METHOD OF CARRYI NG RATS AND APPARATUS FOR TRAPPI NG RATS DESCRI PTI ON The
present invention relates to a method for carrying rats to a processing

proposed a technique to carry a rat by carrier in a duct on air
nmove the trapped rat to a given positiort on air flow as disclosed i

sife onfair flow and.an appar:atus for trappi ng the rats. The appl %
n

Pat ent No.
t echni que,

rat is trapped and an aANDARPA

4. 566, 218 and In this

I s needed and inferior supply of the carriers is Ilabfeito occur. It is

therefore an abject of the invention to soktve the problemof the prior art
and to provide a nethod of carrying rats_and an apparatus for trapping the
rats capable of repeatedly utilizi arrier for trapping rats.

The present invention relates to a method for carrying rats to a

processing site on air flow and an apparatus for trapping the rats.

The applicant proposed a technique to carry a rat by a carrier ina

duct on air flow and move the trapped_ rat to a given position on air flow as
disclosed in US Patent No. 4, 566, 218 and European Patent No. 0 159 634.
In this technique, there are problems in that the carrier is consumed
every time a rat is trapped and an accommodating space for
accommodating many carriers is needed and inferior supply of the

carriers is liable to occur.

Itis theréfere an abject of the invention to solve the i)roblem of the
prior art and to provide a method of carrying rats and an apparatus for
trapping the rats capable of repeatedly utilizing a single carrier--for'
trapping rats.

To achieve the above object, in the course of moving a carrier on air
flow to theréby ﬁush a rat to a p_roce_ssing site when the rat in a duct is
carried to the processmg 31te, a rat alone is. moved inside the processing
site. Thereafter, air flow is generated to move the carrier backward while
the carrier is held in the duct so as to be moved backward, so that the
carrier is returned to an original position to prepare for a next trapping
operatien. Since the carrier can be repeatedly used, it is possible to

dispense with many carriers and cases for accommodating the carriers

Jg many carriers

N



To achi eve the above object, in the course of noving a carrier on air flow
to thereby push a rat to a processing site when the rat in a duct is
carfried®to the processing site, a rat alone is noved inside the processing
. site. Thereafter, air flowis generated to nove the carrier backward while
. the carrier is held in the duct so as to e noved backward, so that the

ocarrier is riplewsREAnd aléd Pobsiblé o NPfivien®tHeO cRMEEAS Frmm! béine hfdriclpi ng
operation. Since the carrier can be repeatedly used, it is possible to

di spense w tsupplied e byene. and cases for accommodating the carriers 2
therein and al so possible to prevent the carriers frombeing inferiorly
supplied one by one. Fig. 1 is a front view of an apparatus for trapping
rats according to_ _the present invention; . .

Fig. 1 is a front view of an apparatus for trapping rats according to

the present invention;

Fig. 2 is a cross-sectional view of an accommodating portion;

Fig. 3 is an enlarged cross sectional view of a separation portion;

Fig. 4 is a plot diagram showing a control system; and

Fig. 5 is a flow chart showing an operation program.

Fig. 1 shows an entire arrangement of a rat trapping apparatus 1.
The rat trapping apparatus 1 is provided with a duct 4 for guiding and
carrying a trapped rat 2 and a spherical carrier 3. An entry opening 5 is
formed in the middle portion of the duct 4. A door 6 is positioned at the
entry openihg 5 and is closable by an operation unit 7. One or more heat
sensitive entry sensors 8 are provided at the portion close to the entry
opening 5 for detecting the rat 2 which entered the duct 4. The carrier 3 is
formed of a light and soft material and is spherical and it has a diaméter
which is slightly smaller than an inner diameter of the duct 4.

There is provided an aécommodation portion 9 at one end of the duct
4 for holding the carrier 3 and it is connected to a suction port of a blower
10 for retﬁrning the carrier 3. The accommodation portion 9 comprises a
T-shaped branch tube provided vertically as shown in Fig. 2 and it has an
air valve 11 at one side of thereof. The air valve 11 is closable by an
operation unit 12 . A dish-shaped metal mesh 13 for holding the carrier 3
is provided inside the accoﬁlmodation portion 9. A limit switch 14 is
attached to the duct 4 at the portion close to an inlet of the accommodation

'portion 9.



