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Description

Technical field

[0001] This invention relates to a method and apparatus for automating de-
boning of an arm or 1eg part of a slaughtered domestic animal, an apparatus for
implementing the method, and a program for configuring the apparatus to per-
form cutting operation, with which automation level of de-boning is increased,
productivity is improved and de-boning process is simplified as compared with
conventional methods and apparatuses.

Description of the related art

[0002] The inventors of this application proposed a semiautomated pig leg part
de-boning apparatus and method of de-boning pig leg part using the apparatus
in Japanese Laid-Open Patent Application Publication N0.2000-106818 (patent
literature 1). In the deboning apparatus, preprocessing, lower femur bone re-
move processing, and femur bone remove processing are carried out while the
ankle part of a pig leg is held by a clamper attached to a transfer chain and

transferred in a hanged state through each station.

[0003] All processing is performed with the work (object to be processed) is
hanged from a clamper and stabilized in order to minimize influence of the
work's own weight, and operation on a cutting board is eliminated in order to
prevent microbes from adhering to the work to perform sanitary de-boning op-
eration. Manual operation is limited to preprocessing operation, and labor-
saving and increased-efficiency de-boning operation was realized.

[0004] In the preprocessing step, the hipbone and tailbone are removed and in-
cision is made to meat along the lower femur bones (tibia and fibula) and femur
bone by a worker while the work is transferred hanging from the clamper. In the
succeeding automated step, the pig leg part (work) hanging from the clamper is

made incision around the lower thigh and thigh with a cutter while scraping off
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the meat adhering to the bones with a meat scraper. By this, organic tissue
such as meat, tendon, and ligament adhering to the bones is cut, and meat is
separated from the bones step by step. These incisions are made at determined

positions in longitudinal direction of the bones by rotating the work.

[0005] Document EP 0 898 894 A2 further discloses a semi-automatic pig thigt
deboner and deboning process using the respective device. The document
teaches an incision making process performed by a worker while the leg is
transferred in a state hanging from a clamping device. Also a positioning pro-
cess is disclosed, during which a scraper below the clamping device into which
the leg is allowed to be introduced. Further a meat scrapping process is men-
tioned, which performed by a scraper after the incision making and the position-

ing processes.

[Patent Literature 1] JPA2000-106818

Disclosure of the Invention
Problems to be solved by the Invention

[0006] However, in the de-boning apparatus disclosed in the prior art, incision is
made manually to the lower femur bone and femur bone, and automation level
is not so high. When making incision along the lower femur bone and femur
bone in longitudinal direction thereof, it is necessary to manipulate the cutter not
to bite into the surfaces of the bones, whereas bone profiles are complicated 3-
dimentionally having bending and twisted parts, so it has been difficult to auto-
mate incision making along the profiles of bones while keeping depth of incision

appropriately.

[0007] With the apparatus disclosed in said patent literature 1, meat scraping
process is divided into a plurality of meat scraping steps, a short length of meat
scraping along the bone is performed by a meat scraper at each of the steps in
order to evade clogging at the pinching part of the meat scraper plate. There-

fore, the work to be de-boned must be pinched by a meat scraper every time
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the work is processed at each step, and a number of sets of combination of a
meat scraper, cutter, and work lifting device must be provided. Accordingly, the
apparatus becomes large scaled and it takes long time to de-bone the work, for

the de-boning is done in many steps.

[0008] The present invention was made on light of problems mentioned above,
and aims to provide a method and apparatus for de-boning an arm or leg part of
a slaughtered domestic animal, with which incision making necessary in de-
boning operation of the arm or leg part and performed manually in the past, is
automated, and automation level of de-boning operation is increased, thereby
increasing operation efficiency, at the same time, in improving yield of meat re-

sulting in improved productivity.

Means for solving the problems

[0009] To attain the object, the present invention proposes a method of de-
boning an arm or leg part of a slaughtered domestic animal including:

an incision making process for making incision along bones of the arm or leg
part including a joint part thereof in longitudinal direction of the bones while
transferring the arm or leg part in a state hanged from a clamping device with its
ankle clamped with the clamping device,

a positioning process for positioning the ankle part of the arm or leg part trans-
ferring with the ankle clamped with the clamping device by allowing a part of the
ankle part right under the clamping device to intrude into a concave portion of a
scraper plate located downstream of the transferring arm or leg part, the con-
cave portion being shaped such that the bones of the arm or leg part can pass
through, and

a meat scraping process for scraping down meat surrounding the bones by
transferring the clamping device, whereby the meat is held down by the scraper
plate and receives scraping force slanting downwardly toward upstream of the
transfer direction from the scraper plate, thereby the meat being scraped off
from the bones as the clamping device is transferred.
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According to the invention, the incision making process comprises controlling
the movement of a cutter of a cutting tool being attached at an end part of a ro-
bot arm of a robot by selecting an appropriate operation program of a plurality of
operation programs being provided in a controller by a program selecting
means and sending a control signal based on the selected operation program
from the controller to the robot.

[0010] According to the method of the invention, incision is made to an arm or
leg part of a domestic animal (hereafter referred to as a work) in a state the
work is hanged from the clamping device, then a part of the ankle right under
the clamping device is introduced into the concave portion of the scraper plate
so that the scraper plate is on the meat part of the work. In this state, when the
clamping device is transferred in direction departing from the scraper plate, the
work is pulled by the clamping device and the work slants, and force exerts on
the meat part of the work slanting downwardly toward upstream of the transfer
direction from the scraper plate in a state the meat part is held down by the
scraper plate which is fixed at position.

[0011] As the ankle of the work is pulled with the meat part held by the scraper
plate, force due to the weigh of the work exerts on the bottom of the concave
portion opening toward the direction opposite to the transfer direction because
of slanting work. Therefore, the work is pressed to the bottom of the concave
portion and meat scraping effect by the edge of the concave portion is in-
creased.

[0012] With conventional automatic de-boning apparatus disclosed in the patent
literature 1, as a work to be de-boned is pulled up vertically with its ankle
clamped, scraped meat gets entangled with the bone and clogging occurs.

[0013] With the method of the invention, the scraper plate is disposed to slant
and the work slants such that its lower part is backward in relation of the trans-
fer direction. Therefore, the work leans to one side under the scraper plate, and

scraped meat apt to turn toward the opposite side and does not move to be
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clogged in the concave portion. Accordingly, meat scraping can be carried out
along all through the bone by one scraping operation, so it is not necessary to
divide meat scraping process into a number of scraping processes which re-
quire a number of scrapers as has been the case conventionally As a result,
meat scraping process is dramatically simplified, processing capacity is in-
creased, and processing time is shortened.

[0014] Further, as the work is pulled in the direction same as the transfer direc-
tion, meat scraping can be performed while transferring the work. Like this, it is
not needed to move the work to other than the transfer direction, the meat

scraping of the method is increased in efficiency.

[0015] Further, by making at least one incision around the bone to separate bio-
logical tissue adhering to the surface of the bone in process of the meat scrap-
ing, meat scraping can be performed smoothly with improved yield of meat.

[0016] When applying the method of the invention to de-boning a pig leg part
with its hipbone removed, a method of de-boning is suitable which includes:

an incision making process for making incision to meat part of the pig leg along
the lower femur bones and femur bone of the pig leg part in longitudinal direc-
tion of the bones while transferring the pig leg part in a state hanged from the
clamping device with its ankle clamped with the clamping device,

a first positioning process for positioning the ankle part of the pig leg part trans-
ferring with the ankle clamped with the clamping device by allowing a part of the
ankle part right under the clamping device to hit a first scraper plate located
downstream of the transferring pig leg part so that a inserting protrusion part of
the first scraper plate inserts in between a shinbone and fibula composing the
lower femur bones, whereby its shank meat is allowed to position right under
the first scraper plate and calf meat is held down by a swing scraper plate at-
tached swingable to the scraper plate.

A first meat scraping process for scraping off meat surrounding the lower femur
bones by transferring the clamping device in a state that the meat surrounding

the lower femur bones is held down by the first main scraper plate and swing
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scraper plate, whereby the meat receives scraping force slanting downwardly
toward upstream of the transfer direction from the first main scraper plate and
the swing scraper plate to be scraped off from the lower femur bones as the
clamping device is transferred,

a second positioning process to position the pig leg with meat scraped from the
lower femur bone remaining by transferring the pig leg part in a state hanged
from the clamping device and allowing the knee joint between of the pig leg part
to intrude into a concave portion of a second scraper plate slanted downward
toward downstream of the transfer direction, the concave portion being open
toward upstream of the transfer direction and shaped such that the knee joint
and femur bone can pass through,

a second meat scraping process for scraping off meat surrounding the femur
bone by transferring the clamping device in a state the meat is held down by the
second scraper plate, whereby the meat receives scraping force slanting
downwardly toward upstream of the transfer direction from the second scraper
plate to be scrapped off from the femur bone as the clamping device is further
transferred, and

a final severing process for separating the meat from the femoral head of the

femur bone.

[0017] With the de-boning method, when scraping meat from the lower femur
bones, meat between the shinbone and fibula which compose the lower femur
bones can be scraped by the inserting protrusion part, and the swing scraper
plate carries out meat scraping along the shinbone increasing in diameter to-
ward the femur bone following the profile of the bone. Therefore, meat sur-
rounding the lower femur bones can be scraped off efficiently and with increase

yield of meat.

[0018] It is preferable that said inserting protrusion part of the first scraper plate
is provided separately from the first scraper plate to be capable of being moved
separately as an inserting protrusion plate member, whereby first the inserting
protrusion plate member is allowed to be inserted in between the shinbone and

fibula to come to contact with the shinbone and a part of meat is scraped from
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the lower femur bones by the inserting protrusion plate member, then a first
scraper plate having no inserting protrusion part is allowed to come to contact
with the fibula and remaining meat surrounding the lower femur bones is
scraped by transferring the clamping device continuously. By this, meat can be
scraped from the shinbone and fibula with further increased yield of meat.

[0019] It is suitable that the incision making process includes ;

a first incision making process to make incision such that the tip of a cutter en-
ters the meat from the upper part of the knee joint part of the pig leg and travels
along the surface of the femur bone and the middle part of the cutter travels
along a membrane between inner thigh meat and knuckle meat until the end of
the femoral head, a second incision making process to make incision from the
upper part of the lower femur bones along the lower femur bones until the lower
part of the knee joint ; and a third incision making process to make incision such
that the tip of the cutter enters the calf meat and travels passing by the knee

cap until below the joint part.

[0020] In this case, it is suitable that the pig leg part is pulled downstream in the
meat scraping process with the meat part being held down by the meat scraper

plate in a state the knee cap faces toward upstream of the transfer direction.

[0021] By making incision like this, meat can be scraped easily from the lower
femur bones and femur bone. By cutting the membrane between the inner thigh
meat and knuckle meat by the first incision and performing meat scraping by
pulling the ankle of the pig leg toward the transfer direction in a state the knee
cap is in the upstream side from the femur bones, the work slants such that the
lower part thereof is backward in relation of the transfer direction with the ankle
ahead, so the weigh of the work exerts on the inner thigh meat part such that
the inner thigh meat is pressed against the undersurface of the scraper plate,
scraped inner thigh meat moves to turn toward outer thigh meat, and clogging
of meat to the concave portion of the scraper plate does not occur. Therefore,
meat can be scraped from the femur bone by stroke of scraping operation.
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[0022] If whether the pig leg part is a right thigh or left thigh part can be discrim-
inated and length thereof can be detected in a hanged state, it is no problem to
hang the pig leg part at random, irrelevant to right or left thigh and its length.
Therefore selection of scraper plate and adjusting of scraping stroke length in
the meat scraping from the lower femur bones and adjusting of scraping stroke
length and positions of cutting around the femur bone in the meat scraping from
the femur bone in accordance with right or left and length of the pig leg part to
be processed, become possible. This discrimination and detection can be per-
formed by a method in which the pig leg part is clamped with the clamping de-
vice and hanged from it such that the fat layer of the pig leg part is directed al-
ways toward a determined direction, a plate swingable on a swing axis is moved
up from below the hanging pig leg part until the plate comes to contact with the
femoral head of the pig leg part so that the swing axis is on a center line of the
hanged pig leg, whereby whether the pig leg is a right leg or left leg is detected
by detecting direction of dip of the plate upon contacting the femoral head; and
lifted distance of the plate when the plate contacts the femoral head is detected
and length of the pig leg part is calculated based on lifted distance detected.

