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1.1 DVP (Digital Valve Positioner) Properties

Table 1: DVP configuration data

	Vendor
	Brand/Type
	HART(H)/ Profibus(P)/ Foundation Fieldbus(F)/ None(N)
	Remote setup/ monitoring/ diagnostics/ operating PC software

[name]
	Control algorithm

[P, PID, PI, PD, other]
	Password protection of configuration program

[Y/N]
	Process controller option

[Y/N]
	Set ID, tag, description

[Y/N]

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/AVP201
	Yamatake Own Protocol
	SFC
	Dual PID
	N
	N
	Y

	Yamatake
	SVP3000 
AVP302/ AVP202
	H
	HART comm. model 275 , SFC or Valstaff
	Dual PID
	N
	N
	Y

	Yamatake
	SVP3000 
AVP303/ AVP203
	F
	Model 375 or Valstaff
	Dual PID
	N
	Y
	Y

	Yamatake
	SVX100
	Yamatake Own protocol
	SFC
	Dual PID
	N
	N
	Y

	Yamatake
	SVX102
	H
	HART comm. model 275 ,SFC or ValStaff 
	Dual PID
	N
	N
	Y


Notes:

· Many positioners are available in different temperature ranges. Where this is the case, the widest available range was listed in the table.

· All positioners are suitable for linear and rotary valve actuators.

· A ‘-‘ (dash/hyphen) in a table means that no data was found in the vendor literature.

· P = Proportional

· PD = Proportional-Derivative

· PI = Proportional-Integral

· PID = Proportional-Integral-Derivative

· APFPS = Adaptive Predictive Five-Point Switch

Explanation of properties listed in Table 1 :

· Vendor: The main names of the (parent) companies owning the DVP brands.

· Brand/Type: The names under which the DVPs are sold.

· Communication: Four protocols (different standards of communication between digital devices) are currently used by the DVPs in the review: HART, Profibus PA, Foundation Fieldbus and FoxCom. FoxCom is a proprietary protocol, developed and effectively restricted to Foxboro. HART is the simplest and most widely used of the three ‘public’ protocols. Profibus and Foundation Fieldbus are more powerful, allowing for faster communication, but more expensive and equipment is slightly less widely available. In Europe, Profibus and HART are the most widely used protocols; in the USA and Asia, HART and Foundation Fieldbus are most used.

Source: http://www.flowresearch.com/Ultrasonic_Introduction.htm
· Remote setup/ monitoring/ diagnostics/ operating PC software: For remote monitoring of DVP data on a PC and/or DCS, and diagnostics of its condition, a (separate) software package is usually required. Such a package may be DVP-specific, or it may be applicable to DVPs of different vendors (e.g. AMS and PDM).

· Control algorithm: In principle, a PID controller gives more flexibility in optimising the DVP’s dynamic responses (to setpoint changes and disturbances) than P, PI or PD controllers.

· Password protection of configuration program: Can the configuration program, including control parameters, auto/manual switching, etc., be protected against unauthorised access?

· Process controller option: Some DVPs have a built-in option to run a process control loop, for example to control a local temperature, pressure, level or flow control loop. This can provide bandwidth savings on the communications between DCS (or other supervisory control system) and the DVP, because only the (relatively slowly changing) local process setpoint needs to be communicated, instead of the faster changing valve position setpoint. Of course, for this to be possible the local loop needs to be controllable in isolation (other than setpoint changes) from other control loops, and it needs to be controllable by the relatively simple algorithms available in the DVP process controller. The latter condition is not normally a problem.

· Set ID, tag, description: Can the DVP be given a unique identifier from the remote monitoring/setup software?

