wo 20117108971 A1 1IN0 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN0 AN A0 OO R OO 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
9 September 2011 (09.09.2011) PCT WO 2011/108971 Al
(51) International Patent Classification: (74) Agent: AROS PATENT AB; P.O. Box 1544, S-751 45
B65F 5/00 (2006.01) B65G 53/04 (2006.01) Uppsala (SE).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/SE2011/050110 kind of national protection available). AE, AG, AL, AM,
23) Tnt tional Filine Date: AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: - Feb 2011 (02.02.2011 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
ebruary 2011 (02.02.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
1000203-8 4 March 2010 (04.03.2010) SE SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): ENVAC . .
AB [SE/SE]; Fleminggatan 7, 3 TR, S-112 26 Stockholm 84) D.e51gnated. States (unle.ss othemzse indicated, for every
(SE). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Inventors/Applicants (for US only): ALFROST, Martin TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[SE/SE]; Kabelgatan 28, S-414 57 Géteborg (SE). JANS-
SON, Markus [SE/SE]; Héradsgatan 26A, S-431 42
Médlndal (SE).

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: WASTE EMPTYING CONTROL

G N
4 e
R !

<al |
A

S~ TOCSEL

-——-—= TO CSEL

16

(57) Abstract: In a method for controlling the emptying
cycle for a temporary storage space (5) at a deposit point
(2, 3) of a pneumatic material collection and transport sys-
tem where emptying of the storage space is performed by
opening a discharge valve (10) provided downstream
thereof, a storage space emptying state is detected during
discharge valve open condition, the output from at least
one storage space emptying state sensor (6, 7) is monitored
and logged, the sensor output is evaluated, a discharge
valve open time is computed based on monitored and eval-
uated sensor output and the discharge valve is closed when
monitored and evaluated sensor output has indicated a
storage space empty condition. An emptying cycle control
assembly for performing such a method includes at least
one storage space emptying state sensor (6, 7), means for
evaluating the output from the sensor/sensors and means
for computing a controlled valve open time based on mon-
itored and evaluated sensor output to effect closing of the
discharge valve when the monitored and evaluated sensor
output has indicated a storage space empty condition.
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TITLE: WASTE EMPTYING CONTROL

TECHNICAL FIELD
The present invention generally concerns systems for a pneumatic transport of material from a
material deposit point and to a material collection point and more specifically relates to the

emptying of temporary storage spaces of such systems through associated discharge valves.

BACKGROUND

Pneumatic systems, predominantly systems of the vacuum operated type, are presently used
for collecting and transporting various types of material, such as general household waste,
kitchen waste, laundry and other waste fractions. In contemporary material collection systems
of this kind having a space for the temporary storage of deposited material and having dis-
charge valves controlling emptying of the space, discharge valve operation is generally con-
trolled by using fixed predefined times to control valve open states. During continuous system
operation the initially defined and set discharge valve open times will sometimes become less
optimal and therefore must be tuned for maintaining efficient emptying and thereby optimized

system operation.

In fact, it has been seen that the present day use of predefined discharge valve open times will
always require some type of manual analysis and intervention and will never completely suit
the system to which it has been applied. This is partly due to occurring disturbances and vari-
ations in the system operating characteristics. Variations vary with time of day, material
types, season etc and too low set times may cause undesirable disturbance since required
valve repetitions and blockages when closing the valve are time consuming. Likewise, too

high set times will cause long operation hours and increased energy consumption.

SUMMARY
It is a general object of the present invention to provide improved emptying sequence con-

trol in a pneumatic material collection and transport system.

In particular it is an object of the invention to suggest an improved method of controlling the
emptying sequence of such a system to thereby improve the emptying efficiency, reduce

operation time and lower the energy consumption of the system.
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In particular it is another object of the invention to suggest an improved control assembly for

such a system to thereby improve the system emptying sequence efficiency and lower costs.

These and other objects are met by the invention as defined by the accompanying patent

claims.

