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A Study on the Design of Centrel Unit for
Playback-type Industrial Robet
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(Sang-Sup Song, Seung-Pil Kim, Zeungnam Bien)

Abstract

The design of a control unit for a playback-type industrial robot is studied. Implemented
for the cylindrical-coordinate type industrial robot with 5 degrees of freedom, the control
unit constructed for the study consists of (i) z-80 up-based pg-computer control system
(i1) Teach-Box for work command, and (iii) various softwares for generating signals for
servo driving unit and operating the robot as playback-type. Softwares are developed by
using high level Basic Language and low level z—80 Assembly Language for ease of progr-
amming and speed of program execution. To show the effectiveness, an example is

included.
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(i) Z—80 P& CPU=R 3} p-Computer Control system.
(ii) Teach-Box ¥ Iaterface.

(iii) Servo-unit ¥ Interface.

(iv) Hand-controller.

(v) TTY/PTR(Paper-Tape Reader)s} 9] Intefrace.

8l 1-1. Block diagram of control hardware

E 1-1. Specification

External frame

\ Cylindrical-Coordinate type

Motion unit '

3-DC Servo-motor, 0.8 kW /ea

Power source

[ 4KVA, AC 220V,2¢, 60Hz

z-axis (UP/Down) ‘ 950«——1,450mm (50mm)
Motion range| @M | f-axis (Rotation) | —105°-—=£105( (210°)
of axis i .
| Reaxis (out/In) | 1,044 —1,844mm (800mm)
wrist ‘ a-axis (Rotation) i 0°<—-90° (90%)
Z-axis (Up/Down) ‘ Max. 300mm/sec
Motion speed arm §-axis (Rotation) ‘ Max. 60°/sec
of axis A ‘
R-axis {Out/In) . Max, 300m/sec
wrist j a-axis (Rotation) ‘ 60~90°/sec (fixed)

Weight Capacity maximum 30kg

Control Scheme ‘

PTP control, playback with memory (basic 80 points)

Repeatibility Accuracy ] +1.0mm

Driving method

|

Move one axis at a time

Application

Loading and unloading for a CNC machine tool
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Bz 29 (1), (i), (vt & 24 slede
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2.1 Ho{F=] StER02] 74

sl=4ej= Teach-Box#} Servo = Sensorste]
Interfacest F383F T4 840]v}

(1) Teach-Box

A3 Teach-Box& 21d 2—
gk 94%%9 A B C D E
... 7-Segment LED=24, A, B
Memory block (F5¢)e F4£&F ZAm, C+
i Memory block 4 ¢ Section number(:?-‘-%ﬁ,
2, E,F& = Sectiond] A7 Datal, Dt ZE
& o3 @ 2RELAFY w4 2 &
BAH = g 0,0,-@,022 24" AL

= ADDR F\\ -
(¢l

G ((.
i

1 Pa e ¢ o
(G (&Y (o, 6 LA, l e [ "
TEACH TEST RUN I/t S —
1 2 3 i
‘ -7 —f# -
i S
3 HEALT [ 5 [ i ¥
| _clse w
@ BUSY KAISEM ' o | oew | B | mouE
@ ALARM ROBOT 1 | 0/Teach | ENTR | START

18 2-1 Teach Box

LED-lamp24 @,@,@& Az Memory block,
Section, Data 5& 91847 Adst 29-¢ o A=aA
k. §,8,®,@2 7 LED-lamp ¢}ef EAl® Teach
(m4)), Test, Run,® [/0%9 ModeE e+
Mode-Keyell 9134 #o09 LED-lampr} #A=ek

Key-boardel &, ¢,1,2,--:9, A, -+, Fgl 16712 keys}
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MODE, ENTR, STATT 9 349 key~ st sledl,
o] key & Fel4 28 (FE)e2 EAR AEL F 72
9 Fl5g Z+a gt &, 849 Mode ¢ LED-lamp
T,2,09 A4 Ao e}k & 5] AHHA LA,
D, @, ®¢] AxAE 7 keye €xt2 g3tz Teach-
mode 4 @,2,@°] EZF AA AAY 2REES}
WP gle]q START 7 H7Ad AalAdE A,
B, C, 1,2,3 key = 74 42z, 40, +R, —z, -4,
—R ¢ ®Jog-button o2 g%}, Jog-motion F
ol & g-key & Teach-key 2 g4 =L« =
£EY 24 F59 HAF AP Memory block
o] 71 A7 4,5,7,89 449 key = AR F
z A%e Zm YA g, ZAFd S-code(FE)
24 27 #4, 66, ¢7, 688 dF A7l 7 Keyel
¥ A5 Hand-close, Hand-rotate c.w., Hand-open,
Hand-rotate c.c.w.9] 4&& x5 ggrt. ENTR-
key & 24 g TestF9 Data§ ] A171 &0 A&
A}, E-STOP button & $15¢ « v AFAE A ¢
off Ah-g-3 et

