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21 1 

22 

212 

BENDING 

EXTENSION 22 

213 

2f1 

23 212 



Patent Application Publication Jun . 4 , 2020 Sheet 8 of 25 US 2020/0171652 A1 

212 

51 

62 

61 

22 

[ Fig . 8 ) 

211 



Patent Application Publication Jun . 4 , 2020 Sheet 9 of 25 US 2020/0171652 A1 

[ Fig . 9 ] 

EXTENSION 

BENDING 

211 

211 

22 

212 

213 23 



Patent Application Publication Jun . 4 , 2020 Sheet 10 of 25 US 2020/0171652 A1 

[ Fig . 10 ] 

211 

215 

70 



Patent Application Publication Jun . 4 , 2020 Sheet 11 of 25 US 2020/0171652 A1 

[ Fig . 11 ] 

42 

ARM CONTROL DEVICE 
420 DRIVE SIGNAL 

ARM CONTROL UNIT 

421 STATE 
QUANTITIES 

MOTORS 
OF 
ARM 

MECHANISM MOTOR STATE QUANTITY 
ACQUISITION UNIT 

43 k 

HAND CONTROL DEVICE 
430 

OBJECT INFORMATION 
ACQUISITION UNIT 

431 DRIVE SIGNAL 
HAND CONTROL UNIT MOTORS 

OF 
HAND 

MECHANISM 432 STATE 
QUANTITIES MOTOR STATE QUANTITY 

ACQUISITION UNIT 

DETECTION 
VALUES 433 SENSOR INFORMATION 

ACQUISITION UNIT PRESSURE SENSOR 



Patent Application Publication Jun . 4 , 2020 Sheet 12 of 25 US 2020/0171652 A1 

[ Fig . 12 ] 

S4 

10 . 
S2 

S6 S5 

5 

5 
3 

S3 

S1 



Patent Application Publication Jun . 4 , 2020 Sheet 13 of 25 US 2020/0171652 A1 

[ Fig . 13 ] 

10 % 10 % 10 10 
S4 

S2 

S5 

S62 

S3 S1 



Patent Application Publication Jun . 4 , 2020 Sheet 14 of 25 US 2020/0171652 A1 

[ Fig . 14 ] 

21D 

2110 21B 
20 2 

21A 
211A 

210 

S4 

211B 
2110 

10 10 10 



Patent Application Publication Jun . 4 , 2020 Sheet 15 of 25 US 2020/0171652 A1 

[ Fig . 15 ] 

21D 

AL 20 
211D 

21B 2 

21A 

211A 

210 

S4 

211B 2110 

S6 
10 

10 ' 10 ' 10 ' 



Patent Application Publication Jun . 4 , 2020 Sheet 16 of 25 US 2020/0171652 A1 

[ Fig . 16 ] 

20 

210 GO 2 21B 

21A 

211A 
210 

211D 

S4 

2110 
211B 

S5 

10 S6 
10 

10 ' 



Patent Application Publication Jun . 4 , 2020 Sheet 17 of 25 US 2020/0171652 A1 

[ Fig . 17 ] 

21A 
21D 

21B 20 

2 

210 

211B 

2110 
10 

2110 

211A 
10 

S6 S4 
S5 



Patent Application Publication Jun . 4 , 2020 Sheet 18 of 25 US 2020/0171652 A1 

[ Fig . 18 ] 

21A 

211A 
S4 

S6 

T 

S5 



Patent Application Publication Jun . 4 , 2020 Sheet 19 of 25 US 2020/0171652 A1 

[ Fig . 19 ] 

21A 

S4 

$ 5 
211A 

S6 

TIL 



Patent Application Publication Jun . 4 , 2020 Sheet 20 of 25 US 2020/0171652 A1 

[ Fig . 20 ] 

21A 

S4 S4 

211A 

56 

12 12 S5 



Patent Application Publication Jun . 4 , 2020 Sheet 21 of 25 US 2020/0171652 A1 

[ Fig . 21 ] 

S4 21A 

S4 
211A 

S6 

12 
12 % S5 



Patent Application Publication Jun . 4 , 2020 Sheet 22 of 25 US 2020/0171652 A1 

[ Fig . 22 ] 

START 
S101 

ACQUIRE OBJECT 
INFORMATION 

S102 

BRING STATE - ALTERING 
FINGER PORTION INTO 
CONTACT WITH OBJECT 

S103 

ALTER STATE OF OBJECT 
TO PREDETERMINED 
GRIPPABLE STATE 

S104 

GRIP OBJECT USING 
GRIPPING FINGER 

PORTIONS 

END 



Patent Application Publication Jun . 4 , 2020 Sheet 23 of 25 US 2020/0171652 A1 

[ Fig . 23 ] 

212 

230 , 234 
232 2321 

23 

230 , 231 
631 

20 

632 , 230 , 233 

213 



Patent Application Publication Jun . 4 , 2020 Sheet 24 of 25 US 2020/0171652 A1 

[ Fig . 24 ] 

632 , 233 
631 

63 
23 2322 

213 

64 234 232 
2321 212 

231 

20 



Patent Application Publication Jun . 4 , 2020 Sheet 25 of 25 US 2020/0171652 A1 

[ Fig . 25 ] 

212 

234 

232 
632 , 233 

H 2321 

2322 

63 

23 
213 

631 
231 

64 

20 



US 2020/0171652 A1 Jun . 4 , 2020 
1 

HAND MECHANISM , GRIPPING SYSTEM , 
AND NON - TRANSITORY STORAGE 

MEDIUM 

Advantageous Effects of Invention 
[ 0007 ] According to the present invention , the hand 
mechanism can grip the object more favorably , regardless of 
the attitude and surrounding conditions of the object . TECHNICAL FIELD 

BRIEF DESCRIPTION OF DRAWINGS [ 0001 ] The present invention relates to a hand mechanism , 
a gripping system , and a gripping program for gripping an 
object using a plurality of finger portions . 

BACKGROUND ART 

[ 0002 ] Hand mechanisms attached to a robot arm or the 
like in order to grip an object using a plurality of finger 
portions have been developed in the prior art . PTL 1 , for 
example , discloses a hand mechanism having three finger 
portions ( fingers ) . In the hand mechanism of PTL 1 , the 
three finger portions have identical structures . Further , in the 
hand mechanism of PTL 1 , a plate member is provided on 
a tip end portion of each finger portion such that a free end 
thereof projects from the tip end portion . By configuring the 
finger portion in this fashion , when an object placed on a flat 
surface is to be gripped by the hand mechanism , with the 
plate member of the finger portion inserted between the flat 
surface and the object , the object can be gripped by the 
finger portion . 

CITATION LIST 

Patent Literature 

[ 0003 ] [ PTL 1 ] Japanese Translation of PCT Application 
No. 2015-533669 

SUMMARY OF INVENTION 

Technical Problem 

[ 0008 ] FIG . 1 is a schematic view showing a configuration 
of a robot arm according to an embodiment . 
[ 0009 ] FIG . 2 is a perspective view of a hand mechanism 
according to this embodiment . 
[ 0010 ] FIG . 3 is a top view of the hand mechanism 
according to this embodiment . 
[ 0011 ] FIG . 4 is a side view of a finger portion of the hand 
mechanism according to this embodiment . 
[ 0012 ] FIG . 5 is a view showing a tip end portion side of 
the finger portion of the hand mechanism according to this 
embodiment from the direction of an arrow A in FIG . 4 . 
[ 0013 ] FIG . 6 is a view showing an internal structure of a 
part of a base portion near a connecting portion connected to 
the finger portion and internal structures of a base end 
portion and a second joint portion of the finger portion on the 
hand mechanism according to this embodiment . 
[ 0014 ] FIG . 7 is a view showing internal structures of a 
first joint portion and a second finger link portion of the 
finger portion on the hand mechanism according to this 
embodiment . 
[ 0015 ] FIG . 8 is a view showing a movement range of the 
second joint portion of the finger portion on the hand 
mechanism according to this embodiment . 
[ 0016 ] FIG . 9 is a view showing a movement range of the 
first joint portion of the finger portion on the hand mecha 
nism according to this embodiment . 
[ 0017 ] FIG . 10 is a view showing an arrangement of 
pressure sensors on a first link portion of the finger portion 
on the hand mechanism according to this embodiment . 
[ 0018 ] FIG . 11 is a block diagram showing respective 
function units included in an arm control device and a hand 
control device according to this embodiment . 
[ 0019 ] FIG . 12 is a view showing an example of the shape 
of an object that is gripped by the hand mechanism . 
[ 0020 ] FIG . 13 is a view showing a state in which a 
plurality of objects are arranged side by side . 
[ 0021 ] FIG . 14 is a first view showing an operation 
performed by a first finger portion of the hand mechanism 
according to this embodiment to alter the attitude of the 
object . 
[ 0022 ] FIG . 15 is a second view showing the operation 
performed by a first finger portion of the hand mechanism 
according to this embodiment to alter the attitude of the 
object . 
[ 0023 ] FIG . 16 is a first view showing a state in which the 
object is gripped by a second finger portion , a third finger 
portion , and a fourth finger portion of the hand mechanism 
according to this embodiment . 
[ 0024 ] FIG . 17 is a second view showing a state in which 
the object is gripped by the second finger portion , the third 
finger portion , and the fourth finger portion of the hand 
mechanism according to this embodiment . 
[ 0025 ] FIG . 18 is a first view showing a first other example 
of the operation of the hand mechanism according to this 
embodiment . 