The invention relates to pneumatic systems that are used for collecting and transporting de-
posited material. Specifically, it relates to such systems that use air flow to transport material
from storage spaces at material deposit points and where emptying of the storage spaces is
performed by opening a discharge valve downstream of the storage space. To achieve opti-
mized storage space material discharge cycles, a basic idea of the invention is to detect a
storage space emptying state when the discharge valve is open, to monitor, log and evaluate
output from at least one emptying state sensor, to control discharge valve open times based on
the sensor output and to close the discharge valve when the sensor output has indicated an
empty condition of the storage space. This enables optimization of the emptying cycle for

each storage space and thereby of the emptying sequence of the entire system.

In accordance with another aspect of the invention an improved emptying cycle control
assembly is suggested for temporary storage spaces of pneumatic material collection and
transport systems wherein air flow transports deposited material from the storage spaces
through downstream discharge valves. The assembly includes a control system with emptying
logic and valve actuator control means for controlling discharge valve opening and closing. A
basic idea of the invention is that the assembly further comprises at least one sensor for
detecting a storage space emptying state during discharge valve open condition, means for
evaluating the emptying state sensor output and means for computing a controlled valve open
time based on monitored and evaluated emptying state sensor output to effect closing of the
discharge valve when monitored and evaluated emptying state sensor output has indicated a
storage space empty condition. The inventive control assembly provides excellent conditions
for performing effective material discharge cycles for each storage space and thereby an

effective emptying sequence for an entire pneumatic material collection and transport system.

Preferred further developments of the basic inventive idea as well as embodiments thereof are

specified in the dependent subclaims.
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Advantages offered by the present invention, in addition to those described above, will be

readily appreciated when reading the detailed description of embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

5 The invention and further objects and advantages thereof will be best understood by refer-

ence to the following description taken together with the accompanying drawings, in which:

Fig. 1 is a schematical illustration of a pneumatic waste collection system of a stationary
type and including waste deposit point variants where the invention may be applied;
10
Fig.2  is a partial and schematical view of a first embodiment of a practical application of
the invention at a waste deposit point variant of the system in Fig. 1;
Fig.3 is a similar view of a second embodiment of a practical application of the invention
15 at another waste deposit point variant of the system in Fig. 1;
Fig. 4 is a similar view of a third embodiment of a practical application of the invention at
further waste deposit point variants of the system in Fig. 1;
20 Fig.5 is a schematical diagram of an emptying cycle control assembly of the invention;
Fig. 6 is a schematic flow diagram of an embodiment of an emptying cycle control method
according to the invention;
25 Fig.7 is a very schematical illustration of a mobile waste collection system where the
invention may likewise be applied; and
Fig. 8 is a partial and schematical view of another practical application of the invention at
yet another waste deposit point variant of a pneumatic waste collection system.
30
DETAILED DESCRIPTION

The invention will be explained with reference to exemplifying embodiments of the emptying

cycle control of the invention that are illustrated in the accompanying drawing figures 2-9.

These drawings refer to the use of the invention in conventional vacuum waste collection
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systems. It shall be emphasized, though, that the illustrations are for the purpose of describing
preferred embodiments of the invention and are not intended to limit the invention to details
thereof. The inventive idea may with only minor adaption be applied to most types of pneu-
matic collection and transport systems, such as systems intended for collecting general
household waste, kitchen waste and different waste fractions, as well as to pneumatic systems
for collecting and transporting e.g. laundry and other material. It is also emphasized that the
use throughout the specification and claims of the terms “waste deposit point”, “temporary
storage space” and “discharge valve” shall not limit the invention to any specific type of
system or system configuration. Therefore, the term “waste deposit point” shall include any
type of material infeed means, manual or automatic, the term “temporary storage space” shall
include any type of intermediate storage means in a material collection/transport system,

irrespective of size or shape, and the term “discharge valve” shall include any type of means

for opening and closing storage space outlet communication with a systems transport pipe.

