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Mechanical Fingers Controlled by Machine

and Their Applications to Materials Handling

Tadashi Yamasurra

Recently the artificial hands have been investigated from various viewpoints and some hardwa-
ves have been presented. Compared these hands with natural hands, they are extremely lacking
in degrees of freedoam of the motion, and they can not do dexterous works. The author has made a
model of mechanical fingers having many degrees of freedom in order to investigate the possibility
of making highly efficient mechanical fingers.

The model made by the author has three fingers, which correspond to the thumb, index finger
.and middle finger respectively. Each finger has three degrees of freedom, consequently, there are
nine degrees of freedam, and these nine joints can be moved independently by compressed air. Each
joint has sense organ which detects the angular displacement of a joint.

Manipulaters are worked by human operators, bul this madel can be worked aulomatically acco-
rding to predetermined programs without aids of men. As an cxample the rotation of a grasped
object by sequentially changing grasping fingers ic performed, such a complicated work can not be
«lone by other artificial hands which have been made till now.

These artificial fingers possessing advanced functions may be used as powerful control organs
of materials handling, which is contained almost every industrial process. However, actual applica-
tions of mechanical fingers to indusirial processes have many difficult problems, the largest problem

may be the pattern rccognition.
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Table 1 Material forms and transportation

3-2 SHokiEsENE

E, B =FUYUTAZ AV Y v o ~TER
HEYAFCT 30, —BoSmEBiEC Limn
S>THEBL, £BEORAER S h ok s Al
Th ok AROF0FEI0 L, Hiskoiticow
T, EHirT L, Table 1 EERAF-. $obd,
afpiKE{ 20T A, ARG THIIEGEL
5 ThVEFETRD, BRI oaf L
ol bha. fEOES EENEOITCRERE S
AOWMRIL LD X 5l Bk L o ohD* o
DESREE EBEE® L DEOkERERT, WS
BEEC, —IzEs o FIRETe R, £
FELTERYL-TED, TRHEIERTITE
T hEWLLZVRERTT R Rh b0 THS. — 4,
BREE . 0 BMERENRY L 2 T B3 DT,
FTERMER T hS.

LAY E L 7o B EOIRECIE U T T 558 #
T oWCHEAT S, FiEEASO L SR TT
Tebid . EOREEOFERIISA P = vy 2Rl
BDEL, FED 2 w Y Tiehbh sy, EIRB5
REZEVCTREMEL TR 20 FE R
ThHH, ECERTHIW. Ss¥o, REEGDE
HTHorn, ThEESHELYELLEZCoODT, o
DEBEAVy FPERAGTARELRHCE LY, &6
DO EDBBEARE S TEATV .

P iEEY AE b0 S bE L CALY .
METHImEL, BEhE L THMBECERIELR
PR, KR EDLSIHES -ELAVESLED, T2

TRINBF—RBRALTELTLS. LaL, JhbD

A F) AL TR ARH I D s F IR LD

ThHHCLIEL»THSS.

#opslaif, EAERAGAEA T VST T, AETIOT
EfTf THETBFCRNT 2L 2T, MK, BELy
OERRYAERTEL0TES. Fh TRIDLET
DREGKEFEPNC S, BHR 2y THESL 0L
DHEVWESFESZ EATETH AT, UKz~
T v TS,

EEoMRc, Hithoffy ks ns. Hao
L5 TP DU B BIENIBITE T2 2o 0 £ T
252, BlutkofE s sHEoMbTE 5.
&S, kTt Bk X o e T E b ko
RS LTR?, Ly coRGRE LRGN B
CrLoTEBT 0L, KEORY, BELLicyd
2LWHIETH S, MR EOTHIZ L AEETEIL,
12 DEF SHDERT~ R L BET 5
DITIEEC B R ITETRS 548, B ORRE
LERONE DELE ST, EAL-EhAs5H
THVWLDTHBELEELELE.