[0023] It is possible to manipulate the cutter for making incision to move along a
trajectory the most appropriately in accordance with right or left and length of
the pig leg part to be processed, by providing a plurality of programs in each of
which movement of a cutter for making incision is set beforehand to correspond
with right or left and length of the pig leg part, selecting a program which corre-
sponds the most appropriately with a pig leg part to be processed from among
the plural programs based on the result of detection of right or left and length of
the pig leg part, and manipulating the cutter under the selected program.

[0024] A de-boning apparatus for carrying out de-boning according to the meth-
od of the invention comprises:

a clamping device for clamping and hanging the arm or leg part,

a transfer device for transferring the clamping device horizontally,



10

15

20

25

30

DK/EP 2110021 T4

9

an incision making device for making incision to meat along surfaces of bones
of the arm or leg part in longitudinal direction of the bones, and

a scraper plate which has a concave portion shaped such that the bones of the
arm or leg part can pass through and located downstream of the transferring pig
leg part so that it slants downwardly toward transfer direction of the clamping
device, whereby the arm or leg part is transferred in a state that a part of the
ankle part right under the clamping device has intruded into the concave portion
of the scraper plate, thereby the meat adhering to the bones being held down
by the scraper plate and receiving scraping force slanting downwardly toward
upstream of the transfer direction from the scraper plate to be scraped off from
the bones as the clamping device is transferred.

The apparatus further comprises a controller comprising a program selecting
means and a plurality of operation programs wherein the controller is connected
to each robot and is operable to control the cutting tool of the robot by selecting
an appropriate operation program by the program selecting means and sending
a control signal based on the selected operation program from the controller to
the robot. Additionally, the incision making device comprises a plurality of robots
each with a robot arm and a cutting tool comprising a cutter being attached at

an end part of the robot arm.

[0025] In the apparatus of the invention, after incision is made by incision mak-
ing devices to meat surrounding the bones along the bones in longitudinal direc-
tion thereof, the leg of the work is introduced into the concave portion of the
scraper plate. Then, the ankle clamped with the clamping device pulled in the
transfer direction of the clamping device, whereas the meat part of the work is
held by the fixed scraper plate. Therefore, the meat part of the work is receives
force from the undersurface of the scraper plate and the work slants such that
the lower part thereof is backward and the ankle is ahead. So, the ankle part in-
truding in the concave portion of the scraper plate just under the clamping de-
vice is pushed strongly due to weigh of the work, and effect of meat scraping
with the edge of the concave portion is increased.

[0026] As the slanted work leans to one side under the scraper plate, and
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scraped meat apt to turn toward the opposite side and does not move to be
clogged in the concave portion. Accardingly, meat scraping can be carried out
along all through the bone by one scraping operation, so it is not necessary to
divide meat scraping process into a number of scraping processes which re-
quire a number of scrapers as has been the case conventionally As a result,
meat scraping process is dramatically simplified, processing capacity is in-
creased, and processing time is shortened.

[0027] With automatic de-boning apparatuses, it is required to provide a num-
ber of sets of combination of a meat scraper, cutter, and work lifting device. Ac-
cording to the apparatus of the invention, meat scraping can be carried out by
providing only one set of combination of a meat scraper and cutter, and a work
transfer device. Therefore, substantial cost reduction and space-saving are at-
tained.

[0028] Further, as the work is pulled in the direction same as the transfer direc-
tion, meat scraping can be performed while transferring the work. Like this, it is
not needed to move the work to other than the transfer direction, the meat
scraping of the method is increased in efficiency

[0029] It is preferable that the clamping device is transferred by the transfer de-
vice hinged swingable along the transfer route. BY this, the clamping device can
slant freely corresponding with the slanting of the work, particularly slanting of
the lower femur bones, and the work can be pulled with the ankle being

clamped securely with the clamping device.

[0030] It is preferable that a chucking device capable of closing the opening of
the concave portion of the scraper plate is provided to the scraper plate. By this,
the work intruded into the concave portion of the scraper plate is prevented from
being disengaged from the concave portion, and meat scraping operation can
be carried out stably. As the work does not slip out of the concave portion even
if force exerts backward on the work, effect of scraping meat is increased.
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[0031] When applying the apparatus of the invention to de-boning a pig leg part
with its hipbone removed, an apparatus is suitable which comprises:

a transfer means for transferring clamping devices each of which clamps the pig
leg part with its ankle to hang it,

a plurality of incision making means for making incision to meat part of the pig
leg part along its lower femur bones and femur bone in longitudinal direction;

a first meat scraping means for scraping meat surrounding the lower femur
bones as the pig leg part is transferred, comprising:

an inserting protrusion part which enters the gap between a shinbone and fibula
composing the lower femur bones when the transferring pig leg part hits the in-
serting protrusion part,

a first scraper plate which is located downstream of the transferred pig leg part
and holds down the shank meat when the pig leg part comes under the first
scraper plate, and

a swing scraper plate which holds down the calf meat when the pig leg part
comes under these scraper plates;

a second meat scraping means for scraping meat surrounding the femur bone
as the pig leg part is further transferred, comprising:

a second scraper plate which is located downstream of the transferred pig leg
part of which the meat surrounding the lower femur bones is scraped off by the
first scraping means, the second scraper plate slanting downwardly toward
downstream of the transfer direction and having a concave portion which is
open toward upstream of the transfer direction and being shaped such that the
knee joint and femur bone can pass through the concave portion, and

a cutter device which cuts biological tissues around the femur bone in process
of scraping down the thigh meat from the femur bone and cuts off the meat from
the femoral head at the end of the meat scraping;

whereby the meat surrounding the lower femur bones is scraped off by transfer-
ring the clamping device to allow the meat to receive scraping force slanting
downwardly toward upstream of the transfer direction from the first scraper
plate, the meat surrounding the femur bone is scraped off by further transferring

the clamping device to allow the meat to receive scraping force slanting down-
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wardly toward upstream of the transfer direction from the second scraper plate,
and the meat scraped off from the lower femur bones and femur bone is cut off
from the femoral head by the cutter.

[0032] By the apparatus composed like this, meat scraping from the lower fe-
mur bones and femur bone of a pig leg part can be carried out efficiently and
with increased yield of meat.

[0033] In the invention, by providing

a first incision making means for making incision such that the tip of a cutter en-
ters the meat from the upper part of the knee joint part of the pig leg and travels
along the surface of the femur bone and the middle part of the cutter travels
along a membrane between inner thigh meat and knuckle meat until the femoral

head side end of the femur bone,

a second incision making means for making incision from the upper part of the
lower femur bones along the lower femur bones until the lower part of the knee

joint; and

a third incision making means for making incision such that the tip of the cutter
enters the calf meat and travels passing by the knee cap until below the joint
part, meat scraping in the succeeding process can be performed smoothly and
with increased yield of meat.

[0034] In the invention, by providing a discrimination means for discriminating
whether the pig leg part is a right leg or left leg and at the same time detecting
length of the pig leg part upstream of the incision making means, the discrimina-
tion means having a plate which is swingable on a swing axis and swings when
it comes to contact with the femoral head of the pig leg part hanging from the
clamping device, whereby the plate is moved up toward the pig leg part from
below until the plate comes to contact with the femoral head such that the swing

axis moves on the vertical center line of the hanged pig leg part, discrimination
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of right or left of the pig leg part is done by detecting direction of dip of the plate
upon contacting the femoral head, and length of the pig leg part is detected by
detecting lifted distance of the plate when the plate contacts the femoral head
and calculating the length of the pig leg part based on the detected distance,
discrimination of right or left of the pig leg part and detection of length thereof
can be done with a simple device. By this, selection of scraper plate and adjust-
ing of scraping stroke length in the meat scraping from the lower femur bones
and adjusting of scraping stroke length and positions of cutting around the fe-
mur bone in the meat scraping from the femur bone in accordance with right or

left and length of the pig leg part to be processed, become possible.

[0035] Another discrimination means for discriminating whether the pig leg part
is a right leg or left leg may be provided upstream of the incision making means,
the discrimination means comprising:

two pair of measuring arms each of which being provided at a position capable
of pinching the thigh meat of the pig leg part hanging with its ankle clamped with
a clamping device so that the fat layer thereof is always faces to a determined
direction,

a measuring arm drive means provided for each of the pairs of the measure-
ment arms to move the arms to vary distance between the arms of each of the
pairs of the measuring arms, and

a judging means for judging whether the pig leg part is a right leg or left leg part;
whereby the judging means detects distance between the arms of each pair of
the measuring arms, compares the detected distances, and judges whether the

pig leg part is a right or left leg part from the result of the comparison.

[0036] The thigh meat part of the pig leg part with the hipbone removed is dif-
ferent in thickness between the right and left of the thigh meat part. This dis-
crimination means utilizes this fact for discriminating right or left of the pig leg
part. With the construction, the thigh meat part is pinched by the two pair of
measuring arms, so the discrimination can be done with accuracy even if the

pig leg part singe a little, for the swinging is restricted by pinching the thigh meat
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part by the measuring arms. Further, discrimination device is simple in construc-

tion and complicated control device in not required.

[0037] Another length detecting means for detecting length of the pig leg part
may be provided upstream of the incision making means, the length detecting
means comprising:

a base bracket which is moved up from below the transferring pig leg part
clamped with its ankle clamped with the clamping device and hanged so that
the fat layer thereof is always faces to a determined direction advanced toward
the pig leg part while being transferred at the same speed and in the same di-
rection as those of the clamping device,

a detecting arm supported swingable by the base bracket so that the detecting
arm swings downward upon contacting the femoral head of the pig leg part,

a proximity switch for detecting proximity or contact of the detecting arm to the
proximity switch, and

a pusher arm which is supported swingably above the detecting arm by the
base bracket and extends towar the pig leg part, and contacts the lower part of
the thigh meat of the pig leg part first to push away the thigh meat when the
base bracket approach the thigh meat and swing downward receiving reaction
force from the thigh meat,

whereby lifted distance of the base bracket when the detecting arm comes
close to or contacts the proximity switch is detected and length of the pig leg
part is calculated based on the detected distance.

[0038] With this construction, the detecting arm can be brought to contact with
the femoral head without fail by the provision of the pusher arm. Without the
pusher arm, it may happen that the detecting arm interferes with lower part of
the thigh meat and can not contact the femoral head. With the construction, as
the pusher arm is extending above the detecting arm toward the thigh meat
part, the pusher arm hits at somewhere of the thigh meat part when the base
bracket is advanced and raised toward the pig leg part and push away the thigh
meat part. Therefore, some distance is maintained between the detecting arm

and the lower part of the thigh meat, and the detecting arm does not interfere
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with the thigh meat part. The pusher arm turns downward while pushing the
thigh meat as the base bracket advances and rises toward the pig leg part re-
ceiving reaction force from the thigh meat part, and the detecting arm can come
close to and contact the femoral head.

[0039] By composing the incision making means such that it comprises a plural-
ity of programs in each of which movement of a cutter for making incision is set
beforehand to correspond with right or left and length of the pig leg part, a se-
lecting means for selecting a program which corresponds the most appropriate-
ly with a pig leg part to be processed from among the plural programs based on
the result of detection of right or left and length of the pig leg part, and a cutter
drive means for manipulating the cutter under the selected program, the cutter
can be moved in the incision making process to follow a trajectory most appro-
priate for the kind(right or left leg) and length of the leg part.

[0040] It is suitable to provide in order to stabilize the pig leg part during incision
making process;

a transfer means for transferring a plurality of backside stabilizers starting from
the incision making means through the first meat scraping means to the second
meat scraping means separately from the clamping device transferring means,
the backside stabilizers being attached to the transfer means at the same spac-
ing as the clamping devices and transferred at the same speed as the clamping
devices to support the backside of the transferring pig leg part at its central por-

tion, and

a guide bar located in a region where incision is made by the first to third inci-
sion making means such that the guide bar extends parallel to the transfer route
and contacts a part of the thigh meat of the pig leg part where the hipbone is
removed to support the transferring pig leg part.

