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A 2x3lE ] A &Agct 2RE9 S8 godea
Al A A (Industry ), 2k ot 2} 218 ( Biom-
echanism ), 5% 9 LA, AL 44
o 4wk, w87 WAz glck dd EE
219 “a) 39 &7 (The Third Wave )”oll 4 Z

izt H4E #E AFIA €
( Anthropological Robot )3 EE9 &4
224 ZHE (animal—like Robot )2+ 4+3
2 X E (Industrial Robot) o] z7o|c} 3}

Al el A

23

ALS
LE

do

N

]

(1) 4% ¥ E (Manual Manipulator)

9 A Aolfdl &~ ZRE (Fixed Sequence Ro-
bot )

(3) 7lHAlelf{ A~ EHE ( Varible Sequence
Robot )}

4) Zdlel ¥ ZHWE (Play back Robot )

{5), NC ZXE (Numerical Control Robot)

6 cldadxdE 2 HE (lntelligent Robot )
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ding and unloading ), &% (welding Y Z¥ (As-
Zo|4~, £ % (painting), A AF(n-
spection) 59 =3} & ”}3'6}“4 z} Holo ojgt
ASAgl AF7 @A A Folch zejd Ex
o = Al & iE_EOIl 4 3t 25 2% (Automa-

sembly ), &

A

tic Assembly doll A4 -2 3ol x| =¥ 7%
of £3 % o2 BHL FHoz 71s 47 o
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ERAGE H32% $45 1983% 4 H

B S&FokH ZRE dF (%)
Activies ino/:taoliatt(i)gi]s
1. Spraying and coating 223
2. Spot welding 18.3
3. Die casting machine unloading 14.8
4. Injection moulding machine 14.8
unloading
5. Press work 12.4
6. Forging presses 7.4
7. Experimental setups 4.0
8. Arc Welding 3.1
9. De-burring 2.4
10. Assembly 0.5
otz Qe Ao Jeby dled 238 ox 7
AA AEe Za dokne B F e Aolo o
ated duhd A 5l RRES Eichl -
w7} Aol ] @) Folck oleigt A& ZRE F

2238 2REZ} AxsE vl g B 05%(%

1 Az)ol £33 ol 2HEC 97 2¥7]
%ol Pe 1re JEe eshn ®d sﬂygs}ﬂ
o2 ¢ FAHE W 97 AFoleh ok %
Aelg 2R EC od 4T S8e) o e
olzbe] W sty BHEE ofE 7]ddle s}
= o|z}9] o) 5} & Gnteraction Yol )ESH §)
o oleldt 4 (input)$ $18F FARA S A
o] (control Yot A2 oj@ ] gtoul of HEo
A g Aot gle] A RA o e o

[

i

71l
HEZ]
goodness ) &

A A Aekzrol Wy ol =
=8 (ability )2 ¥4 £ A& (right
A2 g vl &3 whZ A7} (right co-

st) o2 AE3} (automation) & 4 g 7l
gl glom ofo g2 dtzde] g4 (hardware

element ) ¢+ A o] A2 (control device ) 9 # 53
gl o2 F 1A g oz YzslE ool
32 £, deburring ¥ ZHol M Fet e R
AQEn AAA a7 2A Az &8 Aol
o, AEzHel |3 AAA o] 19769 Lyn-
ch!t' o] Ax 2 Tl (economic model doll &l
24 Hdch 25 2RES e Z2adel vt
s A A HexgsA 2o FEEHA o
s AAQE vl FAsA



Production volume regions where
Programmable assembly might be economic

Cost to assemble
one unit
of proouct
with ten
parts’s 1.0

FACTORS

- price - time products

- labor cost

» required rate of return

=:A%ns ofF S

$ 50,000 Beo A4 H
ol A9l A% 4%9 AL
$ A, BRES & AT $

o ol Ad vde +F 247 weh AAA
Q& ool olg Qs AT T 4 ek
AE2 AR 7 o) - AAAls] A A = Akt