DE, REEEOERDEETE L, OBE
RIEEL DO, WEEL Y LRODEBOHETS
BEVALS. kExiE, ABEEBCOBAIEE
FATHI). BPFERACEDA DB BHITIE,
STOMPOER TS 2 HACES L5 L TART
STRABRV. ZOBEHL { Sttt
R z2ifmpoiih L R Ea ¢ T a1, B
BRENCRE CEIE X8 0 BT, co L3
TETERTET, 29 THD. Thbd, WhHhilk
HIERTEd CeniTEAAMOFED L 2 I EaEHEN
DETHDEG2E. ERESoBHLTrFLLwH
HITHED. TR —BENT L 2 AR - T
o TwBAR—vil#olEsL e, CoHEEIS
HEERERCOVEETESD.

BlEwii sy, EE20RL, T
HELEABDFO v FY w7480 L L T
225, ABoFRIREHED~ v F Y v 713/
L, BHEEHED -~ Py » P8R B W2 228
LI THD. AHOFETRHHCEEITERGHME
B R RE S ChiE S s TED,

=T, BEEED v Y v AT LTI B

DTE5ABOFEDE S BRFRENIIREL, BHT
113D TG B0 T EIDCRED BB 0 5 2iFE
ATHAHLGHIFIERL LA, ABOFofEHM”
BUEWLS ZEREED v VY v rDEEERER
BETWDELV2 X5,

33 NP TBRBELTODATIOE

i Lrck s c ALoFrEED A~ F Y v 2Tk
SIEHETZALOTHEY, RanXsc s— 8
WD LT BAeETREB AL ToFERIX
RohT< 5, Tihixb, Fig. 1l 24 7 20
Lo TREZhAATIOFLIL, &< OEADTHESE
RBAHY, HETIES2— vilBv L8 E LtV EE
TLET, Lr3EURF2AIELAEVET LD
b LAfERTEv- v b, LAL, Fig



247 LOAMIC L > TERIFE D ATOFETIL, 1$
{EETHHEARD A2 — v BMOENEZRMN TS L
HAETHS L L, 2TiiNLE S K==L —
o= FEZT R TE D TT v E L SRR,
BIEEAHYSCETF S22 e TE20T, SHICHS
ERAL D S RIS,
ALDFOEN¥ED D IcdiTin, 2 T~ X5
CiEomrSuvE, HL0HHEY L - iFoR
EAWETHS. T, ERcHERATI L %E LR
i, A 720 ATLOFTRLBS
ABMIC X~ THEZ R D TH S

rubber surface
|
I

Photo. 1

Arrangement of three fingers

relurn rybe
|

miniaturs bearing
g 9

P, FrorA T 1IOALIOFLELT —
ABIZ L~ TRIFEh330TH 5 s
section A-

Th, BEEOABYTE BT
Tl THLEAUETHANE,
THIZL TLHEBC L > THEZ A,
HENCEfFTE 2 ATOIEDER
AREMEE A AN T TR By,
HEILD ED X 5 eBEASLTZ
MARBIEDRAIFHE LT~ D T

A

H5. I

4. HELAEOEE

FEHRIfEORBRIEAS Y, &
k3> HHEY ST, Thth

DEFRCE I RTER T rbeb o Lo TE 5iEx
AIELIz. 2o, CoRYETCEFRES D

CHEBENCE Ly P OBEBEEL L o, oK
FHEPEBELTD7 4 — FAAy ZFMEFIBT A &
Klbv—rvxﬁﬁﬁﬁk5laﬁﬂ?&tb,v

FTOATDF TR TH -1 3EDIETHY
z‘lﬁi%é‘-&'b L5 IERifEE T r r 5 AT
BERNCiT e s 2 IO L9, Z ok
FEL 750 Fig.3 witboTH 5. LT

oressure deteclors
O ™ power
l i oyiinders

—~+T

H fingers

nylon threads

sequential control circuits

N solencid valves

-

e 3 YESSUME s.‘.gna'nsl

Comprassor
—— electric signals [:j—' p \

WWEI‘ SOUYGE

Fig.3 Block diagram of made finger

o
- f .
() o H—H—1
\ P?
P‘J‘\f’;‘f . r?f,:vﬂ rugger

Fig.4 Mechanism of finger
CHE RO EICTZS .