[ 0004 ] Typically , when an object is to be gripped by a hand 
mechanism , the object must be placed in advance so that the 
attitude and surrounding conditions of the object are suitable 
for the object to be gripped by the hand mechanism . Con 
sidering that a hand mechanism is used with respect to 
various objects and under various conditions , however , it is 
desirable to minimize limitations caused by the placement 
state and placement conditions of the object . 
[ 0005 ] The present invention has been devised in consid 
eration of the problem described above , and an object 
thereof is to provide a technique with which an object can be 
gripped more favorably by a hand mechanism , regardless of 
the attitude and surrounding conditions of the object . 

Solution to Problem 

[ 0006 ] A hand mechanism according to the present inven 
tion includes three or more finger portions so that when an 
object is to be gripped , at least one finger portion among the 
three or more finger portions functions as a state - altering 
finger portion for altering the attitude and / or the position of 
the object while contacting the object , and at least two finger 
portions among the finger portions other than the finger 
portion functioning as the state - altering finger portion func 
tion as gripping finger portions for gripping the object in a 
state where the attitude and / or the position has been altered 
by the state - altering finger portion . 
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[ 0026 ] FIG . 19 is a second view showing the first other 
example of the operation of the hand mechanism according 
to this embodiment . 
[ 0027 ] FIG . 20 is a first view showing a second other 
example of the operation of the hand mechanism according 
to this embodiment . 
[ 0028 ] FIG . 21 is a second view showing the second other 
example of the operation of the hand mechanism according 
to this embodiment . 
[ 0029 ] FIG . 22 is a flowchart showing a control flow 
executed when an object is gripped by the hand mechanism 
according to this embodiment . 
[ 0030 ] FIG . 23 is a schematic view showing a configura 
tion of stoppers according to this embodiment . 
[ 0031 ] FIG . 24 is a sectional view of the vicinity of the 
second joint portion according to this embodiment when the 
second joint portion is maximally extended . 
[ 0032 ] FIG . 25 is a sectional view of the vicinity of the 
second joint portion according to this embodiment when the 
second joint portion is maximally bent . 

finger portion functioning as the state - altering finger portion , 
function as gripping finger portions for gripping the object 
in a state where the attitude or the position thereof has been 
altered by the state - altering finger portion . In other words , 
when an object is to be gripped , the gripping finger portions 
contact the predetermined gripping location of the object , 
which has been exposed by altering the attitude or the 
position of the object using the state - altering finger portion . 
The object is then gripped by the gripping finger portions . 
[ 0036 ] By providing the hand mechanism with the state 
altering finger portion and the gripping finger portions , as 
described above , the hand mechanism can grip an object 
regardless of the attitude and the surrounding conditions of 
the object . 

EMBODIMENT 

DESCRIPTION OF EMBODIMENTS 

[ 0033 ] A hand mechanism according to the present inven 
tion includes three or more finger portions . Here , when an 
object is to be gripped by the hand mechanism , in order to 
clamp the object with the finger portions , a predetermined 
gripping location , i.e. the part of the object with which the 
fingers are to be brought into contact , must be exposed so 
that the finger portions can contact the gripping location . 
However , under conditions in which an item that causes an 
obstruction during gripping of the object , such as a wall 
surface of a container housing the object or another object in 
a case where a plurality of objects are arranged side by side 
in mutual contact , is placed nearby , the predetermined 
gripping location of the object may not be exposed so as to 
be contactable by the finger portions . In such cases , if the 
object is left as is , it is difficult for the hand mechanism to 
grip the object . Even in this case , however , by altering the 
attitude or position of the object so as to increase the interval 
between the object and the obstruction , the predetermined 
gripping location of the object can be exposed . Then , by 
bringing the finger portions into contact with the predeter 
mined gripping location of the object and clamping the 
object with the finger portions when the finger portions are 
in a state where the gripping location is exposed , the object 
can be gripped by the hand mechanism . 
[ 0034 ] Hence , in the hand mechanism according to the 
present invention , when an object is to be gripped , at least 
one finger portion among the three or more finger portions 
functions as a state - altering finger portion for altering the 
attitude or the position of the object while contacting the 
object . The state - altering finger portion can be brought into 
contact with the object even when the predetermined grip 
ping location of the object is not exposed so as to be 
contactable by the finger portions . Further , by bringing the 
state - altering finger portion into contact with the object , the 
attitude or the position of the object can be altered by the 
state finger portion . As noted above , by altering the attitude 
or the position of the object so as to increase the interval 
between the object and the obstruction , the predetermined 
gripping location of the object can be exposed . 
[ 0035 ] Further , in the hand mechanism according to the 
present invention , when an object is to be gripped , at least 
two finger portions , among the finger portions other than the 

[ 0037 ] A specific embodiment of the present invention 
will be described below on the basis of the figures . Unless 
specified otherwise , the technical scope of the invention is 
not limited only to the dimensions , materials , shapes , rela 
tive arrangements , and so on of the constituent components 
described in this embodiment . 
[ 0038 ] Here , a case in which the hand mechanism and 
gripping system according to the present invention are 
applied to a robot arm will be described . FIG . 1 is a 
schematic view showing a configuration of the robot arm 
according to this embodiment . A robot arm 1 includes a hand 
mechanism 2 , an arm mechanism 3 , and a support portion 4 . 
The hand mechanism 2 is attached to one end of the arm 
mechanism 3. Further , the other end of the arm mechanism 
3 is attached to the support portion 4. The hand mechanism 
2 includes a base portion 20 connected to the arm mecha 
nism 3 , and four finger portions 21 provided on the base 
portion 20. Note that the configuration of the hand mecha 
nism 2 will be described in detail below . 
[ 0039 ] < Arm Mechanism > 
[ 0040 ] The arm mechanism 3 includes a first arm link 
portion 31 , a second arm link portion 32 , a third arm link 
portion 33 , a fourth arm link portion 34 , a fifth arm link 
portion 35 , and a connecting member 36. The base portion 
20 of the hand mechanism 2 is connected to a first joint 
portion 30a formed on one end side of the first arm link 
portion 31 of the arm mechanism 3. A motor ( not shown ) for 
rotating the hand mechanism 2 relative to the first arm link 
portion 31 about the first arm link portion 31 is provided in 
the first joint portion 30a . The other end side of the first arm 
link portion 31 is connected to one end side of the second 
arm link portion 32 by a second joint portion 306. The first 
arm link portion 31 and the second arm link portion 32 are 
connected so that respective central axes thereof intersect 
perpendicularly . A motor ( not shown ) for rotating the first 
arm link portion 31 relative to the second arm link portion 
32 about the other end side thereof is provided in the second 
joint portion 30b . Further , the other end side of the second 
arm link portion 32 is connected to one end side of the third 
arm link portion 33 by a third joint portion 30c . A motor ( not 
shown ) for rotating the second arm link portion 32 relative 
to the third arm link portion 33 is provided in the third joint 
portion 30c . 
[ 0041 ] Similarly , the other end side of the third arm link 
portion 33 is connected to one end side of the fourth arm link 
portion 34 by a fourth joint portion 30d . Furthermore , the 
other end side of the fourth arm link portion 34 is connected 
to the fifth arm link portion 35 by a fifth joint portion 30e . 
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A motor ( not shown ) for rotating the third arm link portion 
33 relative to the fourth arm link portion 34 is provided in 
the fourth joint portion 30d . Moreover , a motor ( not shown ) 
for rotating the fourth arm link portion 34 relative to the fifth 
arm link portion 35 is provided in the fifth joint portion 30e . 
Further , the fifth arm link portion 35 is connected to the 
connecting member 36 , which is disposed to extend verti 
cally from the support portion 4 , by a sixth joint portion 30f . 
The fifth arm link portion 35 and the connecting member 36 
are connected so that respective central axes thereof are 
coaxial . A motor ( not shown ) for rotating the fifth arm link 
portion 35 about the fifth arm link portion 35 and the 
connecting member 36 is provided in the sixth joint portion 
30f . By configuring the arm mechanism 3 in this manner , the 
arm mechanism 3 can be realized as a mechanism having six 
degrees of freedom , for example . 
[ 0042 ] < Hand Mechanism > 
[ 0043 ] Next , the configuration of the hand mechanism 2 
will be described on the basis of FIGS . 2 to 10. FIG . 2 is a 
perspective view of the hand mechanism 2 , and FIG . 3 is a 
top view of the hand mechanism 2. Note that in FIG . 3 , 
arrows represent rotation ranges of the respective finger 
portions 21. As shown in FIGS . 2 and 3 , in the hand 
mechanism 2 , the four finger portions 21 are disposed on the 
base portion 20 at equal angular intervals ( more specifically , 
at 90 deg intervals ) on a circumference centering on a 
longitudinal direction ( a perpendicular direction to the paper 
surface in FIG . 3 ) axis of the hand mechanism 2. Further , the 
four finger portions 21 all have identical structures and 
identical lengths . Note , however , that the operations of the 
respective finger portions 21 are controlled independently . 
[ 0044 ] FIGS . 4 to 10 are views illustrating the configura 
tion of one finger portion 21 of the hand mechanism 2 and 
a driving mechanism thereof . FIG . 4 is a side view of the 
finger portion 21. Note that in FIG . 4 , the base portion 20 is 
depicted in a see - through state so that the part of the internal 
structure of the finger portion 21 positioned inside the base 
portion 20 can also be seen . Further , FIG . 5 is a view 
showing a tip end portion side of the finger portion 21 from 
the direction of an arrow A in FIG . 4. Note that in FIGS . 4 
and 5 , a part of a second finger link portion 212 of the finger 
portion 21 , to be described below , is depicted in a see 
through state so that the internal structure of the second 
finger link portion 212 can also be seen . 
[ 0045 ] As shown in FIGS . 2 and 4 , each finger portion 21 
includes a first finger link portion 211 , the second finger link 
portion 212 , and a base end portion 213. The base end 
portion 213 of the finger portion 21 is connected to the base 
portion 20. Here , as indicated by arrows in FIG . 3 , the base 
end portion 213 is connected to the base portion 20 so as to 
be capable of rotating relative to the base portion 20 about 
a longitudinal direction ( a perpendicular direction to the 
paper surface in FIG . 3 ) axis of the finger portion 21 . 
Further , on the finger portion 21 , one end of the second 
finger link portion 212 is connected to the base end portion 
213. A second joint portion 23 is formed in a connecting 
portion between the second finger link portion 212 and the 
base end portion 213 . 
[ 0046 ] Here , a driving mechanism of the base end portion 
213 and a driving mechanism of the second joint portion 23 
will be described on the basis of FIG . 6. FIG . 6 is a view 
showing an internal structure of a part of the base portion 20 
near a connecting portion connected to the finger portion 21 
and internal structures of the base end portion 213 and the 

