual reset via hidden mode stb1 alarm 1 standby function (delay) yes/no (no) power-up standby delay. al-1 alarm 1 value -999 to 9999 (0.0) if band alarm action, then only a positive value can be entered. display parameter range and units (factory setting value) description/ comments act2 alarm 2 operation mode a-hi - absolute high a-lo - absolute low d-hi - deviation high d-lo - deviation low b-in - band inside b-ot - band outside a2hi - absolute high, second input a2lo - absolute low, second input d2hi - deviation high, second input, cascade d2lo - deviation low, second input, cascade b2in - band in, second input, cascade b2ot - band out, second input, cascade (a-hi) if changed, check alarm values. rst2 alarm 2 reset mode auto - automatic latc - manual reset (auto) manual reset via hidden mode. stb2 alarm 2 standby function (delay) yes/no (no) power-up standby delay. al-2 alarm 2 value -999 to 9999 (0.0) if band alarm action, then only a positive value can be entered. ahys alarm hysteresis value 1 to 250 (0.1) applies to both alarms. set to eliminate chatter. -42-

 configure module 5 - secondary output parameters (5-o2) unit returns to configuration access point if secondary output option is not installed. display parameter range and units (factory setting value) description/ comments cyc2 secondary output cycle time 0 to 250 sec (2) 0 turns op2 off. gan2 relative gain 0.0 to 10.0 (1.0) 0.0 places secondary output into on/off control mode and db-2 becomes hysteresis value. db-2 overlap-deadband -999 to 9999 (0.0) positive value is deadband. negative value is overlap. if gan2 = 0, this parameter is op2 on/off control hysteresis. -43-

 configure module 6 - serial communications (6-sc) unit returns to configuration access point if rs485 serial option is not installed. display parameter range and units (factory setting value) description/ comments baud baud rate 300 to 9600 (1200) baud rate of unit must match connected equipment. parb parity bit odd, even, no parity (odd) parity of unit must match other equipment. add unit address 0 to 99 (0) for multiple units, each unit must have a unique address. abr abbreviated or full transmission yes/no (no) selecting yes, the controller does not transmit mnemonics. prat auto print rate 0 to 9999 (0) 0 disables auto print function popt print options yes/no (no) selecting yes allows print options shown below, to be programmed. inp input process value yes/no (yes) set setpoint yes/no (yes) opr % output power yes/no (yes) pbd % proportional band yes/no (no) int integral time yes/no (no) der derivative time yes/no (no) al1 alarm 1 yes/no (no) display parameter range and units (factory setting value) description/ comments al2 alarm 2 yes/no (no) dev deviation from setpoint yes/no (no) ofp % output power offset yes/no (no) r_p setpoint ramp rate yes/no (no) crg relative gain yes/no (no) cdb deadband yes/no (no) ost output status yes/no (no) rat remote setpoint ratio yes/no (no) bia remote setpoint bias yes/no (no) pb2 secondary proportional band yes/no (no) it2 secondary integral time yes/no (no) dt2 secondary derivative time yes/no (no) rsp remote setpoint yes/no (no) sp2 secondary directed setpoint yes/no (no) in2 second analog input yes/no (no) -44-

 configure module 7 - second analog input (7-2n) unit returns to configuration access point if second analog input option is not installed. display parameter range and units (factory setting value) description/ comments oper second analog input operation mode cscd - internal cascade mode rsp - remote setpoint mode (rsp) remote setpoint mode also for external cascade root square root linearization yes/no (no) linearization applies to the second input dpt2 second input decimal point position 0, 0.0, 0.00 or 0.000 (0.0) normally same position as main input for remote setpoint dsp1 second input scaling point #1 display value -999 to 9999 (0.0) normally key-in process low value inp1 second input scaling point #1 input value -9.99 to 99.99 (4.00) either key-in value or press dsp for measure/record mode dsp2 second input scaling point #2 display value -999 to 9999 (100.0) normally key-in process high value inp2 second input scaling point #2 input value -9.99 to 99.99 (20.00) either key-in value or press dsp for measure/record mode sptr local/remote setpoint transfer action nor - normal auto - automatic trac - track (nor) applies only to remote setpoint mode. opd2 secondary output power dampening 0 to 250 seconds (2) 0=off configure module 8 - valve positioner (8-vp) unit returns to configuration access point if valve positioner option is not installed. display parameter range and units (factory setting value) description/ comments vps1 valve position #1 -99.9 to 999.9% (0.0) normally full closed valve position. either key-in value or press dsp for measure/record mode vps2 valve position #2 -99.9 to 999.9% (100.0) normally full open valve position. either key-in value or press dsp for measure/record mode vudt valve update time 0 to 250 seconds (10) 0 = update at a rate of 10/sec. vpdb valve position deadband 0.1 to 25.0% (2.5) adjust to reduce hunting and valve activity (position mode only) vfal valve fail time alarm 0 to 9999 seconds (0) 0=off, set value larger than update time plus motor transit time (position mode only) vopt valve motor open time 1 to 9999 seconds (30) measure actual valve motor open time (velocity mode only) vclt valve motor close time 1 to 9999 seconds (30) measure actual valve motor close time (velocity mode only) vont valve minimum on time 0.1 to 25.0 seconds (1.0) adjust to reduce hunting and valve activity (velocity mode only) -45-

 configure module 9 - factory service operations (9-fs) display parameter range and units (factory setting value) description/ comments code enter factory service function code. 48 - calibrate instrument refer to calibration section for details. 66 - reset parameters to factory settings -46-

 rs485 serial communications interface rs485 communications allows for transmitting and receiving of data over a single pair of wires. this optional feature can be used for monitoring various values, resetting output(s), and changing values, all from a remote location. typical devices that are connected to a pcu unit are a printer, a terminal, a programmable controller, or a host computer. the rs485 differential (balanced) design has good noise immunity and allows for communication distances up to 4,000 feet. up to thirty-two units can be connected on a pair of wires and a common. the rs485 common is isolated from the controller input signal common to eliminate ground loop problems associated with the input probe. the unit?s address can be programmed from 0 to 99. an optional rlc serial converter module gcm422 (rs-422 to 20 ma current loop) can be installed to expand the unit?s flexibility. communication format the half-duplex communication operation sends data by switching voltage levels on the common pair of wires. data is received by monitoring the levels and interpreting the codes that are transmitted. in order for data to be interpreted correctly, there must be identical formats and baud rates between the communicating devices. the formats available for the pcu unit are 1 start bit, 7 data bits, no parity (parity equals extra stop bit) or 1 parity bit (odd or even) and 1 stop bit. the programmable baud rates are; 300, 600, 1200, 2400, 4800, or 9600 baud. before serial communication can take place, the unit must be programmed to the same baud rate and parity as the connected equipment. in addition, the loop address number and print options should be known. when used with a terminal or host computer and only one unit is employed, an address of zero may be used to eliminate the requirement for the address specifier when sending a command. if more than one unit is on the line, each unit should be assigned a different address number. sending commands and data when sending commands to a pcu unit, a command string must be constructed. the command string may consist of command codes, value identifiers, and numerical data. below is a list of commands and value identifiers that are used when communicating with the pcu unit. command description n (4eh) address command: followed by a one or two digit address number 0-99. p (50h) transmit print options command; transmits the options selected in the program options (popt) section. r (52h) reset command; followed by one of the value identifiers (g or h). t (54h) transmit value command; followed by one of the value identifiers (a-m, o, q, w-z, aa, or bb). c (43h) control action command; followed by the value identifier (s or u) and number. v (56h) change value command: followed by one value identifier (b-h, j-m, o, q, or x-z), then the proper numerical data. -47- figure 21, 10 bit data format,

 sending commands and data (cont?d) value identifier description serial mnemonic units a input display value inp u b setpoint set u c output power pwr % d proportional band pbd % e integral time int s f derivative time der s g alarm 1 al1 u h alarm 2 al2 u i deviation dev u j output power offset ofp % k setpoint ramp rate rmp r l relative gain crg g m deadband cdb u o remote setpoint ratio rat r q remote setpoint bias bia u s controller mode 1 -automatic 2 - manual (user) u setpoint mode 1 ? local 2 - remote w output status* ost u x secondary proportional band pb2 % y secondary integral time it2 s z secondary derivative time dt2 s aa second input reading in2 u bb remote setpoint reading or secondary directed setpoint rsp or sp2 u output status transmission format = abcd (0 = output off, 1 = output on) note: the % output power can be changed only if the controller is in the manual mode of operation. * the output status indicates the status of the controller?s outputs. the status can only be read (see the following table). the alarms outputs may be reset by the reset operator(r). output status non-valve positioner models valve positioner models a = main output (op1) a = alarm 1 output(al1) b = secondary output (op2) b = 0 c = alarm 2 output (al2) c = motor close output(cls) d = alarm 1 output (al1) d = motor open output(opn) example: op1 = on, op2 = off, al2 = off, al1 = on transmission = ? ost 1001? note: the % output power can be changed only if the controller is in the manual mode of operation. the command string is constructed by using a command, a value identifier, and a data value if required. the data value need not contain the decimal point since it is fixed within the unit, when programmed at the front panel. the pcu accepts the decimal point, however it does not interpret them in any way. leading zeros can be eliminated, but all trailing zeros must be present. example: if an alarm value of 750.0 is to be sent, the data value can be transmitted as 750.0 or 7500. if a 750 is transmitted, the alarm value changes to 75.0 in the unit. the address command allows a transmission string to be directed to a specific unit on the serial communications line. when the unit address is zero, transmission of the address command is not required. for applications that require several units, it is recommended that each unit on the line be assigned a specific address. if they are assigned the same address, a transmit value command causes all the units to respond simultaneously, resulting in a communication collision. the command string is constructed in a specific logical sequence. the pcu does not accept command strings that do not follow this sequence. only one operation can be performed per command string. -48-

