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SAFETY APPARATUS

This invention relates to safety apparatus which
includes a component having at least a first state and an
emergency state. Examples are fire safety apparatus such
as ventilators.for'venting smoke from a burning building
and smoke curtains for restricting the spread of smoke in
a burning building. '

A ventilator is generally movable between a closed
position (first state), throﬂgh. varicus partially open

positions (intermediate states) and a fully open position

(emergency state) which last position is the one adopted to

provide maximum venting of smoke. Such ventilators can
also be used to pro?ide normal day-to-day ventilation, the
degree of opening or number of the ventilator(s) being
determined by the amount of ventilation required at any
given time.

A smoke curtain has two operative states, a raised
state (first state) in which the curtain is retained within
a ceiling cavity of a room, for example, and a dropped or
lowered state (emergency state) in ﬁhich the curtain has
been lowered to the floor to divide a room.into different
zones to contain smoke to one side of the curtain. Such
smoke curtains can be raised and lowered in the absence of

an emergency, for example to carry out routine testing of
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the equipment.

*" A common feature of thé ventilator and smoke cﬁrtain
described above is that they are generally arranged to be
movable to’ their respective emergency stafe.when-there is
noc emergency in force, for example, for day~-to-day
ventilation or testing. The | components are generally
movable between their various states by operating means
under the coﬁtrol of a control means.

In safety critical applications in which the component
must be movable to the emergency state during an emergency,
it is desirable that the apparatus fails safely by moving
to the emergency state if the apparatus breaks down so it
will be in the appropriate state should an emergency arise
before it is repaired. 1In the context of ventilators, for
example, it is very common to maintain the vent in its
closed position by means of pneumatic pressure acting
against a local, spring-driven actuator or spring so that
on failure of the pneumatic supply, the spring driven

actuator or spring moves the vent to the open (emergency)

state.

Day-to-day ventilation can be provided by altering the
pneumatic pressure to open and close the ventilator as
required. If an emergency is detected, the pneumatic

pressure is released by the controller so the ventilator

- moves to its open position if it was not already open.
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Electrical operating means have also been employed in
which the spring force of an-aCtuator ié resisted by a
solenoid clutch and an electric motor. If the electrical
supply to the motor.fails} the ventilator is again opened
by the spring driven actuator or spring.

Similarly, smoke curtains can be controlled such that
they can be raised and maintained in the raised position by
the action of an electric motor but should the source of
electrical power needed to drive the motor fail, the smoke
curtain drops under the force of gravity acting on weights
attached to the bottom of the curtain, for example, to the
lowered, emergency position.

A disadvantage of pneumatically controlled systems is
the considerable cost associated with the pipework and
COmMpressors. Further disadvantages are that there is
little flexibility in their control and there is no
assurance that the operating means will act to move the
component to the emergency state once the force keeping it
in the first state is removed. For example, the spring in
the above described ventilator may break or the frictional
forces associated with poorly maintained bearings of the
smoke curtain may prevent it droppiﬁg under gravity.

Electrically operated actuators in such apparatus
would require a well protected source of electricity and,

in the case of electric motor operated components, would
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often need to be supﬁlied with a high electrical current so
the component'could be moved between states quickly. The
wiring through the building would therefore require a high
current carrying capability.

The present invention seeks to provide an improved
safety apparatus and accordingly provides a safety
apparatus including a component having at least a first
state and an emergency state and movable between the states
by one or more actuators under the control of a controller
in which the actuators are powered solely by an energy
storage means arranged to be recharged at a rate which is
smaller than the rate of discharge when powering the
actuators and including energy level monitoring means
arranged to monitor the energy stored in the energy storage
means to determine if the energy stored in the energy
storage means has fallen below a predetermined threshold at
which there is sufficient energy in the energy storage
means to provide at least a predetermined number of
movements of the component between the first state and the
emergency state.

The apparatus, preferably, includes an indication
means coupled to the monitoring means arranged to provide
a visual indication if the energy stored in the energy
storage means has f#llen below the predetermined threshold.:

This could be a slowly flashing light or the switching off
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of an otherwise continuously or intermittently lit light,
for example. In some circumstances a non-visual indication
may be convenient, for example an audible alarﬁ, instead of
or as well;as the visual indication.

The present invention provides the ability to drive, .
with safety, relatively high powered, remote actuators used
to move the component between states with a low power
supply to the energy storage means of the apparatus because
the monitoring means determines when non-emergency use
should cease in order to ensure there is enough energy in
the energy storage de#ice to move the component to the
emergency state; should an emergency arise._ The first
threshold is set at a level at which there is sufficient
energy in the energy storage means to provide at least a
prédeterﬁined number of movements, for example four,
betweén the first state and the emergency state.