Fig. 2 is a cross-sectional view of an accommbdating portion; Fig. 3 is an
enl arged cross sectional view of a separation portion; Fig. 4 is a plot
di &gramrshowi ng a control system and Fig. 5is a flow chart show ng an
operation program Fig. 1 shows an entire arrangenment of a rat trapping
apparatus 1. The rat trapping apparatus 3 is provided with a duct 4 for

guiding and carr i §iparatiodlpadiorls #s ?Mﬁeé%&&ﬂe%heﬁ%hﬁi Sfthe dwet £16¢F Y
opening 5 is formed'in the mddle portion of the duct 4. A door 6 is

posi tioned germittignthy raperiloge %o pass thethsaiydie Theaepapstion ipontioni x5 7.
One or nore heat sensitive entry sensors 8 are provided at the portion

cl ose to t heomprisesopehishapedf bramtdt éabe a3 shewnain FighBcéménisevediddlly duct
4. The carrier 3 is fornmed of a light and soft material and is spherical
and it has previdedtfer agtinglgrayity! uppn the cata® ivéhen therah2iisgarriedadn gir of
the duct 4. There is provi,ge‘g an accommodati on portion 9 at one end of the
duct 4 for Nalvg A§ tigcProvideqatonggide of $heospprarabion; Bortienck grdplfris of a

bl ower 10 foy r rning the carri, 3. The accommodati on portion 9
conpri ses acfosag{e%y,angoperatlon umg [17. P :

There are provided inside the separation portion 15 a throttle
portion 18 having an effective diameter which is sméller than the carrier
3 for permitting the rat 2 alone to pass therethrough and a small diameter
portion 19 which does not continue from the throttle portion 18. A
photosensor type rat trap sensor 20 is attached to the inside of the
separation portion 15 at the lower portion thereof. An effective opening
area of the throttle portion 18 is set to be substantially the same as that of
the entry opening 5. An area of an air inlet portion defined between the -
throttle portion 18 and the small diameter portion 19 is set to be
substantially the same aé that of the air valve 16.

A processing unit 21 is connected to the separation portion 15 at the
lower portion thereof and at the position where the rat 2 pasées
therethrough. The processing unit 21 contains therein an inner box 22
and a gas injection/refrigerator unit 23, described latér. The inner box 22
accommodates therein the trapped rat 2 and it can be taken out from the
processing unit 21. The gas injection/refrigerator unit 23 is a combination
of a suffocating gas injection unit for suffocating the trapped rat 2 or a
refrigerator in which antifreeze solution is contained for freezing and
killing the rat 2. It is a matter of course that the suffocating gas injection
unit and the refrigerator as set forth above may be used instead of the gas

injection/refrigerator unit 23.



T-shaped branch tube provided vertically as showmn in Fig. 2 and it has an
air valve 11 at one side of thereof. The air valve 11 is closable by an
opératidn unit 12. A dish-shaped netal nesh 13 for holding the carrier 3 is
provi ded inside the accommobdation portion 9. Alimt switch 14 is attached
to the duct 4 at the portion close to an4nlet of the accommbdati on portion

9. 3 A separ atﬂooggltqgéétbfﬁrléo%sinpﬂ?é/ isgggxéa;’t{i]oﬁ Hortloels 98¢ akriing et 4

for permtting the al one to pass ther rough. The separation portion

15 conpri segagriér B)aRefely, 30 @cd i 8irelHoR, hsuttidn Porst 4 Sblowdr Zakd v
provi ded for acting gravity upon the rat 2 when the rat 2 is carried. An

air val ve lGttsched\todtie dbwenepertien off the sepazationopopiohi bh di5 tantheét is
cl osabl e by an operation unit 17.
processing unit 21 at the state where the processing unit 21 is closed. A
limit switch 25 is attached to the duct 4 at the inlet portion of the
separation portion 15. _

A control unit 26 is illustrated in Fig. 4. The control unit 26 is
connected to the entry sensor 8, the limit switches 14, 25, the tfap sensor
20 at its input side and it is also connected to the operation units 7, 12 and
17, the blowers 10 and 24, and the gas injection/refrigeration unit 23 at its

-output side. The control unit 26 executes a series of operation programs
in response to an input signal, thereby operates the trap processing.