second joint portion 23 of the finger portion 21. As shown 
in FIG . 6 , a gear 65 , a gear 66 , a second motor 52 , and a third 
motor 53 are provided in the interior of the base portion 20 . 
The gear 65 is a gear for rotating the entire finger portion 21 
and is connected to a rotary shaft of the base end portion 
213. The gear 66 is connected to a rotary shaft of the third 
motor 53. The gear 65 and the gear 66 are meshed to each 
other . With this configuration , when the third motor 53 
rotates , resulting rotary force is transmitted to the rotary 
shaft of the base end portion 213 through the two gears 65 , 
66. As a result , the base end portion 213 is driven to rotate , 
and accordingly , the entire finger portion 21 is driven to 
rotate within the range indicated by the arrows in FIG . 3 . 
[ 0047 ] Further , a worm wheel 63 and a worm 64 meshed 
to the worm wheel 63 are provided in the interior of the 
second joint portion 23. The worm wheel 63 is connected to 
a rotary shaft of the second finger link portion 212 in the 
second joint portion 23. Furthermore , the worm 64 is 
connected to a rotary shaft of the second motor 52 provided 
in the interior of the base portion 20. With this configuration , 
when the second motor 52 is driven to rotate , resulting rotary 
force is transmitted to the rotary shaft of the second finger 
link portion 212 by the worm 64 and the worm wheel 63. As 
a result , the second finger link portion 212 is driven to rotate 
relative to the base end portion 213. Here , FIG . 7 is a view 
showing a movement range of the second joint portion 23 of 
the finger portion 21 , realized by the driving force of the 
second motor 52. As shown in FIG . 7 , the second joint 
portion 23 is formed to be capable of being bent and 
extended . Note that the driving force generated by the 
second motor 52 and the driving force generated by the third 
motor 53 are transmitted to the respective operation subjects 
thereof independently . 
[ 0048 ] Further , as shown in FIGS . 4 and 5 , in the finger 
portion 21 , one end of the first finger link portion 211 is 
connected to the other end of the second finger link portion 
212. A first joint portion 22 is formed in a connecting portion 
between the first finger link portion 211 and the second 
finger link portion 212. Here , a driving mechanism of the 
first joint portion 22 will be described on the basis of FIG . 
8. FIG . 8 is a view showing internal structures of the first 
joint portion 22 and the second finger link portion 212 in the 
finger portion 21. Intermeshed bevel gears 61 , 62 are pro 
vided in the interior of the first joint portion 22. One of the 
bevel gears 61 is connected to a rotary shaft of the first finger 
link portion 211 within the first joint portion 22. Further , the 
other bevel gear 62 is connected to a rotary shaft of a first 
motor 51 provided in the interior of the second finger link 
portion 212. With this configuration , when the first motor 51 
is driven to rotate , resulting rotary force is transmitted to the 
rotary shaft of the first finger link portion 211 by the two 
bevel gears 61 , 62. As a result , the first finger link portion 
211 is driven to rotate relative to the second finger link 
portion 212. Here , FIG . 9 is a view showing a movement 
range of the first joint portion 22 of the finger portion 21 , 
realized by the driving force of the first motor 51. As shown 
in FIG . 9 , the first joint portion 22 is formed to be capable 
of being bent and extended . 
[ 0049 ] Furthermore , as shown in FIGS . 2 and 4 , in this 
embodiment , in the finger portion 21 , the second finger link 
portion 212 on the base portion 20 side ( the base end portion 
213 side ) of the first joint portion 22 is longer than the first 
finger link portion 211 on the tip end portion side of the first 
joint portion 22 . 
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[ 0050 ] Moreover , as shown in FIGS . 2 , 4 , 5 , and 10 , in this 
embodiment , a pressure sensor 70 is provided on the tip end 
side of the first finger link portion 211 of the finger portion 
21. The pressure sensor 70 is a sensor for detecting external 
force ( pressure ) acting on the tip end portion of the first 
finger link portion 211. Furthermore , as shown in FIG . 4 , the 
pressure sensor 70 is provided on the first finger link portion 
211 on both a wall surface ( also referred to hereafter as a 
" bending - side wall surface ” ) 215 on a bending direction side 
of the first joint portion 22 and a wall surface ( also referred 
to hereafter as an " extension - side wall surface ” ) 216 on an 
extension direction side of the first joint portion 22. Here , in 
this embodiment , the bending - side wall surface 215 on the 
tip end side of the first finger link portion 211 is formed in 
a curved surface shape . Accordingly , as shown in FIG . 10 , 
a plurality of pressure sensors 70 may be arranged on the 
bending - side wall surface 215 on the tip end side of the first 
finger link portion 211 so as to extend along the curved 
surface shape thereof . Note that a sensor employing any 
known method , such as a piezoelectric sensor , a strain 
gauge , or an electrostatic capacitance sensor , may be used as 
the pressure sensor 70. Furthermore , in this embodiment , the 
pressure sensor 70 corresponds to “ contact pressure detect 
ing means ” according to the present invention . 
[ 0051 ] < Support Portion > 
[ 0052 ] Next , configurations of an arm control device 42 
and a hand control device 43 built into the support portion 
4 will be described on the basis of FIG . 11. The arm control 
device 42 is a control device for controlling the arm mecha 
nism 3 of the robot arm 1. The hand control device 43 is a 
control device for controlling the hand mechanism 2 of the 
robot arm 1. FIG . 11 is a block diagram showing respective 
function units included in the arm control device 42 and the 
hand control device 43 . 
[ 0053 ] The arm control device 42 is configured to include 
a plurality of drivers that generate drive signals for driving 
the motors provided in the respective joint portions of the 
arm mechanism 3 , the drive signal from each driver being 
supplied to the corresponding motor . The arm control device 
42 also includes a computer having a calculation processing 
device and a memory . The arm control device 42 further 
includes an arm control unit 420 and a motor state quantity 
acquisition unit 421 as function units . These function units 
are formed by having the computer included in the arm 
control device 42 execute a predetermined control program . 
[ 0054 ] The arm control unit 420 controls the motors 
provided respectively in the joint portions 30a , 306 , 30c , 
30d , 30e , 30f of the arm mechanism 3 by supplying the drive 
signals from the respective drivers thereto on the basis of 
object information acquired by an object information acqui 
sition unit 430 , to be described below , which serves as a 
function unit of the hand control device 43. The arm control 
unit 420 moves the arm mechanism 3 by controlling the 
respective motors , whereby the hand mechanism 2 is moved 
to a predetermined gripping position suitable for gripping an 
object . Further , each of the motors provided in the joint 
portions 30a , 306 , 300 , 300 , 30e , 30f of the arm mechanism 
3 is provided with an encoder ( not shown ) for detecting state 
quantities ( a rotation position and a rotation speed of the 
rotary shaft of the motor , and so on ) relating to the rotation 
state of the corresponding motor . The state quantities of the 
motors , detected by the encoders of the respective motors , 
are input into the motor state quantity acquisition unit 421 of 
the arm control device 42. Then , on the basis of the state 