_{%} A]7]-o] 2=
3 7kal R} ol 7
200,000 Ao}

)~

Ei
a2,
T
o
-
Bl

S10/h \ OLIOUA_] E 7'“ —‘Q“E']—]— H]‘g‘ Ag /\l]:%kol O] 6\1'7‘11
oo o ols olofol shi Aoleh 1976:d 8 7| £ 2 of
$7.50/h A vl & Alaber § 293000 2 FA =HAdk (2
d2)9 ool Haal xEAe JFol $10/h <l
001 . - A% A7k gakekol 5¥al 49 ojstld RRE
1/ Manual 0.0 Annual producti N
Ay Fisad aund X1 Aoy eroduction o o8 2E 2ol AAA Aow FHHZ
manual - ‘- px;)c]»gramm ~7-— fixed auto. -~ glch o9} zto] ik A Abell A THEL YACSE
able assy _
d shal FA e gol A EobA & YT FA
a3 2 gAY AAN vn | o] o] Ea) & ZHES 243 AE A4
o HAH o 7h5d =7 Al Ag Aol
2 AsE 28 20 ded ek o] mue
v] -2 A} 7} 8F (price- time product ) ¢ A Ao 2 3. X2 ZHE 93
o Fojgon ol 2 HA o u &3} 2Y A7l
A2 B¥ AZsozc o & Fo Bz A Aakebelol A Y 2P dulo 2
o] ul &2 $ 100000015 AZH s|A u&-o F8e BEatslm choksiel B2l A & £ gl
E2 A% 298 EHEY v
Bendix PAX Unimate 6000 | Unimate 50 | SIGMA Shuttle
manipulator
Kinematics Cylindrical plus | Elbow Elbow XYZ Elbow
wrist
No. of axes Six Six Five Three- five | Six
Size 0.5m X 0.5m X 200°| ~ 1.3m reach ~1m reach ~0.5m3 ~ 18 m
Actuators Electric / gears, | Hydraulic/gears,| Electric /gears | Electic / Electric, gears
ball screw ball screws ball screws
Repeatability ~ 0.2 mm ~0.2mm ~ 0.1 mm ~ 0.1 mm 5cm
Weight of
moving parts | 200kg ? 900 kg 7 60 kg 50kg ? 500 kg
Payload 2kg 10kg? 3 kg ? 32 tons
NOTES : (1) PAX was a research effort by Bendix, now abandoned.
(20 Unimate 6000 is a cooperative effort between Unimation, Inc, and Ferd Motor Co.
(3} Unimate 500 is being built to General Mo or Co. specifications.
(4) SIGMA is marketed by Olivetti, s. P. a.
(5) The Shuttle Manipulator is being built by SPAR, Ltd, Toronto, Canada.
(6) All data in this table are estimates by the author.
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So] 288 2RES AYFH 2 HAo A A
AEle 298 2R EA o E{sof 9&"’]’. z
PA dojve FE 4% % 2 54
Eo A EAz =y {8d w2} """’]’Z“’/P a
# 4 1976 d Kondolen!! & 2 A F< =7
o} Fako) whet 10714 P2 B RIPQ oA F
dutalel wetdE 1271419 2YFF AL §
Fote] ZRES PAZH| o] Lde] o o
ol e} 5 A Al 5hA et

A g adelelel A FEEE ZEHEC 93 =
o] 7153 dlE A} 3 28 23, A}
28, gz & 22z w7} oo He} 5
o] 2%, W HEH (valve body ) ¢} A (spool )
24 2oz A2 5L 5 F A AAYA o
21qk Agloll 2R EO 8t FxFol 4Ll H
T Y olfw AdAcE A4EY + gz,
AliAl el o FE FHEAAAUS AlEo F5U 2,
A atetel Aol Az HFe H 83 fFA s s obs
dosf, FFo Az AEs syl Lolakx| o
AS¢ 5 & Uk olEdt FAHE HA A
o] 28 Eo] 2/g FMS (Flexible manutacturing
system ) Zteofl whel BAA o2 of 7] AlAGY o}