The controller may be further arranged to move the
component to the emérgency state if the energy level falls
below é second threshold, for example a threshold which
corresponds to two movements between the first state and
emergency state. The provision of a warning at the first
threshold 1level before an automatic movement to an
emergency state when the available energy in the energy
storage means falls below the second threshold can allow

time for remedial action to be taken before the component
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~adopts its safe but perhaps inconvenient emergency state.

Preferably the controller has a first control mode in

' which the controller is able to respond to emergency

commandé, only, to move the component between the first
state and the emergency state and a second control mode in
which the controller is asie to respond to non-emergency
commands to move the component between the first state and
ﬁhe emergency state, the contfoller being arranged to
switch to the first control mode if the energy stored in
the energy storage means has fallen below the first
threshold level. |

This configuration ensures the component cannot be
moved between states except via emergency commands, either
automatically generated in response to the detection of
fire, smoke or other emergency or manually input by
firemen, for example, if the energy level of the energy
storage means falls below the first threshold. It will be
appreciated that emergency commands can be used to move the
component to any of its states, not just the emergency
state: it may be necessary to close a smoke vent to prevent
wind blowing into a burning building even though the
emergency state of the vent would be the open position to
allow smoke to vent from the building, for example.

The apparatus may be arranged so that the controller

also moves to the first control mode on receipt of an
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emérgency alarm signal. This is the preferred arrangement

_'of the invention.

Non-emergency (”day-to-day”) operation is possible
when the controller is in its_secénd control mode. For
example, a ventilator could be moved between the-open and
closed position as desired, either manually or
automatically in response to detected environmental
conditions. |

The controller may be arranged to move the component
to a selected state on moving to its first control mode.
For example, the ventilator may be moved to the closed
position for security reasons, perhaps, where it will
remain until an emergency is detected, an emergency "open"
command is issued or the controller is moved out of this
first control mode. It may be preferable in some
circumstances for the controller to move the component to
its émergency state on moving to the first control mode so
that it immediatelf adopts a fail-safe condition.

The apparatus may be.arranged so that the selected
state is alterable by, for example, a switch or a movable
jumper lead on a printed circuit board of the controller.

Although the preferred embodiment of the invention
provides that the controller is not able tﬁ move the
component to the emergency state except in response to an

emergency command when in its first control mode, the
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apparatﬁs- may be .configured to allow movement of the’
component to others of its states. . For examplé, the
conttqller may be arranged to allow closure, only, of a
ventilator, when in the first control mode so if the
controller is moved to its first control mode when the
ventilator is already open, ie in the emergency state, it
can remain there for a time and the ventilator subsequently
closed in stages perhaps, as the requirements of day-to-day
ventilation dictate. However, once closed, the controller
if it remains in the first control mode will move the
ventilator back to or towards the emergency, open, state
only in response to an emergency command.

The controller may be arfénged so that whichever
control mode it is in, it will automatically move the
componenf to its emergency state on detection of an
emergency. In the case of a ventilator or smoke curtain,
the detection of smoke or heat, for example, might cause
the controller to open the vent or lower the smoke curtain.

The apparatus may be provided with sensors near the
location of the component so locally derived emergency
signals can be obtaihed and the controiler arranged to go
into its first control mode and to move the component to

its emergency state on local detection of an emergency so

the component operates appropriately even if remote parts

of the emergency control system fail due to the emergency
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The energy storage device can be selected from a range
of devices. It can be a battery trickle charged by a wire
connectable to mains power sﬁbply of a building or a.solar

cell with relatively large current capacity wires being

needed only between the batteries and the actuators. The

battery could be trickle charged by way of a direct current
trickle charge current carried on a twisted wire pair,
which twisted wire pair also carries command signals to the
asSociated controller from a central controller.

An alternative device is a spriﬁg mechanism, for
example a clockspring driven at one end by a small electric
motor. The other end of the clockspring would be arranged
to open and close the ventilator, for example, via a crank.
Several operational cycles of the component should be
available when the spring has the maximum energy stored.
The controller monitors the number of rotations of the
electric drive and the component movement to determine the
number of operational cycles that can still be obtained
from the enerqgy in the spring mechanism at any given time.

Preferably a solenocid-driven brake or latch is
provided (possibly a bistable arrangement which would not
require continuous power to be applied to the solenoid), to
stop the spring from unwinding at the appropriate open and

closed positions. A ‘trickle-charging’ low~current wire
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would drive the éléétrig'motor.