quantities of the respective motors , input into the motor state 
quantity acquisition unit 421 , the arm control unit 420 
servo - controls the respective motors so that the hand mecha 
nism 2 moves to the predetermined gripping position , for 
example . 
[ 0055 ] Further , the hand control device 43 is configured to 
include a plurality of drivers that generate drive signals for 
driving the motors provided in the hand mechanism 2 , the 
drive signal from each driver being supplied to the corre 
sponding motor . The hand control device 43 also includes a 
computer having a calculation processing device and a 
memory . The hand control device 43 further includes the 
object information acquisition unit 430 , a hand control unit 
431 , a motor state quantity acquisition unit 432 , and a sensor 
information acquisition unit 433 as function units . These 
function units are formed by having the computer included 
in the hand control device 43 execute a predetermined 
control program . 
[ 0056 ] The object information acquisition unit 430 
acquires object information , which is information relating to 
an object to be gripped by the hand mechanism 2. Here , the 
object information includes information relating to the 
shape , dimensions , and position of the object , information 
indicating the surrounding environment of the object ( infor 
mation relating to items other than the object existing on the 
periphery of the object , for example information relating to 
the shape of a container housing the object or a row of 
objects in the container ) , and so on . The object information 
acquisition unit 430 may also acquire object information 
input by a user . Further , when a visual sensor for capturing 
an image that includes the object is provided , the object 
information acquisition unit 430 may acquire object infor 
mation from an image captured by the visual sensor . 
[ 0057 ] Furthermore , the hand control unit 431 controls the 
first motors 51 , the second motors 52 , and the third motors 
53 for driving the respective finger portions 21 of the hand 
mechanism 2 by supplying drive signals from the drivers 
thereto on the basis of the object information acquired by the 
object information acquisition unit 430. For example , the 
hand control unit 431 controls the first motors 51 , the second 
motors 52 , and the third motors 53 of the hand mechanism 
2 so that the object is gripped by the hand mechanism 2 , 
which has been moved to the predetermined gripping posi 
tion by controlling the arm mechanism 3 using the arm 
control unit 420. Moreover , each first motor 51 , each second 
motor 52 , and each third motor 53 of the hand mechanism 
2 is provided with an encoder ( not shown ) for detecting state 
quantities ( the rotation position and rotation speed of the 
rotary shaft of the motor , and so on ) relating to the rotation 
state of the corresponding motor . The state quantities of the 
motors 51 , 52 , 53 , detected by the encoders of the motors 51 , 
52 , 53 , are input into the motor state quantity acquisition unit 
432 of the hand control device 43. Then , on the basis of the 
state quantities of the motors 51 , 52 , 53 , input into the motor 
state quantity acquisition unit 432 , the hand control unit 431 
servo - controls the motors 51 , 52 , 53 of the respective finger 
portions 21 so that the plurality of finger portions 21 grip the 
object , for example . 
[ 0058 ] The hand control device 43 also includes the sensor 
information acquisition unit 433. Detection values from the 
pressure sensors 70 provided in the first finger link portion 
211 of each finger portion 21 of the hand mechanism 2 are 
input into the sensor information acquisition unit 433. On 
the basis of the detection values from the pressure sensors 



US 2020/0171652 A1 Jun . 4 , 2020 
5 

70 , acquired by the sensor information acquisition unit 433 , 
the hand control unit 431 can detect contact with the object 
by the finger portions 21 , and on the basis of corresponding 
detection signals , the hand control unit 431 can also control 
the motors 51 , 52 , 53 of the finger portions 21 . 
[ 0059 ] < Functions of Finger Portion > 
[ 0060 ] Next , functions of the respective finger portions 21 
when the hand mechanism 2 grips an object will be 
described . Here , FIG . 12 is a view showing an example of 
the shape of an object 10 that is to be gripped by the hand 
mechanism 2. Further , FIG . 13 is a view showing a state in 
which a plurality of objects 10 ( 10 ' ) are arranged side by 
side . As shown in FIGS . 12 and 13 , the object 10 is a 
rectangular parallelepiped having six surfaces ( S1 to S6 ) . 
Note , however , that the shape of the object 10 shown in FIG . 
12 is merely an example , and the shape of the object to be 
gripped by the hand mechanism 2 is not limited to a 
rectangular parallelepiped . 
[ 0061 ] Here , when the object 10 is to be gripped by the 
hand mechanism 2 , at least two of the six surfaces of the 
object 10 are set as predetermined gripping surfaces ( cor 
responding to predetermined gripping locations ) , and there 
fore one of the finger portions 21 of the hand mechanism 2 
must be brought into contact with each of the predetermined 
gripping surfaces so that the object 10 is clamped by the 
finger portions 21. A case in which the object 10 is gripped 
after setting the two surfaces S5 , S6 having the largest 
surface area , among the six surfaces of the object 10 , as the 
predetermined gripping surfaces will be described below . 
[ 0062 ] In a case where the object 10 is to be gripped by the 
hand mechanism 2 after setting the surfaces S5 , S6 of the 
object 10 as the predetermined gripping surfaces , the sur 
faces S5 , S6 must both be exposed so as to each be 
contactable by one of the finger portions 21 of the hand 
mechanism 2. As shown in FIG . 13 , however , in a state 
where a plurality of objects 10 ( 10 ' ) that are to be gripped 
successively by the hand mechanism 2 are arranged side by 
side in mutual contact , the predetermined gripping surfaces 
of the object 10 may be disposed in contact with the adjacent 
object 10 ' . In the case of FIG . 13 , one gripping surface S6 
among the two predetermined gripping surfaces S5 , S6 of 
the object 10 is in contact with the adjacent object 10 ' . In this 
case , the gripping surface S6 of the object 10 is not exposed . 
Therefore , when the object 10 remains in the state shown in 
FIG . 13 , the finger portions 21 of the hand mechanism 2 
cannot be brought into contact with the gripping surface S6 
of the object 10 , and as a result , the object 10 cannot be 
gripped by the hand mechanism 2 . 
[ 0063 ] Hence , in this embodiment , when the object 10 is 
to be gripped by the hand mechanism 2 in the conditions 
described above , the attitude of the object 10 is altered by 
one finger portion functioning as the state - altering finger 
portion , among the four finger portions 21 of the hand 
mechanism 2. The object 10 is then gripped by the three 
finger portions , among the four finger portions 21 of the 
hand mechanism 2 , other than the finger portion functioning 
as the state - altering finger portion so that these finger 
portions function as the gripping finger portions . 
[ 0064 ] Procedures implemented in this embodiment to 
grip the object 10 disposed in the state shown in FIG . 13 
using the hand mechanism 2 will be described in detail 
below on the basis of FIGS . 14 to 17. Note that here , the 
finger portions 21 of the hand mechanism 2 will be referred 
to respectively as a first finger portion 21A , a second finger 