Referring to the discussion in the introductory part of the specification, present day vacuum
operated waste handling normally involves that waste deposited in the system is temporarily
stored in a storage space situated fairly close to the deposit point. Great efforts have been
made and are continuously being made within this field with the aim of optimizing the system
emptying sequences. As a result of such efforts it has been known to monitor the fill levels of
temporary storage spaces through various types of sensors and to determine the order of
emptying the individual storage spaces or groups thereof based on one or several parameters.
Such parameters may vary from being only the fill level of the storage spaces to being a
complex combination of system layout, system specifications, and system capacity or
occupation. Efforts have also been made to facilitate and speed up the actual emptying cycle
of the storage spaces. This means that the present pneumatic waste handling is comparatively
advanced when it comes to the emptying sequences of the different related branches and
deposit points of the entire systems as well as to the secure emptying of the individual storage
spaces. However, it has now been realized that present system operation does not adequately
consider the dead time existing in each storage space emptying cycle. This dead time is the
time that the storage space discharge valve remains open after the space has been sufficiently
emptied and occurs since the emptying cycle of each storage space is conventionally based on
a calculated and fixed emptying time that is not automatically or continuously updated with
regard to changing system conditions. The use of such predetermined emptying times there-

fore tends to unnecessarily slow down the system emptying sequences.
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To overcome the above described disadvantages and problems with the operation of known
systems, the present invention now suggests a novel approach for optimizing the overall
system operation by monitoring and controlling the emptying cycle for the individual storage
spaces. According to the invention the actual emptying state of each individual storage space
is considered in determining the actual open time of the associated discharge valve. This will
enable time efficient operation of each discharge valve so that the next storage space
emptying cycle in the system emptying sequence may in turn be started as soon as the pre-
ceding storage space has been effectively emptied and not after a predetermined time. This
improvement will therefore clearly contribute not only to a time efficient system emptying
sequence but will also lower the costs both for vacuum source operation, by shortening the
total active time, and for system management since the discharge valve open times will no
longer have to be regularly tuned. In this connection it should also be clarified that the term
emptying state, as used herein, generally relates to the actual amount of collected material that

remains in the storage space during the emptying cycle.

As was mentioned above, Fig. 1 schematically illustrates one example of a conventional
vacuum waste collection system 1, namely of the stationary type where waste deposited at
waste deposit points is transported in a waste transport pipe system TP and to a closed tank or
container (not specifically illustrated) at a central waste collection terminal CT. In this system
1 a number of deposit point variants 2, 3; 102, 103; 202, 203; 302, 303 have been shown for
the purpose of exemplifying that the invention may be applied to most stationary system
variants. The deposit points may thus be of almost any conventional type, including insertion
chutes 3, 103 extending through multistory buildings B1, B2 and normally having waste inlet
openings 2; 102 on each story, or the free-standing or separate so called “litter bin” types of
inserts 203, 303 that are normally installed outdoors and likewise have at least one waste inlet
opening 202; 302 positioned at a convenient height for inserting waste therein standing on the
ground. The deposit points 3; 103; 203; 303 are each associated with a storage space 5; 105;
205; 305 communicating with the transport pipe system TP through a controlled discharge
valve 10; 110; 210; 310 provided downstream of the storage space.

The storage spaces 5; 105; 205; 305 serve the purpose of temporarily storing deposited waste
until the next emptying cycle. The storage spaces take various forms and may be formed
either by a lower part 5 of the actual multistory chute 3, or an expanded lower portion thereof,

a curved lower section of a multistory chute 105, a curved lower pipe portion 305 of a “litter
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bin” type insert 303, for connection to the transport pipe TP, or by a space 205 formed in an

actual “litter bin” type of insert 203.

Figs. 2-4 illustrate in greater detail first to forth embodiments of the application of the in-
ventive solution to waste deposit points 2, 3; 102, 103; 202, 203; 302, 303 of the system 1 of
Fig. 1. Specifically, Fig. 2 relates to the multistory waste chute 3 in the building B1 and to the
inventive suggestion of providing at least one sensor 6, 7 for detecting waste remaining in the
storage space. In this case two, first and second, or upper and lower, sensors 6, 7 are provided
at spaced positions by the lower section of the chute 3 that forms the temporary storage space
5. Downstream of such a storage space 5 is provided a discharge valve 10 with its actuator 14.
Emptying of the storage space 5 is thus controlled by the discharge valve 10 that in its open

condition communicates emptied waste to the transport pipe TP through a connecting pipe 16.

