000000000000 03000000 (2016.11.25)
ooog 305-14

Jdoboobobobooobuobogoouoooo

Stabilization of enveloping grasp using internal stiffness

oo *xoooox

o Ryo Nakamura*, Nobuharu Mimura*

*000000 ODoooooo

*Graduate School of Science and Technology, Niigata University

googdg :

0000000 (robot hand), DO OOOO (enveloping grasp)d

00000000 (internal stiffness)d

aooo :

0 950-2181 OOOOOOOO 200 80s000

oooobobo booooobo obobooboobo ooooo
0000 O Tel.:(025)262-7476, E-mail: mimura@eng.niigata-u.ac.jp

1. oo

ubobooboooboboobooboooboo
gboobooboobooboobouoboooboon
gbobobobooboooboobooooaon
gbooobbooobooboobooabooan
gbobooobobobbobooboooban
gboboobuogbooboobobobobob
gboboobuooboooboobobooban
gboboobogboobooboobobob
gboboobooboobooboobobaob
gbobboboboobobobooooooban

ubboobobobooboobodoboo
gbobooboobogboogboaboab
DDDDDDDDDl)DDDDDDDDDDD
gboboobogboaboobooboboan
gbobooboobooboogboobobab
gboboboboobobobobgooooao
gbobooooooobogobobobobob
gboooooooooogooboobobobon

gboboboooooooooooooooog
0o00D000O0oooo?ooooooon
gbobooboooooooooboobobob
gboboobooooooooooboobobob
gbooboboobobooon

ubooooooobooooooobooobon
gbobobobooooooooboooooog
gbooboobooooooooobooboobob
gbooooboboboboboboboo
gbobooboooooooooboobobob
gbobooooooobgoboboboboo
gbobooooobooboobobobobob
gboboboboooooobuoboboboo
gbobooooboobouobooboboooog
gboooooooboboboboobooog
gbooboboboobooboooobooooog
gboobobobobobobobuobobo
gbooooooobooboobuoboboooog
gooo



2. OO0
21 00000

ubobooboboobooboobooobon
gbobooboobbooooab

1) 30000 20000000000000
g1g0ooooogod

2) J0000O000DO0ooOoooOOoOoOoo
oooboboobooo

3) 0000000 100000000OD
4) 0000000000000

gboooooooboobobobob 100
oo

Fig. 10000000000

000000000000 Ze00000%0
000000 F,=[F, F, F,)'0000 f=
ff /4 fATooo000000000000
ooooooog

Fo:Wf (1)

oboowobooboooboo
0 ()ooooooooooo

f = WTF,+ N\ (2)

agooo
A =g A )T (3)
€1 0 —Ees
N = —eq (D) 0 (4)
0 —E€2 €3
ei:u7 i=1,2,3 (5)
|Irigr — rill

wtrowoooooooaxDOOOoooooo
NOwQOUOoOooooooon 0 3000
gbooobobodbe;0000000ODOO
gboboob:>30000:=10000

22 0JO000OO0OOOO0

Salisbury 0 3 00000000 D0OOO
0000000000000000000000
000000000000000000000O0
000000000000000 AF,0000
0ANDOOOOOAX,000000AnpOCO
00000000000

AF, = KAX (6)
AX = kAnp (7)

oo KOObOobooobodekOoDoo
gboogoboboobobbobobooboob
gobooboobooboobooboon
gobooboobooboobboooobon
gboooboboooboooboobooboon
googboooboooboobooboon
gbobooboobbooboobooon

3. Uoooggg

3.1 Ouggboboboogdgn

ubooboboobooobooboobbon
gboboobogbooobboobgo2000
ubobooboobbdodd



link

object

friction
cone

Fig. 20000000000

0000000000000000 n,000
0000 0000000000000 ¢, e
0

¢ = n; — prot90(ny;) (8)
cri = 1 + pirot90(n;) (9)

00O00rot90(x) 0 20000000 90° 00
000000000000000000000
000000000000000000000
000000