A series of operation programs are illustratgd in Fig. 5.

When the rat 2 entered the duct 4 through the entry opening 5 when
the door 6 is opened, the entry sensors 8 &etect the presence of the rat 2
and issues a signal. In response to the signal from the entry sensors 8,
the control unit 26 first drives the operation unit 7 to close the door 6,
secondly drives the operation unit 12 to open the air valve 11 and thirdly
rotates the motor of the blower 24 so that the blower 24 starts the suction
operation.. As a result,. air-ﬂow in the carrying direction is generated
inside the duct 4 so that the carrier 3 moves from the accommodation
portion 9 to the separation portion 15 for pushing the rat 2 inside the duct 4
and moving the rat 2 toward the separation portion 15.

When the rat 2 and the carrier 3 passed by the limit switch 25,. the
control unit 26 drives -the operation unit 17 of the separation portion 15 so
that the air valve 16 is opened to introduce a fresh air from the outside
thereinto. As a result, the air flow in the separation portion 15 at the

upper side is weakened and the air flow at the lower side is relatively



There are provided inside the separation portion 15 a throttle portion 18
having an effective dianmeter which is smaller than the carrier 3 for
perfittihg the rat 2 alone to pass therethrough and a snall dianeter
portion 19 which does not continue fromthe throttle portion 18. A

- photosensor type rat trap sensor 20 is agt ached to the inside of the
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the positiogiMARweat RBe NaWwe? shisS 6£thd Repatdtict PortidheLRN’ Aroe tithd WHer?l
contains therein an inner box 22 and a gas injéection/refrigerator unit 23,

descri bed | ghemrat Thpassed thivugh? thadasidenstitles skparation tpoetiohaphethe air 2
and it can be taken out fromthe processing unit 21. The gas
i nj ecti on/ r valvegdbaspensufiill t@3ntwdace diblei frashaair into the duct 4 so that the
| suction force of the air is reduced inside the duct 4. As a result, the
carrier 3 can not pass through the throttle portidn 18 but it is lightly held
and stopped by the throttle portion 18. ‘

The trap sensor 20 detects the dropping state of the rat 2 and it
confirms that the rat 2 is trapped. Thereafter, the gas
injection/refrigerator 23 is operated to thereby suffocate or refrigerate and
kill the rat 2 inside the inner box 22.

After the trapping of the rat is conﬁrmed, the control unit 26 stops
the suction operation by the blower 24 and closes the air valve 11 and
thereafter it operates the blower 10 so that the blower 10 starts the suction
operation for génerating another air flow to return the carrier 3 in its
original position. As a result, the carrier 3 held by the throttle portion 18
is moved inside the duct 4 by another air flow which is opposite to the air
flow generated by the blower 24 in its flowing direction and it is returned
to its original position and accommodated inside the metal nﬁesh 13 of the
accommodation portion 9.

When the carrier 3 passes by the limit switch 14, the limit switch 14
detects the passage of the carrier 3 and issues a detection signal. In
response to this detection signal, the control unit 26 stops the suction
operation by the blower 10 and opens the door 6 upon confirmation of the

returning of the carrier 3 to its original position so as to prepare for a next



of a suffocating gas injection unit for suffocating the trapped rat 2 or a
refrigerator in which antifreeze solution is contained for freezing and

kilting the rat 2. It is a matter of course that the suffocating gas
injection unit and the refrigerator as set forth above nmay be used i nstead
~of the gas injection/refrigerator unit 23 4 To generate air flowin the