The emptying state sensors 6, 7 are provided for detecting the actual emptying state of each
storage space 5 during discharge valve 10 open conditions OC (Fig. 6). Although the sensors
6, 7 of the invention may be very similar in design to the above described fill state sensors
used in the prior art, they are used in a completely unique manner. According to the invention
they are not used to determine when emptying shall be initiated, as in the prior art, but quite to
the contrary to detect when an associated storage space has been adequately emptied, so that
the discharge valve may be closed again and the emptying cycle for the next storage space in
the system emptying sequence may be initiated as early as possible. As was mentioned above,
two sensors 6, 7 are illustrated for this Fig. 2 embodiment, but it shall be emphasized that the
invention is not restricted to the use of any specific number of sensors. The actual number of
sensors may vary depending upon several conditions, such as type of sensor, type of chute,
material fraction etc. Under favourable conditions only one sensor of an appropriate type may
be required and in extreme situations even more than two sensors may be used. The actual
type of sensor used may likewise depend on e.g. the prevailing conditions and may include
digital and/or analogue level sensors, mechanical and/or ultrasonic and/or infrared type
sensors. It is indicated in Fig. 2 that the output from the sensors 6, 7 is communicated to a
control system emptying logic CSEL that will be described more closely below in connection

with Fig. 5 and that controls the operation of the actuator 14 for the discharge valve 10.

Fig. 3 relates to the two deposit point types of Fig. 1 that are in the form of the multistory
waste chute 103 and associated inlet openings 102 in the building B2, and in the form of the
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“litter bin” type of insert 303 and associated inlet opening 302, respectively. Common to said
deposit point variants is that in each case the storage space 105; 305 is formed in a chute/pipe
bend 105A; 305A that is connected at one end to the lower end of the chute 103 and insert
303, respectively and that at the opposite end is connected to a connecting pipe 116; 316 that
communicates emptied waste to the transport pipe TP. The discharge valve 110; 310 with its
actuator 114; 314 is likewise provided downstream of the storage space 105; 305 and specifi-
cally in a generally horizontal part of the connecting pipe 116; 316. The illustrated first and
second, or upper and lower, sensors 106; 306 and 107; 307, respectively, are here provided at
spaced locations by the chute/pipe bend 105A; 305A that forms the temporary storage space
105; 305. Specifically, in the illustrated embodiment a first sensor 106; 306 is positioned
either directly at a level with the lower end of the chute 103 or at an upper portion of the
insert 303 and a second sensor 107; 307 is in both cases positioned slightly past the
longitudinal midpoint of the bend 105A; 305A. However, these positions are only exempli-
fying and the actual positions may vary depending on e.g. the above mentioned conditions
determining also the number of sensors used. All of the other considerations regarding the
sensors that were mentioned above in relation to Fig. 2 are valid also for these deposit point

variants.

In Fig. 4 is illustrated a further variant of a deposit point according to Fig. 1 and formed by
another type of “litter bin” type insert 203 with inlet opening 202. In this case the storage
space 205 is formed by the actual “litter bin” and downstream communicates directly with a
transport pipe TP connection pipe 216 through a discharge valve 210 with its actuator 214.
The first and second, or upper and lower, sensors 206, 207 are like before provided at spaced
locations, with the first sensor 206 again preferably provided at an upper portion of the insert
203 and with the lower sensor 207 positioned slightly above or upstream of the discharge
valve 210. Like before, all other considerations regarding the sensors that have been discussed

above are valid also for this deposit point variant.

The control assembly and the associated method of controlling a storage space emptying cycle
will now be described with specific reference to Figs. 5 and 6. In particular, Fig. 5 illustrates
an exemplifying control assembly for controlling the emptying cycle of a temporary storage
space of a pneumatic material collection and transport system 1 where air flow transports
material from the storage space and through a controllable discharge valve provided down-

stream of the actual storage space. The associated emptying cycle control method is illustrated
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in the flow diagram of Fig. 6 and to the applicable extent, said assembly and method will also
be described with specific reference to the deposit point 2, 3 of Fig. 2, but it shall be clear that

this description applies equally to all deposit point variants.