[0041] Further, by providing a first meat scraping means for a right leg part and

that for a left leg part are located to face each other with the clamping device
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transfer route passing between both of the scraper means, a second meat
scraping means for a right leg part and that for a left leg part are located to face
each other with the clamping device transfer route passing between both of the
scraper means, and a judging means for judging whether the first and second
meat scraping means are to be used or those for left leg part are to be used,
scraper plates can be selected to match the right or left of the pig leg part in the

meat scraping from the lower femur bones.

[0042] In the invention, it is suitable to compose the de-boning apparatus such
that the transfer means is a continuous transferring device for transferring the
clamping device hanging the pig leg part at a constant transfer speed passing
by a work length detecting means, the incision making means, the first meat
scraping means for scraping meat from the lower femur bones, and the second
meat scraping means for scraping meat from the femur bones; and
a discrimination means for discriminating whether the pig leg part to be pro-
cessed is a right leg or left leg part is provided to perform the discrimination be-
fore the pig leg part is clamped with the clamping device, and a work feeding
device to feed the pig leg part in a hanged state to the discrimination device
where said discrimination is performed and then feed to a work shift guide for
guiding the pig leg part from the work feeding device to the transferring clamp-
ing device, the work shift guide being provided between the transfer route of the
clamping device and the work feeding device and can be moved in the same di-
rection and at the same speed as the clamping device in synchronism with the
transfer of the clamping device for a determined interval or section, and a push-
er for pushing the pig leg part hanging from the pusher guide to the clamping
device is provided. It is important to discriminate exactly whether the pig leg part
to be processed is a right leg or left leg. By the discrimination device of this
construction, the discrimination is done while maintaining the pig leg part in a
stationary state, and discrimination of right or left of the pig leg part can be done
exactly without fail. On the other hand, processes other than this discriminating
process are performed while the pig leg part is transferred continuously in order

to increase processing capacity.
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[0043] The invention proposes a program for configuring a controller to control
cutting operation to make incisions along surfaces of bones of an arm or thigh
part including the joint part in the longitudinal direction in an apparatus for de-
boning an arm or leg part of a slaughtered domestic animal transferred in a

state suspended from a cramp device, wherein

a plurality of the cutter movements are prescribed in accordance with left, right,
and size of the arm or leg part of the pig and also a plurality of incision routes
are prescribed so that said cutter movements correspond to said incision routes

in the controller,

each of said incision routes is specified to be performed by each of said 6-axis
multi-joint robot arranged in series in the de-boning device respectively,
a specific movement of said cutter is selected by the controller based on a spe-
cific incision route specified to be performed by a specific robot, and a control
signal for controlling the movements of the selected cutter is sent to the speci-
fied robot, thereby allowing a plurality of said 6-axis multi-joint robots to perform

said series of incision making operations.

[0044] The program makes a controller to control incision making operation
among the de-boning operation. According to the invention, a plurality of 6-axis
multi-joint robots with a cutter for making incision are provided, and by making
each of the robots to make each specific incision prescribed in each of the pro-
grams and allotted for each robot by means of the controller, speed and accu-
racy of incision making operation can be increased, yield of meat is increase,
and productivity is improved.

[0045] It is preferable that; at least three 6-axis multi-joint robots are provided,
and said controller is programmed so that an incision route from the upper part
of the knee joint part to the lower end of the femur bone is specified to be per-
formed by a first 6-axis multi-joint robot, an incision route from the upper part of
the lower femur bone to the lower end of the knee joint without passing through
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the calf meat is specified to be performed by a second robot, and an incision
route from the upper part of the lower femur bone to the lower end of the knee
joint passing through the calf meat is specified to be performed by a third robot.

[0046] By assigning a specific incision making route to a specific incision mak-
ing device, incision making operation of the arm or leg part of a slaughtered
domestic animal can be performed with high efficiency and productivity can be

improved.

Effect of Invention

[0047] As has been described heretofore, according to the method and appa-
ratus of the invention, the meat part of work is scraped in the meat scraping
process by transferring the clamping device in a state the ankle part right under
the clamping device is intruded into a concave portion of the meat scraper plate
so that the work is slanted with the meat part held down by the scraper plate
fixed at position, the part of the work intruded into the concave portion of the
scraper plate and contacting the bottom of the concave portion receives reac-
tion force from the bottom of the concave portion due to gravitational force of
the work acting vertically downward. In this state, the bones of the work
clamped with the clamping device is transferred, the meat part is scraped effec-
tively by the edge of the concave portion of the scraper plate effectively.

[0048] Further, the work leans to one side under the scraper plate due to the
weigh of the work, scraped meat apt to turn toward the opposite side and does
not move to be clogged in the concave portion. Accordingly, meat scraping can
be carried out along all through the bone by one scraping operation, so it is not
necessary to divide meat scraping process into a number of scraping processes
which require a number of scrapers as has been the case conventionally As a
result, processing time is shortened, processing capacity is increased, and as
meat scraping process is finished by one meat scraping operation, the appa-
ratus can be composed compact and provided low in cost.
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[0049] Further, by providing a plurality of incision making devices (6-axis multi-
joint robots with a cutter for making incision) and selecting a program prescrib-
ing a specific incision line according to left, right, size, and incision making posi-
tion to control the cutting tool drive device of a specific robot, speed and accu-
racy of incision making operation can be increased, yield of meat is increase,

and productivity is improved.

Brief Description of the Drawings

[0050]

FIG 1 is a representation of all processing steps of the first embodiment of the
present invention when applied to de-boning a thigh part of a pig.

FIG.2 is a plan view showing overall configuration of the apparatus of the first
embodiment

FIGS.3a and 3b are drawings for explaining the first step of the first embodi-
ment for discriminating right or left of the pig leg and detecting length thereof.
FIG4 is an elevation view of the incision making device of the first embodiment
FIG.5 is a plan view of the incision making device of the first embodiment

FIG6 is a front view of the incision making device of the first embodiment.

FIG. 7 is a drawing for explaining movement of the cutter when incision is made
in the case of the first embodiment

FIGS.8a, 8b, and 8c are representation showing cutting positions in the second
embodiment, FIG.8a is a longitudinal sectional view of a thigh of a slaughtered
pig, FIG.8b is a section along line A-A in FIG.8a, and FIG.8c is a section along
line B-B in FIG.8a.

FIG9 is a control block diagram for controlling the cutter mechanism in the first
embodiment

FIG.10 is a plan view showing the work stabilizing means in incision making
process in the first embodiment.

FIG 11 is an elevation view showing the work stabilizing means in incision mak-

ing process in the first embodiment.
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FIG 12 is a plan view of the scraper for scraping off meat from the lower femur
bones in the first embodiment(a section along line F-F in FIG 13a).

FIGS.13a to 13c are elevation views for explaining process of scraping off meat
from lower the femur bones in the first embodiment.

FIGS.14a to 14d are elevation views for explaining process of scraping off meat
from the femur bone in the first embodiment

FIG.15 is a section along line G-G in FIG 14a.

FIG.16 is a section along line H-H in FIG.14a.

FIG 17 is a plan view showing overall configuration of the apparatus of the sec-
ond embodiment of the present invention when applied to de-boning a pig leg
part.

FIG 18 is an elevation view for explaining the discriminating device 110 for dis-
criminating right and left of the pig leg in the second embodiment

FIG. 19 is a section along line I-1 in FIG 18.

FIG.20 is a drawing for explaining the driving device for driving the discrimina-
tion device 110 in the second embodiment.

FIG.21 is a plan view for explaining the work shifting device 120 in the second
embodiment.

FIG.22 is an elevation view of the work length detecting means 130 used in the
second embodiment showing the state before the work length detecting means
is engaged.

FIG.23 is an elevation view of the work length detecting means 130 showing the
state the work length detecting means is on the way to engagement.

FIG.24 is an elevation view of the work length detecting means 130 showing the
state the work length detecting means is completely engaged.

FIG.25 is a plan view of the work length detecting means 130.

FIG.26 is a plan view of the dorsal stabilizing mechanism 150 in the second
embodiment.

FIG.27 is an elevation view of the dorsal stabilizing mechanism 150.

FIG.28 is a plan view of the lower femur bone removing device in the second
embodiment.

FIG.29 is an enlarged plan view of the lower femur bone removing device of

FIG.28 in the anterior halfprocess.
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FIG.30 is an enlarged plan view of the lower femur bone removing device of
F1G.28 in the posterior half process.

Detailed description of embodiments

[0051] Preferred embodiments of the present invention will now be detailed with
reference to the accompanying drawings. It is intended, however, that unless
particularly specified, dimensions, materials, relative positions and so forth of
the constituent parts in the embodiments shall be interpreted as illustrative only

not as limitative of the scope of the present invention.

[The first embodiment]

[0052] Referring to FIG1 and 2 showing overall steps and configuration of the
first embodiment, a pig leg part consists of an ankle, lower femur bones 2, a
femur bone 3, a hipbone 4, a knee cap 6 located at the front part of the knee
joint part 5, and meat 7 surrounding these bones. First, the hipbone 4 is re-
moved manually in a preprocessing step. Then, the pig leg part 1 got rid of the
hipbone is fitted at its ankle 8 by a worker to a clamper 11 which is transferred
by a transfer chain 12 shown in FIG2 in horizontal direction at a constant speed
without discriminating whether the pig leg part 1 (hereafter referred to as work
1) is a right or left thigh.

The pig leg part 1 is processed automatically at the first step ST1 through the
ninth step ST9 as shown in FIG.1 in a state the work 1 is hanged from the
clamper 1. The work 1 is hanged in a state its fat layer faces back-
ward(backward means here a direction toward chain wheels 13) from the first
step ST1 to the sixth step ST6.

[0053] Referring to FIG.2, a plurality of clampers 11 are attached to a transfer
chain 12 at an equal spacing and transferred horizontally at a constant transfer
speed along a transfer route of the chain in a state the work 1 is hanging from
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the clamper 11. The transfer chain 12 is looped over a pair of chain wheels
13(one of the wheels is not shown in the drawing) to form a circulation route.

[0054] The clamper 11 attached to the chain swingable along the transfer direc-
tion and a rotation mechanism for rotating the clamper 11 is provided. The work
1 can be rotated by the rotation mechanism so that the clamper 11 is rotated
based on the discrimination result whether the work 1 is right thigh or left thigh
discriminated at the first step ST1 as mentioned later. The clamper attached to
the chain 12 swingable on a swing axis 11a(see FIGS.13 and 14) so that it can
slant when meat is scraped off from the lower femur bones and the femur bone

while transferring the clamper.

[0055] In incision making steps of ST3~ST5 are installed three robot arms 30,
40, and 50 each for each of the steps. A transfer chain 14 is looped over a pair
of chain wheels 13 located between the beginning side of ST3 and end side of
ST5. A plurality of backside stabilizers 15 are attached to the transfer chain 14
at a constant spacing the same to that of the clampers 11. The backside stabi-
lizer 15 serves to support the work 1 hanging from the clamper 1 from the back-
side. In the incision making steps of ST3~ST5 is provided along the transfer
route of the work 1 a stabilizing guide bar 16 which supports the part of the work
1 where the hipbone is removed from the front side of the work 1. Further, a
safety railing 17 is provided to surround processing devices in the steps
ST3~ST6.

[0056] Therefore, the work 1 is supported by 3-point supporting by the clamper
11, backside stabilizer 15, and stabilizing guide bar 16 in the incision making
steps ST3~ST6 so that incision is made to the work 1 in a state the work 1 does

not swing.

[0057] With the construction, the work 1 (a pig leg with the hipbone 4 removed)
is transferred by the clamper 11 in a direction shown by an arrow a after it is
preprocessed to remove the hipbone. Hereafter, when discriminating the work 1
whether it is a right thigh or left thigh, a right thigh is referred to as work 11 and



10

15

20

25

30

DK/EP 2110021 T4

23

left thigh as work 1 (L). As shown in FIGS.3a and 3b, when the work 1 hanging
from the clamper 11 with its fat layer directed backward in ST 1, the femoral
head 3a comes to the right side when the work 1 is a right thigh, and the femo-
ral head 3a comes to the left side when the work 1 is a left thigh. This is utilized

for the discrimination of right or left of the pig leg part 1.

[0058] In ST1, a lifter plate 24 and a sensing plate 21 supported wingable by
the lifter plate 24 are provided below the work 1 so that the swing center P of
the sensing plate 21 is on the vertical center line C of the work 1. The lifter plate
24 is connected to a piston rod 26 of an air cylinder 25. A left proximity sensor
23 and right proximity sensor 22 are attached to left end part and right end part

of the lifter plate 24 respectively.