Teach-Box 8] W FF=3+ (i) Hex-encorded key-
board, (ii). Data q 8 @ EA A=, (iii). Data 9
28 338 T 9o ¥ 2-2, 2-3, 24 A
7+ ol & AASZE EALE

(2) Servo % * Sensor 2}2| Interface.

Servo ¥ Sensor 2} Interface + I/0 port deco-
der, D/A converter, el ZH A 3 Y2 Fo e T4
Hol glrh. R AE A aAe s 2ol HA

KEYDP

28 2-4. Data sending dart of teach box.

232 Agstn, o & F5L dpdq Relmm
o F3lx &A= ¥

B2 E YU AAAEFA A 249 AR
18| 2-2. Hex encoded key board circuit Al 77 sinwt, coswt 9 Z]E4#E L stetwl A=A

(2) I/O: Paper-tape reader, CRT-terminals}¢] Input/Output operation
(3) 44 :Origin, 719 3-2] 2 & 4] Datal: 9ol 7lAdeg 347 94 A A4 93¢
(4) Jog-button; Jog-button& 23 Y= Fokut 2EES Ec).
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Azcn edge

Jetector

mono | 8121312
multi

]
3% 255Kz 8bit" comnter

T,
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a8 2-5. A% AEAE Y=

28 2-54]4 AZCDAZE £8 4139 zero-cross-
ing point & A& FYsoln T AL 25679 ¥
224 sh¢ERHeh AA5AEEL CCW. 284
Z §>0)0 = edgedetector & 293} SYEFY &
Qs AND®ezA 1847 149 pulsert veH,
C.W. %54 (%, §<0)elx 8-bit 7+l carry 24
FA4+E 9t FAEF dAFE eI 2 4
HHEE o]&3led buffers W& wHIAAA F
s d4ste] FEL EYERY £9 Q9 falling-
edgec 4 JEIREE HolA 8-bitshgete] WEE
p-computer 7+ JEF st} o] RolAivh HAFRY B
a2 o] Bl E] pe] w o E}(74123)-2  REF EAL
27 3¢ od oede AAREE A $4FE U
.

2.2 HoOEi A2ZEHN

dfrdos AYEREEY Ay £ZE HoE
Hierarchical control scheme™-& -8+, 3 Ar=te]
level ol 4] &= Aol Al HH & wrol4 WA A
£ zddAd F49 wakg Agetz, FdH leveldl
AE Fo17 AL F43E AZE el WA, 9
We] level AL 919 Azl =el AdAZYFLE
Ao FHEE He) k. & s ]ARRE 15F H5Hd
TAF Az EdE, AR leveldl A, ai=}el
o] A6 AH4ss Teach-mode, Test-mode, Run-
mode, I/0-mode 5] 4719 Mode & F4 =] 3=},

5) Sensor overtravel, overload, overheat %9 AEH

EFERWBEE #29% BT 19804 78

(1) Teach-mode

Teach(@4 : #F)E EXE AR 7% 58
% 22roed, BREY sdRd (1), #HA(R.6,2).
(ii). 4%, (7=4), (). A= 34 & )74FE
ZH %4 B AR S-code 5& 719AA F= d¢ T
et Wed =AE @), (i), (i)Y data g2 o] Rl
2] Memory block %4} (2 2-6 Zx)2 H3td2=)

Section Contents

speed

revolution of z axis
phase of z resolver
rev. of @ axis
phase of ¢ axis
rev. of R axis
phase of R resolver
s-code 1 -