Table 2: DVP automatic setup

	Vendor
	Brand/Type
	Auto calibration/ identification of valve travel
(stroke length or angle)

[Y/N]
	Autotuning of control parameters

[Y/N]
	Manual adjustment of control parameters

[Y/N]
	Self-test routine(s)

[Y/N]

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/AVP201
	Y
	Y
	Y
	N

	Yamatake
	SVP3000 
AVP302/AVP202
	Y
	Y
	Y
	Y

	Yamatake
	SVP3000 
AVP303/AVP203
	Y
	Y
	Y
	Y

	Yamatake
	SVX100
	Y
	Y
	Y
	N

	Yamatake
	SVX102
	Y
	Y
	Y
	Y


Explanation of properties listed in Table 2:

· Auto calibration/ identification of valve travel (stroke length or angle): Does the DVP have an automatic routine to calibrate the stroke length or angle (to 0-100%) during commissioning?

· Autotuning of control parameters: Does the DVP have an automatic routine to determine optimal control parameters during commissioning?

· Manual adjustment of control parameters: Can the control parameters be adjusted manually if the automatically tuned parameters are, or become over time, unsatisfactory?
· Self-test routines: Does the DVP have built-in routines to test its operation and identify problems? These routines can vary from simple tests for which the DVP and its controlled valve need to be off-line, to sophisticated non-invasive on-line algorithms (usually running on a remote PC or DCS).
Table 3: DVP manual parameters

	Vendor
	Brand/Type
	Soft stops (stroke limits)

[Y/N]
	Shut-off/ cutoff value

[Y/N]
	Split range operation

[Y/N]
	Full stroke time
(slew rate limit)

[Y/N]
	Tolerance band (dual‑gain control) option

[Y/N]
	Dead band (adjustable)

[Y/N]
	Valve characteristic curves

[types]
	Alarm limits for valve travel

[Y/N]

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/AVP201
	N
	Y
	Y
	Y
	Y(standard,

Dual PID)
	N
	Linear, EP, QO, Custom (16 pts)
	N

	Yamatake
	SVP3000 
AVP302/AVP202
	N
	Y
	Y
	Y
	Y(standard,

Dual PID)
	N
	Linear, EP, QO, Custom (16 pts)
	Y

	Yamatake
	SVP3000

AVP303/AVP203
	N
	Y
	Y
	Y
	Y(standard,

Dual PID)
	N
	Linear, EP, QO, Custom (16 pts)
	Y

	Yamatake
	SVX100
	N
	Y
	Y
	Y
	Y(standard,

Dual PID)
	N
	Linear, EP, QO, Custom (16 pts)
	N

	Yamatake
	SVX102
	N
	Y
	Y
	Y
	Y(standard,

Dual PID)
	N
	Linear, EP, QO, Custom (16 pts)
	Y


Notes:

· 2D = separate parameters for open and close directions.

· EP = equal percentage.

· QO = quick opening (or reverse equal percentage or hyperbolic).

· SR = square root.

· wA = with alarms for exceeding limits.

Explanation of properties listed in Table 3:

· Soft stops (stroke limits): Can the user define (0-100%) limits to the stroke range within the ‘hard’ stroke range identified during calibration?

· Shut-off/ cutoff value: Can the user define limits to the stroke range below or above which the DVP valve forces the valve fully shut or open? For example, if the lower cutoff is 1% (open), the DVP forces the valve shut as soon as the valve position (setpoint) drops below 1%, instead of attempting to control openings between 0 and 1%.
· Split-range operation: Can the DVP operate in split-range mode?
· Full stroke time (slew rate limit): Can the user impose a maximum on the slew rate at which the DVP strokes the valve, i.e. impose a minimum time to stroke the valve from full open to closed, and/or back?
· Tolerance band (dual‑gain control) option: Some DVPs offer the option of different control modes or parameters for small versus large valve position errors, for example ‘full-force’ while the error is above a certain threshold and PID control once the error is smaller.
· Dead band (adjustable): Can a dead band on the valve position error be specified, so that the DVP does not (try to) react to small errors? Static friction of the valve may mean that small valve movements are, or become, difficult to control, and attempts to control the valve position precisely to setpoint lead to oscillations. Some DVPs include the determination of an appropriate dead band in the autotuning procedure, but the valve properties (friction in particular) may change over time and adjusting the dead band is often required at some time in the DVP/valve’s lifespan (or between maintenance periods).
· Valve characteristic curves: Most or all DVPs give the user a selection of different curves to compensate for the (non-linear) valve characteristic.
· Alarm limits for valve travel: Can the user define limits for the valve travel, so that the DVP generates an alarm message when the measured valve position exceeds these limits?