0000 AFy=aep 00000000000
0000a>0,|lep||=1000000 Af, O

Af,=aWep (10)

000000000000000 f;+Af,0O
000000000000000000000
000000000000000000000
000000000

sgn{AfL(rot90£:) H(f; + aAfo;)”
(rot90¢;) <0 (11)

UbbdgUbOooboboaoboobgaon
00000000 (1)yooooooooooo
gobodgbooobood

_ f1(rot90c¢)

AfL(rot90c;) (12)

a; =

gbobooooooboboboboboob
0000min(el, a2 ,e3) 000000000
gbobobooboobooo

3.2 OUOgoobobooooooboo

000000000100000000000
000000000000000000000
000000000.030000000000
000000 f;+aAf,; +AN000000

link

object c Cr

alAf

e

friction

cone Al

Fig. 300000000000

gboboboboobooboobooboon
OO00D0O0O0000DOO0ODOoODO ANDOO
goboboobobooboobooboon
goboboopoboobooboobooon
gboolgbooboooooboobooogon
Ooob0ob0ob0ob0 nqODOODO 5720
gooooboogoo

A)\l = sl{kzl(e{nsl)el — k:g(engSl)eg} (13)

DO0o0o00Do0oobDod k,ks0000D00
gbooooogooboobogoobobobobob
gbooboooooboboboboooooo
gboooobolioooboboobono
gboboobooooooooobobobob
goooooog

4. 00oooooooo
4.1 0000

200000 1000000000000 0bOO0
gboboooooooooooooo 400
ugboboobooobooobboobooooon



|

Fig. 4a000000000DOODO

ododooobooooooobooooooo o.3
Doopoooo f=[f f5 "0

B -1/2 B —1/2 |1
ogooooooad
1 0 1 0 1 0
W=|0 1 0 1 0 1| (15
L0

1 1 1 1

Vi V2 V2 oVR
000000000000000000000
000D000000000F,=IF, F, 070
00000000

F, =cosf, F, =sinf (16)

000000 0Ld< 270000 w/1800
gboboooooooboobobobobob
gbobooooooooooboobobobob
gbobobooooooouoboboboo
ogbooboboboboboo

42 00O0O0O0OO0OODOO0

obooooooboooobgoobooon s
gboooooogboobobobobobob
gbobdeb0OobDOODODODODODO
gbobobobobobobgobobgonbo
gooobgo

gsb0bobobooboooooooon
gobboooboooobobooobboooon

15

0.5

Fy[N]

-0.5

-1.5

15 1 0.5 0 0.5 1 15
Fx[N]

Fig. 50000000 (D0oooOooooo)

f12,000 000000000000000
0D000000000600000000000
0000000000000 00000000
000000000000000000000
00000D0000000000000000
0000000000000 00000000
0000000000000 00000000
0000000000000 00000000
DooDOoooog

15 +—

JURSEN
AY

0.5 +——

Fy[N]

-05 +— S

’
~~

-1.5 T T \l
-1.5 -1 -0.5 0 0.5 1 15

Fx[N]

Fig. 60000000 (D0OODODOOOOOO)

ugbooboobe0bDO0ODbO0ODbOOODDOO
gboboooboobooooobooboon
gboboobooboobbobennOonDO
gboooobooboboobooboooon

— 4 —



5. Loy

uboooboooboobonobooobon
gobooooboobobooboooboobooan
gboboobooboooboooboooobooon
obobooboooboobooobooobooon
gobooboooboobooobooboon
goboboboobooboobooooan
goboobooboooboobooobooon
gbobobooboooboobooobooobooban
gboboobooboobooboooboobon
goboogboogooo

googd

1) 00 0000 00000 000000000
000000000000000000000
00 O 13-60 866/874 (1995)

2) 0 00000 ODUO0O0OO0 OoOOoOUOoOoOo
gbobooobooobooboooooooooo
0000 14-10105/113 (1996)

3) M T. MasonO J.K Salisbury, Jr. : Robot

Hands and the Mechanics of Manipulation
59/63, MIT Press(1985)

3