4. =% 4¥ ¥ FHH

Ag g 2REGA 2 £ 58 & Hrste vt
A F93% odAE EYH 9% AYxet 2
gy 2REYY F2Aql FAHeA, FF oFA
29 9.3, 29 E (joint Yol Aol w4 (back-
lash) & 4, 2R E9] AF% (degree of freedom)
o) BE Az (servo ~ valve or servo-mo-
tor )¢ 2=, HAvla(coulomb friction) o =
2 ox Fog 23 EQ gripper (end point) o
A2 Ao @ 2rp WA gk} o} a7t 23| EH
95 dlojdal = 50 Wy, RRES] FAY
(actuator el F-&l7} 7l A = o] Erl53h
A = UFe AuddA 2 AW (jamming) #
A4 (wegding ) A 45 dAsHA =t BE
Felol o3 o3t o 24 2 (mechani-
sm) 2 olgld 2AE FdFE Aoy o
Abu] 8o} w4z = fi]lo] #H 3 =g 7]5HAl zﬂ
Gx FuzA o

zy A e A, 298¢ B5FE A2 (pickup
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phase) , A, o] &% ol£3te (transportph-
ase), AlA, #9121 225 R A3 (fine position-
ing phase), W#, +% (hole )oll AH]l3t™ (inser
tion phase), S A, ol & A Al (inspection) &}
£ SxHlE o FAlth BEFE Aevle AXA
Aol A"l (orientation) & 2. o] &rhA o 4
= dolld AdF5 BEREQ B9 ol o3}
wAstE g o] Ad e AEF o] s H AN
oA 248 FE JEd 8%k ol e EA
Wlol = 454 8.4 (passive accomodation)
A%A B4 (active accomodation)el&t= F713|
o] gldl, HAE Whitney® ¢+ Watson bl
2]gt RCC (Remote Center Compliance) ol 2 3}
feedback §io] 2kl Al A 4o 2 A5 B A3
F=d oz A | § w2 7ot
Fog sAe]l wi¢ APt AL A wkd, B
Ao el GHAI 7Y Qs Aol Aot
byl ¥ xlo] A$E —J‘_ Hitachi A} 7 78)79) <]
Hi-T-hand ol 2|3t A &35 23 2 (precision
insertion) ¢ o & "é—. T ek ol FAAA
(sensor)ell 2lst #38 Ao] (feedback control )
2oy ge Heo 2xddE 24& A%
Ao Y F g whwd AAL] ALEd 2
A7kl Ea :7ke) AXql Zleo] g el Zelct,
AszHoA Fodroas Fag vt DA
Zej o 2+ 74} (inspection) # A ldl o] AL F
2 visual sensory} 7+4 74x| 7] (proximity sen-
sor)ol o8] 3=l
del Frxe JEHAd F DT
AN Ee g FFE FAl A¥sE part
mating , & 2) ol21g part mating 3]
AA shtel %Z‘if& AEFE 2Yshe AQozol
Folx Yotz B 4+ vt 2 AAHFAAN 7}
A o] st A9 FYo2ME F2} Sy
5 FEo 9dFHelt FHFEFE MN¥Ye 4

ZETA e

9] “peq-hole” AYAUELE 5 5 ded o7
of thsl ATFE ol 7T A FF FIYEER
22748 BHsrl ol2y Utk dubyo®
23 A4S 2838 Ay dANE =HTAT
o wrAlslE FEAe FAHE A st AR
A5l W4 s ol o] AEe]l =AY of
Wa G&e nAe HE FYPsE Aol TR
tx %83t}



EL R ]

part mating & & d&d $8% AAE 1)
£E9 JedAdq ¥4 2) FEE A2 U+
qripper 9 stiffness 3 ) ZHE A Fxlolo] el
2 2 F oled olag AAA AR 23 3FAY
off vl & F&FE Hds] LM E g 2"
32 28X EQ qgripper 7} HZ2H 5 (peq ) T A2
23517 YAl A F9 (hole) o2 3 T3alf o »|5}3t
Aol #AE vebdich peq7t holeol Y3 =
ZREZE positioning 3t Wk HAWxo A s}
g7 W Foll Z7lol &0 S FHWEF AHHYA
ool 0,9 A4 HY 2AE HE F7b o
o] Aefoll A peq 7} hole ol FHZ3td 23 4 (a)
& (c) & 7ol AxNw BEE AvdA & AHel
A AEst7) AFsbd =5 4 (b) & (d)9) 3ol
5 AHolA HZF3A swl ot 4™ Fu (el gls
499wty Fug 9l "k, Whitney®™ & ol
23 7153tA ol wAl et o HYJHE +4A
08 HAssd 2% ¢ g A$E =¥
)

