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Robot cost assumptions as of 1977

15.001— Unimate price $40 000 ]
Useful lile—eight years at two shifts
5 14.00r— Cost of money—8 percent

| installation cost—two at $5000
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- 1300 Maintenance cost 1.05/hour
% 12.001— power cost 0.25/hour
3 | _ Overhaul of two 0.40/hour
§ 1.00 Depreciation 1.25/hour
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Annual Operating Cost

Three TC
Operator Attended

Two TC
Robot Attended

Difference in
Operating Cost

Operators Required/Shift 3 1

Direct Labor Cost/Year ( $8.25/Hour) 46,530 15,510 31,020
Taxes & Insurance 13, 465 14,100 (635)
Maintenance 21, 500 22,500 (1, 000)
Power Cost 10, 560 8, 800 1,760
Annual Fixed Tooling Cost 1,500 1,000 500
Total 93, 555 61,910 31,645
Operating Gain After Tax 16, 455
Equipment Cost $516,012 $ 540, 312 $ 24, 300
Cash Payback Period 1.5Years
Discounted Cash Flow (DCF) 65%

Rate of Return on Investment (ROI)
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name of makers

purpose

sensor

function given by
sensor addition

Hitachi, Ltd

Mitsubishi
Electric Co. Ltd

Toshiba
Electric Co. Ltd

Yasukawa
Electric Co. Ltd

Kawasaki Heavy
Industries, Ltd

arc-welding

precision insertion

transistor die-bonding

remote inspection into
nuclear power plants

assembling

transistor die-bonding

transistor die-bonding

arc-welding

assembling

tactile sensor

semiconductor
magnetic sensor

vidicon camera

vidicon camera
temperature detectors
microphone
accelerometer
ionization chamber
humidity detector

vidicon camera
vidicon camera
semiconductor

image sensor

vidicon camera

vidicon camera

follow up function
detection of reactive force

search of hole position

shape recognition
positioning

detection of fault of pellet
steamwater leakage
valve openiing
instrument reading

fan belt tension

parts loosing

machine overheating etc.
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positioning
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positioning
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positioning

posture control of torch
shape recognition
positioning

o] ¥4k (pattern)& memorysti ol zhel] 4] 29 3% ¢99 Hrer T4 e
A2 4% image processing hmed Q& BE —ETR HRLE Bol &9 2 H4bo
Bgsh wlamsl A o gpiee] AAY WEE B BET SESE ASEZNEY Aol aus
Bzl dHFE 48 sk Yk shileke o deh (Rl sz SAdee s
FHipel patterng F#Hske o #4l=E 2 o ZREZOT el & ol ke Wz 4
22 adAE 2AE S+ Y olHel de EE Z4em trackingsld mwmE=z 3
optoelectronic sensorr} gro] AF2= 31 ¢t} pick upd 4 A sl gl glelEl B4
A3 HRE A A Abolel 10MY sk

Mechenical
Separation

o liluminatio

j ' Sensor
[L——J
Q Robolj

JTV-Comera t

Sorted
Control

Processing

I

E

Rabot

Conveyer Belt =—m

syt f—-

tracking®d 4 glvli o},
£ BYIE KA 34z GMY
Chevrolet Divisioneld] =}E3} - ol 2]
Ehtel W ¥ coverg]

FTERE

4§33 gk,

2y

olziat Hepel A

Al S-559]

29 EE FAA b

5 Aol Aexle H1E,

—a Controlwire

¥ 3. AFRE

Chject{low empme

2T R 29 A2

= kAl 359 B TS s A8 4y
REH: BRANE FAN4 AFHR st F

KEEEBaELE, Vol. 20, No. 2, 1980119



Al ALE

PE A sk ook

AeruEZF BAFsE 80 Fikel b
A o] 7] o] EEEEE X -L—iiz% oF ggnk e

A5EHE
7 et s
Al mek o AR
R

A Al Aok &

oF ¢ 4nkrbEF F2 o]
Tl %E 4= gl eele} o S o
vl xpelal A zbE A 2
2 Ho} o e F9

F 4 sl

4-3. Computer-Controlled Robot

Bapar TRE AMckste gARlel st
2 A% models] 44 & ul¥|E batcha4k
Aode] = A A5 TS HE ¥ 5 e
03y zuzel JFose A Rl
debd ojeigt Aol ASdE Aol 9

B9} E2F sequence?| %ol Tof F 0 &
e zAo] upd whubel vhekail AdE
Sl 2rErt efses Y5Y B
Aolak dart gleh. ol mkxl NC

FHE Aolss A9t ¥

o, AFe Ao =R EL gripper
a7 30] flexiblesta = o} r]Fo] chokd
e 2R E9} A ool A WA
3}7] o) Fof batch kpEfEHS] IFISE Biel AEE
P i kel ZAl ol abxshaL gl

iy rlr

e N g

Z
=
=

S

rir :h“,

|
o}
2A

o
o

t

Computer Aided Manufacturing Cell

e e w29 4E ol %A

[0
f

| 5rsl computer controlled manufact-

120,/ Vol. 20, No. 2,

1980/ KEHHBRE

SN FINISHED PARY
CONVEYOR

— i
TURNING
CENTER

O @ ROBOT
A .
Tl

F’nmue;‘w
%;,

|
MILLING CEMTER | . A\/t')_ ‘Lio_] ‘1 1 .

r‘ won.\ L ‘ \ |

£ CHANGER .