 the following procedure should be used when constructing a command string. 1. the first two to three characters of the command string must consist of the address command (n) and the address number of the unit (0-99). if the unit address is zero, the address command and number need not be sent. 2. the next character in the command string is the command that the unit is to perform (p, r, t, c, or v). 3. a value identifier is next if it pertains to the command. the command p (print) does not require a value identifier. 4. the numerical data is next in the command string if the ?change value? or ?control action? command is used. 5. all command strings must be terminated with an asterisk * (2ah). this character indicates to the unit that the command string is complete and the unit begins processing the command. below are typical examples of command strings. example: change proportional band value to 13.0% on the unit with an address of 2. command string: n2vd130* example: transmit the input display value of the unit with an address of 3. command string: n3ta* example : reset alarm output 1 of the unit with an address of 0. command string: rg* if illegal commands or characters are sent to the pcu, the string must be re-transmitted. when writing application programs in basic, the transmission of spaces or carriage return and line feed should be inhibited by using the semicolon delimiter with the ?print? statement. the unit does not accept a carriage return or line feed as valid characters. it is recommended that a ?transmit value? command follow a ?change value? command. if this is done, the reception of the data can provide a timing reference for sending another command and insures that the change has occurred. when a ?change value or reset? command is sent to the unit, there is time required for the unit to process the command string. figure 22, timing diagrams, shows the timing considerations that need to be made. -49- figure 22, timing diagrams

 receiving data data is transmitted from the pcu when a ?t? transmit value or a ?p? transmit print options command is sent to the unit via the serial port. data is also transmitted when the user input, programmed for the print request function, is activated. the print rate feature allows the selected print options to be transmitted at a programmable rate over the serial port. the format for a typical transmission string with mnemonics is shown in figure 23, typical transmission string: the first two digits transmitted are the unit address. if the unit address is 0, the first two digits are blank. a space follows the unit address digits. the next three characters are the mnemonics followed by one or more blank spaces. the numerical data value is transmitted next followed by the identifying units. negative values are indicated by a ?-? sign. the decimal point position ?floats? within the data field depending on the actual value it represents. the numeric data is right justified without leading zeros. when a ?t? command or print request is issued, the above character string is sent for each line of a block transmission. an extra  is transmitted following the last line of transmission from a print request, to provide separation between print-outs. if abbreviated transmission is selected, only numeric data is sent. if abbreviated transmission is not selected, the unit transmits mnemonics and the numeric data. if more than one string is transmitted there is a 100 msec minimum to 200 msec maximum built-in time delay after each transmission string and after each block of transmission. when interfacing to a printer, sending mnemonics are usually desirable. examples of transmissions are shown below: 1 inp 500u100 - 200 msec mnemonics sent 1 set 525u100 - 200 msec 1 pwr 20%100 - 200 msec -673.5100 - 200 msec no mnemonics sent the print options provide a choice of which pcu data values are to be transmitted. the pcu transmits the print options when either the user input, programmed for the print request function is activated, a ?p? (transmit print options) command is sent to the pcu via the serial port, or the automatic print rate is set for a specific time. the print options are programmed in the serial communications module (6-sc) with the available options: 1. print input display value. 2. print setpoint value. 3. print % output power value. 4. print % proportional band value. 5. print integral time value. 6. print derivative time value. 7. print alarm 1 value. 8. print alarm 2 value. 9. print deviation from setpoint value. 10. print % output power offset value. 11. print setpoint ramp rate value. 12. print relative gain value. 13. print deadband value. 14. print output status 15. print remote setpoint ratio 16. print remote setpoint bias 17. print proportional band #2 18. print integral time #2 19. print derivative time #2 20. print second input reading 21. print remote setpoint reading 22. print secondary setpoint value -50- figure 23, typical transmission string

 a print-out from a pcu unit with an address of 1 and all print options selected is shown below: 1 inp 500u 1 set 525u 1 pwr 20.0% 1 pbd 4.0% 1 int 120s 1 der 30s 1 al1 600u 1 al2 475u 1 dev -25u 1 ofp 0.0% 1 rmp 0.0r 1 crg 1.0g 1 cdb ou 1 ost 1001 1 rat 1.000r 1 bias 0u 1 pb2 4.0% 1 it2 120s 1 dt2 30s 1 in2 100.0u 1 rsp 0u 1 sp2 0.0u note: if the secondary output option is installed, al2 is not printed or functional. -51-

 serial connections when wiring the terminal block at the rear of the unit, refer to the label with the terminal description for installing each wire in its proper location. it is recommended that shielded (screened) cable be used for serial communications. this unit meets the emc specifications using alpha #2404 cable or equivalent. there are higher grades of shielded cable, such as four conductor twisted pair, that offer an even higher degree of noise immunity. only two transceiver wires and a common are needed. the two data (transceiver) wires connect to the tx/rx(+) and tx/rx(-) terminals, appropriately. the cable should consist of a shielded twisted pair and in some applications a signal ground may be required to establish a ground reference. the signal ground is required if the equipment does not have internal bias resistors connected to the rs485 transceiver lines. the signal ground is connected at the rs485 common of only one pcu unit to the rs485 equipment. if necessary, the shield can be used as the signal ground. the signal input common is isolated from the rs485 common and the analog output ?-? terminal. note: do not connect any of the commons to the analog output ?-? terminal. terminal descriptions rs485 comm. - common may be required for communication hook-up. tx/rx(+) & tx/rx(-) - the pcu transmits and receives on these two terminals which are connected to the external device. tx en. - used with a red lion controls (rlc) gcm422 serial converter module (rs422 to 20 ma loop). otherwise not normally used. note: some models do not have tx en. this is an output used in conjunction with interface converter model gcm422, to convert rs485 to 20 ma current loop. -52-

 connecting to a host terminal six pcu units are used to control a process in a plant. the pcu units are located at the proper location to optimize the process. a communication line is run to an industrial computer located in the production office. figure 24, connecting to a host terminal, shows the line connection. each pcu is programmed for a different address and all are programmed for the same baud rate and parity as the computer. an application program is written to send and receive data from the units using the proper commands. troubleshooting serial communications if problems are encountered when interfacing the pcu(s) and host device or printer, the following check list can be used to help find a solution. 1. check all wiring. refer to the previous application examples and use them as a guide to check your serial communication wiring. proper polarity of all units and other peripherals must be observed. 2. if the pcu is connected to a host computer, device or printer, make sure that the computer or device is configured with the same baud rate and communication format as the pcu. the communication format the pcu accepts is; 1 start bit, 7 data bits, no parity or 1 parity bit (odd or even), and 1 stop bit. 3. check the pcu?s unit address. if the address command is not used when transmitting a command to the pcu, the pcu?s address must be set to 0. see sending commands & data , page 47, for command structure. 4. if two-way communications are to be established between the pcu and a computer, the computer must receive a transmission from the pcu first. activating the user input, programmed for the print request function, initiates transmissions from the pcu. 5. when sending commands to the pcu, an asterisk (2ah) must terminate the command. after system power-up an asterisk must be sent to clear the pcu input buffer. 6. in multiple unit configurations, each unit must have a different address other than zero. 7. if all of the above has been done, try reversing the polarity of the transceiver wires between the pcu(s) and the rs485 interface card. some cards have the polarity reversed. -53- figure 24, connecting to a host terminal

