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update the information contained herein. Merlin Systems Corp. Ltd’s products are not
authorized for use as critical componentsin life support devices or systems.
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Introduction

Merlin Air Valves (MAV) are anew range of cost effective proportional valves using
technology developed by Merlin Systems Corp. Ltd (patent pending).

The valves use asimple 2-port construction allowing highly space-efficient designs.
They are intended for simple on/off or proportional flow-control in low- to medium-
flowrate applications.

Features

- Low cost, power, size and weight

- Electricaly controlled, for ease of integration

- Proportional action, ideal for positioning or speed control

- Flowrates up to 20sipm

- Small and cheap enough to use for ssmple on/off air switching
- Steady control right down to zero flow
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Applications

Simple One-Way Controls

For ssimple on/off air control, the MAV is alow-cost and space-saving solution.

It can be driven directly from a switched current-source, or a voltage with a dropper
resistor.

Thisisideal for smple on/off air-jet control, as used for production leak testing.

This configuration can also provide intermittent 2-position operation of a low-pressure
actuator, in conjunction with aflow control valve or controlled leak :—

MAV
O—=]

Here, aset current is switched on and off to control the valve: When the valveisdriven,
the cylinder extends, with a constant outlet of air through the flow control valve (lower
symbol): When the valve is turned off, the cylinder retracts under the return-spring force.

The speed of actuation depends on the valve drive level, and the retraction speed depends
on the outlet device. Because of this, speed of operation is a tradeoff with air
consumption. For agiven air consumption, a constant-flow valve will give a better
response than asimple leak.
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Pressure Control

To produce a controllable pressure signal, an MAV can be used in the same way, with a
precisely controlled proportional leak such as a needle valve.

For better accuracy, a pressure transducer can be added, to control the MAV viaa
feedback controller.

Open-Loop Proportional Actuation

For simple applications, the above method can be combined with proportional use of the
valve to give asimple proportiona actuation (controllable force or position).

In this case, however, care must be taken never to drive the valves outside the linear
repeatable region (see ‘Drive and Flow Properties’, below) if repeatable open-loop
proportional control isrequired.

Possible variations in air temperature and supply pressure will also need to be considered.

Flow-Controlled Air Muscle

Merlin’s own actuator solution for open-loop proportional actuation.
Thisincorporates an MAV, aMerlin air muscle, and an adjustable output ‘leak’.
See separate datasheet.

Two-Way Actuator Control

For higher-force requirements, or whenever energy- or air-consumption is an issue, apair
of MAVs can effectively replace an ordinary 3/2 or 3/3 valve :—

MAV1
—

MAV?2

IXI é
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MAV s have particular advantages for this kind of application:
A holding position (both valves shut) is available with no extra outlay.
The piston speeds can easily be managed by adjusting valve drive levels.

For higher-force applications, a double-acting cylinder can be controlled using four
MAVsin exactly the same way.

Precision Proportional Control

For precise positional control, a closed-loop control system with a position sensor will be
needed.

For low-force applications, a single-acting cylinder will be adequate, and this can be
controlled with apair of MAVs exactly as with the above 2-way actuator control :—

. AR Y. M AVl
vy o - |
P MAV?2

As the speed of operation of the valvesis likely to be the dominant characteristic in such
asystem, this can be the limiting factor in the stability/responsiveness of the system.

For thisreason, it is recommended that a minimum ‘holding current’ is always delivered
to each valve (see Drive and Flow properties for more details). Thisavoidslong delays
when commanding alow flowrate from avalve that isinitialy fully off.

For more demanding applications, a double-acting cylinder is required, and this will need

4 valvesto control inlet/outlet at either end. In this case, valves can simply bewired in
pairs (so inlet+outlet at opposite ends always act together).
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Drive and Flow Properties

The recommended method of actuation is a current-controlled driver (see next section,
‘Drive Requirements’).

For very simple applications, e.g. on/off control, a ssmple PSU with controllable current
limit, or a switchable voltage supply with dropper resistor is adequate.

For larger numbers of valves, or precise operation, controllable current-mode driveis
necessary, and the power dissipation requirements can become awkward.

Merlin make the “MVB Multi-Valve Control Board” for controlling groups of valvesin a
safe, repeatable and networkable way.
For driving several valves or muscles at atime, the Merlin “Multivalve Control Board”
(MVB)lSldeaI This provides—
current-controlled, overload-protected outputs tuned for use with Merlin valves
an analogue input per control output
scalability from 8 up to 128 inputs-and-outputs
control viaan ASCIlI command set
TCP/IP or serial communications

See separate datasheet for full details.