T

I VA T L

22| 4. Computer Manufuring Cell 4] 2%

PLANNING
FUNCTIONS

‘ b
FU\ICTIONS

II”A_IIII

A FINlSHED Pnonucr

28! 5. Manufacturing Cellfl 7

uring cell A] 264 3ol F 9
turing celle] 3= 152 29 5
shrro] AT

A4,

9] v}, manufac-
Vi »rel w}

EL

ol
-

Ao rlr
4

Li i?ﬂ v}

[0
N
A
W,
:1:
—
Q
Q
o,
=
(=]

o0

E3
e
o,
i

ot N,

2 o off X

rlo

f

32,

K

2

I,

2

ol

ol

o,
>
2
et
L
A
Of

AN o

dn e
X
P‘(
Ir
Q.
o
3
i=i
=
oQ
ol
o
rlr i
s
o
N
ol
Ofs
P
5

I# M7, ﬁw&%ﬂ, =
| cellme) =
AAAE G Ao AlRAEE gkt AR
mT-E cell coreell s o] Fojxwv] 27 4e]
A melup 2 33e) NCZAAALG AFY 4
A} (CNC)zw ER TAS givh  cello]
A9 znEage cell AFH2I Y 549HY
o e} Fl3 ATEE FAAAE FA loa-
dings &3 %2 unloadings} F+}, =& A4

Z2+7) A 238 unloadingsh 4]



CENTRAL TECHNOLOGICAL PRODUCTION
COMPUTER PLANNING PLANNING
- INTELULIGENT TERMINAL |
AUTOMATIC SCHEDULING AND
CELL PROGRAMMING LOADING OF CELL
COMPUTER
PARTPROGRAMIING,
L A CELL SUPERVISOR
L I DHC (BTR) ’ L DISPATCHER J
DELICATED Ne
-CONTROLLERS SEGUITGE CNC | cne
CONTROL
g MACHINE Af
MACHINES sV e ROBOT

28] ¢ Cell System 2FE

A s FAFE €2 3te Aolth
module-& 7.3 6ol 4
2 TA=e] giizd o] F 438 3}= com-

=
puter &] F-Fol 7 v FE& 4

N
olr
{o

1; manufacturing cells} il
A s AE Y TEAYS 232 gle bR A
Fel, 2) celly o) 4AFHE AH kA Fo
# F-ef o #7#71 Al controller&x=} o] ZF#t
<3 AF, 3) celld F o} 447 vlo] ¢}
. 5}.3}‘5‘1 NC F#7]14] 2] sequenced | ¢f

Sk3. x3) F25¢ loadingski unloadingsh=

E

sequenceS A o] 3= controller £ -
Z A F ¥ hierarchicals] 2®lo] ¢
ol o] “H _g,
o 2EEas] A o] gl 4
U ARER AR AEY