 valve position option the valve position option of the pcu directly controls the position of a valve. the valve motor open and valve motor close outputs independently activate the valve motor to position the valve for closed loop control. the pcu is capable of two valve position control modes: position mode, in which valve position slidewire feedback is used by the controller, and velocity mode, a special positioning algorithm in which no slidewire signal is required. position mode valve control in position mode valve control, the slidewire resistance, representing the valve position, is measured by the pcu and scaled internally to equal 0% to 100%. the scaled valve position is compared with the output power to determine if the valve needs to be repositioned. since the output power and valve position both range from 0% to 100%, and normally equal each other, the output power display (%pw) represents valve position. based on this information, the valve can be positioned manually from the manual (user) mode of the controller. the output power can be manually ranged from 0% to 100% to position the valve. in the event that the valve position feedback and the output power do not agree, due to a faulty valve motor, binding valve or defective slidewire, a valve fail alarm occurs, if desired. the valve fail alarm is based on a timer in which the output power and valve feedback positions must match within a preset time. a display message of ?valv? occurs in this event. optionally, an alarm event output can be programmed to signal the event to other equipment. once the alarm triggers, the output power and feedback positions must match to silence the alarm. setting the valve fail time parameter to zero disables this feature and also silences a triggered alarm. the controller also senses loss of slidewire feedback signal and can activate the open or close outputs in such an event. see input overdrive preset power (opfl) , page 25, for a description of this operation. example: steam is used to heat water by passing it through a heat exchanger. variations in inlet water temperature, steam pressure, hot water demand, etc., all contribute to the need for closed loop control. the steam pressure is controlled by a pcu with valve positioner option. a valve positioner with 1,000 ohm slidewire feedback is used. the pcu maintains constant hot water temperature by controlling the position of the valve. given the time constant of the process is 60 seconds, the valve update time (vudt) of the controller is set at five seconds to reduce valve activity. adding valve update time to the valve motor transit time (20 seconds), the valve fail time is set at 50 seconds [2 * (20+5)] to alert for a valve fail condition. the valve position hysteresis is set at 2.0% to allow for valve motor overrun and backlash, and also to provide a control deadband to reduce valve activity. a minimum valve position is set to 20% to allow a minimum amount of steam flow into the heat exchanger. the maximum valve position is set at 100%. the following data is used to configure the position mode valve control parameters of the pcu: vps1 20.0 scale minimum valve position to 20.0% vps2 100.0 scale maximum valve position to 100.0% vudt 5 update valve position, at most, once every 5 seconds vpdb 2.0 set valve position deadband to 2.0% vfal 50 set valve fail timer to 50 seconds -54- figure 25, motorized valve positioner

 velocity mode valve control the velocity mode of the valve positioner option is a special valve control algorithm that does not use a slidewire feedback signal. in this control mode, the controller responds with changes in output power instead of responding to the output power directly, as in position mode. subsequently, as long as there is process error, the controller activates the motor control outputs periodically to eliminate the error. the valve motor open and close transit time and minimum motor on-time are required parameters for velocity mode. the valve motor transit times should be measured in actual use as they frequently differ from the nominal valve motor times. the minimum on-time is another velocity mode parameter. it establishes the control deadband of the controller. minimum on times that are too short could cause excessive valve activity. minimum on-times that are too long may cause too much error. velocity mode of the controller is engaged by setting both valve position parameters to 0.0%. example: steam is used to heat water by passing it through a heat exchanger. variations in inlet water temperature, steam pressure, hot water demand, etc., all contribute to the need for closed loop control. the steam pressure is controlled by a pcu with valve positioner option. the pcu maintains constant hot water temperature by controlling the position of the valve. no slidewire feedback is used. given the time constant of the process is 60 seconds, the valve update time (vudt) of the controller is set at five seconds to reduce valve activity. the valve motor open and close transit times were measured at 20 and 25 seconds respectively. the minimum on time pulse is set at 0.5 seconds to allow for valve motor overrun and backlash, and also to provide for a control deadband. the effective control deadband expressed in percent of controller output is: effective deadband (in percent ) vont 0.5* (vo  pt vclt )    0.5 0.5* (20 25)  2.2% the following data is used to configure the velocity mode valve control parameters of the pcu: vps1 0.0 set valve position #1 to 0.0 to engage velocity mode vps2 0.0 set valve position #2 to 0.0 to engage velocity mode vudt 5 update valve position, at most, once every 5 seconds vopt 20 set valve motor open time to 20 seconds vclt 25 set valve motor close time to 25 seconds vont 0.5 set valve motor minimum on time (deadband) to 0.5 seconds -55-

 second analog input option the second analog input option is an additional analog input used for remote setpoint or internal cascade operation. the mode of operation is selected by programming. the second analog input reading can be viewed in the secondary display. front panel annunciator sec illuminates to indicate this display mode. remote setpoint the pcu with second analog input can be configured as a remote setpoint. this mode of operation enables cascade control (external), ratio control and process setpoint slave control, among others. the remote setpoint value used internally by the controller is: remote setpoint = (scaled second analog input * rtio) + bias where rtio = 0.000 to 9.999 bias = -999 to 9999 the rtio and bias parameters offer on-line scaling of the remote setpoint to adjust control ratios or biases among related processes. in remote setpoint mode, the front panel annunciator rem is illuminated. when in local setpoint mode, this annunciator is off. in either local or remote setpoint mode, the manual (user) mode is indicated by the rem annunciator flashing. the remote setpoint is restricted to the setpoint limit values splo and sphi. these parameters may be used to limit the range of the remote setpoint to a safe or more stable control range. for remote setpoint signal sources that change wildly or are too sensitive to process upsets, the setpoint ramp parameter (sprp) can be used to ramp (rate limit) the remote setpoint reading. this can subsequently reduce the fluctuations of the secondary control loop. flow ratio control example: for processing purposes, it is necessary to control the flow of one process with respect to the flow rate of another. the pcu is to control the flow at a ratio of 1.5x that of the uncontrolled flow. the pcu with remote setpoint programmed for a ratio value of 1.500 (rtio) and a bias value of 0 (bias) suits this application. process remote setpoint slave control example: multiple pcus are used to regulate the temperature zones of a continuous drying oven. to reduce thermal shock to the product, the setpoint levels of incoming zone controllers are low, while the other controllers have setpoints that are increasingly ramped up to the ideal drying temperature. the pcus are slave controllers that have remote setpoint with unique bias values to implement the ramp in setpoint values of the drying oven. one pcu is the master controller. the master controller re-transmits the setpoint value via the linear dc output (4 to 20 ma) to the slave zone controllers. the slave zone controllers receive the 4 to 20 ma signal as a remote setpoint. cascade control cascade control involves the separation of a process into two control loops: the primary and the secondary. the secondary control loop is designed to regulate the manipulated variable which is normally the faster responding variable. the primary loop controller establishes this setpoint to the secondary to maintain primary loop regulation. disturbances occurring to the secondary control loop are quickly compensated for, before the effect appears in the primary loop output. this early loop compensation or ?feed forward? action of cascade control can improve control quality compared with standard single loop control. since the primary and secondary ?see? different processes, they normally have different tuning values, with the secondary normally faster responding. the pcu is capable of two modes of cascade control: external cascade and internal cascade. external cascade involves the use of two controller units, one of which is a remote setpoint controller. internal cascade has both the primary and secondary control loops implemented within one controller unit. -56-

 external cascade control external cascade control involves the use of two controllers, one of which has a remote setpoint input. the outer loop controller (primary controller) directs the setpoint of the inner loop controller (secondary controller) through the linear dc 4 to 20 ma output. the secondary controller has a second analog input option configured as a remote setpoint (rsp) in order to receive the directed setpoint. see figure 26, for more details. the remote setpoint of the secondary controller must be scaled prior to tuning the controllers. normally, the remote setpoint is scaled to equal the actual process range of the secondary. scaled in this way, the primary controller can direct the setpoint of the secondary controller over its operating range. the internal remote setpoint value is as follows: remote setpoint = (scaled second analog input * ratio parameter) + bias parameter example: a tcu (temperature input) and pcu (process input) are used in an external cascade arrangement to regulate the temperature of a large dye vat. the pcu is the secondary controller with remote setpoint to regulate steam pressure. the tcu is the primary controller with linear dc output which directs the setpoint of the secondary controller in order to maintain vat temperature. the range of the secondary steam process is 0.0 to 200.0 psi. the following data configures the remote setpoint of the pcu: oper - rsp select remote setpoint mode root - no no square root linearization necessary dpt2 - 0.0 select decimal point position to match that of main input dsp1 - 0.0 scale remote setpoint to match main input range of pcu inp1 - 4.00 scale input range to match 4 to 20 ma output of tcu dsp2 - 200.0 scale remote setpoint to match main input range of pcu inp2 - 20.00 scale input range to match 4 to 20 ma output of tcu sptr - auto select bumpless local/remote setpoint transfer in some cases the remote setpoint signal may change too rapidly or have excessive process noise. this may lead to instability or even oscillation of the secondary controller. the setpoint ramp parameter (sprp) is effective in limiting the amount of change of the remote setpoint. the setpoint ramp parameter should be set to a minimum ramp value consistent with the response time of the primary process. additionally, setpoint limit low and setpoint limit high parameters (splo, sphi) may be used to constrain the remote setpoint value to safe limits or narrow the operating range for stability purposes. see auto-tune , page 64, for tuning procedure of external cascade controllers. -57- figure 26, external cascade

 internal cascade control the internal cascade control mode of the pcu embodies the function of two cascade controllers into a single unit. in all other respects, internal cascade yields the same control flexibility and control quality as external cascade. in internal cascade, the primary loop provides an internal setpoint for the secondary loop. the primary loop output power (0-100%) is scaled internally by the ?dsp1? and ?dsp2? scaling parameters to yield the secondary (directed) setpoint. this setpoint is used by the secondary loop to calculate the actual output (physical output). the setpoint can be viewed during operation by the sp-2 parameter. see figure 27, for more details. for proper auto-tuning of the primary loop, it it necessary that ?dsp1? and ?dsp2? represent the actual process low and process high values, respectively, of the secondary process. the tuning parameters (prop, intt, dert, opdp) pertain to the primary loop and the tuning parameters (pb-2, it-2, dt-2, opd2) pertain to the secondary loop. example: a pcu with second analog input is used in an internal cascade arrangement to regulate the temperature of a large dye vat. the second analog input is the input to the secondary loop. this loop regulates steam pressure. the primary loop (temperature) directs the setpoint of the secondary to maintain vat temperature. the range of the secondary steam process is 0.0 to 200.0 psi transmitted b ya4to20ma transducer. the following data configures the internal cascade controller: oper - cscd select internal cascade mode root - no no square root linearization necessary dpt2 - 0.0 select decimal point position for 0.0 psi dsp1 - 0.0 secondary process display low value (0.0 psi) inp1 - 4.00 secondary process transmitter low value (4 ma) dsp2 - 200.0 secondary process display high value 200.0 psi) inp2 - 20.00 secondary process transmitter high value (20 ma) opd2 - 2 secondary output power (physical output) dampening the secondary process value can be monitored during operation in the secondary display. see auto-tune , page 64, for tuning procedure of internal cascade controllers. -58- figure 27, internal cascade