41 EFRFEOHE
IARDOTFIIERUHEETH - T, TOEEIL Photo.
1R T LT »TWwad., Tiehbd, 2R E
TR D @ L EDRL S bimET 5 rEcE
PRTWE, Che AROFLHESTSE, ETFo
WA 2RDIFILAS LG L, Aaff@offiz
Bigcdhe 5

1 AofsolfiEs Fig.4 wid. 3-oMiion s
B, XD 2o0RAUCTFEATEZ, BLolfiih
LEALTNTEH LD THS. 1EDIRC3IEOH
Hiridh, FoFRPIIEKTHLN L, £ETIEIE
OHEENEAZETES. L, sz
WM TEs5L0TH-T, LTChR5-7>) v,
EHEEs 0@+ 2465.

4-2 L) Ly

MRS L, MEcEEE Y52 507 &
U xXTHS. BhHELCXEBETAYH, EAx
TROZEBRT AL DTHD. o7 v 2ii~e
FothEr Fig. 5 Rt &

I TiEat:.
RO THD. v ) v AOFEmROFL D EFHEZH T



E vapm Sar ramnras s
. el lafram aom for comprassed air
return spring be A FHOIL 0T GRmEFESIEtS

reciprocal motion
of piston rod )
port for compressed air

Fig.5 Structure of power cylinder actuated by
compressed air

COENNENe T F AN

1 .7
G

-‘.I"IVJ.

-~ F , EA P vREFA~ES Fh, v I v
FHDEDHBDEL D L, ¥V v AHDEMNOTE

e hodthsiFholTteEa b ko EIZE
TTH. ZDAPYYvEFDYA R vrey NI, ¥
A b v DEEEE R B~ <

YHRAEELTHEDD,
THREBT oA TEL]

4-3 EHEEHIE=F

Bgio X 5 AMOF T if‘m'“é"}‘
Txh, Zhifeiudmpiebffrcs
®¥®wu_ﬁbogbmu.”ﬁﬁiﬂﬁﬁim
-t ﬁ?&ﬁa)&%f%% AEFETII ) s HH
L, ZhTiRkCa s h
AEENCEND T L. CoENEEEI=
—RXE=Arerl v FREALAELETHE-LDT

HoT, =47 Af vyFOBMETIHRY—r v A%
BEXE, 5% 70 &5 M Lichi- THERNCE(E
B3 LTHLDTHS.

4-4 H @ K E

(1) Front view

(2) Back view.

Photo. 2 Controller

Programs for
control are made in this side

Valve Actions

- Air i Piston
v, Vi
On On Enter Ga
Off Off Held Stop
Off On Exhaust Return

Table 2 Relations between valve actions and motions
of piston rod.
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Fig.7 Sequential control circuit of three fingers work
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Grasping an object

Valve VE g ON.
Valve VI ug ON.
Valve VA 59 ON.
| Valve VX s ON.

] — Air enters into cylinder PY. (Joint I rotetes)
1. Switch SW3 ON.—> Relay 1R 1 ON.—>
} —> Air enters into cylinder P (Joizt JE rotates)

2. When an object is grasped by fingers F¥, F¥ —5 Micro switch MS] (1) ON.— Relay D (4) becomes ON. —>» Relay 2R {1} becomes ON.

Moving fingers
f Valve VE 48 OFF. Grasping by
\ v K iR —> Air entered into cylinder PY is held. {Joint JT stops.) . el
| [ Valve V[ 48 . ingers
Relay IR 0 OFF. —» {
e t Valve V& 58 OFF. } and FE is
—> Air entered into cylinder PX is held. (Joint JX¥ stops.)
| X 1 L
| Valve V| c@ OFF. completed.

| Valve V], z3 ON.
Valve V]| &3 ON.
as long as relay A (1) OFF.

} ——> Air enters into cylinder PII.

3. By action of relay 2R 1)) _>} Valve V1 08 ON.
Valve V3 w0 ON.
Valve V] 2 ON.
| Valve V 4q ON.

| }
w2
}

( Finger F! approaches to the grasped object, where the rotation of)
J» ——» Air enters into cylinder le. joint JlI is controlled by break contact of relay A 35.