Drive Requirements

The valve presents an approximately constant electrical resistance in normal use, but this
drops dramatically when the valve is overdriven (from ~3ohm to well under 1ohm).

This drop in resistance occurs whenever the valve approaches the fully-open state,
described as valve ‘saturation’: This can occur with either increasing drive or decreasing
applied pressure.

(“ Saturation” means that the usual flowrate expected for the current drive-level cannot be
delivered because the pressure across the valve is too low).

When this resistance drop occurs, the valve current must not be allowed to exceed the 1A
maximum current, or damage can result. The current can be controlled either by driving
the valve with a constant current or, for voltage drive, by fitting a series power resistor.

Current-control is, in any case, the most accurate way to drive the valves. Part of the total
resistance is a contact resistance, which may vary over time and between devices.
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Basic Operation

For analogue versions, the flowrate delivered is roughly linear in power applied to the
valve, i.e. the square of the current.

(For digital versions, the power output is adjusted for approximately linear response to
the control input).

The following graph shows example results for one valve, plotting flowrate against
(current)? for up to 600mA drive current with a constant Sbar differential pressure —

flow / power for basic MAV (dP == 5bar)
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For agiven drive power, the controlled flowrate is relatively independent of the
differential pressure applied to the valve.

This contrasts with competing technol ogies such as proportional solenoid valves, where
flow tends to vary roughly linearly or in square-law with applied pressure.

While the flow/drive characteristic above is roughly linear in applied “power”
(interpreted as current squared), there is a horizontal offset apparent: This represents a
minimum ‘ holding power’ below which no flow can occurs. In this exampleit is about
0.06A2, or a“holding current” of about 245mA.

Unit Repeatability

In practice, the aboveisonly a‘typical’ graph: For agiven valve unit, the response will
deviate from this both in the vertical scaling and horizontal shift :-

a) thevertical scale may vary by +25% or more -i.e. actual flowrate at a given point on
the graph could be 75..125% of that shown

b) the horizontal “holding power” offset (zero flow power) can aso vary considerably,
within arange of about (200-400mA)?, or 0.04-0.16A? at 4bar pressure.
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Speed of Operation

Opening and closing speeds are generally on the order of atenth of a second.
With air supplied, the valve closing speed is fairly constant and always quite quick.
Opening times are similar, for moderate drive levels and above.

The opening time for avalve operating at arelatively low drive-level can, however, be
several timeslonger if it was previously fully off (unpowered). Thisisbecauseit hasto
regain a stable operating condition before it will start to open.

This delay can be avoided by maintaining drive at just below the minimum holding power
when off, instead of removing power atogether.

Effect of Pressure

The previous graph is drawn for a constant differential pressure across the valve of Sbar.
In normal operation, as stated, the flowrate is more-or-less independent of differential
pressure, but in fact flow reduces slightly with increasing pressure.

The effect of pressure corresponds closely to a shift in the *holding power’ offset -i.e. a
horizontal shift of the flow/power graph, the shift being linear in the pressure.

This effect is normally quite small, however, about equal to the variation in *holding
power’ between devices.

This effect only applies within the normal “proportional” operation region of the valve:
Outside this area pressure has much more significant effects, discussed further below.

Effect of Temperature

The linear flowrate/power relation is partly based on the airflow providing cooling for the
dissipation of the power supplied. Because of this, the flowrate also depends on the
temperature of the air supplied.

The effective operating temperature of the valve is around 50-60degC, so flowrate will
change in proportion to the temperature difference between this and the air temperature.
The effect isfor flowrate to increase with operating temperature (as warmer air means
more air is delivered to achieve the same cooling).

Example
at 25degC ambient temperature (inflow temperature), the valve runs at around 30degC
above air temperature, so arise of 1degC will cause a 1/30 ~3% change in airflow.

This can be taken asageneral rule, i.e.
at room temperatures, flowrate temperature variation will be about +3%/degC
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Full Pressure-Variation Curve

The following graph shows how flow through atypical valve varies with applied
pressure, for avariety of different drive currents :—

Flow/pressure at different currents
flow [Ipm]
25

Arirrant
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pressure [bar]

Each curve on the above graph (for a particular set current) divides into an upper (dashed)
and alower (solid) line. In each case, the lower curve isthe “normal” response, and the
upper curve shows the limit of an alternative behaviour mode, described below.