Table 4: DVP diagnostic and self-monitoring capabilities

	Vendor
	Brand/Type
	Stroke counter

[Y/N]
	Total travel

[Y/N]
	Position error time-out monitoring (SP correction time)

[Y/N]
	Temperature monitoring

[Y/N]
	Leakage detection

[Y/N]
	High friction detection

[Y/N]
	Time near closed

[Y/N]
	Time open/
closed

[Y/N]

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/201
	N
	N
	N
	Y
	N
	N
	N
	Y

	Yamatake
	SVP3000 
AVP302/AVP202
	Y
	Y
	Y
	Y
	N
	Y
	N
	Y

	Yamatake
	SVP3000 
AVP303/AVP203
	Y
	Y
	Y
	Y
	N
	Y
	N
	Y

	Yamatake
	SVX100
	N
	N
	N
	Y
	N
	N
	N
	Y

	Yamatake
	SVX102
	Y
	Y
	Y
	Y
	N
	Y
	N
	Y


Explanation of properties listed in Table 4:

· Stroke counter: Does the DVP provide a count of the total number of strokes (or cycles) executed by the valve? This information can be useful in maintenance planning.

· Total travel: Does the DVP provide a record of the total ‘distance’ (%, mm or degrees) travelled by the valve? This information can be useful in maintenance planning.

· Position error time-out monitoring (SP correction time): Does the valve provide a warning if the DVP is unable to reduce the valve position error to within a specified range within a specified time (following a setpoint change or disturbance)?
· Temperature monitoring: Does the DVP provide an indication of the temperature to its display and/or the remote PC/DCS?
· Leakage detection: Does the DVP detect air leakage and provide an indication/warning to its display and/or the remote PC/DCS?
· High friction detection: Does the DVP detect high valve friction and provide an indication/warning to its display and/or the remote PC/DCS?
· Time near closed: Does the DVP provide an indication of the (percentage of) time that the valve is nearly closed? If this number is large, it may indicate that the valve is oversized for its duty.
· Time open/closed: Does the DVP provide an indication of the (percentage of) time that the valve is completely open and/or closed? If this number is large, it may indicate that the valve is undersized or oversized for its duty, or that its calibration is wrong.
Table 5: DVP additional capabilities and properties

	Vendor
	Brand/Type
	Fail safe modes

[open/ closed/ in place/ other]
	Pressure control mode (on failure of posn FB)

[Y/N]
	High-friction-control algorithm/ tuning

[Y/N]
	Valve position sensor type

[type]
	Positioner valve/actuator type

[type]
	Integrated booster option

[Y/N]
	Capable of running off analogue 4‑20mA signal

[Y/N]

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/201
	Fail safe position is defined by actuator action
	N
	Y (manual tuning)
	Non-contact magnetic resistant sensor
	Flapper/nozzle
	N
	Y

	Yamatake
	SVP3000 
AVP302/AVP202
	Fail safe position is defined by actuator action
	N
	Y (manual tuning)
	Non-contact magnetic resistant sensor
	Flapper/nozzle
	N
	Y

	Yamatake
	SVP3000 
AVP303/AVP203
	Fail safe position is defined by actuator action
	N
	Y (manual tuning)
	Non-contact magnetic resistant sensor
	Flapper/nozzle
	N
	Y

	Yamatake
	SVX100
	Fail safe position is defined by actuator action
	N
	Y (manual tuning)
	Non-contact magnetic resistant sensor
	Flapper/nozzle
	N
	Y

	Yamatake
	SVX102
	Fail safe position is defined by actuator action
	N
	Y (manual tuning)
	Non-contact magnetic resistant sensor
	Flapper/nozzle
	N
	Y


Notes:

· ET = external (position) transmitter (4-20 mA signal).