— Air enters into cylinder PJ.

— Air enters into cylinder PX.3

+ (The cbject grasped by fingers FT and F¥ is moved to finger F1))
f

iVaiw: vy =208

|Valvn Vza 60 ON.

— Air enters into cylinder P}. .‘
(Valve VX 1 ON.

Changing fingers FI by FI
4. When finger FI contacts with the object Micro switch
(gmped by fingers FL and FX, ) - [ MS (3) ON.
{ When micro switch MS] (1) limiting the

} — Relay C(3) ON.
} Relay 3R {13 becomes ON and seli-holes (13.
—_—

{The object can be grasped by fingers FI and FL)
: ) —> Relay A (1) becomes ON. wspd
zotation of joint JI becomes ON.

{ Valve VII,_ a3 OFF.

| Valve V| o5 OFF.

| Valve V1, o8 OFF.
| — Air entered into cylinder P;t is held.
Valve V} g OFF.

Jmuy 2R 1) OFF. —» (The object is held by fingers FI and FX)

] —> Air entered into cylinder P! is held.

Valve V] i3 OFF.

By action of } — Air entered into cylinder P} is held.
5. ( ) \ Valve V] 4 OFF.
relay 3R 42, | |
| | Valve VE su OFF.
| — Air entered into cylinder PX is held.
| | Valve VX 53 OFF.
Valve VE: 5 ON.— Air entered into cylinder Pll is e:hauswd.]
' Valve VE 60 ON.—> Air entered into cylinder PX is exhausted. | (Finger F¥ leaves from the abject grasped by fingers FX and FLy
Valve V1 8¢ ON.— Air entered into cylinder PX is exhausted.
When finger F¥ has sufficiently left from Relay 4R a9 ON and
— Micro swiwch MSZI (8) OFF*. —>Relay H (8) becomes OFF.—» [
the object grasped by fingers F1 and FI, self-holds g3.
* [M‘m@ switch MSY is adjusted o that this becomes OFF at the fowest pressure in switches MSE. MSE, .and MS,‘J
Consequently, MSX, and MSX become OFF before MSX becomes OFF.
Valve VH 58 ON because
7. By action of relay 4R §§ —> J == Air enters into cylinder }’,l (Joint Jil rotates and finger Fll goes upwards.)
i relay G (7) OFF.

o x Relay SR (1§ becomes ON and self-holds (2.
8. When joint J{ rotates ta the limit. —» Micro switch MSA‘ (7) ON. —> Relay G () ON.—»
Valve VX 59 becomes OFF. (Rotation of jointX is stopped.)
Air enters into cylinder qu

because valve V.'., 60 ON

JVal\re vE & ON.—
P! (Finger F® approaches v the object grasped by fingers F1 and FX.)

Air enters into cylinder

By action of
(v
relay SR (8.
Valve Vﬁ & ON. —» .
\ 3 because valve VE 8¢ ON.

Table 3 Table of sequential actions of

Explanations on control circuit of Fig. 7.



Changing hngers F¥ by FI

(When finger F¥ contacts with the object

X Relay 6R (1§ ON.
ped by F1 and FU ) — Micro awitch MS3 (0) ON. —
gras) y fingers an 3

) (The object can be grasped by fingers F¥ and F1»
because 1IR o ON.

[ Valve V] 64 OFF.
Air entered into

Relay 3R (3 OFF. —+ | Valve VE s OFF. cylinder PX is held

| i v 1 .

| Valve VX 69 OFF. Air entered into (The object is held by fingers F¥ ard
Relay 4R (14 OFF. — Valve V] 53 OFF. eylinder PX isheld [ \F1 because finger FT is kept cest.