(1) peq & hole =47+l LA &7k 42k

(chamber) Zw it & H 4
(2) hole A2 dtd o wiiatd], 2 ¥ E qripper

of Z&3le Y™ qripperd] 228 &4¥

o o3 He HY Aelsl o] FAxE AF: o]

A%E peqd B 2AN Foolt A¥

F e Aead A% (Gamming) @ o)zt &

o}

(3) peq & hole ol 4Y3le A peq tho-
le o] gt4dugslo] A7 AHSTHEH AL
E}’\l A Zd okt 28 F e AL o] A

£ 93 (wedging ) & Aola}t g},

Whltneys’ oA AF& jamming 3} weding
#4g 9es]) A 2A4¢ x 9} z @
8] holeoll Ao} wrd 4 %o § FFx& Fz,u
4 29mE M, oPAASF u, peqd WA 4
B4z Sxstdch =3 wedging FAE FH 29
AW et (b)), FA] 3 (& ),
E4¢ ¢ (clearance ratio = RIET R-2 holed] ®
7)), qripper 7} ZE S22y A5, & A
z} _txz%/nl/‘- kg , xvrgko} /-sz%u* kx ,
peq 8 EH B4 qripper & 3| AFI 7= A e
Lg 9 &2 fFEstdA 234 %_8_1 3= A
AMFE AAstg . 714 gripper £ flexible

=z
T=

E: g
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Ay

]

ju8

Aol A d
wedging & 4-g 3¢

z% 49 FA =+ jamming @
3 peq% hole *}ole] E-4)
7} B AE¥n Z 857 Al =
peq & Az 9l ¥l qripper Aol FdA
€ Folste] peq o AXE AHY RANTE=
He A4y & gk Watson'® & olg A&
3}oksled RCC (Remote Conter Compliance) &}
= $98 £Z(flexible wrist) 2 3otst ) o]
flexible Al~®#l e 2 A3 (rod spring ) o}
A 223 (diaphragm) FY Azl F
22 5o 9l7] s ol gripper £ 3t F peq 9
AXNE 2AY F JAFE 3L F AU AA o
o} 28 E 23 gripper & FZholl HAGc (2
Y 33x) =3 peq 7t hole of "J”Jﬂ"*/ﬂ s
Ha uiy & WA o] Y52 gripper ¢ peq
afolofl A # £F (wrist ) _‘li g A
2L JoAA 3t #Hz9 A} FolEHAp-
eq 7} holeol ArQIsHAl =& Aol (24 3
Z)

52 RAdo o3t gL AAAlz A
£35te] o}F flexible wrist ol g AF7F A
2o gt 2Y 5= E% (HE) spring & o]
a3 621-° (degree of freedom) & zte $4
3t wrist & Yehf=d McCallion ? 5o 294
7}]%}51214. ool & Aj#y A3 d Al
7]t (pneumatic ram )& AH-&3tE wrist £ gl
, A%
o] &3 Belforte™ ol watsl self - adaptive
et

&
5}

S

5 29¢
£y

El—
T

YA
[

3L

quided assembler -]

&4 i%“&ﬂ l
=& (peg-ﬂ- hole 9] __4])0] al
ol E7bsdtote AE Bshr] HallA
ok 3o} (feedback control )4 o]},
7+2)7] (semsor )2 Folf 9 E9 w4s
sled A Ao} v AH A controller 7} +F A
stel g gripper o X O E BA F=

N R rulo £ R

) _jh{.
& loox

]
o

z24% delds 349 3 223 S
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robot arm balt joint

cylinder

pistion

robot
wrist

olet. o W42 1) 011 F9 2tA]7] (sensor)
£ Agsted ol| Wog A gt 2) 7
A A5E " o2 Hested ZREY Y
g Aol AAst ste T A=z A F 2