Other, alternative, energy storage devices are fluid
accumulators, for example a .pneumatic accumulator or a
hydraulic accumulator, both of which can be ‘trickle
charged’ using small bore pipes. |

The energy _storage devices are ideally positioned
close to each component’s actuators..

An apparatus according to thé“present inﬁention can
have two or more components, for example adjacent
ventilators, controlled by a single controller.

An embodiment of the invention will now be described,
by way of example only, with reference to thg accompanying
drawings of which:

Figure 1 is a schematic diagram of a smoke ventilation
and control system incorporating a ventilator and a smoke
curtain, each according to the present invention; and

Figure 2 is a schematic diagram of the controllers of
the system of Fiqure 1.

Referring to Figure 1, a smoke ventilation and control
system includes seven ventilator apparatus 4 to 14 and a
smoke curtain apparatus 16, each including a controller 18,
six fire/smoke detectors 20 and a central controller 22.
The central controller 22 communicates with the controllers
18 via a communications bus 24. Each controller 18 is

linked to a mains power cable 26 via a respective low
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current capacity spur wires 28.

The ventil&ﬁors 4 to 14 are located in a building at
positions from where smoke is to be vented in thg event of
a fire. The smoke curtain apparatus 16 has a housing 30
which is fixed to the ceiling or within a ceiling cavity
(no£ shown) at a position where the passage of smoke,
across a large room for example, is to be constfained.

The fire/smoke sensors 20 -are pésitioned throughout
the building in appropriate places to provide early

detection of fire or smoke. The sensor outputs are

~ collated by a known fire alarm panel 22a connected to the

controller 22.

The ventilators 4 to 14 are Kameleon Mk III
Ventilators manufactured by Colt International Limited,
Havant, Hampshire PO9 2LY, England, each of which has a
hinged glass vent 34 movable between a closed position to
the illustrated open position by means of electric motors
37 (see Figure 2) powered by batteries 35. They can also
be moved to intermediate ‘positions between these two
extremes. The open position is the emergency state of this
component as it is the state adopted in the event of a fire
to allow smoke to vent from the building.

A smoke curtain 36 of the smoke curtain apparatué 16
is movable into and out of the housing 30 by means of an

electric motor driving a roller (not shown) within the
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housing 30. Tﬁe lowered position of the curtain 36 is the-
emergency state of the smoke curtain apparatus 16.

The operation of each of the ventilators 4 to 14 and
the smoke curtain 16 is controlled by the associated
qontroller 18, as indicated schematically by the arrows 38,
each connected to the central controller 22. As will be
eﬁ:plained in more détail below, the controllers 18 and
central controller 22 provide a distributed control system
in which each controller 18 has sufficient control and
communications electronics to be controlled from the main
control panel or to act independently if the need arises.

The controllers 18 each have at least two control
modes; a first control mode in which the controller 18 is
able to respond to emergency commands, only, to move its
associated component (ventilator 4 to 14 or smoke curtain
16 in this particular example) and a second control state
in which the controller 18 is able to move the component
between the first state and the emergency state in response
to non-emergency commands. The controllers 18 therefore
allow operation of the véntilators to meet day-to-day
ventilation requiremenﬁs or of the smoke curtain 36 for
testing until the controller 18 is moved into the first
control mode when emergency command operation, only, is

possible.

The commands for day-to-day operation can be derived
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- from manual input at the cent:ral controller 22, automatic

control routines ‘in the cenﬁral cont}:oller 22 or
controllers 18 influenced by readings froni sensors
(including environmental sendrs such as temperature
sensors). " |

The central controller 22 uses conventional con'trol.
techniques and the Apollo control signal )::;otocol available
from Apolloc Fire Detectors Ltd, 6' Solent Road, Havanf,
Hampshire P09 1JH. The comuﬁications bus 24 links the
central controller 22 to the controller 18 in a known
manner. The controllers 18 are based on a commercially .
available control chip set sold in the UK by Apollo.

| Methods of designing hardware and software to provide
a robust control system are well known and will not be
explained in detail in this application.

Referring now to Figure 2, a controller 18 has an
input/output module 50 which provides the interface between
the controller 18 and the éentral controller 22 via spurs
51 of the communications bus 24.