 pid control proportional band proportional band is defined as the ?band? of units the process changes to cause the percent output power to change from 0% to 100%. the band may or may not be centered about the setpoint value depending upon the steady state requirements of the process. the band is shifted by manual offset or integral action (automatic reset) to maintain zero error. proportional band is expressed as percent of scaled display range. the proportional band should be set to obtain the best response to a disturbance while minimizing overshoot. low proportional band settings (high gain) result in quick controller response at expense of stability and increased overshoot. settings that are excessively low produce continuous oscillations at setpoint. high proportional band settings (low gain) result in a sluggish response with long periods of process ?droop?. a proportional band of 0.0% forces the controller into on/off control mode with its characteristic cycling at setpoint (see on/off control , page 62, for more information). integral time integral time is defined as the time, in seconds, in which the output due to integral action alone equals the output due to proportional action with a constant process error. as long as a constant error exists, integral action repeats the proportional action every integral time. integral action shifts the center point position of the proportional band to eliminate error in the steady state. the units of integral time are seconds per repeat. integral action (also known as ?automatic reset?) changes the output power to bring the process to setpoint. integral times that are too fast (small times) do not allow the process to respond to the new output value. this causes over compensation and leads to an unstable process with excessive overshoot. integral times that are too slow (large times) cause a slow response to steady state errors. integral action may be disabled by setting the time to zero. if time is set to zero, the previous integral output power value is maintained. if integral action is disabled, manual reset is available by modifying the output power offset (?opof? initially set to zero) to eliminate steady state errors. this parameter appears in unprotected parameter mode when integral time is set to zero. the controller has this feature to prevent integral action when operating outside the proportional band. this prevents ?reset wind-up?. -59- figure 28, proportional band figure 29, integral time note: the proportional band shift due to integral action may itself be ?reset? by temporarily setting the controller into the on/off control mode (proportional band=0)

 derivative time derivative time is defined as the time, in seconds, in which the output due to proportional action alone equals the output due to derivative action with a ramping process error. as long as a ramping error exists, the derivative action is ?repeated? by proportional action every derivative time. the units of derivative time are seconds per repeat. derivative action is used to shorten the process response time and helps to stabilize the process by providing an output based on the rate of change of the process. in effect, derivative action anticipates where the process is headed and changes the output before it actually ?arrives?. increasing the derivative time helps to stabilize the response, but too much derivative time coupled with noisy signal processes, may cause the output to fluctuate too greatly, yielding poor control. none or too little derivative action usually results in decreased stability with higher overshoots. no derivative action usually requires a wider proportional and slower integral times to maintain the same degree of stability as with derivative action. derivative action is disabled by setting the time to zero. output power offset (manual reset) if the integral time is set to zero (automatic reset is off), it may be necessary to modify the output power to eliminate errors in the steady state. the output power offset (opof) is used to shift the proportional band to compensate for errors in the steady state. the output power offset (opof) parameter appears in the unprotected mode, if the integral time equals zero. if integral action (automatic reset) is later invoked, the controller continues from the previous output power offset and updates accordingly. pid adjustments to aid in the adjustment of the pid parameters for improved process control, a chart recorder is necessary to provide a visual means of analyzing the process. compare the actual process response to the pid response figures with a step change to the process. make changes to the pid parameters in no more than 20% increments from the starting value and allow the process sufficient time to stabilize before evaluating the effects of the new parameter settings. -60- figure 30, derivative time figure 31, typical response curve

 pid adjustments (cont?d) -61- figure 32, process response extremes

 on/off control the controller operates in the on/off control mode by setting the proportional band = 0.0%. the on/off control hysteresis band (chys) parameter eliminates output chatter around setpoint. the secondary output can also be used in the on/off control by setting the relative gain = 0.0 (gan2). additionally, the deadband parameter (db-2) determines the amount of operational deadband or overlap between the two outputs. the phase of the control action can be reversed by the output control action parameter. on/off control is usually characterized by signal oscillations about the setpoint value. large hysteresis values make the oscillations larger. on/off control should only be used where the constant oscillations are acceptable. -62- figure 33, op1 on/off action figure 34, op2 on/off action

 on/off and pid control can be used for the main output (op1) and the secondary output (op2) in several combinations. the following lists the valid control modes: op1 & op2 valid control modes op1 mode op2 mode manual mode output power range op1 state op2 state pid ? 0% to +100% op1-tp ? on/off prop = 0.0 ? 100 op1-on ? any other setting op1-off ? pid pid -100% to +100% op1-tp op2-tp pid on/off (gan2=0.0) 0% to +100% op1-tp op2-off -100% to 0% op1-tp op2-on on/off (prop=0.0) on/off (gan2=0.0) +100% op1-on op2-off -100% op1-off op2-on any other setting op1-off op2-off tp - time proportioning note: in manual mode, the % output power is not limited to the output power limits (oplo & ophi) . -63- figure 35, op1/op2 on/off action

 auto-tune auto-tune is a user initiated function in which the controller automatically determines the pid settings based upon the process characteristics. during auto-tune, the controller temporarily causes the system to oscillate by cycling the output power from 0 to 100%. the nature of these oscillations determines the settings of the controller?s parameters. note: if the induced oscillations caused by auto-tune can cause system problems or are otherwise unacceptable, the step response manual tuning procedure can be used as a tuning alternative. prior to initiating auto-tune, it is essential that the controller be configured to the application. in particular, control hysteresis (chys) and auto-tune dampening code (tcod) must be set in the output parameters section. generally, control hysteresis of 2 to 5 units is adequate. the dampening code may be set to yield the response characteristics shown in figure 36, dampening code. a dampening code setting of zero gives the fastest response with possible overshoot, and a code of four gives the slowest response with minimum overshoot. the following controller parameters are set by auto-tune according to the characteristics of the process: proportional band (prop) integral time (intt) derivative time (dert) input filter (fltr) output power dampening (opdp) -64- figure 36, dampening code figure 37, auto-tune operation

 as shown in figure 37, auto-tune operation, auto-tune cycles the process at a control point 3/4 of the distance between the current process signal value (at the instant auto-tune is started) and the setpoint. the 3/4 control point was selected to reduce the chance of signal overshoot at setpoint when auto-tuning at start-up. if auto-tuning from setpoint and signal overshoot is unacceptable, temporarily lower the setpoint by an amount of the oscillation and then auto-tune. reset the setpoint to the original value when auto-tune is complete. after starting auto-tune, the secondary display indicates the current phase (aut1, aut2, aut3 & aut4). if the controller remains in an auto-tune phase unusually long, the process or connections may be faulty. additionally, during auto-tune it is important that disturbances to the system be minimized, as these may have an effect on the parameter determination. initiate auto-tune auto-tune may be initiated at start-up, from setpoint, or at any other process signal point. to initiate auto-tune: 1. make sure that auto-tuning is enabled in parameter lockouts module. 2. place the controller into the normal display mode. 3. press par for 3 seconds from normal display mode. 4. scroll to ?tune? by use of par, if necessary. 5. select ?yes? and press par. auto-tune is initiated. to cancel auto-tune: (old pid settings remain in effect). a) make sure that auto-tuning is enabled in parameter lockouts module. 1. place the controller into the normal display mode. 2. press par for 3 seconds from normal display mode. 3. scroll to ?tune? by use of par, if necessary. 4. select ?no? and press par. 5. auto-tune canceled. b) or reset the controller by disconnecting ac power. note: if using the linear dc output for control, full power is applied (+100% op1 or -100% op2) regardless of the output power limit settings. set the linear dc output scaling points to limit the magnitude of the output, if desired. auto-tune of secondary output (op2) / main output (op1) systems during auto-tune of op2/op1 systems, the controller switches the secondary output (op2) on and off in addition to the main output (op1). the deadband parameter (db-2) determines the amount of overlap or deadband between the two outputs during auto-tune. refer to on/off control , page 62, for the operation of this parameter. the deadband parameter remains unchanged after auto-tune is complete. therefore, when proportional control is started after the completion of auto-tune, this parameter may need to be reset. it is important that external load disturbances be minimized, and if present, other zone controllers idled as these may have an effect on the pid constant determination. the controller additionally sets the relative gain parameter (gan2) for op2/op1 systems. auto-tune of internal cascade controllers auto-tune of internal cascade controllers involves tuning of the primary pid and secondary pid parameters. each set of parameters is tuned individually with the secondary parameters normally tuned first. for internal cascade controllers, auto-tune offers the option of tuning the primary or secondary: tune no ? no auto-tune or abort auto-tune pri ? start auto-tune of primary or auto-tune of primary in progress sec ? start auto-tune of secondary or auto-tune of secondary in progress the auto-tune status display indicates the set of parameters actively auto-tuned: tunephase display (primary) display (secondary) 1 apr1 asc1 2 apr2 asc2 3 apr3 asc3 4 apr4 asc4 -65-