portion 21B , a third finger portion 21C , and a fourth finger 
portion 21D . Further , a case in which the first finger portion 
21A is set as the finger portion functioning as the state 
altering finger portion and the second to fourth finger 
portions 21B , 210 , 21C are set as the finger portions 
functioning as the gripping finger portions will be described 
below . FIGS . 14 and 15 are views showing an operation to 
alter the attitude of the object 10 using the first finger portion 
21A of the hand mechanism 2. Further , FIGS . 16 and 17 are 
views showing a state in which the object 10 has been 
gripped by the second finger portion 21B , the third finger 
portion 21C , and the fourth finger portion 21D of the hand 
mechanism 2. The procedures to be described below , which 
are implemented by the hand mechanism 2 to grip the object 
10 , are realized by controlling the arm mechanism 3 with the 
arm control device 42 to move the hand mechanism 2 to a 
predetermined gripping position and then controlling the 
hand mechanism 2 with the hand control device 43 . 
[ 0065 ] As shown in FIG . 13 , even when the object 10 is 
disposed in a state where the gripping surface S6 forms a 
contact surface that contacts the adjacent object 10 ' , the 
upper surface S4 thereof is exposed . Therefore , the finger 
portions 21 of the hand mechanism 2 can be brought into 
contact with the upper surface S4 of the object 10. Hence , in 
this embodiment , as shown in FIG . 14 , first , a first finger link 
portion 211A of the first finger portion 21A , which functions 
as the state - altering finger portion when the current object 10 
is gripped , is brought into contact with the upper surface S4 
of the object 10. Note that contact with the object 10 by the 
first finger link portion 211A of the first finger portion 21A 
can be detected by the pressure sensors 70 provided on the 
first finger link portion 211A . Further , at this time , in a state 
where the first finger portion 21A is in contact with the upper 
surface S4 of the object 10 , the other finger portions 21B , 
21C , 21D of the hand mechanism 2 do not contact the object 
10 . 
[ 0066 ] Next , as shown in FIG . 15 , in a state where the first 
finger link portion 211A of the first finger portion 21A is in 
contact with the upper surface S4 of the object 10 , the object 
10 is tilted forward by the first finger portion 21A . More 
specifically , the object 10 is tilted in a direction for sepa 
rating the gripping surface S6 of the object 10 from the 
adjacent object 10 ' . By altering the attitude of the object 10 
using the first finger portion 21A functioning as the state 
altering finger portion in this manner , the interval between 
the object 10 and the adjacent object 10 ' can be enlarged . 
Accordingly , the gripping surface S6 of the object 10 can be 
exposed . As a result , the finger portions of the hand mecha 
nism 2 other than the first finger portion 21A can be brought 
into contact not only with the other gripping surface S5 of 
the object 10 but also the gripping surface S6 . Note that this 
state of the object 10 , in which the finger portions 21 of the 
hand mechanism 2 can be brought into contact with both of 
the predetermined gripping surfaces S5 , S6 of the object 10 , 
will be referred to hereafter as a “ predetermined grippable 
state ” . 
[ 0067 ] Next , as shown in FIGS . 16 and 17 , having set the 
attitude of the object 10 in the predetermined grippable state 
by tilting the object 10 using the first finger portion 21A , the 
object 10 is gripped by the second finger portion 21B , the 
third finger portion 21C , and the fourth finger portion 21D 
that function as the gripping finger portions when the current 
object 10 is gripped . At this time , in FIGS . 16 and 17 , a first 
finger link portion 211B of the second finger portion 21B 
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and a first finger link portion 211D of the fourth finger 
portion 21D are brought into contact with the gripping 
surface S6 of the object 10 , which is exposed after altering 
the attitude of the object 10. Further , a first finger link 
portion 211C of the third finger portion 21C is brought into 
contact with the other gripping surface S5 of the object 10 . 
Note , however , that it is not always necessary to bring two 
finger portions into contact with the gripping surface S6 of 
the object 10. In other words , the object 10 may also be 
gripped by bringing one finger portion into contact with the 
gripping surface S6 of the object 10 and bringing two finger 
portions into contact with the other gripping surface S5 of 
the object 10. Note that contact with the object 10 by the first 
finger link portion 211B of the second finger portion 21B , 
the first finger link portion 211C of the third finger portion 
21C , and the first finger link portion 211D of the fourth 
finger portion 21D can be detected by the pressure sensors 
70 provided on the respective first finger link portions 211B , 
211C , 211D . 
[ 0068 ] With the hand mechanism 2 according to this 
embodiment , as described above , even when the object 10 is 
disposed in contact with the adjacent object 10 ' so that the 
predetermined gripping surface of the object 10 is not 
exposed , meaning that if the object 10 remains in this state , 
the finger portions 21 of the hand mechanism 2 cannot be 
brought into contact with the predetermined gripping surface 
of the object 10 , the attitude of the object 10 can be altered 
to the predetermined grippable state by causing one of the 
four finger portions 21 ( in the example described above , the 
first finger portion 21A ) to function as the state - altering 
finger portion . By altering the attitude of the object 10 to the 
predetermined grippable state using the finger portion func 
tioning as the state - altering finger portion , the predetermined 
gripping surface of the object 10 that was in contact with the 
other object 10 ' can be exposed . As a result , the finger 
portions ( in the example described above , the second finger 
portion 21B , the third finger portion 21C , and the fourth 
finger portion 21D ) of the hand mechanism 2 other than the 
finger portion functioning as the state - altering finger portion , 
i.e. the finger portions that function as the gripping finger 
portions , can be brought into contact with the predetermined 
gripping surfaces of the object 10. The object 10 can thus be 
clamped by the three finger portions of the hand mechanism 
2 that function as the gripping finger portions , and accord 
ingly , the object 10 can be gripped . 
[ 0069 ] Furthermore , the hand mechanism 2 according to 
this embodiment includes the four finger portions 21 , and 
therefore , even in a state where the attitude of the object 10 
has been altered by the single finger portion functioning as 
the state - altering finger portion , the object 10 can be gripped 
by causing the remaining three finger portions to function as 
the gripping finger portions . Note that the hand mechanism 
2 according to this embodiment does not necessarily have to 
include the four finger portions 21. In other words , as long 
as the hand mechanism 2 includes at least three finger 
portions 21 , the object 10 can be gripped by causing the two 
finger portions other than the single finger portion function 
ing as the state - altering finger portion to function as the 
gripping finger portions . On the other hand , when the hand 
mechanism 2 includes four finger portions 21 , as described 
above , three finger portions 21 can be caused to function as 
the gripping finger portions while one of the finger portions 
21 functions as the state - altering finger portion . By clamping 
the object 10 with three finger portions 21 , as shown in 

FIGS . 16 and 17 , momentum acting on the gripped object 10 
can be suppressed . In other words , by causing three finger 
portions 21 to function as the gripping finger portions , the 
object 10 can be gripped in a more stable state . 
[ 0070 ] Moreover , in the hand mechanism 2 according to 
this embodiment , the four finger portions 21 are disposed on 
the base portion 20 at equal angular intervals in a circum 
ferential direction . The four finger portions 21 are all struc 
tured identically and have identical lengths . Accordingly , the 
four finger portions 21 are all capable of performing similar 
operations , and when a similar operation is implemented on 
the object 10 , the finger portions 21 perform identical 
actions in relation to the object 10. In the hand mechanism 
2 , therefore , any of the four finger portions 21 is capable of 
functioning as either the state - altering finger portion or a 
gripping finger portion . In other words , although the first 
finger portion 21A functions as the state - altering finger 
portion in the above example , any one of the second finger 
portion 21B , the third finger portion 21C , and the fourth 
finger portion 21D can be caused to function as the state 
altering finger portion instead , and the remaining finger 
portions , including the first finger portion 21A , can be 
caused to function as the gripping finger portions . Hence , 
when the object 10 is gripped by the gripping finger portions 
after the attitude of the object 10 has been altered to the 
predetermined grippable state by the state - altering finger 
portion , limitations in terms of the position and attitude of 
the hand mechanism 2 relative to the object 10 can be 
minimized . 
[ 0071 ] Furthermore , with the hand mechanism 2 accord 
ing to this embodiment , the object 10 can be gripped while 
altering the attitude of the object 10 to the predetermined 
grippable state using the single hand mechanism 2. As a 
result , a reduction in take time can be achieved in compari 
son with a case where , in contrast to this embodiment , the 
attitude of the object is altered to the predetermined grip 
pable state using a separate device to the hand mechanism 
for gripping the object , whereupon the object is gripped by 
the hand mechanism . 
[ 0072 ] Note that the finger portion , among the four finger 
portions 21 of the hand mechanism 2 , to be caused to 
function as the state - altering finger portion and the finger 
portions to be caused to function as the gripping finger 
portions may either be selected as appropriate by the user or 
selected by the hand control unit 431 on the basis of the 
object information acquired by the object information acqui 
sition unit 430 . 
[ 0073 ] Further , a configuration in which five or more 
finger portions 21 are provided may be employed in the hand 
mechanism 2 according to this embodiment . Likewise in this 
case , the five or more finger portions 21 may be disposed on 
the base portion 20 at equal angular intervals in the circum 
ferential direction , and all of the finger portions 21 may be 
structured identically . Moreover , the five or more finger 
portions 21 may be configured so that each thereof can 
function as either the state - altering finger portion or a gripping finger portion . 
[ 0074 ] Further , in this embodiment , contact with the 
object 10 by the tip end portions of the finger portions 21 
must be detected by the pressure sensors 70 provided on the 
first finger link portions 211 of the finger portions 21 both 
when the attitude of the object 10 is altered to the prede 
termined grippable state by the state - altering finger portion 
and when the object 10 is gripped by the gripping finger 