The heart of each controller .18 is a generic
microprocessor embedded controller 52. The only
significant difference between the controllers 18
appropriate to. different ventilators and smoke curtains is
the power drives required for different types of motors -

the controls and communication sub-systems remain
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‘universal. This approach to design is preferred as it

increases system flexibility and keeps manufacture to a

minimum. |
The main functions of the embedded controller 52 are:-

1. read command data from the central controller 22;

2. send status information back from a ventilator 12 or

smoke curtain apparatus 16 over the communication

subsystem; .

3. monitor data from a local smoke sensor 54, a local or

nearby heat sensor 54 and a local rain sensor 56 mounted on

the ventilator and/or in ventilator zones and act on the

sensed informatién as required;

4. prioritise incoming information;

5. monitor the battery 35 and solar panel 29 (if fitted)

to maintain safe operation;

6. send the necessary signals to the vent motor drives 37

via power drive interfaces 53 for day-to-day or emergency

operation;

7. monitor the status of the electric motors 37 and

associated drive electronics;

8. drive a visual diagnostics lamp which provides a

visual indication of the operational status of the

ventilator by flashing if the ventilator is fully

operational and providing steady light if it is not; and

9. maintain control over a current conservation function.
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The local heat sensor 56 and smoke sensor 54 provide

a safety backup to the main fire alarm central control;

" The heat sensor 56 and rain sensor 58, strategically

mounted within zones inside and outside the building are
used for general ground monitoring and automatic comfort
ventilation control.

Data from all the sensors 54 to 58 can be fused in
order to provide the 1local contrel system with
"intelligent” information, for example a combination of low
temperature, moisture and lack of current from the solar
cell could indicate the presence of snow. The necessary
action can then be taken.

The battery is “charged via a charge regulator 68
electrically connected to a mains supply 26 via one of the
spurs 28 and/or to a solar panel 29 via a spur 28’ under
the control of the generic controller 52.

The cﬁarge state of the battery is monitéred as
follows. |

The only two variables used in this exemplary
embodiment for ascertaining the state of the battery during
use are battery voltage and battery impedance.

An input to an A to D converter is used to monitor the
battery voltage, samples being taken continually and
grouped as to whether the battery is on charge, on load, or

idle. Approximate values of the battery impedance are
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meésured' by periodically (apptox every 10 seconds)

~connecting a resistor across the battery for 42ms. The

voltages meésﬁred, just before the connection and
subsequent disconnection of the resistor, are uéed to
estimate the battery impedance. Samples taken are used by
the generic controller 52 to set error flag§ if the battery
is faulty or in a state of low charge.

If eithei the low charge flag or battery faulty flag
is set, this information is communicated to the Apollo
interface as an error code. Additionally, the state of
these flags can be obtained by the controller 22 via the
bus 24 by requesting a status report. Should the flags be

set, a visual indication is given by flashing the visual

diagnostics lamp 62 (a red lamp). The lamp 62 is used to

communicate any error condition, not just battery faults:
the status report allows the user to determine precisely
what has happened.

The following charger fault flags are also defined:
low~input-charging-volts, tfansformer-fuse-blown, control-
wire-fuse-blown, current-has-tapered-back and mechanical
failure flags. The current-has-tapered-back flag is set if
the charging current has, in this example, falls below
0.4A. The battery-faulty flag and the transformer-fuse-
blown flag wili be set if these conditions occur, and can

only be cleared should the controller 18 be reset or a
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reset command is receivéd-from the central controller 22.

- The other flags are transient, being set if the condition

exists and cleared if the controller.la affected determines

~that the conditions no longer exist. The control-wire-

fuse-blown flag has no use in this embodiment but is

~included to allow ready software development for other

embodiments. In this embodiment this flag is always set to
0.

A software charge integration procedure is also
included. This procedure monitors digitised s#mples of
charging current Qin and motor current Qout, and uses these
values to keep track of the avai;able energy remaining in
the battery. Initialisation algorithms set the value in
charge accumulator computer store, both at initial power
up, and dﬁring the running of the controller 18, to prevent
the charge accumulator drifting out of bounds.

If the charge accumulator indicates that the remaining
available energy in the battery is below a specified first

threshold, the generic controller 18 is moved to its first

control mode to inhibit the opening of the ventilator

except on receipt of emergency commands, the battery-
discharged flag is set and the indicator lamp 62 is made to
flash.