[0059] With the construction, the sensing plate 21 is lifted up by the air cylinder
25 from below the femoral head 3a in direction of arrow e. When the sensing
plate 21 contacts the femoral head 3a, the sensing plate 21 inclines such that
contacted side of the sensing plate 21 moves downward and comes close to the
proximity sensor 22 or 23. The proximity sensor 22 or 23 detects direction of in-
clination of the sensing plate 21. Discrimination of whether the work 1 is a left
thigh or right thigh is done according to direction of inclination of the sensor

plate 21.

[0060] At the same time with the discrimination operation, length of work 1 is
obtained by measuring lifted distance A of the sensing plate 21 when it has con-
tacted the femoral head 3a, and subtracting the height A from a distance B
which is the distance from the undersurface of the clamper 11 to the sensing

plate 21 before it is lifted.

[0061] Result of discrimination of right or left of the pig leg part 1 is used for the
selection of cutting operation program in which incision trajectory and rotation
direction of the clamper are defined so that the cutter is manipulated under the
selected program in the automatic incision making steps ST3 to ST5, for the se-

lection of a cutter used to make incision alongside surfaces of bones in ST6,
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and for the selection of a meat scraper for right leg or left leg in meat scraping
from the lower femur bone in ST7.

[0062] Further, result of measurement of work length is used for the changing-
over of cutting operation program in automatic incision making steps ST3~ST5,
for the estimation of starting point and ending point of cutting along the surface
of the bones in ST6, and for the estimation of starting point and ending point of

meat scraping along the femur bone in ST7.

[0063] The work 1 is transferred to ST2, meat is cut all around the ankle part(a
part of the lower femur bones just below the clamper 11 as shown by a line c in
FIG.1) with a set of round blade cutters 28 to make meat scraping possible in

the post processing.

[0064] Then, the work is transferred to ST3, where incision is made to inner
thigh along the femur bone. A cutter mechanism as shown in FIGS.4 to 6 is
used for the incision making. The cutter mechanism is composed such that a
cutting tool 33 is mounted to a 6-axis vertical multi-joint robot 30 at an end part
31 a of a robot arm 31 of the robot 30. Incision is made with this tool from the
upper part of the knee joint part 5 to the end of the femur bone 3 as shown by
line e in FIG.1.

[0065] In this incision making process, the cutting tool 33 is manipulated so that
the leading end of a cutter reaches the surface of the femur bone and then runs
along the surface, while the middle part of the cutter runs along the membrane
between the inner thigh meat 52 and a knuckle meat part 51 (shintama in Japa-
nese) as shown by a line e in FIG.8I. If the cutter cuts into meat too deep from
the surface of the thigh meat, the meat is damaged. Control of movement of the
cutting tool to make incision in the succeeding incision making along incision
lines including the line e is performed by a controller 80 shown in FIG.9. In
FIG9, six cutting operation programs 82 are provided to comply with a right or
left of the leg part, large, middle, or small in length of the leg part.
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[0066] Referring to FIG9, whether the pig leg part to be de-boned is a right leg
or left leg is detected by a right/left leg discrimination means 81 based on an in-
putted signal from the sensors 22, 23. Lifted distance A detected by a lift height
detecting means 27 is inputted to a computing means 104, and the computing
means 84 calculates work length W by subtracting the detected distance A from
a distance B between the under surface of the clamper 11 and the position of
the sensor plate before is lifted up. A cutting operation program which can cor-
respond most appropriately with the work 1 to be de-boned is selected from
among the plural programs 82 by a selecting means 83. A cutter tool 33 is op-
erated under the selected program by means of a cutting tool drive device 32
mounted to the robot 30. In this way, incision making is performed in three steps
in ST3~5.

[0067] As shown in FIGS.4 to 6, the cutting tool 33 comprises a base member
36, a swing shaft 34 supported owingable by the base member, and a knife-
shaped cutter 35 which is attached to the swing shaft 34 to be offset in the di-
rection opposite to the cutter travel direction f The cutter 35 has a sharp edged
V-shaped cutting edge so that cutting by both sides of the cutter is possible, that
means that both sides of the cutter can be permitted to contact the bone when
traveling along the surface of the bone without biting into the bone.

[0068] By positioning the swing shaft 34, by which cutting angle g1 is adjusted,
nearer to the robot arm 31 than the cutter 35, the point of application force to
drive the cutter is advanced toward cutter travel direction f than the actual con-
tact position of the cutter 35 to the bone and meat, so the cutter 35 can be

moved along the surface of the bone.

[0069] The swing shaft supporter 36 for supporting the swing shaft 43 to which
the cutter 35 is attached is slidable by means of a mechanism 37 in directions
perpendicular to the robot arm 31 and travel direction f of the cutter 35. The
slide mechanism 37 comprises a base plate 38 fixed to the robot arm 31 at its

end part 31a to extend in direction perpendicular to the robot arm 31 and travel
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direction f of the cutter 35, a linear guide rail 39 mounted on the base plate 38
along its longitudinal direction, and a linear guide bar 41 supported by the base
member 38 above the linear guide rail 39. The linear guide bar 41 penetrates
the swing shaft supporter 36 to guide it. Coil springs 42 are provided to both
sides of the swing shaft supporter to surround the linear guide 41. The swing
shaft supporter 36 is positioned at the central part of the linear guide bar urged
by the springs from both sides when any force does not exerts to slide the

swing shaft supporter 36.

[0070] In this way, the cutter 35 is slidable in directions perpendicular to the ro-
bot arm 31 and travel direction f of the cutter 35 as shown by arrows d in FIG6
and owingable about the swing shaft 43 perpendicular to the slide direction of
the swing shaft supporter 34 so that cutting angle g1 is adjustable by the swing
of the cutter. Therefore, the cutter 35 can follow the bones in the meat flexibly
changing its attitude according to the profile, thickness, and length of the bones.

[0071] As described above, six cutting operation programs for defining cutter
movement trajectory are prepared to deal with the right or left of the leg part 1
and length of the leg part(large, middle, or small), and a most appropriate pro-
gram is selected automatically in the controller 80 based on the result of dis-
crimination and measurement of work length in ST1. Errors inevitably occur be-
tween the cutter movement trajectory defined in the selected program and actu-
al profiles of the bones due to individual difference of the work 1. Adjustment for
compensating for the errors can be by the cutter tool 33 which has two-degree-
of-freedom consisting of adjusting of position of the cutter 35 by means of the
slide mechanism 37 and adjustment of cutting angle g1 of the cutter 35 by al-
lowing the cutter 35 to swing about the swing shaft 34.

[0072] Cutting operation of the cutter 35 will be explained with reference to
FIG.7. A position of the cutter 35 when it contacts the surface of the bone r of
the work 1 is set as an initial position of the cutter 35 in the cutting operation
program, so the cutter 35 is inserted into the meat until it contacts the bone r as
shown in FIG.7.
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[0073] When there is an error between the initial position of the bone set in the
program and actual position of the bone due to difference in size of individual
work 1, the error is compensated by the sliding of the swing shaft supporter 36
in the right or left direction on the linear guide rail 39 pushed by reaction force

from the bone.

[0074] When the end part 31a of the robot arm 31 moves from this initial posi-
tion along the surface of the bone r in cutter travel direction f under the cutting
operation program, the cutter 35 receives reaction force from the surface of the
bone and swings on the center axis of the swing arm 34, and the cutting angle
of the cutter 35 is adjusted to g1 so that the cutter 35 directs along the surface

of the bone r while moving along the surface of the bone r.

[0075] In this way, the cutter 35 can swing on the center axis of the swing shaft
34, which is positioned nearer to the end part 31 a of the robot arm 31 than the
cutter 35, by reaction force exerting to the cutter 35 from the bone r, while mov-
ing along the surface of the bone with the error due to individual difference of
the work 1 being compensated by means of the slide mechanism 37.

[0076] Therefore, the cutter 35 moves along the surface of the bone r without
biting into the bone nor departing from the surface of the bone. Accordingly, in-
cision can be made smoothly along the surface of the bone r in longitudinal di-
rection thereof, and as the cutter can run accurately along the boundary be-
tween the bone r and meat s, the meat adhering on the bone can be cut with in-
creased yield of meat.

[0077] Further, in the incision making process of ST3 to ST5, in order to make it
easy for the cutter 35 of the cutter tool 33 mounted on the multi-joint robot to
reach the work 1, the work 1 is rotated by about 45 °n clockwise direction when
the work 1 is a right leg part and by about 45°n counterclockwise direction
when the work 1 is a left leg by actuating a clamper drive device 44 based on

the result of discrimination by the right/left leg discrimination means 81.
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[0078] Next, a stabilizing means for stabilizing the work 1 when making incision
in ST3 to ST5 will be explained with reference to FIGS.10 and 11. As shown in
the drawings, a backside stabilizer 15 supports the surface of the fat layer of the
work 1 from backward, a guide bar 16 supports a part of the work 1 where the
hipbone 4 is removed. The backside stabilizer 15 is formed such that it has
crooked parts 15a at both sides thereof to form a concaved part facing toward
the work 1. The backside stabilizer 15 is transferred at the same speed as the
work 1 and functions to support the surface of the fat layer, to define a back
side reference face, and to prevent swinging of the work 1 in the transfer direc-

tion a.

[0079] In this way, by supporting the work 1 by the clamper 11, backside stabi-
lizer 15, and guide bar 16, the work 1 is supported at three points, i.e. at an up-
per part, middle part, and lower part, the work 1 can be transferred without
swinging in any direction, and incision can be made at required positions accu-
rately at ST.3 to ST.5.

[0080] At ST4, incision is made from the upper part of the lower femur bone 2 to
the lower side of the knee joint 5. A cutter tool manipulated by the multi-joint ro-
bot 40 is composed similar to that used in ST3. The line of incision made here is
shown by h in FIG.8b.

[0081] In the incision making step of ST5, the cutter is inserted from the upper
part of the lower femur bones 2 into a part of meat 54 (chimaki in Japanese),
the cutter end further advances passing by the side face of the knee cap 6 to
the lower side of the knee joint 5. The line of incision made here is shown by | in
FIGS.8b and 8c. The incision line | in FIG.8c is rotated by about 90 relative to
the incision line | in FIG.8b. This is because the lower femur bones 2 are twisted
relative to the femur bone 3 and the incision line 58 runs along the bone, so the

incision line 58 becomes a twisted line.
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[0082] A cutter tool manipulated by the multi-joint robot 40 is composed similar
to that used in ST3.

[0083] Although a multi-joint robot is installed separately for each of the steps
ST3 to ST5, it is possible to use one multi-joint robot for making incision of ST3

to ST5 when transfer speed of the work 1 is slow.

[0084] Further, programs as explained in the following are memorized in the
controller 80 in order to allow the plurality of multi-joint robots to make the inci-

sions in the steps 3~5 assigning an incision making task to each of the robots.

[0085] A plurality of cutting operation programs 82 are provided in the controller
80 shown in FIG9. Movement of the cutter 35 of the cutting tool 33 is pro-
grammed in each of the programs correspond to left, right, and size of the pig
thighs 1. Each of the robots is specified to make a specified incision among a
plurality of the incisions, and each of the programs is specified to be used to
control the cutting tool drive device (incision making device) 32 of the specified
robot. A program appropriate for the specified incision of a discriminated pig
thigh 1 is selected by the selecting means 83 in the controller 80, and control
signal for controlling the cutting tool drive device 32 is sent to the specified ro-
bot. In this way, incision making operation of a plurality of the incisions is per-

formed by a plurality of the multi-joint robots.

[0086] For example, in the embodiment, three routes of incisions are to be per-
formed in the work 1. Among the three 6-axis vertical multi-joint robots 30, 40,
and 50 located along the transfer line of the work 1, the first robot 30 is speci-
fied to perform the incision from the upper part of the knee joint 5 to the lower
end of the femur bone 3 as shown in FIG.8c with the line e, the second robot 40
is specified to perform the incision from the upper part of the lower femur bones
2 to the lower part of the knee joint 5 as shown in FIG.8b and ¢ with the line h,
and the third robot 50 is specified to perform the incisions which are made by

allowing the cutter 35 to cut into the calf meat part 54 from the upper part of the
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lower femur bones 2, the end of the cutter to advance passing the side face of
the knee cap 6 until it reaches the lower end of the knee joint 5 as shown in
F1G.8b and ¢ with the lines I(incisions in calf meat part).