 the following additional parameters are calculated and set as a result of auto-tuning of the secondary: secondary proportional band (pb-2) secondary integral time (it-2) secondary derivative time (dt-2) secondary output power dampening (opd2) auto-tuning of the secondary presents two different control points at which the controller cycles power. in automatic mode of operation, the secondary control point is the setpoint directed by the primary at the instant auto-tune is started. in manual mode of operation, the secondary control point is the secondary process value reading at the instant auto-tune is started. the secondary is normally auto-tuned with the controller in the manual mode of operation unless the process is reasonably under control. prior to tuning the secondary, it is essential that it is scaled to match the actual secondary process range. this is important for proper auto-tuning of the primary. subsequent changes made to scaling values may require re-tuning. the following procedure may be used to initially tune an internal cascade controller: 1) place the controller into manual (user) mode of operation. 2) adjust output power level until primary variable is close to primary setpoint. (  10% of range) 3) auto-tune the secondary. 4) auto-tune the primary. 5) place controller into automatic (auto) mode of operation. 6) initial tuning is complete. after the process has stabilized, the primary and secondary may be re-tuned in automatic mode of operation. normally, the primary requires re-tuning whenever the secondary pid constants are changed. auto-tune of external cascade systems (remote setpoint) external cascade systems involve the use of two controllers, the primary and the secondary, that have a remote setpoint input. in such a system, the secondary controller is normally tuned first followed by tuning of the primary controller. prior to tuning the secondary controller, it is essential that the remote setpoint is scaled to match the actual secondary process range. this is important for proper auto-tuning of the primary controller. subsequent changes made to scaling values may require re-tuning. the following procedure may be used to initially tune an external cascade controller: 1) place the secondary controller into local setpoint mode and manual (user) mode of operation. 2) adjust output power level of the secondary until primary variable is close to primary setpoint. (  10% of range) 3) key-in secondary setpoint value equal to secondary process value. 4) auto-tune the secondary controller while in local setpoint mode. 5) place the secondary controller into remote setpoint mode and automatic (auto) mode of operation. 6) auto-tune the primary controller while the primary is in automatic mode of operation. 7) initial tuning of system is complete. after the process has stabilized, the primary and secondary may be re-tuned in automatic mode of operation. normally, the primary requires re-tuning whenever the secondary pid constants are changed. note: for remote setpoint controllers, the auto-tune control point is derived from the remote setpoint when in remote setpoint mode and it is derived from the local setpoint when in local setpoint mode. -66-

 appendix ?a? - application examples chemical mixing application a customer wants to control the ratio of one liquid flow to the other in a chemical mixing application. each flow is monitored with a flow transducer that provides a 4 to 20 ma output signal. the pcu monitors the flow of liquid ?a? via the optional remote setpoint input. liquid ?b? is monitored by the main input. both inputs are scaled independently during initial setup and programming. the only task left to the operator is to enter the desired ratio of b to a. the 4 to 20 ma output of the pcu controls the position of a proportional valve. thus controlling the flow of b. as disturbances cause the flow of a to vary, the pcu ensures that the proper ratio is always maintained. the flow of ?a? is shown in the secondary display simultaneously with the flow of ?b?(main display). -67- figure 38, chemical mixing, flow ratio application

 flow rate programming example a plastics manufacturer needs to maintain a constant flow rate on a feed stock pipeline to insure their product stays within specification. a pcu is installed to maintain the flow by controlling a proportional control valve. the output of the flow meter is 0 to 10 vdc. the control valve is positioned by an electric actuator that require sa4to20ma control signal. the following is a list of the parameter values keyed-in to the controller. configure input parameters type volt set input signal for voltage dcpt 0.0 scaled display to indicate in tenths rnd 0.1 no rounding of the display fltr 1 normal input signal filtering dsp1 0.0 display value for scaling point 1 is 0.0 inp1 0.00 signal value for scaling point 1 is 0.00 dsp2 100.0 display value for scaling point 2 is 100.0 inp2 10.00 signal value for scaling point 2 is 10.00 splo 0.0 limit min. setpoint value to 0.0 units sphi 110.0 limit max. setpoint value to 110.0 units sprp 0.1 setpoint ramp rate = 0.1 units/minute inpt trnf allow remote switching of auto/manual mode configure output parameters cyct 0 main control output and indicator off opac rev main control output is reverse acting oplo 0 limit min. controller power to 0% ophi 100 limit max. controller power to 100% opfl 0 controller output power to 0 if input overdrive signal is detected opdp 2.0 output power dampening = 2.0 chys 0.1 control hysteresis set for 0.1 tcod 0 select fastest response anas op linear dc output used for control anlo 0.0 control valve provides full deflection for 4 to 20 ma signal range anhi 100.0 andb 2.5 impose 2.5% deadband on linear dc output anut 2 update output once every 2 seconds configure alarm parameters act1 a-hi set alarm #1 for absolute high acting rst1 latc alarm set for latching stb1 yes disable alarm during power-up al-1 90.0 set alarm value for 90.0 act2 a-lo set alarm #2 for absolute low acting rst2 latc alarm set for latching stb2 yes disable alarm during power-up al-2 20.0 set alarm value for 20.0 ahys 0.1 alarm activation hysteresis set for 0.1 -68- }

 appendix ?b? - specifications and dimensions 1. display : dual 4-digit upper process display : 0.4" (10.2 mm) high red led lower auxiliary display : 0.3" (7.6 mm) high green led display messages (model dependent) : ?olol? ? appears when measurement exceeds + 105% input range. ?ulul? ? appears when measurement exceeds - 5% input range. ?sens? ? appears when measurement exceeds  ?olol? & ?ulul? range. ?....? ? appears when display values exceed + display range. ?-...? ? appears when display values exceed - display range. ?slid? ? appears when loss of slidewire signal is detected. ?valv? ? appears when valve actuator error is detected. 2. power : switch selectable 115/230 vac (+10%, -15%) no observable line variation effect, 48-62 hz, 10 va. 3. annunciators: led backlight status indicators (model dependent) : %pw ? lower auxiliary display shows power output in (%). dev ? lower auxiliary display shows deviation (error) from setpoint. op1 ? main control output is active. al1 ? alarm #1 is active. al2 ? alarm #2 is active (for dual alarm option). op2 ? secondary output is active (for secondary output option). opn ? valve positioner open output is active (for valve positioner option). cls ? valve positioner close output is active (for valve positioner option). sec ? lower auxiliary display shows second analog input (for second analog input option). man ? flashing: controller is in manual control mode. rem ? on: controller is in remote setpoint mode (second analog input option). ? off: controller is in local setpoint mode (second analog input option). ? flashing: controller is in manual control mode (second analog input optional). -69- figure 39, dimensions dimensions in inches (mm) note: recommended minimum clearance (behind the panel) for panel latch installation is 5.5" (140)h x 2.1" (53.4)w.

 4. controls : four front panel push buttons for modifying and setup of controller functions and one external input for parameter lockout or other functions. 5. signal input : sample period : 100 msec typ. response time : 300 msec typ. (to within 99% of final value w/step input) signal overdrive threshold : 10 v range : 13.00 v typ. 20 ma range : 26.00 ma typ. signal overdrive response : main control output(s) : programmable preset output display : ?sens? alarms : upscale drive dc linear : programmable preset output normal mode rejection : 40 db typ. @ 50/60 hz (improves with increased digital filtering). common mode rejection : 100 db typ., dc to 60 hz protection : input overload 120 vac for 30 seconds. range and accuracy : signal range accuracy (% of unscaled reading) maximum input input impedance resolution 0-10 vdc (0.15 %+3mv+1 lsd) 300 vdc 1 m  10 mv 0-20 ma dc (0.15% + 6 	 a + 1 lsd) 200 ma dc 10  10 	 a 6. output modules [optional] (for all output channels) : relay: type : form-c (form-a with some models. see ordering information) rating : 5 amps @ 120/240 vac or 28 vdc (resistive load), 1/8 hp @ 120 vac max. (inductive load) life expectancy : 100,000 cycles at max. load rating. (decreasing load and/or increasing cycle time, increases life expectancy). logic/ssr drive : can drive multiple ssr power units. type : non-isolated switched dc, 12 vdc typical drive : 45 ma maximum triac: type : isolated, zero crossing detection rating: voltage : 120 to 240 vac max. load current : 1 amp @ 35c 0.75 amp @ 50c min. load current :10ma offstate leakage current :7mamax.@60hz operating frequency :20to400hz protection : internal transient snubber, fused 7. main control output : control : pid or on/off output : time proportioning or linear dc hardware : plug-in, replaceable output modules cycle time : programmable auto-tune : when selected, sets proportional band, integral time, and derivative time values. signal overdrive action : programmable 8. secondary output (optional) : control : pid or on/off output : time proportioning or linear dc hardware : plug-in, replaceable output modules cycle time : programmable proportional gain adjust : programmable deadband overlap : programmable 9. linear dc output (optional) : with digital scale and offset, programmable deadband and update time. 4to20ma : resolution : 1 part in 3500 typ. accuracy:  (0.1% of reading + 25 	 a) compliance :10v (500  max. loop impedance) 0to10vdc : resolution : 1 part in 3500 typ. accuracy:  (0.1% of reading + 35 mv) min. load resistance :10k  (1 ma max.) source : % output power, setpoint, deviation, or process value (available for op1 or op2, but not both.) 10. motorized valve positioner (optional) : two outputs : valve open and valve close or linear dc (optional) hardware : plug-in, replaceable output modules three inputs : slidewire feedback, signal fail detect (isolated from main input) slidewire resistance : 100  to 100 k  -70-