The battery-discharge flag is set when the algorithms

of the generic controller 52 indicate that the remaining



10

15

20

25

-18-
charge in the battery can only support a given number, for.
exampié four, of further opening operations. Whilst this
flag is set, day~-to-day ventilation . operations are
inhibited. | |

The system of Figure 1 operates as follows:

The ventilators 4 to 14 and smoke curtain 16 are
operated to meet day-to-day requirements either by manual
input to the central controller 22 or automatically as
determined by the central controller 22 or controllers 18.
For example, a ventilator controller 18 can be arranged to
open its associated ventilator if either the wind speed or
air moisture level or rain is greater than some preset
level and there is no emergency. If, however, a battery
fault is detected or its stored energy level drops below a
predetefmined first threshold the associated controller 18
moves to its first control mode and controls the motor of
the associated ventilator to move it to one of its
operation states. In this embodiment a ventilator is moved
to the closed position, and the smoke curtain 16 of the
smcke screen 36 is retracted into the housing 30.

The affected controller 18 now will only move the
ventilator or smoke curtain to its emergency state, that is
fully open or fully loﬁered, respectively, in response to
emergency commands or if an emergency is detected.

In this embodiment, the controller 18 will also
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operate the component in this manner if fire or smoke is

. detected by one of the fire/heat sensors 20 or a local heat

or smoke sensor 54 or 56 or if a fuéible link blows.

The controller 18 will move out of the first control
mode to the second or other control mode once the battery
charge level is above the thre.shold level, any battery
fault has cleared, and no emergency is.detected.

If the battery discharges further to below a second
threshold level when only two ventilator opening "or smoke
curtain dropping operations are possible, for example, the
apparatus fails-safely by automatically moving the
§entilator and smoke curtain to the open and lowered,

emergency state, respectively.
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1. Safétylapparatus including a component héving at
least a first state and an emergency state and movable
between the states " by one or more actuators under the
control of a controller in which the actuators are powered
solely by an energy_storage.mean§ arranged to be recharged
at é rate which is émaller than the rate of discharge when_
powering the actuators and including energy level
monitoring means arranged to monitor the energy stored in
the energy storage means to determine if the energy stored
in the energy storage means has fallen below a
predetermined threshold at which there is sufficient energy
in the enerqgy stofage means to provide at least a
predetermined number of movements of the component between
the first state and the emergency state.

2. An apparatus as claimed in claim 1 including an
indication means coupled to the monitoring means arranged
to provide a visual indication if the energy stored in the
energy storage means has fallen below the predetermined
threshold.

3. An apparatus as claimed in either one of claims
1 and 2 in which the controller has a first control mode in
which the controller is able to respond to emergency
commands, only, to move the component from the first state

to the emergency state and a second control mode in which
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the controller is ahle to respond to non-emeréency commands
to move the component between the first state énd the
emérgency state;.the controller being arranged to switch to
the first control mode when the energy stored in the energy
storage means has fallen below the first threshold level.
4. An apparatus as claimed in claim 3 in which the

controller is arranged to move the component to a selected

one of the states of the component on moving to its first

- control mode.

5. An apparatus as claimed in claim 4 in which the
selected one of the states of the component is alterable.

6. An apparatus as claimed in claim 4 in which the
selected state is the emergency state of the component.

7. An apparatus is claimed in any preceding claim in
which the component is a ventilétor which is closed in the
first state and open in the emergency state.

8 An apparatus as claimed in any preceding claim in
which the energy storage device comprises a spring
mechanism coupled to an electric motor.

9. An apparatus as claimed in any one of claims 1 to
7 in which the energy storage device is a battery.

10. An apparatus as claimed in claim 9 in which the
battery is trickle charged.

11. An apparatus as claimed in claim 10 in which the

battery is trickle charged by way of one or more wires



g Thl'sllsﬁi"lltliiiilfﬂi"lﬂcﬂll o L "

10

15

20

T e—.,]

- -22-
conneCtable.td a mains power supply of a building.
| 12. .Ah apparatﬁs as claimed in claim 10 in which a
battery is trickle charged by a solar cell.

13. An apparatus as clalmed in claim 10 in whlch the
}.;Qattery is trickle charged by way of a 'direct current
trickle charge current carrigd on a twisted wire pair,
which twisted wire pair aiso carries command signals to the
associated controller from a central controller.

14. An apparatus as claimed in any one of claims 1 to
7 in which the energy storage device comprises a fluid
accumulator.

15. An apparatus as claimed in any pfeceding claim
and including local environmehtal sensors coupled to the
controller which is arranged to be able to operate on the
basis of locally derived environmental information from the
sensors if desired.

16. An apparatus as claimed in claim 15 in which the
sensors include one or more of a heat sensor, smoke sensor
and rain sensor.

17. An apparatus as claimed in any pteceding_claim in
which there are two or more components controlled by a
single controller.

18. An apparatus substantially as hereinbefore

described with reference to the accompanying drawings.