[0087] The cutting operation programs 82 in the controller 80 include programs
each of which is used corresponding left, right, and size, and routes of incisions
(3 routes in the example).

[0088] When controlling the cutting operation of the first robot 30, an appropri-
ate program is selected by the program selecting means 83 in accordance with
left, right the pig thigh, and position of incision specified to be performed by the
robot 30, and control signal for controlling the cutting tool 33 of the robot 30 is
sent to the cutting tool drive device 32 of the robot 30.

[0089] When controlling the cutting operation of the second robot 40 or third ro-
bot 50, similarly an appropriate program is selected by the program selecting
means 83 in accordance with left, right the pig thigh, and position of incision
specified to be performed by the robot 40 or 50 is selected, control signal for
controlling the cutting tool 33 of the robot 40 or 50 is sent to the cutting tool
drive device 32 of the robot 40 or 50.

[0090] By allowing the controller to control the 6-axis multi-joint robots 30, 40,
and 50 to perform the incision making operation in accordance with the position
of incision, speed and accuracy of incision making operation can be increased,

yield of meat is increased, and productivity is improved.

[0091] As described above, by performing the three routes of incisions, cutting
operation of an arm or leg part of a slaughtered domestic animal can be per-
formed with good efficiency, and meat scraping operation after the incision mak-
ing operation can be performed smoothly, thereby attaining increased productiv-

ity.

[0092] Next, vertical cutting-in to a side of the knee cap 6 is performed by a
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round blade cutter 46 at ST6. This incision is indicated by a line j in FIG 1 and
FIG.8c. The incision is made by a round blade cutter 46a for right thigh or round
blade cutter 46b for left thigh. The cutters 46a and 46b are located to face each
other with the clamper transfer chain 12 passing between them as shown in
FIG2. The cutter 46a or 46b is selected by actuating a cutter changeover device
47 based on the result of discrimination of right or left of the thigh by the dis-
crimination device 81 as shown in FIG9.

[0093] The result of discrimination by the right/left thigh discrimination means
81 is sent to the scraper changeover drive device 67. When the work 1 is a right
thigh 1(R), the work 1( R) is posed by the scraper changeover device 67 so that
the front side of the work 1(R) to face the round blade cutter 40a, and incision is
made by the round blade cutter 40a. When the work 1(L) is a left thigh 1(R), the
work 1(L) is posed by the scraper changeover device 67 so that the front side of
the work 1(L) to face the round blade cutter 40b, and incision is made by the
round blade cutter 40b. By this, the work 1 is transferred in an attitude that the
knee cap 6 thereof is directed toward upstream of the work transfer direction 'a’
in steps ST6 to ST8, irrelevant to whether the work 1 is a right or left leg part.
By making incision around the lower femur bones 2 until the lower side of the
knee joint 5 and in the membrane between a knuckle meat part 51 (shintama)
and inner thigh meat 52 around the femur bone 3, processes of scraping meat
from the lower femur bones 3 and from the femur bone 3 in ST7 and ST8 are

eased and yield of meat is increased.

[0094] Then, meat scraping from the lower femur bones is carried out in ST7.
This meat scraping is performed using a lower thigh scraping device 60 shown
in FIGS. 12 and 13a~c. The lower femur bones consist of a shinbone 2a and a
fibula 2b as shown in FIG.12. The scraping device 60 is composed to meat the

configuration of the lower femur bones 2.

[0095] Referring to FIGS. 12 and 13, the lower thigh scraping device 60 com-
prises a scraper plate 61, a base plate 66 onto which the scraper plate 61 is at-
tached, an air cylinder 63, and a swing scraper plate 62. The base plate 66 is
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connected to a piston rod 64 of the air cylinder 63. The swing scraper plate 62
is urged by a spring not shown in the drawing to be swingable on a swing axis
62a fixed to the scraper plate 61. A pair of guide rods 65 is to guide up and
down movement of the scraper plate 61 in directions shown by an arrow k. The

swing scraper plate 62.

[0096] The scraper plate 61 has an inserting protrusion part 61 a which can in-
trude into the gap between the shinbone 2a and fibula 2b. The lower femur
bones 2 are surrounded by the shank 55 and a meat part 54 (chimaki in Japa-
nese) adhering to the bones. It is necessary to use scraper plates of different
shape separately for a right leg part and left leg part, for relative position of the

shinbone and fibula differs depending on whether it is right leg or left leg.

[0097] To deal with this, a right lower thigh scraping device 60a is provided with
a right thigh scraper plate and a left lower thigh scraping device 60b provided
with a left thigh scraper plate are located to face each other with the clamper

transfer chain 12 passing between them as shown in FIG.2.

[0098] The work 1 is already posed concerning its rotation position in ST6
based on the result of discrimination at ST1 whether the work 1 is right leg or
left leg such that the backside of a right leg part faces toward the right lower
thigh scraping device 60a and the backside of the left leg faces toward the left
lower thigh scraping device 60b, so meat scraping of the right leg is carried out
by the right lower thigh scraping device 60a and scraping of the left leg is car-
ried out by the left lower thigh scraping device 60b. The lower thigh scraping
device 60 shown in FIG 12 is a right lower thigh scraping device 60a.

[0099] When the work 1 (R)(a right leg is assumed in this explanation) pro-
cessed in ST6 has been transferred to ST7 in the transfer direction a, the air
cylinder 63 is actuated to push the scraper plate 61 toward the work 1(R) at the
timing right before the work 1(R) comes in front of the scraper plate 61. By this,
the inserting protrusion part 61a of the scraper plate 61 intrudes into the gap be-

tween the shinbone 2a and fibula 2b of the work 1(R), at the same time the



10

15

20

25

30

DK/EP 2110021 T4

33

swing scraper plate 62 contacts the calf meat part 54 to be swung upward, and
the leading end of the swing scraper plate 62a comes close to the surface of the
shinbone. Thus, the scraper plate 61 comes on the shank 55 and the swing

scraper plate 62 comes on the calf meat 54.

[0100] As the work 1(R) is further transferred horizontally in direction of arrow a,
the work 1(R) is slanted with its lower femur bones 2 held by the scraper plate
61 and swing scraper plate 62 as shown in FIGS.13a and 13b. As the clamper
11 is attached to the swing chain 12 via the swing axis 11a, the work 1(R) is
slanted easily, and the lower femur bones 2 are raised obliquely upward in rela-
tion to the clamper plates 61.

[0101] In this way, meat around the lower femur bones is scraped off Due to the
weight of the slanted work 1®, the fibula 2b is pressed to the scraper plate 61
further stronger as the work 1® is transferred. Meat between the shinbone 2a
and fibula 2b is adhered strongly to the shinbone 2a and fibula 2b. When carry-
ing out de-boning manually, meat scraping is performed after incision is made

between the fibula 2b and shinbone 2a.

[0102] With the apparatus of the embodiment, the inserting protrusion part 61 a
of the scraper plate 61 is inserted in between the fibula 2b and shinbone 2a, the
fibula 2b is pressed to the scraper plate 61 strongly as the ankle of the work 1®
is pulled by the clamper 11 in a state the shank and calf meat 54 are held down
by the scraper plate 61 and swing scraper plate 62, so meat between the fibula
and shinbone can be scraped off Further, by forming the end part of the insert-
ing protrusion part 61 a of the scraper plate 61 to be sharp like a cutter, effect of
scraping the meat between the fibula and shinbone can be further increased.

[0103] As not only meat between fibula and shinbone, but also meat around the
lower femur bones can be scraped off by one meat scraping process, pro-
cessing time is shortened, resulting in increase processing capacity. Further, as
the shinbone 2a increases in diameter in the lower parts, inclination of the work

1(R) to the vertical line increases as the work 1(R) moves in the transfer direc-
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tion a as shown in FIG 13c. By this, meat around the shinbone 2a can be
scraped off along the profile of the surface of the shinbone 2a with high yield of

meat and without damaging the shinbone 2a.

[0104] Next, the work 1(R) with meat around the lower femur bones scraped is
transferred to ST8 in an attitude the knee cap is directed toward upstream of the
transfer direction. In ST8 is provided a meat scraper plate 71 located at a height
position where the joint part 5 of the work 1(R) is in the transfer route, the meat
scraper plate 71 being inclined downward to the transfer direction a. The meat
scraper plate 71 has a recess 72 as shown in FIG 16. The recess 72 is open
toward upstream of the transfer direction a(the opening being indicated by ref-
erence numeral 72a), the width of the opening 72a being such that the joint part
5 can intrudes into the recess 72, and the bottom of the recess 72 is formed in a
V-shape in order to bring the femur bone toward central part so that the femoral
head does not interfere with the edge of the recess 72 when scraping meat.

[0105] A pair of round blade cutters 74 as shown in FIG.15 is provided right
above the meat scraper 71 parallel thereto. The pair of cutters 74 serves to
make incision around the femur bone 3 at middle parts between the part just
above the knee cap 5 and the femoral head and make final cutting below the
femoral head to separate the meat finally. The position of the final cutting is de-
termined by detecting the position of the knee joint 5. When cutting with the pair
of the round lade cutter 74, each of the cutters is moved toward the right and
left direction respectively in relation to the transfer direction a and also moved in
the direction opposite to the transfer direction as shown by an arrow m. By mov-
ing the round blade cutters 74 in the direction m opposite to the transfer direc-

tion a, cutting speed is increased, smooth cutting is assured.

[0106] A pair of swing plates 75 is attached to the meat scraper 71 to close the
opening 72a of the concave portion 72 in order to prevent the femur bone in-
truded into the recess 72 of the meat scraper 71 from being disengaged. Each
of the swing plates 75 supported by the meat scraper plate 71 swingable in di-

rections shown by an arrow n about a swing center 75a by moving a piston rod
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76a of an air cylinder 76 in direction shown by an arrow g, thereby opening up
or closing down the opening 72a of the recess 72.

[0107] The knee joint part 5 of the work 1(R) transferred in the direction a to
ST8 comes into the recess 72 of the meat scraper plate 71 provided at the
height position of the knee joint 5. When the knee joint part 5 of the work 1 (R)
intrudes into the recess 72, the air cylinder is actuated to swing the pair of swing
plates 75 to close the opening 72a of the meat scraper plate 71, thus the joint
side end part of the femur bone of the work 1 (R)is chucked by the meat scraper
plate 71.

[0108] The clamper 11 continues to move horizontally in the direction a, the
meat part of the work 1(R) is pushed obliquely upwardly by the undersurface of
the meat scraper plate 71 which is fixed in position and the femur bone 3 is
strongly pressed to the V-shaped bottom 73 of the recess 72 of the meat scrap-

er plate 71 by force due to the weight of the work 1(R).

[0109] By this, effect of scrapping meat by the meat scraper 71 is increased. As
the clamper 11 is transferred while the ankle of the work 1 is clamped with the
clamper 11, the meat part of the work 1 is pressed strongly toward downstream
by the undersurface of the meat scraper plate 71. Further, as the meat part of
the work 1 (R) is pushed with the knee cap 6 positioned in the upstream side,
the work 1(R) slants toward inner thigh meat 52 due to the weight of the work 1
(R) and the inner thigh meat 52 is pressed to the under surface of the meat
scraper plate 71, the work 1(R) moves toward the arrow t while the inner thigh
52 being scraped along the incision line e(see FIG.8c). Therefore, meat does
not intrudes into a gap between the femur bone 3 and the recess 72, clogging of
meat in the gap does not occur.

[0110] With conventional automatic de-boning apparatus disclosed in the patent
literature 1, as a work to be de-boned is pulled up vertically with its ankle
clamped, scraped meat gets entangled with the bone and clogging occurs.

Therefore, it was not possible to scrape meat by one stroke without the clog-
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ging, and it was necessary to carry out a number of scraping with a small scrap-
ing stroke of each scraping to evade occurrence of the clogging. With the appa-
ratus of the embodiment, meat scraping can be completed by one scraping op-

eration.