· HE = Hall effect (non-contact) sensor, with remote mounting option.

· IDS = inductive displacement sensor (with sliding stem/lever).

· LPM = linked internal potentiometer (with sliding stem/lever).

Explanation of properties listed in Table 5:

· Fail safe modes: Which fail-safe modes does the DVP provide in case of failure of the electrical power supply?
· Pressure control mode (on failure of posn FB): Is the DVP able to (approximately) control the valve position by means of the measured valve actuator pressure, if the feedback from the direct valve position sensor fails?
· High-friction-control algorithm/ tuning: Does the DVP have a separate control algorithm, or parameter tuning, (e.g. with higher gains or a larger dead band) if high friction of the valve is detected?
· Valve position sensor type: What is the type of the valve position sensor? In principle, sensors with sliding stems/levers are more susceptible to wear and tear than Hall effect sensors. External position sensors allow the DVP to be mounted remotely from the valve, for example if there are space or weight limitations or if the valve tends to vibrate much. However, the extra sensor will add weight and complexity to the overall DVP-system.
· Positioner valve/actuator type: What is the type of the valve/actuator in the DVP that supplies air to the valve actuator? In principle, a flapper/nozzle-type actuator will consume more air than a piezo-valve type.
· Integrated booster option: Some DVPs have the option of an integrated booster, which may cause a smaller lag in the air-supply dynamics (which would affect the positioning performance of the DVP) than a separate booster would. However, the integrated boosters are (normally) restricted to a very limited range of air supply and other (single/double-acting, etc.) options.
· Capable of running off analogue 4‑20mA signal: If the DVP is retrofitted to an existing system, it may need to run on a standard 4-20mA power supply even if future expansion to a fieldbus system is planned. Only DVPs with HART as their fieldbus system are capable of this; DVPs with Foundation Fieldbus or Profibus require different communications hardware.
Table 6: DVP dimensional data

	Vendor
	Brand/Type
	Communication: HART(H)/ Profibus(P)/ Foundation Fieldbus(F)/ None(N)
	Weight

[kg]
	Air supply pressure range

[bar]
	Travel range linear(L), rotation(R)

[mm, deg]
	Remote mounting option

(Yes/No)
	Ambient temperature limits

[ºC]
	Single(S)-/ Double(D)-acting

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/AVP201
	Yamatake Own Protocol
	- AVP300/301

2.5(single-acting),
2.8 (double-acting)
- AVP200/201 with 5m cable

4.4(single-acting),
4.7 (double-acting)
	1.4..7
	14.3..100 mm

(+/- 4 to 20 deg.)


	Y(AVP200/201)
	-40..80
	S/D

	Yamatake
	SVP3000 
AVP302/AVP202
	H
	- AVP302

2.5(single-acting),
2.8 (double-acting)
- AVP202 with 5m cable

4.4(single-acting),
4.7 (double-acting)
	1.4..7
	14.3..100 mm

(+/- 4 to 20 deg.)


	Y(AVP202)
	-40..80
	S/D

	Yamatake
	SVP3000 
AVP303/AVP203
	F
	- AVP303

2.5(single-acting),
2.8 (double-acting)
- AVP203 with 5m cable

4.4(single-acting),
4.7 (double-acting)
	1.4..7
	14.3..100 mm

(+/- 4 to 20 deg.)


	Y(AVP203)
	-40..80
	S/D

	Yamatake
	SVX100
	Yamatake Own protocol
	1.8..2.2
	1.4..7
	50 to 90 deg.
	N
	-40..80
	S/D

	Yamatake
	SVX102
	H
	1.8..2.2
	1.4..7
	50 to 90 deg.
	N
	-40..80
	S/D


Notes:

· Many positioners are available in different temperature ranges. Where this is the case, the widest available range was listed in the table.