US 2020/0171652 A1 Jun . 4 , 2020 
7 

portions . It is therefore necessary to ensure that the pressure 
sensor 70 contacts the object 10 reliably . Here , as described 
above , each finger portion 21 of the hand mechanism 2 is 
attached to the base portion 20 so as to be capable of rotating 
about the finger portion 21. Furthermore , the joint portions 
22 , 23 are formed in two locations on each finger portion 21 . 
Moreover , the joint portions 22 , 23 in the two locations are 
each formed to be capable of being bent and extended . By 
configuring the finger portion 21 in this manner , the degree 
of operational freedom in the entire finger portion 21 is 
comparatively high , and the movement range thereof is 
comparatively large . Hence , when the tip end portion of the 
finger portion 21 is brought into contact with the object 10 , 
a contact angle ( contact direction ) can be adjusted as appro 
priate . As a result , the pressure sensor 70 provided on the 
first finger link portion 211 of the finger portion 21 can be 
brought into contact with the object 10 more reliably . 
[ 0075 ] Note that joint portions do not necessarily have to 
be formed on the finger portion 21 in two locations , and a 
joint portion may be formed in a single location . By pro 
viding joint portions on the finger portion 21 in two loca 
tions , however , the degree of operational freedom and the 
movement range of the entire finger portion 21 can be 
increased in comparison with a case where a joint portion is 
provided in only one location . Joint portions may also be 
provided on the finger portion 21 in three or more locations . 
[ 0076 ] Further , in the hand mechanism 2 according to this 
embodiment , the pressure sensor 70 is provided on both the 
bending - side wall surface 215 and the extension - side wall 
surface 216 of the first finger link portion 211 of each finger 
portion 21. With this configuration , contact with the object 
10 can be detected by the pressure sensor 70 both when the 
bending - side wall surface 215 of the first finger link portion 
211 contacts the object 10 and when the extension - side wall 
surface 216 of the first finger link portion 211 contacts the 
object 10. As a result , the finger portions 21 can be used to 
alter the attitude of the object 10 and grip the object 10 in a 
state where either the bending - side wall surface 215 or the 
extension - side wall surface 216 of the first finger link 
portion 211 of the finger portion 21 is in contact with the 
object 10 . 
[ 0077 ] Moreover , in the hand mechanism 2 according to 
this embodiment , as described above , the second finger link 
portion 212 of each finger portion 21 is longer than the first 
finger link portion 211. With this configuration , when an 
attempt is made to grip the object 10 using the gripping 
finger portions after inserting the tip end portions of the 
gripping finger portions into a space ( a gap ) that is formed 
between the object 10 and the adjacent object 10 ' when the 
attitude of the object 10 is altered , as shown in FIGS . 16 and 
17 , the first finger link portions 211 of the finger portions 
functioning as the gripping finger portions can be inserted 
into the space more easily . Moreover , when the object 10 is 
clamped by three finger portions 21 of the hand mechanism 
2 , pressing force can be applied to the object 10 by the finger 
portions 21 more stably than with a configuration in which 
the first finger link portion 211 is longer than the second 
finger link portion 212. As a result , the hand mechanism 2 
can grip the object 10 more stably . 
[ 0078 ] Note that in the above description , a case in which 
the object 10 is disposed in contact with the other object 10 ' 
so that a predetermined gripping surface of the object 10 is 
not exposed was described as an example . However , an item 
that may cause an obstruction when an attempt is made to 

bring the finger portions 21 of the hand mechanism 2 into 
contact with the predetermined gripping surfaces of the 
object 10 is not limited to the other object 10 ' . For example , 
when the object 10 is disposed in contact with a wall surface 
of a container housing the object 10 so that a predetermined 
gripping surface of the object 10 is not exposed , the wall 
surface of the container causes an obstruction . Likewise in 
this case , when the object 10 is to be gripped by the hand 
mechanism 2 , the object 10 can be gripped by applying 
similar gripping procedures to those described above . 
[ 0079 ] < Other Examples of Altering the State of the 
Object > 
[ 0080 ] Here , the operation performed by the hand mecha 
nism 2 according to this embodiment to set the state of the 
object in the predetermined grippable state when the object 
is to be gripped using the hand mechanism 2 is not limited 
to the operation shown in FIGS . 14 and 15. Other examples 
of the operation performed by the hand mechanism 2 to set 
the state of the object in the predetermined grippable state 
will be described below on the basis of FIGS . 18 to 21 . 
FIGS . 18 and 19 are views showing a first other example of 
the operation of the hand mechanism 2 , and FIGS . 20 and 21 
are views showing a second other example of the operation 
of the hand mechanism 2 . 
[ 0081 ] In FIG . 18 , a rectangular parallelepiped - shaped 
object 11 is disposed side by side and in contact with another 
object 11 ' . Further , on the object 11 , a surface S5 contacting 
the other object 11 ' and a surface S6 on the opposite side to 
the surface S5 are set as the predetermined gripping sur 
faces . In other words , the gripping surface S5 of the object 
11 is not exposed . Hence , in the state shown in FIG . 18 , the 
finger portions 21 of the hand mechanism 2 cannot contact 
the gripping surface S5 of the object 11 . 
[ 0082 ] Likewise in a case such as that shown in FIG . 18 , 
in order to grip the object 11 using the hand mechanism 2 , 
the state of the object 11 must first be set in the predeter 
mined grippable state . Likewise in this case , therefore , the 
attitude of the object 11 is altered using the first finger 
portion 21A , among the four finger portions 21 of the hand 
mechanism 2 , as the state - altering finger portion . Note that 
in FIGS . 18 and 19 , parts of the hand mechanism 2 other 
than the first finger portion 21A are not shown . 
[ 0083 ] In FIG . 18 , the first finger link portion 211A of the 
first finger portion 21A is brought into contact with the 
vicinity of an end portion of the upper surface S4 of the 
object 11 on the gripping surface S6 side . Then , by pressing 
the upper surface S4 of the object 11 as is using the first 
finger portion 21A , the object 11 is pivoted in a direction 
indicated by a black - outlined arrow . In so doing , as shown 
in FIG . 19 , the gripping surface S5 side of the object 11 is 
raised such that the object 11 is tilted . As a result , the finger 
portions of the hand mechanism 2 that function as the 
gripping finger portions can contact not only the other 
gripping surface S6 of the object 11 but also the gripping 
surface S5 . In other words , the state of the object 11 is set 
in the predetermined grippable state . Note that likewise 
when the attitude of the object 11 is altered in the manner 
shown in FIGS . 18 and 19 , the finger portions other than the 
first finger portion 21A , among the four finger portions 21 of 
the hand mechanism 2 , can also be used as the state - altering 
finger portion . 
[ 0084 ] Further , in FIG . 20 , a rectangular parallelepiped 
shaped object 12 is disposed side by side and in contact with 
another object 12 ' . Furthermore , on the object 12 , a surface 
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S5 contacting the other object 12 ' and a surface S6 on the 
opposite side to the surface S5 are set as the predetermined 
gripping surfaces . In other words , in the state shown in FIG . 
20 , the finger portions 21 of the hand mechanism 2 cannot 
contact the gripping surface S5 of the object 12 . 
[ 0085 ] Hence , in this case , the position of the object 12 is 
altered using the first finger portion 21A , among the four 
finger portions 21 of the hand mechanism 2 , as the state 
altering finger portion . Note that in FIGS . 20 and 21 , parts 
of the hand mechanism 2 other than the first finger portion 
21A are not shown . 
[ 0086 ] In FIG . 20 , the first finger link portion 211A of the 
first finger portion 21A is brought into contact with an upper 
part of the other gripping surface S6 of the object 12. Then , 
by pressing the other gripping surface S6 of the object 12 as 
is using the first finger portion 21A , the position of the object 
12 is shifted by the first finger portion 21A in a direction 
indicated by a black - outlined arrow while pressing the 
object 12 against the object 12 ' . In so doing , as shown in 
FIG . 21 , the position of the object 12 is moved upward so 
that the object 12 projects above the height of the upper 
surface S4 of the object 12 ' . In other words , the upper part 
of the gripping surface S5 of the object 12 is exposed . Thus , 
the finger portions of the hand mechanism 2 that function as 
the gripping finger portions can contact not only the other 
gripping surface S6 of the object 12 but also the gripping 
surface S5 . In other words , the state of the object 12 is set 
in the predetermined grippable state . Note that likewise in 
the case shown in FIGS . 20 and 21 , the finger portions other 
than the first finger portion 21A , among the four finger 
portions 21 of the hand mechanism 2 , can also be used as the 
state - altering finger portion . 
[ 0087 ] As described above using FIGS . 18 to 21 , in the 
hand mechanism 2 according to this embodiment , the four 
finger portions 21 are configured to have a comparatively 
high degree of operational freedom and a comparatively 
large movement range , and therefore the state of the object 
can be altered to the predetermined grippable state by means 
of various operations using the finger portion functioning as 
the state - altering finger portion . Moreover , the object set in 
the predetermined grippable state by means of these opera 
tions can be gripped using the finger portions functioning as 
the gripping finger portions . 
[ 0088 ] < Control Flow > 
[ 0089 ] Next , a control flow executed when an object is 
gripped by the hand mechanism 2 will be described on the 
basis of a flowchart shown in FIG . 22. This control flow is 
realized by executing a predetermined control program in 
the arm control device 42 and the hand control device 43. In 
this flow , first , in S101 , the object information acquisition 
unit 430 acquires object information relating to an object 
serving as a current gripping subject . 
[ 0090 ] Next , in S102 , the finger portion selected as the 
state - altering finger portion , among the four finger portions 
21 of the hand mechanism 2 , is brought into contact with the 
object . At this time , a wall surface of the object with which 
the finger portions can be brought into contact in the current 
state of the object is selected on the basis of the object 
information acquired in S101 by the object information 
acquisition unit 430 , and the state - altering finger portion is 
brought into contact with the selected wall surface of the 
object . Next , in S103 , the state of the object is altered to the 
predetermined grippable state by altering the attitude and / or 
the position of the object using the state - altering finger 