The control assembly basically includes the above mentioned single or multiple emptying
state sensors 6, 7, a control system emptying logic CSEL and a valve actuator control means
19 for controlling discharge valve 10 opening and closing through its actuator 14. The sensor
or sensors 6, 7 are provided in association with the storage space 5 for detecting, continuously
or at least at very short intervals, an emptying state of the storage space 5 during a discharge
valve open condition OC. Said valve open condition OC is reached by actuating the discharge
valve actuator 14 when storage space emptying start conditions are met, e.g. in response to an

output from an indicated fill state control 8, such as a conventional level sensor.

The output from the emptying state sensor/sensors 6, 7 is input to means 17 for logging and
evaluating the emptying state sensor output signals SS1, SS2. The evaluation may preferably
be related to e.g. a set empty state time EST during which the sensor/sensors shall not have
registered any waste item existing in the storage space in order for a storage space empty con-
dition EC to be indicated. This logged or monitored and evaluated output from said emptying
state sensor/sensors is then input to means 18 for computing a controlled discharge valve open
time COT, to effect closing of the discharge valve 10 by means of the discharge valve
actuator control means 19 when the monitored and evaluated output from the sensor/sensors
6, 7 has indicated the empty condition EC of the storage space and when further timing and

emptying criteria have been met.

Said further emptying criteria are set in a very schematically shown timer and/or counter or
other input means 20. One example of such further emptying criteria is discharge valve timing
conditions TC that may include a minimum discharge valve open time OTwm overriding the
computed open time COT in dependence of the type of waste deposit point 2, 3 and/or of the
type of controlled discharge valve 10 and/or of the type of sensor/sensors 6, 7 employed
and/or of the type of material being collected. Another example may be the setting of a
maximum discharge valve open time OTyax to exclude blocking the entire system emptying
sequence in the event that a correct empty condition EC signal is not received. Other
examples of such further criteria may be the addition of extra storage space clearing time ECT

that may include extra discharge valve open time ECT1 for securing appropriate clearing of
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the storage space and calculated based on waste fraction and/or storage space diameter, to
compensate for waste friction against walls of the storage space; or extra discharge valve open
time ECT2 to compensate for accelerating and transporting material through a substantially
horizontal section of a pipe bend storage space 105, 305 in the deposit point variants 103, 303
of Fig, 3.

Fig. 6 is a flow chart summarizing exemplary methods according to the invention, of controlling
emptying cycles for temporary storage spaces. Such control methods will be initiated after
storage space emptying start conditions have been met. Said emptying start conditions may be
related to a predetermined system emptying sequence control in combination with the output from
a fill state sensor. In a first step S1, after the emptying start conditions have been met, empty-
ing of a storage space is initiated by opening the associated discharge valve and by applying
vacuum to the storage space. In step S2 the emptying state of the storage space is detected and
monitored by means of a logged signal SS1, SS2 from the single or multiple emptying state
sensor or sensors. This sensor signal monitoring is performed during the entire time that the
discharge valve is in its open condition OC. In fact, this monitoring may be activated prior to

step 1 and is preferably performed continuously during said valve open condition OC.

In step S3 the detected sensor output SS1, SS2 is evaluated in the relevant means 17 and a
discharge valve open time COT is computed and controlled by the relevant means 18, based
on monitored and evaluated output from the emptying state sensor/sensors. As long as sensor
input monitoring indicates that an empty state condition EC has not been met, the monitoring
is continued in step S4. In the basic embodiment, the discharge valve is then closed in step S5
to terminate the emptying cycle when the monitored, evaluated and computed emptying state

sensor signals SS1, SS2 indicate that the storage space empty condition EC has been met.

The computed valve open time COT may in specific cases be overridden in a further step S6,
by the setting of the above mentioned extra storage space clearing time ECT that may include
the extra discharge valve open time ECT1 for securing appropriate clearing of a temporary
waste storage space of the type disclosed in e.g. Figs 2, and 4 where deposited material is
stored on a gravity plate type of discharge valve. As was mentioned above this extra discharge
valve open time ECT1 may be calculated based on e.g. type of waste fraction and/or storage
space diameter. The extra storage space clearing time ECT may alternatively include the extra

discharge valve open time ECT2 compensating for accelerating and transporting material
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through a horizontal storage space section of a temporary waste storage space of the type dis-
closed in Fig 3. In further modifications of the control method discharge valve timing con-
ditions TC, such as the above mentioned discharge valve minimum open time OTyyy and/or
maximum open time OTyax overriding the computed open time COT, may alternatively or

additionally be set in a further step S7.