[0111] Further, when scraping meat from a femur bone, at least two incisions is
needed to be made along the femur bone before performing meat scraping,
whereas according to the embodiment, only one incision made at ST3 is need-
ed along the femur bone before scraping meat from the femur bone.

[0112] Further, with the embodiment, meat scraping can be performed with in-
creased yield of meat, by making two incisions around the bone between the
part just below the knee joint part and the femoral head and cutting biological
tissue such as meat, tendon, ligament, etc. adhering to the bone.

[0113] As has been described heretofore, according to the embodiment, meat
scraping process is simplified dramatically, process time is shortened, and pro-
cessing capacity is increased. Further, a number of sets of combination of a
meat scraper, cutter, and work lifting device are needed to compose a conven-
tional de-boning apparatus, whereas according to the embodiment, meat scrap-
ing similar to the conventional meat scraping can be carried out by providing on-
ly one set of combination of a meat scraper and cutter, and a work transfer de-
vice- Therefore, substantial cost reduction and space-saving are attained.

[0114] The bones separated from the meat part 7 and remaining in a state
clamped with the clamper 11 in ST8 is released from the clamper 11 by means
of a bone discharging means not shown in the drawings falls down to be dis-
charged form the apparatus.

[The second embodiment]

[0115] The second embodiment of the present invention will be explained with

reference to FIGS. 17 to 30. FIG 17 is a plan view showing overall configuration
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of the apparatus of the second embodiment Referring to FIG 17, a pig leg part 1
with the hipbone not removed is transferred on a belt conveyor 101 to ST1.
Each worker w shifts the pig leg part 1 onto a cutting board 102 and removes
the hipbone 4 on the cutting board 102 as a preprocessing. Then the worker w
inserts the ankle part of the pig leg part 1 with the hipbone 4 removed into a gap
between two work hanger tables 103 arranged parallel to each other. The work
1 hanged between the gap formed by the two work hanger tables 103 is pushed
intermittently toward a discrimination device 110 for discriminating whether the
pig leg is a right leg or left leg by a pusher actuated by an air cylinder not shown
in the drawing. Constituent parts and devices the same to those of the first em-
bodiment are indicated by the same numerals, and their explanation is omitted.

[0116] Construction of the discrimination device 110 will be explained with ref-
erence to FIG 18 to 20. FIG 18 shows the state the discrimination device 110 is
applied to discriminate right or left of a pig leg part, FIG 19 is a section along
line I-1 on FIG.18, and FIG20 shows drive mechanism of a pair of measuring
arms of a pair of measuring arms 111(112) of the discrimination device 110. As
shown in FIG 17, the two work hanger tables 103 are located so that the gap
between the two work hanger tables 103 is perpendicular to a transfer chain 12
moving in a horizontal plane. The ankle part of the pig leg part 1 is inserted into
the gap between the work hanger tables 103 so that the fat layer 1 a is directed
toward the transfer chain 12 by the worker. Then the pig leg part is pushed to-

ward the discrimination device 110 in a hanged attitude as mentioned above.

[0117] In this state, the pairs of measuring arms 111 and 112 approach a pig
leg part 1 with hipbone removed(work 1) from either side of the work 1 to pinch
the work 1. The pair of measuring arms 111 and 112 stops when they have
pinched the work 1. Mechanism for driving the measuring arms will be ex-
plained referring to FIG20. In FIG20, the pair of measuring arms 111(112) has a
rack 113(114) extending horizontally (perpendicular to the pair of arms
111(112)) fixed to the arms. Each of the racks 113,114 engages with a pinion
115 located between the racks.
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[0118] A piston rod 117 connected to a piston 116a of an air cylinder 116 is
connected to one of the measuring arms of the pair of measuring arms 111
(112). Distance a(or ) between the arms of the air of arms 111(112) can be ad-
justed by actuating the air cylinder 116. An encoder 118 is connected to the pin-
ion 115. The distance a(or B) is detected by detecting rotation angles or count-
ing the number of rotation of the encoder 118 by means of a judging means 119
for judging right or left of a thigh. As the air cylinder is actuated by air which is
compressible fluid, the pair of measuring arms 111(112) stops automatically
when it clamps the work 1 and receives reaction force of certain largeness from

the work 1.

[0119] Then, measured distance a and 3 are compared. For example, it is
judged that, when a<p, the work 1 is a right thigh, and when a<f3, the work 1 is
a left thigh. The measurement is carried out by pinching the work 1 with two
pairs of measuring arms when the work 1 transferred intermittently to a position
in front of the discrimination device 110 is stopped there, discrimination of a
right thigh from a left thigh can be done accurately with the discrimination de-

vice of simple construction.

[0120] Then the work 1 is shifted to the clamper 11 attached to the transfer
chain 12. A work shifting device 120 will be explained referring to FIG.21. In
FIG.21, the work 1 hanging in the gap between the work hanger tables 103 is
pushed by an air cylinder 121 to a work shift guide 122 located between the
work hanger tables 103 and transfer chain 12. The work shift guide 122 has a
pair of clamper plates between which the ankle part of work 1 is inserted
pushed by the air cylinder 121. The work shift guide 122 can be moved in the
same direction and at the same speed in synchronism with the clamper 11 by a
drive means not shown in the drawing. The work 1 is shifted to the clamper 11
pushed by an air cylinder 123 toward the clamper 11 while the work shift guide
122 is moving in synchronism with the clamper 11. After the work 1 is shifted to
the clamper 11, the work shift guide 122 is returned to the original position said

drive means.
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[0121] The clamper 11 attached to the transfer chain 12 driven by a transfer
chain drive device 113(see FIG.17) is moving at a constant speed, and the work
1 shifted to the clamper 11 reaches in front of a work length detecting means
130. By the way, processing devices of ST2 to ST8 are surrounded by a safety
railing 114 as shown in FIG 17. Construction of the work length detecting
means will be explained referring to FIGS.22 to 25.

[0122] In the drawings, reference numeral 130 is a work length detecting
means. A detecting arm 132 is supported swingablly at an end thereof by a
bracket fixed to a base bracket 131. A limit switch or proximity switch
134(hereafter referred to as a switch 134) is fixed to a horizontal plate of the
base bracket 131 below the other end of the detecting arm 132. Lifted distance
of the base bracket 131 when the switch 134 has detected that the other end of
the detecting arm 132 has come close to or contacted the switch 134, is meas-

ured.

[0123] A support shaft 136 is provided to an upper end part of a support pillar
135 of the base bracket 131, and a pusher arm 137 is supported swingablly via
the support shaft 136. To the pusher arm 137 is attached a round bar 138 at an
end thereof and a counter weight 139 at the other end. A spring 140 is provided
on the horizontal plate of the base bracket 131 under the detecting arm 132 to
push the detecting arm upward so that the end of the detecting arm 132 is kept
apart from the switch 134 unless force exerts to push down the detecting arm
132. The round bar 138 attached to the pusher arm 137 is a long bar, so the
pusher arm 137 can be rotated in clockwise direction smoothly without the
round bar 138 interrupted by the work 1.

[0124] As the work 1 is got rid of the hipbone 4, the lower part thereof is
scooped out deeply and femoral head 3a is exposed. The femoral head 3a is
not so apart from the lower end part 1b of the work 1, so when the detecting
arm 132 comes near to the work 1, the end of the detecting arm 132 may inter-
fere with the lower end part 1b of the work 1. With the work length detecting
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means 130 composed like this, first the base bracket 131 is advanced in direc-
tion of arrow u into position, then lifted up in direction of arrow v. As shown in
FIG.14, when the base bracket 131 is advanced and lifted, the round bar 138
attached to the pusher arm 137 comes to contact with the lower end part of the
work 1, pushes away the work 1, so the detecting arm 132 does not come to
contact with the lower end part of the work 1. The pusher arm 137 swings
downward by reaction force that the round bar 138 receives from the work 1.
Then the base bracket 131 is lifted as shown in FIG24. The detecting arm 132
comes to contact with the femoral head 3a and pushed down by the femoral
head 3a, so the detecting arm 132 swings downward and its end part comes
close to or contact the switch 134. This is detected by the switch 134, and lifted
distance of the base bracket 131 when the switch 134 has detected this is de-
tected, and work length W is calculated in the same way as the first embodi-
ment shown in FIGS.3a, 3b.

[0125] With the work length detecting means 130, the detecting arm 132 comes
to contact with the femoral head 3a of the pig leg part 1 after the pusher arm
137 comes to contact with the lower end part 1b of the pig leg part 1 and push-
es it away, so the detecting arm 132 can come to contact with the femoral head
3a without interfered by the thigh meat. Therefore, work length W can be meas-

ured accurately

[0126] The work length detecting means 130 is transferred at the same speed
as the work transfer speed during the measurement When the measurement is

finished, the work length detecting means 130 is returned to the initial position.

[0127] Then, meat is cut all around the ankle part(a part of the lower femur
bones just below the clamper 11 as shown by a line ¢ in FIG 1) with a set of
round blade cutters 28 composed the same to that of the first embodiment to
make meat scraping possible in the post processing.

[0128] Incision making processes in ST3 to ST6 are done in the same way as

done in the first embodiment. However, in the second embodiment, work stabi-
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lizing mechanism when performing incision making processes in ST3 to ST5 us-
ing robot arms 30 to 50 is different from that of FIGS.10 and 11 of the first em-
bodiment. Work stabilizing mechanism of the second embodiment will be ex-
plained with reference to FIGS.17, 26, and 27.

[0129] Referring to FIGS.26 and 27, the stabilizing mechanism of the embodi-
ment adopt a backside supporting mechanism 150 to support the work 1 from
the backside(fat layer 1a side) of the work 1. The backside supporting mecha-
nism 150 is composed of a base support member 151 which is disposed to face
the backside of the work and slanting from vertical direction, pairs of arms 152
of which the arms of each pair extend from the base support member 151 to-
ward both sides and slanted forwardly so that the support arms 152 can contact
the backside surface of the work 1, and a support shaft 153 for supporting the
base support member 151. The work 1 is supported by the supporting mecha-
nism in a state it is slanted forwanily, that is, the work hanging from the clamp-
ing device is slanted pushed forward by the arms 152 as shown in FIG.27.
Therefore, a part of the weight of the work 1 is supported by the supporting
mechanism, so the work 1 is not swung by the force applied by the cutter ma-
nipulated by the robot 30, 40, or 50 when incision is made to the work, that is,
the work 1 is stabilized against the cutting force of the cutter. Further, incision
making is facilitated by slanting the work 1.

[0130] In the embodiment, the guide bar 35 provided in the front side of the
work 1 in the case of the first embodiment shown in FIGS.10 and 11 is not pro-
vided. As the work 1 is supported in an attitude slanted forwardly as shown in
FIG27, the work 1 can be stabilized when making incision to the work 1 without
the guide bar 16. As the guide bar 16 is not provided, it is possible to accom-
modate the work 1 of various lengths.

[0131] Mechanism of driving the backside supporting mechanism will be ex-
plained referring to FIG 17. The base support member 151 of the backside sta-
bilizing mechanism 150 is attached to a block via the support shaft 153. The

block 154 is engaged with a timing belt 157 and can be moved in the transfer
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direction a in synchronism with the transfer of the clamper 11 by driv-
ing(rotating) the endless belt 157 by means of a servo motor 158.

[0132] The block 154 is also engaged with a linear guide155 slidably so that the
block can be moved smoothly without rattled by the force acting from the robot

arm.

[0133] When making incision, the supporting mechanism 150 is moved in the
transfer direction a at a speed the same as the clamper 31 in synchronism with
the clamper 11 and supports the work 1 on the backside thereof. When incision
is finished, the backside stabilizing mechanism 150 is departed backward from
the transfer route of the clamper 11 by actuating an air cylinder 156 attached to
the block 154. Then the block 154 is moved in the direction opposite to the
transfer direction a to be returned to the initial position. The block 154 is again
advanced to the transfer route of the clamper 11 and support the next work 1

from the backside thereof.

[0134] With the backside stabilizing mechanism 150 of this construction, control
of transfer speed of the mechanism 150 is possible by the servo motor 148, so
the mechanism 150 can accommodate an arbitrary transfer speed of the work.
Further, installation space is reduced as compared with the backside stabilizer
33 transferred by the chain 34 as shown in FIG.7.

Furthermore, when the backside stabilizing mechanism 150 is returned to the
initial position, it is returned at a speed of 2 or 3 times the transfer speed of the
work, so it can accommodate speeding up of work transfer.