portion that has been brought into contact with the object . 
Next , in S104 , the object set in the predetermined grippable 
state by executing the processing of S103 is gripped by the 
finger portions , among the four finger portions 21 of the 
hand mechanism 2 , other than the state - altering finger por 
tion , i.e. the finger portions selected as the gripping finger 
portions . At this time , the object is gripped by the gripping 
finger portions of the hand mechanism 2 by bringing the 
gripping finger portions into contact with the predetermined 
gripping surfaces of the object . 
[ 0091 ] By executing the respective steps of the control 
flow described above using the arm control device 42 and 
the hand control device 43 , the object can be gripped by the 
hand mechanism 2 regardless of the attitude and the sur 
rounding conditions of the object . 
[ 0092 ] Note that with the hand mechanism 2 according to 
this embodiment , when the object is disposed in a state 
where all of the predetermined gripping surfaces are 
exposed so as to be contactable by the finger portions 21 of 
the hand mechanism 2 , it is of course possible to bring the 
finger portions 21 into contact with the predetermined 
gripping surfaces and grip the object without altering the 
state of the object . Moreover , in this case , all four of the 
finger portions 21 can be used as the gripping finger por 
tions , whereby the object can be gripped by clamping the 
object with the four finger portions 21 . 
[ 0093 ] < Modified Examples of Hand Mechanism > 
[ 0094 ] As described above , the worm wheel 63 and the 
worm 64 meshed to the worm wheel 63 are provided in the 
interior of the second joint portion 23 as a screw mechanism . 
Further , the worm wheel 63 is connected to the rotary shaft 
of the second finger link portion 212 within the second joint 
portion 23 , while the worm 64 is connected to the rotary 
shaft of the second motor 52 provided in the interior of the 
base portion 20. With this configuration , when the second 
motor 52 is driven to rotate , the rotary force thereof is 
transmitted to the rotary shaft of the second finger link 
portion 212 by the worm 64 and the worm wheel 63. As a 
result , the second finger link portion 212 is driven to rotate 
relative to the base end portion 213 . 
[ 0095 ] A stopper for physically limiting rotation of the 
second finger link portion 212 is provided at each end 
position of the movement range shown in FIG . 7 , i.e. the 
movement range within which the second joint portion 23 is 
caused to bend and extend by the driving force of the second 
motor 52. FIG . 23 is a schematic view showing configura 
tions of stoppers 230. The stoppers 230 are configured to 
include a first stopper 231 provided on the base end portion 
213 , a second stopper 232 provided on the second finger link 
portion 212 , and a third stopper 233 provided on the base 
end portion 213 . 
[ 0096 ] The first stopper 231 is provided on an outer 
peripheral surface 631 of the base end portion 213 so as to 
project from the outer peripheral surface 631 , the outer 
peripheral surface 631 covering the outside of the worm 
wheel 63 and being formed to center on the rotary shaft of 
the second finger link portion 212. A central axis of the outer 
peripheral surface 631 is aligned with a central axis of the 
worm wheel 63. Further , the second stopper 232 is provided 
on a side face of the second finger link portion 212 that is 
oriented in an advancement direction when the second joint 
portion 23 extends . Furthermore , the second stopper 232 is 
provided in a location that rotates around the outer periph 
eral surface 631 of the base end portion 213 while remaining 
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apart from the outer peripheral surface 631 when the second 
joint portion 23 extends . A distance between the second 
stopper 232 and the outer peripheral surface 631 is smaller 
than an amount by which the first stopper 231 projects from 
the outer peripheral surface 631. The second stopper 232 is 
fixed to the second finger link portion 212 using a bolt 234 . 
Note that the first stopper 231 may be fixed to the outer 
peripheral surface 631 of the base end portion 213 by 
welding or a bolt or may be formed on the outer peripheral 
surface 631 . 
[ 0097 ] FIG . 24 is a sectional view of the vicinity of the 
second joint portion 23 when the second joint portion 23 is 
maximally extended . Since the distance between the second 
stopper 232 and the outer peripheral surface 631 is smaller 
than the amount by which the first stopper 231 projects from 
the outer peripheral surface 631 , a first butting portion 2321 
of the second stopper 232 butts the first stopper 231 when 
the second joint portion 23 is maximally extended . The first 
butting portion 2321 is a surface formed on an end portion 
of the second stopper 232 on the base end portion 213 side 
in the axial direction of the second finger link portion 212 , 
this surface being orthogonal to the axial direction of the 
second finger link portion 212. The first butting portion 2321 
is formed in a shape that corresponds to the shape of the first 
stopper 231 so that when the second joint portion 23 is 
maximally extended , a plane on the first contact portion 
2321 and a plane on the first stopper 231 become parallel 
and butt each other . As a result , the first stopper 231 applies 
a physical limitation preventing the second joint portion 23 
from extending further . By removing the bolt 234 in a state 
where the second stopper 232 butts the first stopper 231 , the 
second stopper 232 becomes able to move in an axial 
direction of the bolt 234 . 
[ 0098 ] FIG . 25 , meanwhile , is a sectional view of the 
vicinity of the second joint portion 23 when the second joint 
portion 23 is maximally bent . When the second joint portion 
23 is maximally bent , a second butting portion 2322 of the 
second stopper 232 , which is different to the first butting 
portion 2321 , butts an outer surface 632 of the base end 
portion 213. The outer surface 632 is a top surface of the 
base end portion 213 projecting from the base portion 20 , 
and is formed on a tangent of the outer peripheral surface 
631 so as to be parallel with a top surface of the base portion 
20. Note that the outer surface 632 butted by the second 
stopper 232 serves as the third stopper 233. When the second 
joint portion 23 is extended , the distance between the second 
stopper 232 and the outer peripheral surface 631 is main 
tained at a fixed distance , but when the second joint portion 
23 is bent , the distance between the second stopper 232 and 
the outer surface 632 shortens as the angle of the bend 
increases . When the second joint portion 23 is maximally 
bent , the second butting portion 2322 of the second stopper 
232 butts the third stopper 233. The second butting portion 
2322 is a surface that is formed to face the central axis side 
of the second finger link portion 212 and inclined relative to 
the axial direction of the second finger link portion 212. The 
second butting portion 2322 is formed in a shape that 
corresponds to the shape of the third stopper 233 so that 
when the second joint portion 23 is maximally bent , a plane 
on the second butting portion 2322 and a plane on the third 
stopper 233 become parallel and butt each other . As a result , 
the third stopper 233 applies a physical limitation preventing 
the second joint portion 23 from bending further . By remov 
ing the bolt 234 in a state where the second stopper 232 butts 

the third stopper 233 , the second stopper 232 becomes able 
to move in the axial direction of the bolt 234 . 
[ 0099 ] Hence , the stoppers 230 are formed so that when 
the second joint portion 23 is maximally extended , the 
second stopper 232 butts the first stopper 231 , and when the 
second joint portion 23 is maximally bent , the second 
stopper 232 butts the third stopper 233. Using the stoppers 
230 , the extension and bending movement ranges of the 
second joint portion 23 can be limited . Note that normally , 
in the hand mechanism 2 , the second stopper 232 is con 
trolled by the hand control device 43 so as not to butt the first 
stopper 231 and the third stopper 233. The hand control 
device 43 stores a reference position , which is the position 
of the second joint portion 23 when neither bent nor 
extended , and controls the second motor 52 so that the 
second finger link portion 212 rotates from the reference 
position by a rotation angle at which the second stopper 232 
does not butt either the first stopper 231 or the third stopper 
233 . 