- separation peigpiag dferatiorc andyihweafier deicontletos Aawsries of pparationyibyy
direction, a suction port of. a blower 24 is attached to the | ower portion
of the sepac]asmglthmain valvéSl6or to the processing unit 21 at the state
where the processing unit 21 is closed. Alimt switch 25 is attached to
the duct 4 at thActondingdortheoprasent haventiem.asinoe thernatch alcme pntenst thel
unit 26 is jlluystrated in Fig. 4. The control unit 26 is
inside of the trapping apparatus 21 at the separation portion 15 after the
carrier 3 moved the rat 2 and the carrier 3 is returned to an original
position, the carrier 3 can be recycled, namely, it can be used repeatedly.
As a result, there are following effects. Firstly, many carriers are not
needed and cases for accommodating many carriers are not needed.
Further, the rat trapping apparatus can be incorporated in a small space.
Still furthermore, the rat trapping apparatus can be maintained with low

cost since expendable supplies are reduced.



connected to the entry sensor 8, the limt switches 14, 25, the trap sensor
20 at its input side and it is also connected to the operation units 7, 12
and 17, ‘the blowers 10 and 24, and the gas injection/refrigeration unit 23
at its output side. The control unit 26 executes a series of operation
prograns in response to an input signal ,7thereby operates the trap

pr ocessi ng. | 85 eration prograns are illustrated in Fig. 5. Wen
the rat 2 evgiﬁgrigé c?%gﬂ%?? 4 through the entry opening 5 when the door 6 is

opened, the entry sgN$RtBod deéATidd'@atyd $ACHR apfarafls 'Ol Hapding SBites a
signal. In response to the signal fromthe entry sensors 8, the control

unit 26 fircompFisgs at dacbe),odispherival caririerc(3)swhitle idosliglitly sematidicy
drives the operation unit 12 to open the air valve 11 and thirdly rotates
t he not or dharhanbimner d2dmetder lofitthiehdutt ¢4k rwhérainaairs in hesdort dd) is
operation. As a result, air flowin the carrying direction is generated

i nsi de t he steked4tos thereby gemensderd &irs amn flow findihet ducfaéfl:bmmgazhmin
portion 9 to the separation portion 15 for pushing the rat 2 inside the
duct 4 and saddi Rrst pir flow znpﬁevarthetms@péﬁhmoﬁhepdmtdm ig a carrying

direction so that a rat is pushed by the carrier (3) to a position close to a
_processing site, said method comprising the steps of:

introducing a fresh air from an outside of the duct (4) at a throttle
portion 18 close to the processing site; |

weakening the first air flow at the portion downstream relative to
the processing site to thereby permit the rat (2) alone to pass through the
throttle portion (18); |

generating a second air flow in the duct (4) which is opposite to the
first air flow in its flowing direction after the carrier (3) is held by the
throttle portion (18) at the portion upstream relative to the throttle portion -
18; and

returning the carrier (8) held by the throttle portion (18) to an
original position through the duct (4).

2. In an apparatus for trapping rats comprising a duct (4), a
spherical carrier (3) which is slightly smaller than an inner diameter of
the duct (4), wherein said duct (4) guides a rat and the spherical carrier,
wherein air in the duct (4) is sucked to thereby generate a first air flow in
the duct (4), and wherein said first air flow moves the carrier (3) in the
duct (4) in a carrying direction so that a rat is pushed and moved by the
carrier (3) to a position close to a processing site and the rat is killed at the

processing site, said apparatus further comprising:

ARRE ) DR



When the rat 2 and the carrier 3 passed by the linmt switch 25, the control
unit 26 drives -the operation unit 17 of the separation portion 15 so that
the*air valve 16 is opened to introduce a fresh air fromthe outside
thereinto. As a result, the air flowin the separation portion 15 at the
upper side is weakened and the air flow(gfﬁethe | ower side is relatively

Sppeakened, ConsE MERIAY posiRuollar i nl e rbistioh AERRSOW (O 16T obBSing
drops insi ngthégﬁr%\r%ggﬁj%gs)Zz of the processing unit 21 due to the strong

air flow at r's bf_the separation portion 15. At the tine when
- the rat 2 passedehtpyosuiitotd €8) for ditelinkHire86RE 8f RS rﬁf?gﬁ) ®hidlP entéredai

val ve 16 opens full "to introduce the fresh air into the duct 4 so that the
suction forfige dhct (O thirbugl the duesdopdisngqsh;he duct 4. As a result, the

an accommodation portion (9) for holding the cérrier (3) wherein
said accommodation portion (9) is provided at one end of the duct (4) and
has an air valve (11);