 slidewire exciting voltage : 0.9 vdc typ. slidewire fail action : programmable control mode : position mode (with slidewire) and velocity mode (w/o slidewire) control deadband : 0.1% to 25.0% (position mode) 0.1 to 25.0 seconds (velocity mode) update time : 1 to 250 seconds motortime(open,close) : 1 to 9999 seconds position limits : adjustable 0.0 to 100.0% of valve stroke valve fail time : off to 9999 seconds alarm mode : dual acting; loss of slidewire feedback signal and valve fail detection 11. second analog input : range : 0-20 ma (isolated from main input) overload : 100 ma min (steady state) input resistance :10  typ. voltagedrop(@20ma);0.2vtyp. accuracy : 0.15% of reading  10  a  1lsd scale range : -999 to 9999 12. serial communication : type : rs485 multi-point, balanced interface communication format : baud rate : programmable from 300 to 9600 parity : programmable for odd, even, or no parity frame : 1 start bit, 7 data bits, 1 or no parity bit, 1 stop bit unit address : programmable from 0 to 99, max. of 32 units per line transmit delay : 100 msec min., 200 msec max. rs485 common : isolated from signal input common auto print time : off to 9999 seconds between print-outs 13. user input (optional) :internallypulledupto+5vdc. v in = 5.25 vdc max ;v il =0.85v max ;v ih =3.0v min available on all second input (mvp and ana) models and on models with rs485. response time : 100 msec max. functions : program lock integral action lock auto/manual mode select reset alarms setpoint ramp select local/remote setpoint select print request 14. alarms (optional) : hardware : plug-in, replaceable output module modes : absolute high acting absolute low acting deviation high acting deviation low acting inside band acting outside band acting valve fail second analog input monitoring reset action : programmable; automatic or latched standby mode : programmable; enable or disable hysteresis : programmable signal overdrive action : upscale annunciator : led backlight for ?al1?, ?al2?, (alarm #2 not available with secondary output or motorized valve position option.) 15. environmental conditions : operating range : 0 to 50c storage range : -40 to 80c vibration according to iec 68-2-6 : operational 5 to 150 hz, in x, y, z direction for 1.5 hours, 1 g. shock according to iec 68-2-27 : operational 5 g's, 11 msec in 3 directions. span drift (maximum) : 100 ppm/c, main input; 150 ppm/c, second input zero drift (maximum) : 4to20madcrange :0.5  a/c 0-10 vdc range :0.2mv/c second input :2  a/ c relative humidity : less than 85% rh (non-condensing) from 0c to 50c. altitude : up to 2000 meters 16. isolation breakdown ratings : all inputs and outputs with respect to ac line : 2300 v min analog output, second analog input, or slidewire input with respect to main input : 500v min -71-

 17. certifications and compliances : safety ul listed, file #e137808, ul508, csa c22.2 no. 14-m95 listed by und. lab. inc. to u.s. and canadian safety standards ul recognized component, file # e156876, ul873, csa c22.2 no. 24 recognized to u.s. and canadian requirements under the component recognition program of underwriters laboratories, inc. type 2 or 4x enclosure rating (face only), ul50 iecee cb scheme test certificate #ul1239-156876/usa, cb scheme test report #96me50279-070794 issued by underwriters laboratories, inc. iec 1010-1, en 61010-1: safety requirements for electrical equipment for measurement, control, and laboratory use, part 1. ip65 enclosure rating (face only), iec 529 electromagnetic compatibility immunity to en 50082-2 electrostatic discharge en 61000-4-2 level 2; 4 kv contact level 3; 8 kv air electromagnetic rf fields en 61000-4-3 level 3; 10 v/m 1 80 mhz - 1 ghz fast transients (burst) en 61000-4-4 level 4; 2 kv i/o level 3; 2 kv power rf conducted interference en 61000-4-6 level 3; 10 v/rms 2 150 khz - 80 mhz emissions to en 50081-2 rf interference en 55011 enclosure class a power mains class a notes: 1. self-recoverable loss of performance during emi disturbance at 10 v/m: measurement input and/or analog output signal may deviate during emi disturbance. for operation without loss of performance: install power line filter, rlc #lfil0000 or equivalent. 2. self-recoverable loss of performance during emi disturbance at 10 vrms: measurement input and/or analog output signal may deviate during emi disturbance. for operation without loss of performance: install power line filter, rlc #lfil0000 or equivalent. refer to the emc installation guidelines section of the manual for additional information. 18. connection : jaw-type terminal block wire range : 12-30 awg copper wire torque : 5-7 inch-lbs (56-79 n-cm) 19. construction : nema 2 for standard models. front panel : flame and scratch resistant tinted plastic case : high impact black plastic. (mounting collar included) nema 4x/ip65 model only : sealed bezel utilizing two captive mounting screws (panel gasket included) this unit is rated for nema 4x/ip65 indoor use. installation category ii, pollution degree 2. 20. weight : 1.3 lbs (0.6 kgs) -72-

 appendix ?c? - troubleshooting -73- problems possible cause remedies no display 1. power off 2. voltage selector switch in the wrong position. 3. brown out condition. 4. loose connection or improperly wired. 5. bezel assembly not fully seated into rear of unit. 1. check power. 2. check selector switch position. 3. verify power reading. 4. check connections. 5. check installation. indicator 1. incorrect parameter set-up. 1. check set-up parameters. not working a. power-up unit for self-test. ?e-fp? in display 1. defective front panel button. 1. press dsp to escape, then check all buttons for proper operation. 2. replace unit ?e-up? in display 1. internal problem with controller. 1. replace unit ?e-e2? in display 1. loss of set-up parameters due to noise spike. 1. press dsp to clear, then check all set-up parameters. a. check input and ac line for excessive noise. b. if fault persists, replace unit. ?....? or ?-...? in display 1. input display out of range. 2. loss of set-up parameters. 3. internal malfunction. 1. check unit scaling. 2. check set-up parameters. 3. check calibration. ?sens? in display 1. incorrect input wiring. 2. defective transmitter. 3. internal malfunction. 1. check input wiring. 2. check signal calibration. 3. check calibration. ?olol? in display 1. input signal overload. 2. loss of set-up parameters. 1. check input signal set-up. 2. check set-up parameters. ?ulul? in display 1. input signal overload. 2. loss of set-up parameters. 1. check input signal set-up. 2. check set-up parameters. the majority of problems can be traced to improper connections or incorrect set-up parameters. be sure all connections are clean and tight, that the correct output module is fitted, and that the set-up parameters are correct. for further technical assistance, contact technical support at the numbers listed on the back cover of the instruction manual.

 appendix ?c? - troubleshooting (cont?d) -74- problems possible cause remedies ?valv? in display valve fail alarm 1. valve or valve motor jammed. 2. loss of power to valve motor. 3. slidewire feedback signal lost. 1. check valve or valve motor for operation. 2. check power to valve motor. 3. increase valve fail time. ?slid? in display 1. slidewire feedback signal lost. 1. check slidewire feedback signal. display incorrect or display wanders 1. loose or corroded connections. 2. signal source in noisy environment. 3. controller needs calibration. 1. check connections. 2. evaluate signal source location. a. increase digital input filtering. 3. check calibration. process sluggish or not stable 1. incorrect pid values. 1. see pid control. excessive valve activity or hunting 1. insufficient valve control deadband. 2. insufficient output dampening. 3. incorrect pid values. 4. valve update time too short. 1. increase valve deadband. 2. increase output dampening. 3. see pid control. 4. increase valve update time. outputs not working 1. output module not installed. 2. improperly wired. 3. incorrect output module. 4. defective output module. 1. install output module. 2. check wiring. 3. check output module. 4. check or replace output module. linear dc output not working 1. improper load resistance. 2. incorrect programming or scaling. 3. connections reversed. 4. dc voltage source in loop (4 to 20 ma only). 1. check load resistance. 2. check programming. 3. check connections. 4. this is an active loop. remove all dc voltage sources (4 to 20 ma only). controller locks up or resets 1. noise spikes entering controller due to load switching transients. 2. defective controller. 1. use rc snubber across the load. a. use triac output modules whenever possible. b.use separate ac feed line to controller. c. locate controller & signal lines away from noise producing mechanisms (solenoids, transformers,etc). 2. replace unit.