Saturation Limit

The“normal” curves are more-or-less independent of applied pressure (-i.e. flat, on this
graph). In fact, flowrate decreases dlightly with increased applied pressure.

This behaviour breaks down as the curve approaches close to the upper ‘limiting’ curve,
shown here as the thick, dashed line.

The“limit” line (pale blue) shows the maximum possible flow achievable through the
valve—.e. when the valve isfully open. So thisis aso the region where valve saturation
occurs, and the valve' s resistance will drop.

The flow/pressure relation for the maximum-flow line is somewhere between a square-
root and alinear law (the line on the above graph is drawn ~ pressure™0.75).
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Response Hysteresis

The upper (dashed) parts of each curve on the graph above show an alternative
pressure/flow relationship which can be observed in avalve that has been driven into full
saturation.

This occurs because the valve control mechanism displays a hysteresis effect: After being
overdriven, the mechanism requires less power to retain a given control position, so that
the flow is greater for a given control input than ‘normal’.

In practice, the flowrate can be anywhere between these two extreme curves, dependent
on the recent history of the valve.

The upper curve state isfairly ‘unstable’, and any variations in drive or pressure tend to
cause drift back toward the “normal” (lower) response.

Fortunately, however, the “normal” response curves themselves are fairly stable with
pressure and drive variation.

Proportional Operation ‘Safe Area’

For the best proportiona operation, e.g. for open-loop flowrate control, it isimportant to
avoid this hysteresis effect, as otherwise operation is obviously not predictable.

The effective way to do thisisto stay within a“safe”’ region of operation: Aslong asthe
valveis aways operated well away from the saturation condition, its performance
remains predictable and repeatable.

This*“safe”’ region of operation is the region where the normal response curves show the
usual slight negative slope (i.e. decreasing flow with pressure): The point where
decreasing pressure causes the curve to start to level off or turn downward represents the
onset of saturation.
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In practice, the boundary of this safe region can be assumed to be at around 2/3 of the
maximum flow ‘limit’ curve, as shown in the following graph —

Flow/pressure "Safe" region
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In terms of applied pressure and drive-levels, this same data has the following
approximate shape —

MAYV - Calculated pressure/power safe-region
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However, while the curves of the previous graph will look very similar for any valve, this
pressure/drive relation can be considerably different from one unit to another.
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Constant Pressure Operation
For completeness, the following shows a flow/power graph at different fixed pressures.

flow [Ipm] MAV Flow/power at various pressures
20
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
current"2 [An2]

This shows

- theeffect of pressure on the holding power (curves shift to right at higher pressure)
- saturation with increasing drive (the flat parts on the right)

- effect of hysteresis with varying power (as already seen with varying pressure).

The boundaries of these curves follow very similar lines to the flow/pressure graphs
shown before.
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Specifications and Limits

Pneumatic
Air supply
Clean, filtered, moisture-free

Operation pressure
0 - 10bar

Maximum through-flow
on/off switching: >20splm at Sbar
proportional use: 10slpm at Sbar

Speed of operation
closing within 0.2secs, all conditions
opening within 0.25secs, for flows 3 5lpm

Environmental

Temperature
0 to +40 °C operation

Moisture
< 90% RH, non-condensing

Endurance
> 5M cycles

Electrical
Impedance

2-4 ohm, approximately constant in normal use

< 1ohm in saturation

Active drive current
250-750mA, typical

Maximum permitted drive current (transient)
1A

Connections
Air supply is

-either- viaa push-fit adapter that accepts 4mm plastic air-line,
-or- by screwing into amanifold with M8 internal thread.

Electrical connection viatwo 4.5mm solder tags / blade connectors.
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Physical Dimensions
The basic dimensions of the valve are as follows —

O-ring (in machined recess)

35

19max 42 max

M8* 1.0 thread

Theinlet end (left side above) is connected to an air supply in one of two ways —
(1) screw vaveinto M8 female thread in amanifold, the o-ring seals onto aflat face.
(2) screw-on hose adapter to a4mm airline.

The outlet is machined to 6mm diameter, and can connect to a pushfit hose connector.

The electrical tags can be soldered to, or can accept automotive-style push-on ‘blade’
connectors.

The following shows the valve with hose adapters and electrical connections —
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