a blower (10) connected to the accommodation Iportion @ fbr
generating a second air flow which is opposite to the first air flow in its
flowing direction for returning the carrier (3) to its original position;

a separation portion 15 provided at the other end of the duct (4) for
separating the rat (2) from the carrier (3), said separatiori portion (15)
having an air valve (16) and a throttle portion (18) for permitting the rat
(2) alone to pass therethrough and restraining the carrier (3) from
passing therethrough; _ |

a processing unit (21) connected to the portion where the rat (2)
passes therethrough; _

anothér blower (24) connected to the separation portion (15) for
generating said ﬁr_st air flow in the separation portion (15) in the carrying
direction; and . |

a control unit (26) for permitting said another blower to generate the
second air flow in the duct (4) in response to an entry signal issued by said
entry sensors 8, opening said air valve (11) at the accommodation portion

| (9) so that the carrier (3) pushes and moves the rat (2) inside the duct (4)
toward the processing unit (21), opening the air valve (12) at the
separation portion (15) to restrain the carrier (3) from passing through the
throttle portion when the rat (2) passed through the throttle {'i'Sdrtion (18),
operating thé blower (10) upon confirmation the arrival of the rat (2) at the

I
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carrier 3 can not pass through the throttle portion 18 but it is lightly
hel d and stopped by the throttle portion 18. The trap sensor 20 detects the
dropping state of the rat 2 and it confirns that the rat 2 is trapped.
Thereafter, the gas injection/refrigerator 23 is operated to thereby
suffocate or refrigerate and kill the ray 2 inside the inner box 22. After
the trappi ngredeskiigy ualt (S1)candidesitdg theeaigovdlvel (1dhiat the sécpsmiodativmct i on
operation by the blower 24 and closes the air valve 11 and thereafter it
oper at es t hpottion€9) toOtherebi aeturincthiel caneier (8) ¢4 iistoriginhel positiomn oper ati on
for generating another air flowto return the carrier._3 in its original

- position. As a r8sulk ratHzapping epparatis aggondingt tor Sllaire Bomthenein gthes
noved i nside the duct 4 by, angther air flow which is opposite to the air

f1 ow gener afeRANAHANROWNEEO) 38 provided Wmﬁﬂ%lﬂﬂ?h%éﬂcggﬁ)and it is returned
to its original position and accommbdat ed i nside the netal nmesh 13 of the
accommodation portion 9. Wien the carrier 3 passes by the [imt switch 14,
the limt switch 14 :

RGO w--



detects the passage of the carrier 3 and issues.a detection signal. In
response to this detection signal, the control unit 26 stops the suction
operatidn by the blower 10 and opens the door 6 upon confirnation of the
returning of the carrier 3 to its original position so as to prepare for a
next 6 trapping operation and thereafter it conpletes a series of
operations by closing the air valve 16. According to the present invention,
since the rat 2 alone enters the inside.of the trappinng apparatus 21 at the
separation portion 15 after the carrier 3 noved the rat 2 and the carrier 3
is returned to an original position, thg/scarrier 3 can be recycled, nanely,
it can be used repeatedly. As a result, there are follow ng effects.
Firstly, many carriers are not needed argt cases for,accomodati ng many
carriers are not needed. o~ N ™
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Further, the rat trapping apparatus can be incorporated in a small space.
Still furthernore, the rat trapping apparatus can be maintained with | ow
cost since expendabl e supplies are reduced. 7 What is clained is: 1. A
met hod of carrying rats in an apparatus for trapping rats conprising a duct
(4), a spherical carrier (3) which is slightly smaller than an inner

di aneter of the duct (4), wherein air in the duct (4) is sucked to thereby
generate a first air flow in the duct (ﬁ) and wherein said first air flow
noves the carrier (3) in the duct (4) i /5 carrying direction so that arat
is pushed by the carrier (3) to a position close to a processing site, said
nmet hod conprising the steps of: intrcF*Gng? fresh air froman outside of