 output leakage current the al1 and al2/op2 outputs of the pcu have an rc network (snubber) on the normally open contacts. high energy noise spikes are generated whenever current through an inductive load (such as motors, solenoids or relay coils) is interrupted. this noise may interfere with the unit doing the switching and other nearby equipment causing erratic operation and accelerate relay contact wear. the snubber network is specifically designed with a capacitor and resistor connected in series and installed across relay contacts. the network will have a small amount of ac leakage current even when the pcu?s relay module is ?off?. the leakage current is 2.1 ma nominal at a line voltage of 120 vac, and 4.3 ma nominal at 240 vac respectively. leakage current may cause some loads to stay on or to turn on when the relay module is turned off. this would only occur in unusual applications (such as with a relay with unusually low holding current or an led). the leakage current may be eliminated by disabling the snubber, however, doing so will degrade the emc performance of the unit. first determine which output is associated with the leakage current: either al1 or al2/op2. remove the bezel assembly from the case (see removing bezel assembly , page 5). the snubbers are located on the option pcb (on the right side of the unit when viewed from the front). the snubbers consist of a capacitor and a resistor. the two resistors are located along the upper rear edge of the option pcb. they are green in color and have color code stripes of yellow, violet, black and gold. there will be markings on the pcb close to the resistors that say ?snub1? and ?snub2? for al1 and al2/op2 respectively. using a pair of diagonal cutters, cut both leads of the appropriate resistor and remove it from the unit. be sure to remove the resistor for only the problem alarm channel; leave the other channel?s snubber functional in case it is needed. the above stated leakage currents are valid when using the relay module (omd00000). the triac module (omd00001) has it?s own built in snubber and will introduce additional leakage current into the circuit. the triac module has leakage current of 2.1 ma nominal at a line voltage of 120 vac, and 4.3 ma nominal at 240 vac. note: the snubber network will be in one of the two configurations shown at right, depending on model ordered. -75- figure 40, snubber locations

 appendix ?d? - manual tuning open loop step response method the open loop step response method is a tuning procedure that does not induce process oscillations. this method involves making a step change to the process and observing the process reaction. a strip paper recorder or other high resolution data logging equipment is required for this procedure. this procedure requires that all disturbances to the process are minimized because the data is influenced by these disturbances. 1) connect a chart recorder to log the process value and set the paper speed appropriate for the process. 2) set the controller to manual (user) control mode. 3) allow the process to stabilize (line out). 4) make a step change of 10% or more in the controller output. it may be necessary to increase the size of the step to yield a sufficient process reaction curve. 5) record the response of the process. use the information from the table to calculate the controller tuning values. the pid tuning parameters are determined graphically from figure 41, process reaction curve. draw a vertical line at the moment the step change was made. draw a line (labeled tangent) through the process reaction curve at its maximum upward slope. extend this line to intersect the vertical line. example : from the process reaction curve a = 30, t = 300 sec, step = 10%, display rang e=0to 1000. for fast response: prop = 60.0% intt = 900 sec dert = 120 sec opdp = 15 parameter fast response damped response slow response proportional band (%) 20000a range step%  40000a range step%  60000a range step%  integral time (sec) 3t 4t 5t derivative time (sec) 0.4t 0.4t 0.4t output power dampening (sec) t/20 t/15 t/10 -76- figure 41, process reaction curve

 closed loop cycling method an alternative to auto-tuning is manual tuning. this tuning method induces oscillations into the process in the same way as the controller?s auto-tune function. if oscillations are not acceptable, the open-loop tuning method can be used. the following is a manual tuning procedure for determination of the pid control constants. 1. connect a chart recorder to log process value and set the paper speed appropriate for the process. 2. set the controller to automatic (auto) control mode. 3. set proportional band to 999.9%. (maximum setting) 4. set integral time and derivative time to 0 seconds. 5. decrease proportional band (increase controller gain) by factors of two until process just begins to oscillate and the oscillations are sustained. make a small change in setpoint to provide a stimulus for oscillations. allow adequate time for the process to respond. if oscillations appear to grow, increase proportional band. adjust the proportional band until steady oscillations appear. 6. note the peak-to-peak amplitude of the cycle (a) in degrees and the period of oscillation (t) in seconds. parameter fast response damped response slow response proportional band (%) 200a/range 400a/range 600a/range integral time (sec) 1t 2t 3t derivative time (sec) 0.2t 0.25t 0.25t output power dampening (sec) t/40 t/30 t/20 -77- figure 42, closed loop tuning

 appendix ?e? - calibration calibration check the instrument has been fully calibrated at the factory for the voltage and current inputs. if the unit appears to be indicating or controlling incorrectly, see troubleshooting , page 73, before attempting this procedure. if the controller is suspected of reading incorrectly, the instrument may be checked for indication accuracy without disturbing the factory calibration. the parameters to be checked are: voltage reading, ma reading, linear dc output, second input, and valve position feedback. the following procedures may be used for this purpose. note: allow 1/2 hour warm-up with the controller in an upright position to allow adequate ventilation to the case before checking these parameters. voltage reading check 1. connect a dc volt source with an accuracy of 0.01% or better to terminal #8 (+) and terminal #10 (-). 2. advance to the configuration parameter modules from the normal display mode. 3. set the controller to indicate voltage (volt), in the input parameter module. 4. press the ?par? key until ?inp 1? appears in the main display. 5. press the ?dsp? key, once, the ?%pw? & ?dev? annunciators will flash. 6. the secondary display will indicate voltage applied at terminal s8&10. 7. compare the controller read-out to the standard at various points over the range (0-10 v). the tolerance is 0.15% of reading  1 lsd. 8. calibrate the controller if the readings are out of tolerance. current reading check 1. connect a current source with an accuracy of 0.01% or better to terminal #9 (+) and terminal #10 (-). 2. advance to the configuration parameter modules from the normal display mode. 3. set the controller to indicate current (curr), in the input parameter module. 4. press the ?par? key until ?inp 1? appears in the main display. 5. press the ?dsp? key, once, the ?%pw? & ?dev? annunciators will flash. 6. the secondary display will indicate the current applied at terminal s9&10. 7. compare the controller read-out to the standard at various points over the range (4 to 20 ma). the tolerance is 0.15% of reading  1 lsd. 8. calibrate the controller if the readings are out of tolerance. linear dc output check 4to20ma 1. connect an ammeter to the linear output (#11 & #12) with an accuracy of 0.1% or better. 2. set ?anas? (analog assignment) to ?inp?, in configure input parameters. 3. drive the input signal level below the programmed ?anlo? value. check for 4 ma (0.02 ma). 4. drive the input signal level above the programmed ?anhi? value. check for 20 ma (0.03 ma). 5. calibrate the controller linear dc output if out of tolerance. 0to10vdc 1. connect a voltmeter to the linear output (#11 & #12). 2. set ?anas? (analog assignment) to ?inp?, in configure input parameters. 3. drive the input signal level below the programmed ?anlo? value. check for 0 vdc (20 mv). 4. drive the input signal level above the programmed ?anhi? value. check for 10 vdc (30 mv). 5. calibrate the controller linear dc output if out of tolerance. second input check the second input check applies to those models that have the second analog input (remote setpoint) and valve positioner options. different signals are required for each option. second analog input check 1. apply signals over the range of 0 to 20 ma dc to the terminals labeled second input, 4-20 ma+ and 4-20 ma-. the tolerance is 0.2% of full scale  1lsd. 2. calibrate the second analog input if out of tolerance. valve positioner check 1. apply signals derived from the resistor string as described in valve positioner calibration. the tolerance is 0.2% of full scale  1lsd. 2. calibrate the second analog input if out of tolerance. -78-

 calibration when re-calibration is required (generally every two years), this procedure should be performed by qualified technicians using appropriate equipment. equipment source accuracy of 0.01% or better is required. the procedure consists of: applying accurate voltage signals, applying precision ma current and measuring accurate ma currents, among others. allow a 30 minute warm-up period before starting this procedure. this procedure may be aborted by disconnecting power to the controller before exiting the configuration mode. the existing calibration settings remain in affect. configure step 9 - factory service operations (9-fs) display parameter description/comments code enter factory service function code 48 calibrate instrument cal voltage and current calibration yes/no calibration of voltage input is done first. ancl analog output calibration yes/no this parameter will not appear if analog output option is not installed. 2cal second analog input calibration yes/no this parameter will not appear if second analog input is not installed. voltage calibration connect precision voltage source with an accuracy of 0.01% to terminals (+) #8 and (-) #10 for voltage calibration. display parameter description/comments stp1 0.000 v step apply 0.000 v, wait 10 seconds, press par. stp2 1.667 v step apply 1.667 v, wait 10 seconds, press par. stp3 3.333 v step apply 3.333 v, wait 10 seconds, press par. stp4 5.000 v step apply 5.000 v, wait 10 seconds, press par. stp5 6.667 v step apply 6.667 v, wait 10 seconds, press par. stp6 8.333 v step apply 8.333 v, wait 10 seconds, press par. stp7 10.000 v step apply 10.000 v, wait 10 seconds, press par. stp- pause the controller imposes a 5 sec. delay (keep the 10.000 v signal applied). the unit automatically advances to stpa. current calibration connect a precision current source with an accuracy of 0.01% to terminals (+) #9 and (-) #10 for current calibration when step a appears. display parameter description/comments stpa 0.000 ma apply 0.000 ma, wait 10 seconds, press par. stpb 20.000 ma apply 20.000 ma, wait 10 seconds, press par. the unit automatically advances to analog output calibration if the option is installed. analog output calibration (ancl) 4to20ma press par until ?ancl? appears in the display. connect precision ammeter (0.1% accuracy) to rear terminals (+) #11 and (-) #12. display parameter description/comments anc1 analog output 4 ma code value observe current reading. if 4.00 ma, press par. if not equal, modify existing code value using up and down buttons to achieve 4.00 ma. press par. anc2 analog output 20 ma code value observe current reading. if 20.00 ma, press par. if not equal, modify existing code value using up and down buttons to achieve 20.00 ma. press par. 0to10vdc press par until ?ancl? appears in the display. connect a precision voltmeter (0.1% accuracy) to rear terminals (+) #11 and (-) #12. display parameter description/comments anc1 analog output 0 vdc code value observe voltage reading. if 0.00 vdc, press par. if not equal, modify existing code value using up and down buttons to achieve 0.00 vdc. press par. anc2 analog output 10 vdc code value observe voltage reading. if 10.00 vdc, press par. if not equal, modify existing code value using up and down buttons to achieve 10.00 vdc. press par. -79-