s-code 2

s-code 3

s-code 4

s-code 5

18| 2-6. Teach block 8 Fx

a9 2-7, 2-8& power-on FXe Mode A9}
Teach-mode o] 3% g =969 flow-chart
olet. &, ZAF7] fsj4A& powerronF EZHXEF
Jog-button(*+Z, =0, =R)o.® 3P Yoz ¥
W= Teach-Boxdl& DE A& ZE 7-segment
LEDo| “0"¢] EA R ol@ START-key & F=
o 2 E A 4 gA FArh(e]ld] Ready-lamp st
A 2 Busy-lamp 7+ A=), A7 A sid Me-
mory block 8 4% YelllE& 7-segment LED
A,Be] Ada Memory block-& EAFE ¢l9],
Section-number & el = LED Cdl & ¢(Memory
block & AW A section)o] FAHrl. WAL ¢7
24 JAY % dataF 9B A7 HHA 2-key
Z %2 % ENTR-Key & 24 <% datas} A
W) sectiond] 19 =z LED-lamp@-& #Axleh.
%o Jog-button & A ZXEE = XA
2% v}& Teach-key & T2 F5% 2-bytey
6-byted] $1x] datast @,D,--,@W5 section
719 Rz}, ¢]® section-number & =®Ad: LED
Cx 7(845 sectoin)® uF%| . LED-lamp®e] A=A
. olal Ha 57719 S-code & ENTR-key & 4}
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Rears S-cadcoin

appropriate focation

Was it a
teach and?

gl 2-8. Teach Mode

43t JH S 54 vluld B E P S IF
AlA S-code end & @} o]RA A F Memory
block 9] mA) 7+ Fuvw Memory blocks] F4(A,By
+ st 73l 927 Sl: section-number(C)¥
Al go] Hrh AR e Afen nAE A
e, #AFdor wAs e | ukx| 2 block 9
S-codesl "FF"& &R cz4 A7 BT}

(2) Test-mode

zZAY W8S A 4 494 Rad Mode 24
2% 2-99] Test-modeo)] W ad A xed] flow-
chart & Fxd, 37 By F Mode & Test 2
a1z START-key & 2% LED-lamp®(A,B 4
el AA e}l o]l Test stz=} 31+ Memoryjblock
2] F4F 4942714 LED-lamp@7t A=, AstE
section-number & @ A|HFEH LED E,F o) 24}
3 data 7} velel 4 LED-lamp®¢] Ak ) £

light data req.
lamp A

T

'3

CALL DATA INPUT 1

¥

light data req.
Jamp A

T

CALL DATA INPUT J

¥

outpnt data in
address 1.J

¥

load data buffer C with

data n address 1.J

1)

light data req.
lamp C

| ¥

CALL DATA INPUT

.

change the contents of
address 1. J with
data buffer

8] 2-9. Test mode

( 465)



— 56 —

abfe el A2 data & P47, 29x gon
v ENTR-key & w2t ole] w14 LED-lamp®
ol ARRA &9 FPFE& PFRek Test7t B¢ F
4l MODE-key ¥ ¥84 =& Modez o7 F
ENTR-key & 2% Hr}

(3) Run-mode.

Ay =239 Testr} T Fo =2i=§
playback (A Y &-8)st A4 Agsid, oY 2-
10, 2-11, 2-12¢] flow-charte] 84 playback ¢]
433}t ®lA Run-mode & A48t ¥ START -key
£ 72 A9 #AMemory block £4)d 2 F

23| 2-10. Run mode flow chart (1)

BRMEE F29% BT 19804 74

gl 2-11. Run mode flow chart (2)

Zo] R g=Hw o]* Teach-Boxedl: A FHFql
Memory block ¢ F47F LED A,Bed] v}elde}. =k
d HFT Aol BRI AY ety 2F3o] A
71® A E-STOP-button -4 == zREsl 3
A g}k, E-STOP-button o] E# =" status-lamp
®,@,0 %9 alarm-lamp@¢] A=z LED De
®error-code 7 ¥4 v}, E-STOP-button o] 28 3
A 2REF vhA $A4A718 ", control-panel I
23d (18)%A= 9] Release 29 58 ON A]7] = con-
trol-panel 9] % -mode (Auto, manual)® manual

6) error-code; emergency, overtravel, overload, overheat Fo 93t FAHA| A EA A
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CALL BSSID | AL KIZISET]

Liaet]

18] 2-12. Run mode flow chart (3)

2alFn 2XEE Jog-buttonoz YRz B
% Release 291X & OFF sl2 ¢ -modeE Auto®
A @l LEDel =5 “0"e] JVelvbal mA e o}

a8 2-13. I/0 modeflow chart

A A =3kl

(4) 1/0-mode

Ty oA &S HEAEE Ao =Zzogg
paper-tape 2 o} A} B AEE ulEe ETaA
Aol AAERI 2] dAsitz B¥s o
o] I/O-mode & A3l paper-tape & %7 &
Ax 797 d2EE 2L ¥ A9q 1L, B
o} ¥¢& paper-tape & load A7 ma} ¥ « &= 27E
1F A7 e, =Y 2-13& I/0-moded
charto] v},

S8 flow-

H 2-1. Scode Table

SCode Service SCode Service
00 S-Code end 50 ‘ Branch (1)
01 return (Subroutin end) 51 Wait check (1)
02 (Spare) 52 Dwell (1)
03 ” : .
04 hand Close : -
05 hand rotate CW 60 Sub program (1), (2)
06 . :
07 hand open :
08 hand rotate C.C.W 70 register set (1), (2)
09 . 71 register INC/DEC (1), (2)
0A : :
: i 90 Conditional branch (1), (2), (3)
; FF Teach END
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(5) S-code.