· All positioners are suitable for linear and rotary valve actuators.

· A ‘-‘ (dash/hyphen) in a table means that no data was found in the vendor literature.

Explanation of properties listed in Table 6:

· Vendor: The main names of the (parent) companies owning the DVP brands.

· Brand/Type: The names under which the DVPs are sold.

· Communication: Four protocols (different standards of communication between digital devices) are currently used by the DVPs in the review: HART, Profibus PA, Foundation Fieldbus and FoxCom.

· Weight: In principle, it is desirable that the weight of the DVP is as low as possible, especially for offshore use. However, a very low weight compared to similar products may indicate a relatively ‘flimsy’ construction and lack of mechanical robustness.

· Air supply pressure range: A wider allowable supply pressure range means that any regulation (with varying demand) disturbances in the air supply pressure are more ‘survivable’. Moreover, a higher supply pressure enables a higher air-flow rate, pressure and thus force at the actuator, and therefore faster actuator and valve responses.

· Travel range: A wider travel range allows larger actuators and valves to be used, in particular linear actuators.

· Remote mounting option: Some DVPs can be mounted remotely from the valve and actuator, so that the DVP can be isolated from any vibrations that may affect the valve and/or pipe. The only connections between the DVP and actuator are the air supply from DVP to actuator and the (electronic) feedback signal of valve stem position to DVP.

· Ambient temperature limits: The minimum and maximum temperatures at which the DVPs can operate.

· Single-/Double-acting: Valve actuators are either single-acting (with the DVP-controlled air flow/pressure pushing the actuator/valve stem one way and a spring pushing the other way) or double-acting (with the air flow/pressure pushing either one side or the other of a piston mounted on the valve stem). All DVPs work with single-acting actuators. Most DVPs work with double-acting actuators as well, although sometimes additional equipment such as a reverse relay is required.

Table 7: DVP semi-static performance data

	Vendor
	Type
	Independent linearity
(characteristic deviation)
	Hysteresis
	Repeatability
	Response level
	Dead band
	Resolution
	Air output flow capacity

[Nm3/h]
	Air consumption

[Nm3/h]

	Yamatake
	SVP3000 AVP300/AVP301
AVP200/201
	Accuracy

+/- 1%F.S.
	-
	-
	-
	-
	0.002 deg. (sensor)
	6.6 at 1.4 bar, 15 at 4 bar
	0.24 at 1.4 bar, 0.30 at 2.8 bar, 0.36 at 5 bar, 
0.60 at 4 bar (DA)

	Yamatake
	SVP3000 
AVP302/AVP202
	Accuracy

+/- 1%F.S.
	-
	-
	-
	-
	0.002 deg. (sensor)
	6.6 at 1.4 bar, 15 at 4 bar
	0.24 at 1.4 bar, 0.30 at 2.8 bar, 0.36 at 5 bar, 
0.60 at 4 bar (DA)

	Yamatake
	SVP3000 
AVP303/AVP203
	Accuracy

+/- 1%F.S.
	-
	-
	-
	-
	0.002 deg. (sensor)
	6.6 at 1.4 bar, 15 at 4 bar
	0.24 at 1.4 bar, 0.30 at 2.8 bar, 0.36 at 5 bar, 
0.60 at 4 bar (DA)

	Yamatake
	SVX100
	Accuracy

+/- 1%F.S.
	-
	-
	-
	-
	0.002 deg. (sensor)
	6.6 at 1.4 bar, 15 at 4 bar
	0.24 at 1.4 bar, 0.30 at 2.8 bar, 0.36 at 5 bar, 
0.60 at 4 bar (DA)

	Yamatake
	SVX102
	Accuracy

+/- 1%F.S.
	-
	-
	-
	-
	0.002 deg. (sensor)
	6.6 at 1.4 bar, 15 at 4 bar
	0.24 at 1.4 bar, 0.30 at 2.8 bar, 0.36 at 5 bar, 
0.60 at 4 bar (DA)


Notes:

s-act. = single-acting; d-act., DA = double-acting.