In the inventive control method the storage space emptying state may be detected and moni-
tored during discharge valve open condition OC by means of digital and/or analogue level
sensors, and/or by means of mechanical and/or ultrasonic and/or infrared type sensors as first
emptying state sensors and/or as second or further emptying state sensors. However any

appropriate type of present or future sensor may be used within the scope of the invention.

In Fig. 7 is disclosed an application of the inventive principles to a deposit point variant that
includes a temporary waste storage space in the form of a waste storage tank 405 having an inlet
chute 403 with associated inlet opening 402 and an optional bottom screw 409. Although this
storage tank 405 is illustrated being part of a mobile type of vacuum operated waste collection
system 401, it is indicated in the drawing that it may also be associated with the above
discussed type of stationary type vacuum operated waste collection system having a central
collection station CT. In the former case waste is temporarily stored in tank 405 and is
intermittently discharged from the tank by being transported by partial vacuum in a transport pipe
TP, from a tank discharge area 405A, through a discharge valve 410 and to a vacuum truck VT. A
first or rear emptying state sensor 406 is provided in the upper tank area close to the inlet chute
403 and a second or front emptying state sensor 407 is provided in the upper tank area, close to
the tank discharge area 405A. The above described inventive emptying cycle control applies
generally also to this embodiment, but may here preferably be incorporated in e.g. a tank
operation control system as disclosed in our earlier Swedish Patent No.529358Cl1. In a further
modification the bottom screw 409 is operated for providing a volume optimization in the
tank, as described in our International PCT Application No. W02009038531A1. In such a
case the described control methods, and especially the indication of the storage space empty
condition EC, may preferably be related also to an input of a signal representing a number of

forwardly directed bottom screw volume optimization operations.

Finally, Fig. 8 exemplifies a further deposit point variant to which the invention may be

applied. Here, waste material is deposited in a carousel type of inlet 503 comprising a storage
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space 505 consisting of separate compartments (not illustrated) that may be rotated to position
an inlet opening (not shown) in line with a designated compartment for depositing waste
therein. When the compartments are ready for emptying they are rotated for alignment with a
discharge valve 510 and an emptying state sensor 506. Emptying of each compartment is then

carried out and controlled in accordance with the general control cycle described above.

In alternative, but not specifically illustrated embodiments of the invention variations of the
different illustrated features may be employed without departing from the general scope of the
invention. One example thereof is the actual positioning of the emptying state sensor/sensors of
the invention. Depending upon the type of temporary storage space in question, its shape, size
and the deposit point associated therewith, the sensor/sensors may be optionally positioned for
detecting the storage space emptying state. Thus, sensors may e.g. be positioned inside, outside,

above or below the storage space.

The invention has been described in connection with what is presently considered to be the most
practical and preferred embodiments, but it is to be understood that the invention is not limited to
the disclosed embodiments. The invention is therefore intended to cover various modifications

and equivalent arrangements included within the spirit and scope of the appended claims.
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PATENT CLAIMS

1. A method of controlling the emptying cycle for a temporary storage space (5; 105; 205;
305; 405; 505) in association with a deposit point (2, 3; 102, 103; 202, 203; 302, 303; 402,
403; 503) of a pneumatic material collection and transport system (1; 401) using air flow to
transport collected material from said storage space, whereby emptying is performed by
opening a discharge valve (10; 110; 210; 310; 410; 510) provided downstream of the actual
storage space, characterized by:

- detecting a storage space emptying state during discharge valve open condition (OC); by

- monitoring and logging the output (SS1, SS2) from at least one storage space emptying

state sensor (6, 7; 106, 107, 206, 207; 306, 307; 406, 407; 506);
- evaluating the output (SS1, SS2) from the at least one emptying state sensor; and
- closing the discharge valve when the monitored and evaluated output from said empty-

ing state sensot/sensors has indicated a storage space empty condition (EC).

2. A method according to claim 1, characterized by computing a controlled discharge
valve open time (COT) based on the monitored and evaluated output from the emptying state

sensor/sensors and additional predetermined discharge valve timing conditions (TC).