2R e ExZ= translation, rotation o] $le] RE
S22 S-coded] 9 495}t S-code = =ZA 27}
A2 Myl &, 2 AA2A 597453 Simple
S-code ¢t & Memory block ¢ datas} € 8%
Extended S-code 7l gled, ¥ 2-1d14 2: upst

ol 1A ATL AR oA ATL FA
=g

.o A
2 AL AT A3 £==dolE o fat

S| d]i/li g 29 4A zaads AgEre
e, 3, 29 2149 o] o]} CE FAA 5
59 ?_?73_(1’1, b)o] A P9 $1X] B @, b, a,
b, a2 FH ] &, EA ok 549 AR A

JIB( < A supply

"

Box A

< N |
On

Box B

Box B supply

AALSEM ROBOT-1

32| 2-14. Example of working station.

shobd] Tajole] Aol Aelwlm, EA b 1674
4=} Bol goldl gwole] Bel Aol mE A&
323 98as ALE YA 2=}, ), ol AR A,
z Q R

Py (167, $523, ¢32¢)

Py (1467, $523, ¢789)

Py; (6¢BB, 1699, 23¢¢)

P.; (66BB, 36 BC, $999)

Ps; (21 AA, 36 BC, A$23)

P (21 A4, 2611, A$23)

P,; (1467, 1355, 25 Ag)

Py; (1467, 36 BC, ¢777)

7) 2% %xt: Hexadecimal numberel= 9] $=z]+
rpEb.

Ado2yy mels HA4E,

BEWEE H29% ST 19804 78

Set reg #2=20H

Set reg #U=51{
Set reg #1=1011

Call sub 1

Dec reg #2

Job  end

8| 2-15. Teach example

Kaisem Robot-1 Teaching Sheet

Address Speed Z°Fosi- T-Posi- R-Posi-

tion tion tion Scode

1 00 00 00 0 70

5 00 oo oo oo TR

gl 2-16. a.

e F2E e eSS A4 4 gae
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8 05 10 05 o7 o4

67 23 89 00

""" o o5 T s 25 07
67 5 AO 71

00

00

A 00 00 00 00 90

00

00

12

01

B s T 23 04

C 05 21 36 09 07
70

00

05

00

Tp T s 10 05 03 51
67 23 20 01

07

00

T s s - 04
67 23 89 00

F 05 10 36 07 07
67 BC 77 71

01

00

90

""" 10 o0 00 00 00 o1
00

18

0l

00

11 05 0w 36 01 04
BB BC EF

""" 12 s 21 20 09 07
AA  BC 99 70

01

10

01

""" 13 oo oo 00 00 FF

a2 2-16. b.

B ot A g8 FEd=a bk AR
HHE chgatk 2ol AR
oleld 2l FHEY AL 24 Fx2age]
Pase, $xaad 1 P HA BAE AR A
of B 77k & A AR AR Eylcle] Aol &
S F oA FhEEhE 5® set . F= 2o
2% P "1 —-‘Fzﬂ% A7 B g 1677 HE o 4
Z BE ¥lole] Bel &8 ¥& F A shRERE
1602 setarel. 7z Y=2ad$ 323 FHTe
24 zFelo] Bl
ing-sheet® 1% 2-15, & 2-2¢ 2l upo} 2.

zted 2 918} flow-chart, Teach-
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4 3 B

45333 AL 2REE playback-type o2 A
ol&ty] $16te pu-computer & F4 o2 A£XEYoO]
g HEddE At ¥R ANE FEgr
Command-levels] = 232 73F8]e}¢l Basic Lan-
guage &, Low-level 4= Assembly Language
& ALg3ke] Memory space %A 9} =2 a9e] <8
SFEFAE AAstd . 28y E Ay 143E
A4 FdEz2agadedE Awstd Agxst
Al Z2a9E 4 A sz, S-Coded cloksz
718ked 8 TR AYL & 5+ AEE Aok
g2

2 = W
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