[0135] After incision making process at ST5, the work 1 comes to ST6, where
vertical cutting-in to a side of the knee cap 6 is performed by a round blade cut-
ter 46 at ST6. Then the work 1 enters the ST7. In FIG.17, right lower thigh
scraping device 160a and left lower thigh scraping device 160b are located to
face each other with the transfer chain 12 passing between them.
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[0136] Lower thigh scraping process at ST7 in the second embodiment will be
explained referring to FIGS.28 to 30. In the drawings, the explanation will be
done in the case of a right leg part, i.e. work 1(R). Although the inserting protru-
sion part 61 a to be inserted in between the shinbone 2a and fibula 2b is formed
integral with the scraper plate 61 of the right lower thigh scraping device 60a in
first embodiment as shown in FIG 12, in the second embodiment, a separate
plate member 161a is provided instead of the inserting protrusion part 61a in
the first embodiment, and a scraping plate 161 of the right lower thigh scraping
device 160a has no inserting protrusion part to be inserting in between the
shinbone 2a and fibula 2b as shown in FIG29. Referring to FIGS.29 and 30, first
the plate member 161a having an inserting protrusion part at its end is moved
across the transfer line 12 from the opposite side of the scraping device 160a,
and the inserting protrusion part of the plate member 161a intrudes into the gap
between the of the shinbone 2a and fibula 2b of the transferring work 1(R).
Then the scalper plate 161 and a swing scraper plate 162 are moved toward the
transfer line 12 to contact to the bones of the work 1(R) as shown in FIG29.
Then, meat around the lower femur bones is scraped off by the plate member
161 a, scraper plate 161, and swing scraper plate 162. The swing scraper plate
62 is swingable on a swing axis 162a, and urged by an elastic force downward

swing direction.

[0137] With this construction of the lower thigh scraping device, the plate mem-
ber 161 a having an inserting protrusion part to be inserting in between the
shinbone 2a and fibula 2b is provided separately from the scraper plate 161, so
the inserting protrusion part of the plate member 161a can be brought into con-
tact with the rear surface of the shinbone 2a(portion x in FIG 29) without fail.
Therefore, meat near here can be positively scraped. On the other hand, the
scraper plate 161 can be brought into contact with the outer surface of the fibula
2b(portion y in FIG30) without fail, so meat near here can be positively scraped.

As a result, yield of meat is increased.

[0138] In the second embodiment, construction other than mentioned above is
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the same as that of the first embodiment In the second embodiments, discrimi-
nation of the work 1 whether it is a right thigh or left thigh is done by the discrim-
ination device 110 in ST1 in a state the work 1 is not transferring, the discrimi-
nation can be done accurately without fail. In the succeeding steps, processing
is done while transferring the work 1 continuously at a constant speed, and the
backside stabilizing mechanism 150 is adopted which can accommodate speed
up of work transfer, so, processing capacity of 500 thighs/hr, for example, can
be attained. Further, as work length detecting means which can detect the
length of the work accurately and efficient thigh meat scraping devices are

adopted, yield of meat can be increased.

Industrial Applicability

[0139] According to the invention, automation level of de-boning operation of an
arm or leg part of a slaughtered domestic animal is increased by automating in-
cision making which has been not automated in the past because of its difficul-
ty, and de-boning process is dramatically simplified. As a result, processing time
is shortened and process efficiency is largely increased.
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Patentkrav

1. Fremgangsmade til udbening af et emne (1) i form af en forbens- eller

bagbensdel pa et slagtet husdyr, hvilken fremgangsméade omfatter:

10

15

20

25

30

en indskaeringsprocedure (ST3, ST4, ST5) til indskeering langs knogler i
emnet (1), inklusiv en kneeledsdel (5) heraf i knoglernes leengderetning,
samtidig med at emnet (1) overfares til en haengende tilstand, hvor det
haenger fra en klemindretning med dets ankler (8) klemt ved hjeelp af klem-

indretningen,

en positioneringsprocedure til positionering af emnets (1) ankeldel, som
overfgres med anklen (8) klemt fast til klemindretningen, idet man tillader
en del af ankeldelen, lige under klemindretningen, at treenge ind i en kon-
kav del (72) pa en skrabeplade (61, 71, 161), som er anbragt nedstrams i
forhold emnet (1), som skal overfgres, sa at sidstneevnte heelder nedad
mod overfaringsretningen (a) pa klemindretningen, hvilken konkave del
(72) er saledes formet, at knoglerne i emnet (1) kan passere igennem, og

en kgdskrabeprocedure til afskrabning af ked, som omgiver knoglerne, idet
man overfaorer klemindretningen, hvorved kadet holdes nede ved hjeelp af
skrabepladen (61, 71, 161) og udseettes for en skrabekraft, som heelder
nedad mod opstrems i forhold til overfaringsretningen (a) fra skrabepladen
(61, 71, 161), s& at kadet skrabes af fra knoglerne, nar klemindretningen
overfgres, kendetegnet ved, at indskaeringsproceduren (ST3, ST4, ST5)

omfatter

styring af bevaegelsen af et skaereorgan (35) i et skeereveerktigj (33), som er
fastgjort ved en endedel (31a) af en robotarm (31) pa en robot (30) — og
dette ved, at der blandt et antal driftsprogrammer (82), som er tilvejebragt i
et styreorgan (80) udveelges et passende driftsprogram ved hjeelp af et
programveelgeorgan (83) — og at der derefter, pa grundlag af det valgte

driftsprogram, sendes et styresignal fra styreorganet (80) til robotten (30).
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Fremgangsmade til udbening af en bendel pa en gris, hvor hoftebenet er

fiernet, ifelge krav 1, hvilken fremgangsmade omfatter:

en indskaeringsprocedure, hvor der foretages indskeering i kaddele pa gri-
sens ben langs de nedre femur-knogler (2) — og en femur-knogle (3) pa
bendelen af grisen — i knoglernes laengderetning, og dette samtidigt med at
man overfarer griseben-delen til en tilstand, hvor den haenger ned fra klem-
indretningen med sin ankeldel (8) klemt fast ved hjeelp af klemindretningen,

en forste positioneringsprocedure til positionering af ankeldelen pa grise-
ben-delen, og som kan overfgre ankeldelen (8), som er klemt i klemindret-
ningen, idet man tillader en del af ankeldelen lige under klemindretningen
at ramme den fgrste skrabeplade, som er anbragt nedstroms i forhold til
den griseben-del, som overfgres, sa at en udragende indfgringsdel (61a)
pa den forste skrabeplade kan indfgres mellem et skinneben (2a) og fibula
(2b) — som udgar de nedre femur-knogler (2), hvorved grisens skanke-kod
kan positioneres lige under den fgrste skrabeplade (61), og grisens laegked
kan holdes nede ved hjeelp af en sving-skrabeplade (62), som er svingbart

fastgjort til skrabepladen,

en forste kadskrabeprocedure til afskrabning af kad, som omgiver de ned-
re femur-knogler (2), idet man overfgrer klemindretningen til en tilstand,
hvor det kad, som omgiver de nedre femur-knogler (2) holdes nede ved
hjeelp af den fagrste hovedskrabeplade og sving-skrabepladen (62), hvorved
kadet udseettes for en skrabekraft, som haelder skrat nedad mod opstrams
i forhold til overfaringsretningen (a) fra den forste hovedskrabeplade, og

hvor sving-skrabepladen (62), kan afskrabe fra de nedre femur-knogler (2),

nar klemindretningen overfores,

en anden positioneringsprocedure til positionering af grisebenet med ked

afskrabet fra den nedre femur-knogle (2), som er blevet tilbage, og dette
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ved, at overfagre griseben-delen til en tilstand, hvor griseben-delen hanger
ned fra klemindretningen, og hvor man tillader knaeleddet (5) "mellem” gri-
seben-delen at traenge ind i en konkav del af en anden skrabeplade, som
er anbragt skrat nedad mod nedstrgms i forhold til overfgringsretningen
(a), hvilken konkave del er aben hen mod opstrems i forhold til overfgrings-
retningen og saledes udformet, at kneeleddet (5) og femur-knoglen (3) kan

passere igennem,

en anden kgdskrabeprocedure til afskrabning af ked, som omgiver femur-
knoglen (3), idet man overfarer klemindretningen til en tilstand, hvor kedet
er holdt nede ved hjeelp af en anden skrabeplade, hvorved kagdet udseettes
for en skrabekraft, som er rettet skrat nedad mod opstroms i forhold til
overfaringsretningen (a) fra den anden skrabeplade, som skal skrabe pa
femur-knoglen (3), nar klemindretningen overfares yderligere, og

en endelig adskillelsesprocedure til adskillelse af kadet fra femur-hovedet
(3a) og femur-knoglen (3).

3. Fremgangsmade til udbening ifglge krav 2, hvor den naevnte indskee-

ringsprocedure omfatter:

en forste indskeeringsprocedure hvor der frembringes en indskeering pa en sa-
dan made, at en ende af et skaereorgan (35) skeerer ind i kedet fra den gvre del
af kneeleddet (5) i grisebenet og vandrer langs overfladen af femur-knoglen (3),
medens en midterste del af skeereorganet (35) vandrer langs en membran mel-
lem det indre larked og kno-kad, indtil enden af femur-hovedet (3a),

en anden indskeeringsprocedure, hvor der frembringes en indskeering fra den
gvre del af de nedre femur-knogler langs de nedre femur-knogler (2) indtil den
nedre del af knaeleddet (5), og

en tredje indskaeringsprocedure, hvor der frembringes en indskeering, sa at en-
den af skaereorganet (35) traenger ind i laeg-kadet og passerer forbi kneekapslen
indtil et sted nedenunder leddelen (5),
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hvorved der opnas en jeevn afskrabning af kedet, og det forhindres, at kedet
danner klumper ved klemdelen pa kadskrabepladen, nar kadet afskrabes i den
tilstand, som knaekapslen befinder sig i pa den opstroms side i forhold til femur-
knoglerne.

4. Fremgangsmade til udbening ifalge krav 2, hvor griseben-delen klemmes
ved hjeelp af klemindretningen og heenger ned fra sidstnaevnte pa en sadan
made, at et fedtlag (1a) pa griseben-delen altid rettes i en bestemt retning, og
hvor en plade, som kan svinge omkring en omdrejningsakse (62a), beveeges
opad fra et sted nedenunder den ophaengte griseben-del, indtil pladen kommer i
bergring med femur-hovedet (3a) pa griseben-delen, saledes, at en omdrej-
ningsakse (62a) kommer til at befinde sig pa en centerlinje for det ophaengte
griseben, hvorved spargsmalet om, hvorvidt grisebenet er et hgjreben eller et
venstreben, kan afggres ved at affgle faldretningen for pladen efter sidstneevn-
tes bergring af femur-hovedet (3a); og at pladens afstand i haevet tilstand affo-
les, idet pladen bergrer femur-hovedet (3a), og at leengden af griseben-delen
beregnes pa grundlag af den afstand, som er affolt.

5. Fremgangsmade til udbening ifalge krav 4, hvor et antal programmer (82),
hvor der i hvert af disse pa forhand er fastlagt en beveegelse af et skaereorgan
(35) til frembringelse af en indskeering, sa at sidstnaevnte svarer til, om det er en
hajre eller venstre griseben-del eller en griseben-del af en vis laengde, og hvor
et program — som bedst passer til den griseben-del, som skal behandles — veel-
ges blandt det neevnte antal programmer og dette pa grundlag af resultatet af
en affaling af, om der foreligger en hgjre eller venstre griseben-del og en laeng-
de af griseben-delen, og at skeereorganet (35) manipuleres i henhold til det

valgte program.