T Uk, ZHEQ gripper 7} pegE Ao hole
of 4w ol PBE o] B3}irfef wet YA
§tA o] (force feedback ) 9t ¢l A &4 (po-
sition feedback ) .2 Y& = td force ¥
3o} A|~8]-2 peq 9F hole of AlAl A7+ 8t

S A3l Wi wrist o W9 Qeke] #
A& odo] 4 controller of ABE FO0 24 gri-
pper o] 91X 2 A2 dHAs) FE whal ubdol,
9z #H3A o] A28 (position feedback & 1
Q&5 (flexible wrist Yol W9 FAHAAANE 52
ste] peg 9 hole 7kS] Ad YR F oo 2
controller & el gripper o A& HASH]
N+ waelo

Force feedback system

2% 6-¢ Brussel 3 Simmons ¥ o &3] mgt
% force feedback 2% AXE A AHoZ g
W Aelch, gripper #2] peg 7} hole ofl AHQ)E
FAo| A A A2l 3t whHe 348
9 4% 9 =EdlA oA type 9
AR 7l el FA A A" Ase gAgA

_]%



ZEE 2HE

Disk memory

CEgS A7 5

@ Xyz-positioning
=== system __ _
Higher 5' Z, Ly -‘:
control RgaL time ! x|
level Computer mini -computer L--.’: 1] ____i
peripherals H
— Force controlled

Micro-processor wrist (5d.o0.f.)

Lower system 3D-f
re

control - orce sensor
level 6

12 8. Force feedback o 93 £

32 W3lso] rlolaz Z A AE feedback =
o}, sl z gl oA Yoz ke force
signal & %43} peg 9 hole 7ke] A9 ] &
A5 A4kglct, o] A g 4AA EHES £3 4

g Aoee vl AFHZ whA sled =Y
AR FERA A5F wlo] AXAE R

48 FE& slof geh

Position feedback system

10}
1

De Faxio 5 A% (3uwratsld e 243
AY $5)L 2 FEHLARY AA 71
flexible wrist of F33& 7x|7|Ql eddy current
£ Bapsle ARIAAAl ¢
3 wrist o ol =2 HAE FAHAYE + A
52 3] o] Z5E peg 9t hole o AHHARE Al
Asto 24 252 4 9+ position feed -

back 23 Al & A stgiel, o A cont-
roller 2+ wlola2 FFHE F A& o] A
d& wAAA Seltzer & Aol ¢l hole o
peg & 237 A4 409 HAZAAA (p
roximity sensor ) ¢} photo diod array AX& o
4.3}t flexible wrist & 73l Hch ol& ASH
Bl hole® FA Al disl 10° 7]8<] 48 Z hole
of et pge o F A& vt hole o E
A A7 & WA S A E e

proximity sensor
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Active adaptive compliant wrist

AACW (active adaptive compliant wrist )
A2 Yoll4 AFE ATRAAN 2 FAE 2,
28 73 o] peg 8 27|19 A = EEE armco-
ntroller of 93] AAs F sensor Alzdel 9
3 AR AL 6AFESE X wrist TF5ZA
o8 pego HAXE RAHFE A2 S Lot
o] = Brussel # Simmons'* o 23 7=},
Sensor 24 & AE# A AE AL 2
g olel gt e AuA s peg o hole 7+ 3
29 93927} hole®] AAME (chamfer width)
Bk aAY Aol gE TH 2HEA @
A A £LEdolze AFPshA| G2 Aol #
o 5]l ot

e Arm
Arm Controller
ACCW | Wrist
Sensor === Controller
Force
Vector

12| 7. Active adaptive compliant wrist =
28 23 £2RE A&H
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Hi-T hand

#Z Y29 Takeyasu ' ® ) o Ao o
3 sletAl (Hitachi) 5|Ab7F et Hi —T ex-
pert [l 2t 2HPALZHE Al g
ole 2d8% #e F2F #x Yevl AFYo
obd A 72339 Main 2RE} pegE &4 h
ole ol 4qJste H¥E stw HE2HEE 77
ol & F&E oFdHA 23 F U=F =z

[Main Robot]

Flexible Wrist

Shee'l v sensors [Auxiliary robot]
328 Hi —T hand o 93 2HITAE
Ack7t 23 o] S5 2HYAHEFL olFhe o