the duct (4) at a throttle .
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portion 18 close to the processing site; weakening the first air flow at
the portion downstreamrelative to the processing site to thereby permt
the rat *(2) alone to pass through the throttle portion (18); generating a
second air flow in the duct (4) which is opposite to the first air flowin
its flowng direction after the carrier (3) is held by the throttle portion
(18) at the portion upstreamrelative to the-throttle portion 18; and
returning the carrier (3) held by the throttle portion (18) to an original
position through the duct (4). 2. In ar8/pparatus for trapping rats
conprising a duct (4), a spherical c IR «3) Which is slightly smaller
than an inner dianeter of the duct () _é§ein sai d duct (4) guides a rat
and the spherical carrier, wherein alr in the duct (4) is sucked to thereby
generate a first air flowin the duct (4), and wherein said first air flow
noves the carrier (3) in the duct (4) in a carrying direction so that a rat
i s pushed and noved by the 2 - :
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carrier (3) to a position close to.a processing site and the rat .i's killed
at the processing site, said apparatus further conprising: 8 a door (6)
po§|t|ohed at the mddle portion of the duct (4) for opening an entry . .
opening (5); entry sensors (8) for detecting presence of the rat (2) which
entered the duct (4) through the entry opening (5); an accommodation
portion (9) for holding the carrier (3) wherein said accomodation portion
(9) is provided at one end of the duct (4) and has an air valve (11); a

bl ower (10) connected to the accomodati on portlon (9) for generating a
second air flow which is opposite to the first air flowin its flow ng
dirtection for returning the carrier (3) to its orlglnal position;

FIG4
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a separation portion 15 provided at the other end of the duct (4) for
separ,ating the rat (2) fromthe carrier (3), said separation portion (15)
having an air valve (16) and a throttle portion (18) for permtting the rat
(2) alone to pass therethrough and restraining the carrier (3) from passing
t heret hrough; a processing unit (21) connected to the portion where the rat
(2) passes therethrough; another bl oweg /$24) connected to the separation
portion (15) for generatlng 'said fi low in the separati.on portion
(15) in the carrying direction; and a.LG;I unit (26) for permtting said
anot her bl ower ‘to generate the second air flom1|n the duct (4) in response
to an entry signal issued by said entry sensors 8, opening said air valve
(11) ‘at the accommodation portion (9) so that the carrier (3) pushes and
noves the rat (2) inside thefduct (4) toward the prlocessing unit (21),
opening the air valve (12) at] ®e2s t3NBR P&t #qn (15) to restrain the
carrier (3) from passing thrdugtrtire :

ENTRY SENSORS 8
DETECT RAT 2
)

DOOR 6 CLOSES

ATR VALVE 11 OPENS
AND BLOWER 24 OPERATES

LIMIT SWITCH 25 OPERATES

!

. ATR VALVE 16 OPENS

- TRAP SENSOR 20 CONFIRMS
TRAPPING OF RAT

"GAS INJECTION/
REFRIGERATOR 23 OPERATES
AND BLOWER 24 STOPS

Y

ATR VALVE 11 CLOSES
AND BLOWER 10 OPERATES

|}
LIMIT SWITCH 14 OPERATES

BLOWER 10 STOPS

DOOR 6 OPENS
AND AIR VALVE 16 CLOSES




throttle portion when the rat (2) passed through the throttle portion (18),
operating the bl ower (10) upon confi rmati'on'the arrival of the rat (2) at
thé = Processing unit (21) and closing the air valve (11) at the
accomodation portion (9) to thereby return the carrier (3) to its original

position. 3. A rat trapping apparat ording to Caim2, wherein the
separation portion (15) is provi ded@é&%ﬁ%@#‘y I n the duct (4).

METHOD OF CARRYING RATS
AND APPARATUS FOR TRAPPING RATS

A method of carrying rats and an appara;tus for trapping rats |
capable of solving problems of a prior art apparatus by repeatedly using a
single carrier (3) during the carriage of a rat (2). In the- course of
carrying a rat (2) inside a duct (4) toward a processing site, air flow is
generated to move a carrier (3) which pushes and moves the rat (2) to the
processing site but the carrier (3) is held so as to be returned to its original
position. At this time, another air flow is generate to return the carrier

(3) to its original position to prepare for a next trapping operation.

(Please note that Figure 1 should accompany the abstract when published)