Air entered into

- [Valve VE gy OFF.
cylinder PX is held./

(By action of)
!\VIIVE V_-H k3 OFF.

relay 6R (8. Relay iR 16 OFF. —»

Valve Vil 46 ON.— Air entered into cylinder PI is exhausted.|
Valve V;’z 51 ON. — Air entered into cylinder P} is exhausted. | (Finger F¥ leaves from the object grasped by fingers FX and F1
i

. Valve Vslz 54 ON. — Air entered into cylinder PX is exhausted. /

(When finger FI has sufficiently left from

the object grasped by fingers F¥ and FI
*= (Micros witch MSZI is adjusted in order to become OFF at the lowest pressure among the switches MSn, Mszl, and MS;' {see tha qotz:)

) — Micro switch kIS_.l (5) OFF.** —» Relay E (5) OFF. —» Relay 7R (9 ON aud seif-holds. (20}, t

(:3: action of { Valve VX 69 ON.—3 Air enters into cylinder P because Valve VX 50 ON.) (Fmger FT goes 1o the object
I |
lay TR, Valve V] 88 ON.—> Air enters into eylinder PX because Valve VE 5¢ ON.] \grasped by fingers F® and F1.

14. When Joint J;l rotates to the limit. — Micro switch MSQl (6) ON.— Relay F (§) ON.— Relay 8R ) ON and self-holds (2.

(Valve VT g ON.—> Air enters into cylinder PI because valve VL us ON.
By action of | " - (
5. {rela BRN) — ]Val!re V1 53 OFF.— Air entered into cylinder P! is exhausted.
y ¥
Valve V1 59 OFF.— Air eriered into cylinder PJI is exhausted.

ine JT rotates and finger, | /Firger FT approaches to the
Fl goes downwards, )[ | object grasped by fngers FE
]

and F1, |

Changing fingers FI by PT
When finger FE contacts with the abject
('grasped by fingers ¥ and FI.
' Valve V1 (48) OFF. A anfernd ko N
Relay 6R 08 OFF. — { Valve VX (50) OFF. cylinder PX is held. |
Valve VE (51 OFF. Unexhausted air i
Valve Vi‘i (82) OFF. of cylinder P.Fi-" held. ' \FE peeause finger FT is kept rest.

Relay OR €3 ON, bezause 12R g ON.
) — Micro switch :\-15‘I (1) ON.— Relay D (1) ON. —>
The cbject can ba grasp:d by Gngers FL and F2)

{The object is held vy fngers FT lad}
1

Relay 7R (19 OFF ;
= [Vllve VE (55) OFF. Unexhausted air of

y action ofy linder PX is held

. C )—r Relay 8R #) OFF. —» Valve VI (48) OFF. cpncer Ty e
lay 9R (A4,

Valve V], 54 ON.

1 Air enters iato eylinder PI at N
(Valve V], 03 ON, and keeps ON as) — ( )

[ first, and then is exhausted.

(Finger F! leaves from tle object grusld)

i long as relays B (2) and C (3) ON. i
~ | \by fingers FI and FE.

Valve V4L B8 ON. — & Ajr entered into cylinder P is exhausted, ‘

i U Valve Vé B ON. —————————— 4 Air entered into cylinder P! is axhausted.

(;wmn finger F1 has sufficiently left from { Both miero swiches MS] ) [ Both relays A (1). { Relay 10R 29 ON |
. —_— — H
the object grasped by fingers FT and Fl.) (1) and MS] (2) OFF. f and B (2) OFF. } and seil-holds 3. |

Valve VI 89 ON.—» Air enters into cylindef P because valve V5, @ ON. ) [Finger FI approaches to the object grasped by
i (By action of &

e IURN) —_— J‘v’l[ve V] wp ON.—> Air enters into cylinder PJ because valve V), 59 ON. fingers FT and F, where the rotation of joint
relay . 1

Valve Vzll W9 ON.— Air enters into cylinder l:‘:,l because valve Vilz i ON. ]\I is controlled by break contact of relay A 65.

20. The next action returns to seq: 4, and these sequential actions are repeated sa long as swirch W, is ON.

three fingers
Figure in ( ) shows an address in Fig. 7.



action 16 achion B

Photo. 3 Snapshots of three fingers work. Figures
correspond to sequential steps of Table 3
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Table 4 Symbols for components used in Fig.7

JIC OEEERTIZIZDOWTIE, FDF
HF 2L Ths.

SR B,
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