All percentage values are relative to full scale (0..100 %).

Explanation of properties listed in Table 7:

· Independent linearity: The maximum deviation from a best-fit straight line, between DVP input (electrical control signal) and DVP output. The smaller the value, the more accurate the overall valve position control will be.

· Hysteresis: The combined effect of dead band and resolution. The smaller the value, the more accurate the overall valve position control will be.

· Repeatability: The average variation in position for the same value of input when approached from the same direction. The smaller the value, the more accurate the overall valve position control will be.

· Response level: The average change in input required to cause a change in valve stem position in one direction. The smaller this value is, the more responsive the positioner is to valve position errors.

· Dead band: The dead band is the range of valve position errors over which the controller output (i.e. the motion of the DVP valve) is zero. High-frequency motion of the DVP valve (note: this is the valve within the DVP controlling its air flow output, not the main process valve being controlled) will have little or no effect on the process valve position. However, such motion can cause wear of the DVP valve. To prevent this, a dead band on the process valve position error (i.e. the difference between setpoint and measured value) can be present or introduced. If this dead band is fixed, the user has to ensure that the dead band is not so large that it prevents desired small motions of process valves.

· Resolution: The smallest possible measurable or controllable change in valve position.

· Air output flow capacity: The amount of air that the DVP can supply to the valve actuator. A DVP with a high air capacity can move a given actuator faster than a DVP with a lower capacity. However, a DVP with a high air capacity may also be less precise than a DVP with a lower capacity when operating on small actuators (for example, if the resolutions relative to full scale of each DVP are similar). The flow capacities of smaller DVPs can be expanded by using boosters.

· Air consumption: The amount of air that ‘leaks’ through the DVP itself during normal operation. That is, a smaller value represents a saving on the overall air consumption of the pneumatic system.

Table 8: DVP environmental effect data

	Vendor
	Type
	Supply pressure effect
	Ambient temperature effect
	Influence of vibration
	Vibration immunity

	Yamatake
	SVP3000 
AVP300/AVP301
AVP200/201
	-
	-
	-
	vibration tolerance: 2g at 5..400 Hz
(AVP300/301)

vibration tolerance: 10g at 5..2000 Hz
(AVP200/201)

	Yamatake
	SVP3000 
AVP302/AVVP202
	-
	-
	-
	vibration tolerance: 2g at 5..400 Hz
(AVP302)

vibration tolerance: 10g at 5..2000 Hz
(AVP202)

	Yamatake
	SVP3000 
AVP303/AVVP203
	-
	-
	-
	vibration tolerance: 2g at 5..400 Hz
(AVP303)

vibration tolerance: 10g at 5..2000 Hz
(AVP203)

	Yamatake
	SVX100
	-
	-
	-
	vibration tolerance: 2g at 5..400 Hz

	Yamatake
	SVX102
	-
	-
	-
	vibration tolerance: 2g at 5..400 Hz


Explanation of properties listed in Table 8:

· Supply pressure effect: The effect of a change in the supply pressure to the DVP on the pressure supplied by the DVP to the valve actuator. The smaller the value, the more accurate the overall valve position control will be.

· Ambient temperature effect: The effect of a change in the ambient temperature on the pressure supplied by the DVP to the valve actuator. The smaller the value, the more accurate the overall valve position control will be.

· Influence of vibration: The effect of vibration of the DVP on the pressure supplied by the DVP to the valve actuator. The smaller the value, the more accurate the overall valve position control will be.

· Vibration immunity: The maximum vibration at which the DVP can operate with normal performance. At higher vibration levels, the performance will either degrade or the DVP may be damaged. A higher value indicates that the DVP is more (mechanically) robust.
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