ER RN R

t}. computery} 8 =

B o
o W2 s
oy i
e

e M o e 2
o it

ol
bex

o e °
w2,
o
N
i
O
0,
A
o
r°“
o}ﬁ
r)~
&l
o
~~~
(@]

a
@,
=

q i
i
g
e
o o
>
e
P
i
v
it
il
ot
ol
)
ki

v 2
R

W &
oy
i
N
k3
1‘10
=3
=}
H
ol
ok
N
o
:0{:2
2
e
o
o
w
le]
=
(¢}
o
o
=
@

[e)
loading sequence® olWA =37
dbmiol] A Rvl e |

fan rﬁ
N
AN
™

fr pl S

o 24
U2
(o]

fla}
o
[¢]
jm]
(@]
o]
fu

2

o
e

1

S SR A
,
2

ojt

o

=

H

&

&
w2

9] 2w e EA sequences

Bes 2 AALEE 4

o

o

—

—
\l

N
oo

]' o
sequence?| A2 £ + UL F 2)
3 A E E3E duiet 2R EER S F

.

9] dispatch®= %o 93 A5 =

B/t 9A4F AR HE FRYE

EEolA delBE AT 4 YT ATE 2
Al Aol glEh

e 24T ATEHE

o] dvjafim, (2REZF AP

=
= 2
| vh el AAShE Yo A ST 1Y

= AEEHE

N

Z}ZEL unclampahs ArobA
2) L AZEL JARAL vE ko2 S I
3) HAFLd FI

4) o2 e HAg RS HARLE
T8 Bo] &34
5) WE A 2 FEES 7hx A

6) FEEE clampw}\:]—

o] 7] gk sequenced 43 H BREE THA
gl el Al e ool A e WEg s eheAl Heh o
23t manufacfuring cell-] 3 -& EHLE it
2= A2 Fanuc, %K ¢ Cincinati Milacron,

T v Feld A= Fabst sl

Az muade g AAAA AEF3 &
$o gRee] FAL *1]01 2= ¢l = software
o] G oo 2 91yl o ol softwarey

e ALAAAE A5 AR+ 9 Ao
2 1

slelok st A9 &

A AT 4 UES
3= o] Folrvtx Fadtcl, RRE FHo]
v} sequences| o] & teachd o Es| &5+
softwared] «|-& Z 9

sl s
=

vheh &

Ji‘- rdI

1) 2RES &
-3, AwA, ZRE grippers] FaEA S}
Ed MY #FHEAE EFHA ARE A A
A 2bolol aFwale] U ashA =i
A AFHE Algstd =zadskd 47
2% A7+ 9ok

2) 2E.E2] gripper

KEBHRBEE Vol 20,

32 ofn

O

]

24

rﬁ,

Z=A17 (tool center

No. 2, 1980121



L] #&

point)e] A} o} = $x]qf
T o 2% displayZ st
01‘%1- _/-_7}_ o] I:]-

3) pick and places}:= =
wolE Rad At F2
¢ agol oI5 g
5 EHE teachz]zle] 34 ©

olw] COPYelx 2432 =

4) olv] ZEoYF rEL 23
2ot g A4 2 952 7
A2 12 94 & 4 9= MODIF

5) % T ZHES AZ spFRT
+ MIRROR IMAGEz}:= =
stz S Znesae steg 4 wr.
A FRRES Zulolo]ME Yof 9)

4x 2 trackingsjA =]
<% F 9 tracking5sd g og
A el A HESE SES
searchs# 2] softwarez}

30,

2o

_\11_,
Mo

do e
RO

Nlm 0
2

«
-

,4
2,
2

L.
_'VL
o i
2
v
L

A
1
L

o s
—

f [w
o
2 M
fo ¥

zE8

4
=
fu

mlo i

r A u“:i

[ e
v
X0,
* i

§2 fm

o
bt oo i,
o N ‘V“

o
A (A

do
i
_I

24
o 2

,4
32 o &

2

>,
2
op

BABM, Ao Eape] 4
2 2 EAL GF ARges

2 &2 = BAtEE =

B M
I‘m:“inrlr
Y
2
‘_J_Eé
o

kA
it
S

24

ot

HE

N

B,
2
)

;]
N

Al Il’g, Oﬁl
et
n
B
fr
_OL
~u
3
-,
9
r>~
Ac)
2
B
N
2
s [ olt Ho
0
M 2o § E
[
L

[
L

S ™
(e
=]
X

2% 7HE B8 shebeln ket A ETel 4
qh FHE AW T + dlE EEE 24
gt Al A E HFe] A GEE S o}
Ak Ae AAY Su Ao

2 1 2 8
1. K. Yonemoto “Will Industrial Robots Change

(%)

(S]]

e

. R Karg and O.E

The Course of History” J.
Engineering Feb. 1975 pp.46-30
R. Allan
IEEE Spectrum Sept. 1979 pp.31-36

of Elctronic
“Busy Robots Spur Productivity”

Lanz “Experimental
With a

Sensor in

Results Versatile Optoelectronic

9th
Industrial
13-15, 1979, Washington, D.C.

Industrial Applications”,
International
Robots, Mar.
PP.247-264

J.G. Holmes *

System”

Symposium  on

An Automated Robot Machining
gth Intenational
Robots. Mar.

D.C. pp.39-55

Symposium on

Industrial 1979 Washington

. J.T Winship *Update on Industrial Robots”

American Machinist, Jan. 1979 pp.121-124

Proceedings 1979 CAM I International Spring

Seminar New Orleans, Lous. Apr. 1979

B. Dewar and Larson “Application of Sensor
Based Robots” pp.127-133

K. Hasegawa “Overview of Industrial Robots
in Japan” pp.134-151

¢yvind Bj¢rke “The Robot
Block in Manufacturing Cell” pp.179-

As a Building

194

B. Dawson “The Role of A Computer-Contr-
olled Robot

in Advanced Manufacturing”
pp.202-214 ’

122 /Vol. 20, No. 2, 1980 / KeiB RS