[ 0100 ] However , the reference position of the second 
finger link portion 212 may be deleted from the memory 
when a power supply of the hand control device 43 is cut off 
or the like , and when the hand mechanism 2 is used over a 
long period , the actual reference position may deviate from 
the stored reference position . In such cases , the second 
stopper 232 may butt the first stopper 231 or the third 
stopper 233. When driving force is supplied to the worm 64 
in a state where the second stopper 232 butts the first stopper 
231 or the third stopper 233 , a load on a contact part between 
the worm 64 and the worm wheel 63 increases , leading to an 
increase in frictional force . It may therefore be difficult to 
rotate the worm 64 in a reverse direction , and as a result , the 
second joint portion 23 may enter a locked state , making it 
difficult to bend or extend the second joint portion 23 . 
[ 0101 ] The second stopper 232 according to this embodi 
ment , however , is configured to be movable . More specifi 
cally , the second stopper 232 can be detached ( i.e. moved ) 
by removing the bolt 234 fixing the second stopper 232. By 
moving the second stopper 232 when the second joint 
portion 23 is locked , the second stopper 232 no long butts 
the first stopper 231 or the third stopper 233. Thus , the load 
on the contact part between the worm 64 and the worm 
wheel 63 decreases , leading to a reduction in frictional force , 
and as a result , the worm 64 can be rotated in a direction for 
releasing the lock . The lock on the second joint portion 23 
can thus be released . After releasing the lock , the second 
stopper 232 is reattached to the second finger link portion 
212 using the bolt 234 . 
[ 0102 ] Note that the shape of the stopper 230 is not limited 
to the shape described above , and as long as relative rotation 
of the second finger link portion 212 relative to the base end 
portion 213 is physically limited on both the bending side 
and the extension side of the second joint portion 23 , any 
shape may be used . Moreover , in this embodiment , the 
single second stopper 232 physically limits rotation of the 
second finger link portion 212 on both the bending side and 
the extension side of the second joint portion 23 , but instead , 
two stoppers for separately limiting rotation of the second 
link portion 212 on the bending side and the extension side 
may be provided on the second finger link portion 212 and 
respectively configured to be movable . In other words , 
different stoppers may respectively butt the first stopper 231 
and the third stopper 233. Furthermore , in this embodiment , 
the second stopper 232 is configured to be movable , but 
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instead , the first stopper 231 and the third stopper 233 may 
be configured to be movable . Alternatively , all of the stop 
pers 230 may be configured to be movable . Further , in the 
above description , rotation of the second finger link portion 
212 is physically limited on both the bending side and the 
extension side , but rotation of the second finger link portion 
212 may be physically limited on only one of the bending 
side and the extension side . In other words , either the first 
stopper 231 or the third stopper 233 may be omitted . 
[ 0103 ] Furthermore , in this embodiment , the second stop 
per 232 becomes movable when the bolt 234 fixing the 
second stopper 232 is removed , but the structure for making 
the second stopper 232 movable is not limited thereto . For 
example , the second stopper 232 may move by rotating or by 
advancing and retreating . Moreover , the second stopper 232 
is not limited to being fixed by the bolt 234 , and another 
known fixing method may be used . 
[ 0104 ] Note that the stoppers 230 described above may 
also be applied to the hand mechanism in a case where the 
attitude and / or the position of the object is not altered when 
gripping the object . Further , the stoppers 230 described 
above are provided on the second joint portion 23 , but when 
rotation is performed in another joint portion using a worm 
and a worm wheel , stoppers may be provided on that joint 
portion . Furthermore , the worm wheel 63 and the worm 64 
were cited as an example of a screw mechanism , but as long 
as the screw mechanism is a self - locking mechanism , a 
mechanism other than the worm wheel 63 and the worm 64 
may be applied . 

REFERENCE SIGNS LIST 

[ 0105 ] 1 Robot arm 
[ 0106 ] 2 Hand mechanism 
[ 0107 ] 20 Base portion 
[ 0108 ] 21 Finger portion 
[ 0109 ] 22 First joint portion 
[ 0110 ] 23 Second joint portion 
[ 0111 ] 211 First finger link portion 
[ 0112 ] 212 Second finger link portion 
[ 0113 ] 213 Base end portion 
[ 0114 ] 3 Arm mechanism 
[ 0115 ] 30a First joint portion 
[ 0116 ] 30b Second joint portion 
[ 0117 ] 30c Third joint portion 
[ 0118 ] 30d Fourth joint portion 
[ 0119 ] 30e Fifth joint portion 
[ 0120 ] 30f Sixth joint portion 
[ 0121 ] 31 First arm link portion 
[ 0122 ] 32 Second arm link portion 
[ 0123 ] 33 Third arm link portion 
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[ 0127 ] 4 Support portion 
[ 0128 ] 42 Arm control device 
[ 0129 ] 420 Arm control unit 
[ 0130 ] 421 Motor state quantity acquisition unit 
[ 0131 ] 43 Hand control device 
[ 0132 ] 430 Object information acquisition unit 
[ 0133 ] 431 Hand control unit 
[ 0134 ] 432 Motor state quantity acquisition unit 
[ 0135 ] 433 Sensor information acquisition unit 
[ 0136 ] 51 First motor 
[ 0137 ] 52 Second motor 

[ 0138 ] 53 Third motor 
[ 0139 ] 61 , 62 Bevel gears 
[ 0140 ] 63 Worm wheel 
[ 0141 ] 64 Worm 
[ 0142 ] 65 , 66 Gears 
[ 0143 ] 70 Pressure sensor 

1. A hand mechanism comprising three or more finger 
portions , wherein , 
when an object is to be gripped , at least one finger portion 

among the three or more finger portions functions as a 
state - altering finger portion for altering the attitude 
and / or the position of the object while contacting the 
object , and at least two finger portions among the finger 
portions other than the finger portion functioning as the 
state - altering finger portion function as gripping finger 
portions for gripping the object in a state where the 
attitude and / or the position has been altered by the 
state - altering finger portion . 

2. The hand mechanism according to claim 1 , wherein all 
of the three or more finger portions are configured to be 
capable of functioning as both the state - altering finger 
portion and the gripping finger portion . 

3. The hand mechanism according to claim 2 , further 
comprising a base portion , wherein 

the three or more finger portions are disposed on the base 
portion at equal angular intervals in a circumferential 
direction , and all of the three or more finger portions 
have identical structures . 

4. The hand mechanism according to claim 3 , wherein all 
of the three or more finger portions have substantially equal 
lengths . 

5. The hand mechanism according to claim 1 , wherein 
four or more finger portions are provided , and 
when the object is to be gripped , at least three finger 

portions among the finger portions other than the finger 
portion functioning as the state - altering finger portion 
function as the gripping finger portions . 

6. The hand mechanism according to claim 1 , wherein 
the finger portion is provided to be capable of rotating 

about the finger portion , 
the finger portion includes a joint portion that is bendable 

and extendable , and 
contact pressure detecting means is provided on a tip end 

portion of the finger portion . 
7. The hand mechanism according to claim 6 , wherein the 

contact pressure detecting means is provided on a plurality 
of wall surfaces or a surrounding wall surface on the tip end 
portion of the finger portion . 

8. The hand mechanism according to claim 6 , wherein the 
joint portion is provided in two or more locations on the 
finger portion . 

9. The hand mechanism according to claim 1 , wherein 
the finger portion is provided to be capable of rotating 

about the finger portion , 
the finger portion includes a joint portion that is bendable 

and extendable , and 
a second finger link portion on the base portion side of the 

joint portion of the finger portion is longer than a first 
finger link portion on the tip end portion side of the 
joint portion of the finger portion . 

10. A hand mechanism comprising a finger portion , 
the finger portion including : 
a joint portion that is bendable and extendable using a 

screw mechanism ; and 
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a stopper for limiting a range in which the joint portion is 
bendable and extendable , wherein the stopper is mov 
able . 

11. The hand mechanism according to claim 10 , wherein 
the screw mechanism includes a worm and a worm wheel , 
the finger portion includes : 
a base end portion ; and 
a finger link portion that is connected to the base end 

portion at the joint portion and rotates relative to the 
base end portion about the worm wheel in response to 
bending and extension of the joint portion , 

the stopper includes a first stopper provided on the base 
end portion , a second stopper provided on the finger 
link portion , and a third stopper provided on the base 
end portion , 

when the joint portion is maximally extended , the first 
stopper and the second stopper butt each other , 
whereby the extendable range of the joint portion is 
limited , 

when the joint portion is maximally bent , the third stopper 
and the second stopper butt each other , whereby the 
bendable range of the joint portion is limited , and 

on the second stopper , a location that butts the first stopper 
is different to a location that butts the third stopper . 

12. A gripping system comprising : 
the hand mechanism according to claim 1 ; and 
a control device for controlling the hand mechanism when 

the object is gripped by the hand mechanism , wherein , 

when the object is to be gripped by the hand mechanism , 
the control device brings the finger portion selected as 
the state - altering finger portion , among the three or 
more finger portions of the hand mechanism , into 
contact with the object , sets the object in a predeter 
mined grippable state by altering the attitude and / or the 
position of the object using the finger portion selected 
as the state - altering finger portion , and causes the finger 
portions selected as the gripping finger portions , among 
the three or more finger portions of the hand mecha 
nism , to grip the object set in the predetermined grip 
pable state . 

13. A non - transitory storage medium stored with a grip 
ping program for causing a control device for controlling the 
hand mechanism according to claim 1 to execute the steps 
of : 

bringing the finger portion selected as the state - altering 
finger portion , among the three or more finger portions 
of the hand mechanism , into contact with the object ; 

setting the object in a predetermined grippable state by 
altering the attitude and / or the position of the object 
using the state - altering finger portion brought into 
contact with the object ; and causing the finger portions 
selected as the gripping finger portions , among the 
three or more finger portions of the hand mechanism , to 
grip the object set in the predetermined grippable state . 

* 