3. A method according to claim 2, characterized by setting a discharge valve (10; 110;
210; 310; 410; 510) minimum open time (OTy) overriding the computed open time (COT)
and being selected in dependence of the type of material deposit point (2, 3; 102, 103; 202,
203; 302, 303; 402, 403; 503 ) and/or of the controlled discharge valve and/or of the type of
sensor/sensors (6, 7; 106, 107; 206, 207; 306, 307; 406, 407; 506) employed and/or of the

type of material being collected.

4, A method according to claim 2 or 3, characterized by setting a discharge valve (10; 110;
210; 310; 410; 510) maximum open time (OTyax) overriding the computed open time (COT)

in the event that a correct empty condition (EC) signal is not received.

5. A method according to any of claims 1-4, characterized by detecting the storage space
emptying state during discharge valve open condition (OC) by means of digital and/or ana-
logue level sensors (6, 7; 106, 107; 206, 207; 306, 307; 406, 407; 506) and/or by means of
mechanical and/or ultrasonic and/or infrared type sensors (6, 7; 106, 107; 206, 207; 306, 307,
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406, 407; 506) as first emptying state sensors (6; 106; 206; 306; 406; 506) and/or as further
emptying state sensors (7; 107; 207; 307; 407).

6. A method according to any of claims 1-5 for controlling the emptying cycle for a tempo-
rary waste storage space (5; 205; 505) where deposited material is stored on a gravity plate
type of discharge valve (10; 210; 510), characterized by adding extra discharge valve open
time (ECT1) calculated based on waste fraction and/or storage space diameter, to compensate

for waste friction against walls of the storage space.

7. A method according to any of claims 1-5 for controlling the emptying cycle for a
temporary storage space (105; 305) of a type where deposited material is stored in a pipe bend
(105A; 305A) and the discharge valve (110; 310) is located in a substantially horizontal pipe
section (116; 316), characterized by adding additional discharge valve open time (ECT2) to
compensate for accelerating and transporting material through said substantially horizontal

storage space section.

8. A emptying cycle control assembly for a temporary storage space (5; 105; 205; 305; 405;
505) in association with a deposit point (2, 3; 102, 103; 202, 203; 302, 303; 402, 403, 503) of
a pneumatic material collection and transport system (1; 401) wherein air flow transports
deposited material from said storage space, through a discharge valve (10; 110; 210; 310; 410;
510) being provided downstream of the actual storage space, said control assembly including
a control system having an emptying logic (CSEL) and a valve actuator control means (19)
for controlling discharge valve opening and closing, characterized by:

at least one sensor (6, 7; 106, 107; 206, 207; 306, 307, 406, 407, 506) for detecting a

storage space emptying state during discharge valve open condition (OC);
- means (17) for evaluating the output (SS1-SS2) from emptying state sensor/sensors; and
- means (18) for computing a controlled valve open time (COT) based on monitored and
evaluated output from said at least one emptying state sensor to effect closing of the dis-
charge valve when the monitored and evaluated output from the emptying state sensor

or sensors has indicated an empty condition (EC) of the storage space.

9. An assembly according to claim 8, characterized by means (20) for setting a discharge
valve (10; 110; 210; 310; 410; 510) minimum open time (OTy) overriding the computed
open time (COT) in dependence of the type of waste deposit point (2, 3; 102, 103; 202, 203;
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302, 303; 402, 403; 503) and/or of the controlled discharge valve and/or of the type of
sensor/sensors (6, 7; 106, 107; 206, 207; 306, 307; 406, 407; 506) employed and/or of the

type of material being collected.

5 10. An assembly according to claim 8 or 9, characterized in that the sensor/sensors (6, 7;
106, 107; 206, 207; 306, 307; 406, 407; 506) for detecting a storage space emptying state
comprise a first emptying state sensor (6; 106; 206; 306; 406; 506) and in the relevant case
further emptying state sensors (7; 107; 207; 307; 407) and that the sensor/sensors are digital
and/or analogue level sensors (6; 106; 206; 306; 406; 506) and/or mechanical and/or ultra-

10 sonic and/or infrared type sensors.
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