6. Udbeningsapparat til udbening af et emne (1) i form af et forben eller et
bagben pa et slagtet, husdyr, hvilket apparat omfatter:

en klemindretning til klemning og ophaengning af emnet (1),
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en overfgringsindretning til vandret overforing af klemindretningen,

en indskeeringsindretning (32) til frembringelse af en indskeering eller ind-
skeeringer i kad langs emnets (1) knogleflader i knoglernes leengderetning,
en skrabeplade (61), som har en konkav del (72), der er séledes udformet,
at emnets knogler kan passere gennem og blive anbragt nedstrams i for-
hold til den overforte griseben-del, sa at sidstnaevnte haelder nedad mod
en overfagrings-retning (a) af klemindretningen, hvorved emnet (1) kan
overfores til en tilstand, hvor en del af ankeldelen lige under klemindretnin-
gen er indfert i den konkave del (72) af skrabepladen (61), hvorved det
kad, som haenger fast i knoglerne, holdes nede ved hjeelp af skrabepladen
og udseettes for en skrabekraft, som peger skrat nedad mod opstroms i
forhold til overfagringsretningen (a) fra den skrabeplade (61), som skal af-
skrabe fra knoglerne, nar klemindretningen overfores,

kendetegnet ved, at

indskaeringsindretningen (32) omfatter et antal robotter (30, 40, 50), som
hver har en robotarm (31), og et skeereveerkigj (33), som omfatter et skee-
reorgan (35), der er fastgjort ved en endedel (31a) af robotarmen 31,

og et styreorgan (80), som omfatter et programvaelgeorgan (83) og et antal
driftsprogrammer (82), og hvor styreorganet (80) er forbundet med hver ro-
bot (30) og kan drives, sa at den kan styre skaereveerkigjet (33) pa robotten
(30, 40, 50) og dette ved at veelge et passende driftsprogram via program-
veelgeorganet (83) og — baseret pa det udvalgte driftsprogram - sende et
styresignal fra styreorganet (80) til robotten (30).

Apparat til udbening af en griseben-del, idet grisens hofteben (4) er fijernet,

ifglge krav 6, hvilket apparat omfatter:

et overfgringsorgan til overfgring af klemindretninger, som hver kan klem-

me en griseben-del ved dennes ankel (8) og holde den ophaengt,
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et antal indskeeringsfrembringende organer til frembringelse af indskeerin-
ger i kaddelen af en griseben-del langs grisebenets nedre femur-knogler
(2) og femur-knogle (3) i laengderetningen,

et forste skrabeorgan til skrabning af kad, som omgiver de nedre femur-
knogler (2), nar griseben-delen overfgres, og som omfatter

en fremspringende indfgringsdel, som kan indfgres i et gab mellem et
skinneben og fibula, som er de nedre femur-knogler (2), idet griseben-

delen under sin overfaring rammer den fremspringende indfgringsdel,

en forste skrabeplade, som er anbragt nedstroms i forhold til den overforte

griseben-del og

holder skinnebenskadet nede, nar griseben-delen kommer under den for-

ste skrabeplade, og

en svingskrabeplade (62), som kan holde kedet (eng: “"calf meat”) nede,
nar griseben-delen kommer under disse skrabeplader,

et andet kgdskrabeorgan til afskrabning af ked, som omgiver femur-
knoglen (3), nar griseben-delen overfares yderligere, og som omfatter

en anden skrabeplade, som er anbragt nedstroms i forhold til den overforte
griseben-del, hvorfra det kad, som omgiver de nedre femur-knogler (2), er
skrabet af ved hjeelp af det forste skrabeorgan, hvilken anden skrabeplade,
heelder skrat nedad mod nedstroms i forhold til overfgringsretningen og har
en konkav del, som er dben imod opstrams i forhold til overfgringsretnin-
gen, og er saledes formet, at knaeleddet (5) og femur-knoglen (3) kan pas-

sere gennem naevnte konkave del, og
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en skeereindretning, som kan skeere biologiske veev omkring femur-
knoglen (3), nar der skrabes larked af fra femur-knoglen og afskeeres kod
fra femur-hovedet (3a) ved afslutningen af kadskrabningen,

hvorved det kad, som omgiver de nedre femur-knogler (2) afskrabes ved,
at man overfgrer klemindretningen, sa at denne kan tillade kadet at blive
udsat for en skrabekraft, der forlgber skrat nedad mod opstrems i forhold til
overfaringsretningen fra den fgrste skrabeplade, idet det ked, som omgiver
femur-knoglen, sa afskrabes ved, at man yderligere overfarer klemindret-
ningen, sa at denne kan tillade, at ked udseettes for en skrabekraft, som
peger i nedadgaende retning mod opstrams retning i forbindelse med
overfaringsretningen fra den anden skrabeplade, og hvor det ked, som er
afskrabet fra de nedre femur-knogler og femur-knoglen afskeeres fra femur-
hovedet ved hjeelp af skaereorganet.

Udbeningsapparat ifolge krav 7, hvor indskeeringsorganet omfatter:

et forste indskeeringsorgan til frembringelse af en indskaering, sa at en-
den af et skeereorgan kan treenge ind i kadet fra den gvre del af knae-
ledsdelen (5) pa griseben-delen og kan beveege sig langs overfladen af
femur-knoglen (3), medens den midterste del af skaereorganet kan be-
vaeges langs en membran mellem det indre larked og led-bens-ked
(eng: knuckle meat) ind til femur-hovedets (3a) sideende pa femur-
knoglen (3),

et andet indskeeringsorgan til frembringelse af en indskeering fra den
gvre del af de nedre femur-knogler (2) langs de nedre femur-knogler ind
til den nedre del af kneeleddet (5), og

et tredje indskeeringsorgan til frembringelse af en indskaering pa en sa-
dan made, at enden af skeereorganet traenger ind i kedet (eng: calf me-
at) og passerer forbi knaekapslen indtil under leddelen.
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9. Udbeningsapparat ifglge krav 7, hvor der er tilvejebragt et observationsor-
gan (81), som kan skelne, om griseben-delen er et hgjreben eller et venstreben
og samtidigt affole leengden af griseben-delen, hvilket observationsorgan er til-
vejebragt opstrams i forhold til skeereorganet, hvilket observationsorgan (81)
har en plade, som kan drejes omkring en omdrejningsakse (62a) og svinge, nar
den kommer i bergring med femur-hovedet (3a) pa den griseben-del, som
haenger ned fra klemindretningen, hvorved pladen nedefra kan beveeges op
mod griseben-delen, indtil pladen kommer i bergring med femur-hovedet (3a),
sa at omdrejningsaksen (62a) vil bevaege sig pa den lodrette centerlinje for den
ophangte griseben-del, og hvor en skelnen mellem den hgjre griseben-del og
den venstre griseben-del er tilvejebragt ved at affole retningen af saenkningen
af pladen efter, at denne har berort femur-hovedet (3a), og hvor lzengden af gri-
seben-delen kan affgles ved, at man affeler den afstand, som pladen er Igftet,
nar pladen berarer femur-hovedet (3a), og man sa beregner laengden af grise-

ben-delen pa basis af den affglte afstand.

10. Udbeningsapparat ifglge krav 7, hvor der findes et observationsorgan (81,
110), som kan skelne, om griseben-delen er et hgjreben eller et venstreben, og
som er indkoblet opstrams i forhold til indskeeringsorganet, hvilket observati-

onsorgan omfatter:

to par malearme (111, 112), som hver er anbragt pa et sted, hvor de kan
klemme larkgdet pa griseben-delen, idet sidstnaevnte heenger med sin an-
kel klemt fast i en klemindretning, saledes at fedtlaget altid peger i en be-

stemt retning,

et malearm-drivorgan, som er tilvejebragt for hvert par malearme (111,
112), og som er indrettet til at kunne bevaege armene, sa at afstanden mel-

lem armene i hvert par malearme aendres, og

et bedommelsesorgan (119) til bedemmelse af, om griseben-delen er en

hgjreben-del eller en venstreben-del,
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hvorved bedgmmelsesorganet (119) kan affgle afstanden mellem armene i
hvert par malearme (111, 112) og kan sammenligne de affglte afstande og
bedgmme, hvorvidt griseben-delen er en hgjre griseben-del eller en ven-
stre griseben-del — og dette ud fra resultatet af sammenligningen.

11. Udbeningsapparat ifolge krav 10, hvor et laengde-affelingsorgan (130) til
affeling af lsengden af griseben-delen er tilvejebragt opstrems i forhold til ind-
skeeringsorganet, hvilket leengde-affelingsorgan (30) omfatter:
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et basis-vinkelorgan (131), som kan beveaeges op fra et sted under grise-
ben-delen, idet griseben-delen ved sin ankel (8) er klemt fast til klemindret-
ningen og ophaengt, sa at ben-delens fedtlag altid vender i en fremadga-
ende retning, idet griseben-delen overfares med samme hastighed og

samme retning, som hvad der gaelder for klemindretningen,

en folearm (132), som er drejeligt understottet ved hjelp af basis-
vinkelorganet, s& at felearmen (132) kan svinge nedad, efter at den har be-
rort femur-hovedet (3a) pa griseben-delen,

en neerhedskontakt (134) til affeling af naerheden af eller en beraring af fo-
learmen (132), og

en skubbearm (137), som er understgttet, sa at den kan svinge oven over
folearmen (132) ved hjeelp af basis-vinkelorganet (131) og streekke sig hen
imod griseben-delen, og som kan bergre den nedre del af larkedet pa gri-
seben-delen og farst vil skubbe larkedet veek, nar basis-vinkelorganet
(131) neermer sig til larkedet og svinger nedad, idet det modtager en reak-

tionskraft fra larkedet,

hvorved den haevede tilstand af basis-vinkelorganet (131) — nar felearmen
(132) kommer neer ved eller kommer til at berore naerhedskontakten (134) -
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bliver affalt, og laeengden af griseben-delen bliver beregnet pa grundlag af
den affglte afstand.

12. Udbeningsapparat ifolge ethvert af kravene 9 til 11, hvor indskeeringsor-
ganet omfatter et antal programmer, hvor der i hvert af disse pa forhand er ind-
stillet en bevaegelse af skaereorganet (35) med henblik pa udformning af en ind-
skeering, hvilken indskeering svarer til en hgjre griseben-del eller en venstre gri-
seben-del og leengden af griseben-delen, et veelgeorgan (83) til valg af et pro-
gram svarende til det mest passende i forbindelse med en griseben-del, og som
skal behandles af et antal programmer (82), som er baseret pa resultatet af af-
falingen af en hgjre griseben-del eller venstre griseben-del og leengden af en
griseben-del, og et drivorgan for skeereorganet, hvilket drivorgan tjener til mani-
pulering af skeereorganet i forbindelse med det valgte program.

13. Udbeningsapparat ifalge krav 9 eller 10, og hvor der er tilvejebragt et
kadskrabeorgan til en hgjre bendel, og et kadskrabeorgan til en venstre bendel,
hvilke kgdskrabeorganer er saledes anbragt, at de vender mod hinanden, idet
der findes en passagevej for indspaendingsindretningen mellem de to skrabeor-

ganer, og

et bedammelsesorgan (119) til bedemmelse af, om det forste skrabeorgan eller
det andet skrabeorgan skal anvendes.

14. Udbeningsapparat ifglge krav 7, hvor overfaringsorganet er en kontinuerlig
overfaringsindretning til overforing af klemindretningen, idet griseben-delen
haenger ned, og hvor griseben-delen ved konstant hastighed kan passere affo-
lingsorganet (130) til affaling af emnets laengde, indskeeringsorganet, det forste
kadskrabeorgan til afskrabning af ked fra de ydre femur-knogler (2) og det an-

det kadskrabeorgan til afskrabning af ked fra femur-knoglerne (3), og

et observationsorgan (81, 110) til bestemmelse af, hvorvidt griseben-delen, der
skal behandles, er en hgjre bendel eller en venstre bendel, idet en observation

foretages, inden griseben-delen klemmes fast i klemindretningen, og en emne-
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tilferingsindretning, som er indrettet til at tilfare griseben-dele i haengende til-
stand til observationsindretningen, hvor den naevnte bestemmelse sa foretages,
og hvor der er tilvejebragt en tilfaring til en emne-omskifter-foring (122) med
henblik pa at fare griseben-delen fra emne-tilfarings-indretningen frem til over-
faring ved hjeelp af klemindretningen, idet emne-omskifter-faringen (122) er til-
vejebragt mellem en overforingsvej hgrende til klemindretningen og til emne-
tilferings-indretningen og kan bevaeges i samme retning og med samme ha-
stighed som klemindretningen synkront med overfaringen af klemindretningen
for et bestemt interval eller afsnit, og hvor der er tilvejebragt et skubbeorgan til
skubning af et fra en skubbeforing haengende griseben-del — hen til klemindret-

ningen.
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