2 @b o9 peg & hole o AYsAHL 1)
A 237 (approach stage ) 2) search stage
3) 44 2dA (one point contact stage )
4) ¥4 4 &7 (two point contact stage) &
44 2 Yol R, Fale] At (chamfer)

dai e,

& 832% 45 19834 4 A

2P A 7ke] 1.07 & 9ol A=A g8 A=
Wi $9Y¢ 5 lebe AYAFE A/ ol
ZYP AL A Y29 FAst T4 (unman-
ned factory )oll 2-£5 3 9t

Aol A d53 AEe A4y o Cut-
kosky 9+ Wright 2] x}%-24 flexible wrist (A
utomatically adjustable instrumented remote-

center compliance ), Kasai £ Takeyasu®' %

9] sensory table, Piller '® 2] 23 & 6A-fx

=3edA] Aol search stage & A= Aeld],

HZudA ol A peg 7F AN AE # 2 holeo]
Zotd AEFSAE UL Pl = 2o AHAE
4% Fm& #|g AA3te of o] 49 §-& e
ol & search ?H & doi7t F2& & /M7
2 k3 ojn] vle]laE T A4 ROMel 7 o5
adaptive pattern selection & o&] +9 &
Al o] A AdrtsH Aol & 29 search
Tt AFLFAAE wA Ho o714 ALE
%] flexible wriste] sensor (~Ed|9] Al o]z )&
x,y,z W3 al¥E A5 "o

o] YA 289 2YFH-& peg 9 hole Alo]
o 2719 Ao a7t +2mmE Yol Y2 E

=2

a
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force sensor , Dombre 2} Borell "' 213} 9 g}
compliant manipulator joint £9°] 7= ¢ 05
HZ TV ud L 7leiletd ol 8¢ =% (23,28,
30) ol A E AF7 @ol AYP= et

Gl AFE ol E L JES TUSA B A
2z de 2P 5H L AAAYE, 13
A (sensitivity ) ¥ ZFH4  (flexibility )of &
2t Bo1g £ ok =3 2HAIZ 2 2/ Al

2rES 54 A5 450 (performan
ce factor ) 2 ¥& & gt} ERE FEAHE
#sled YA Algorithmg Hdstz le A
#g-e Stokic @ Vukbratovic !°v 20428 o] glon
ool & ZH Ao Arle BERE T FTH
A AE A3l GAAE B ¢ F
7l w3l Kulakov 2 Whitney 2¥ 9} Erric 2%
% o] Hoko e QAFE = Ut

Yoo

_1_

a
=
)

1.

FHTHE EdEsl ZHEE 83 ¥
31 HEE 2] s 2ok delA sl s
}9}%01 EHES 2752 FA ZEE A
Ha gl Auk olAx ZHAQ dAo]o]4 |
& dol a4 Had 24 FAH L g3k A
olu}, A FA Al A3t A E£4ol 7] A
AF 2AYE 8 AFe 23] YA
A "?l‘ A1 =8g 7| Edck & Aoz 47}
ot 3ol A 48 23 EH*”‘OI vl A
Zbek '°‘J 4o A Folete AL ot oo
2z Fokl Ao A-rHA = *&’ﬂéﬂ ek B
otx Aol opd A ¢t ZHEJ A3 A ExH
< 75 By FHZR A FAE fle-
xible wrist & ©|&3t ASARAGA 02, 2HA]7)
(sensor )9 PFelx HE 7|7 (tactile sen-

- afy

o oo

Aol Mo o alu ofr pok

o



ZYg zuE: ARD AF 5o

sing ol 4} A1zt 727 (visual sensing ) %4 2.
WA= 2 glon, FEHFAE § F¢NA 3
F AR 2Hd & FEAAPOZ v ojstz 3l
e FAolg, 2REAYS AHAATEL oA &2
Ef)o| (software ) 7iwtol| FJ3txz glow of
£ £ o qzE ARFHAHe 2RES FE A
#4717 98 we A7 FAE sz Ut?
oz Fe HAg 42 2REN B T TX
o Atz FAS A& 2P FL /ST
7= =25 (actuator )Y A, AHHstz A4
A& 719 A, Fdd ZHE Y= A
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