 second analog input calibration (2cal) the signals applied to the second analog input for calibration depend on the type of model. second analog input and motorized valve positioner represent the models for which unique calibration signals are required. second analog input (remote setpoint) connect precision dc milliampere source (0.01% accuracy) to rear terminals labeled second analog input, 4 to 20 ma+ and 4 to 20 ma-. display parameter description/comments stp1 0.00 ma step apply 0.00 ma dc, press par. stp2 5.00 ma step apply 5.00 ma dc, press par. stp3 10.00 ma step apply 10.00 ma dc, press par. stp4 15.00 ma step apply 15.00 ma dc, press par. stp5 20.00 ma step apply 20.00 ma dc, press par. motorized valve positioner construct a precision resistor divider network consisting of four 250  0.1% tolerance resistors connected in series as shown in figure 43, resistor divider. connect one end of the resistor string to the rear terminal labeled slidewire feedback inputs, comm. and the other end to excitation. the connection to the wiper terminal comes from different points of the resistor string. display parameter description/comments stp1 0.0% step connect wiper input to 0% point of divider (comm.), wait 10 seconds, press par. stp2 25.0% step connect wiper input to 25% point of divider, wait 10 seconds, press par. stp3 50.0% step connect wiper input to 50% point of divider, wait 10 seconds, press par. stp4 75.0% step connect wiper input to 75% point of divider, wait 10 seconds, press par. stp5 100.0% step connect wiper input to 100% point of divider (excitation), wait 10 seconds press par. -80- figure 43, resistor divider

 appendix ?f?-user parameter value chart unit number mnemonic parameter user setting sp setpoint opof output power offset op output power prop proportional band intt integral time dert derivative time sp-2 internal cascade directed setpoint pb-2 proportional band #2 (secondary) it-2 integral time #2 (secondary) dt-2 derivative time #2 (secondary) rtio remote setpoint ratio bias remote setpoint bias al-1 alarm 1 al-2 alarm 2 configure input mnemonic parameter user setting type input type dcpt decimal point root square root linearizing rnd rounding increment fltr digital filtering dsp1 display value 1 inp1 signal input value 1 dsp2 display value 2 inp2 signal input value 2 splo setpoint lower limit sphi setpoint upper limit sprp ramp rate inpt user input configure output mnemonic parameter user setting cyct cycle time opac control action oplo output power lower limit range ophi output power upper limit range opfl input overdrive power preset opdp output power dampening chys on/off control hysteresis tcod auto-tune dampening code anas linear output assignment anlo linear output scale value anhi linear output scale value andb linear output deadband anut linear output update time -81-

 configure lockouts mnemonic parameter user setting sp access setpoint op access output power dev access deviation display in-2 access second analog input display bdsp access blank display code access code number pid access primary pid values pid2 access secondary pid values rtbs access ratio and bias values al access alarm(s) values alrs enable reset alarm(s) spsl enable local/remote setpoint selection trnf enable auto/man transfer tune enable auto-tune configure alarms mnemonic parameter user setting act1 alarm 1 operation mode rst1 alarm 1 reset mode stb1 alarm 1 standby enabled al-1 alarm 1 value act2 alarm 2 operation mode rst2 alarm 2 reset mode stb2 alarm 2 standby enabled al-2 alarm 2 value ahys alarm hysteresis value configure secondary output mnemonic parameter user setting cyc2 op2 output cycle time gan2 relative gain db-2 overlap/deadband configure serial communications mnemonic parameter user setting baud baud rate parb parity bit addr unit address abrv abbrev. or full transmission prat automatic print rate popt print options inp set opr pbd int der al1 al2 dev ofp r_p crg cdb ost rat bia rsp in2 pb2 it2 dt2 sp2 -82-

 configure second analog input mnemonic parameter user setting oper second input operating mode root second input square root linearization dpt2 second input decimal point position dsp1 second input, display scale point 1 inp1 second input, input scale point 1 dsp2 second input, display scale point 2 inp2 second input, input scale point 2 sptr local/remote setpoint select action opd2 secondary pid output power dampening configure valve positioner mnemonic parameter user setting vps1 valve positioner scale point 1 vps2 valve positioner scale point 2 vudt valve positioner update time vpdb valve positioner deadband vfal valve positioner fail time alarm vopt valve positioner motor open transit time vclt valve positioner motor close transit time vont valve positioner minimum on time controller operating mode local or remote setpoint ____________________________ automatic or manual ____________________________ auto-tune invoked at ____________________________ -83-

 -84- appendix ?g? ordering information nema 4x/ip65 bezel 4to20ma analog output 0to10vdc analog output alarm outputs secondary output rs485 part number 115/230 vac no yes no no no no pcu01000 no yes no 2 no no pcu01001 yes no no no no no PCU10000 yes no no 2 no no pcu10001 yes no no 1 yes no pcu10002 yes yes no no no no pcu11000 yes yes no 2 no no pcu11001 yes yes no 1 yes no pcu11002 yes yes no 2 no yes pcu11004 yes yes no 1 yes yes pcu11005 yes no yes 2 no no pcu12001 yes no yes 2 no yes pcu12004 yes no yes 1 yes yes pcu12005 these models have dual alarm outputs, or single alarm with secondary outputs, with shared common terminals (form a type). as a result, these outputs should be fitted with the same type of output module. the main output(op1) may be fitted with any type of output module. models without second input options second analog input models (ana) nema 4x/ip65 bezel 4to20ma analog output 0to10vdc analog output alarm outputs secondary output rs485 part number 115/230 vac yes no no 2 no yes pcu10104 yes yes no 2 no no pcu11108 yes no yes 2 no no pcu12108 these models have dual alarm outputs, or single alarm with secondary outputs, with shared common terminals (form a type). as a result, these outputs should be fitted with the same type of output module. the main output (op1) may be fitted with any type of output module.

 -85- motorized valve positioner models (mvp) nema 4x/ip65 bezel 4to20ma analog output 0to10vdc analog output alarm outputs secondary output rs485 part number 115/230 vac yes no no 1 no yes pcu10307 yes yes no 1 no no pcu11306 yes no yes 1 no no pcu12306 note : output modules are not supplied with the controller. when specifying the controller, be sure to purchase the appropriate output module for the main control output and if necessary, the alarm output(s), the secondary output, and valve positioner outputs. the logic/ssr drive module is a switched dc source, intended to drive the dc input of an ssr power unit. it should never be connected to line voltage. all modules are packaged separately and must be installed by the user. description part number relay module omd00000 triac module omd00001 logic/ssr drive module omd00003 ssr power unit rly50000 single phase 25 a din rail mount solid state relay rly60000 single phase 40 a din rail mount solid state relay rly6a000 three phase din rail mount solid state relay rly70000 accessories

 -86- this page intentionally left blank.

 limited warranty the company warrants the products it manufactures against defects in materials and workmanship for a period limited to two years from the date of shipment, provided the products have been stored, handled, installed, and used under proper conditions. the company?s liability under this limited warranty shall extend only to the repair or replacement of a defective product, at the company?s option. the company disclaims all liability for any affirmation, promise or representation with respect to the products. the customer agrees to hold red lion controls harmless from, defend, and indemnify rlc against damages, claims, and expenses arising out of subsequent sales of rlc products or products containing components manufactured by rlc and based upon personal injuries, deaths, property damage, lost profits, and other matters which buyer, its employees, or sub- contractors are or may be to any extent liable, including without limitation penalties imposed by the consumer product safety act (p.l. 92-573) and liability imposed upon any person pursuant to the magnuson-moss warranty act (p.l. 93-637), as now in effect or as amended hereafter. no warranties expressed or implied are created with respect to the company?s products except those expressly contained herein. the customer acknowledges the disclaimers and limitations contained and relies on no other warranties or affirmations. pcucov.qxd  12/3/2009 2:05 pm  page 3
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