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Design of a PWM Programmable Controller
for Cartesian Coordinates Robot
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Abstract

This paper presents a desing of a PWM programmable controller for industrial robot to be utilized in pro-

cess which reqires various movements and repeating operations.

To be specific, a low-level robot language is constructed which makes easy for the user to program complex

robot motion, and an interpreter is developed to execute the program. Also, related hardware and software, and

monitor program for convenience of user are implemented,

When the proposed controller is applied to the cartesian coordinate 4-axis manipulator, it reveals that the
error probabilities of X, Y and Z axis as 0.033%, 0.023%, 0.028% respectively.
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Fig 2. Block diagram of PWM circuit
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BLOCK 1 2 3 0
CODE 4 5 6 + /-
DATA 7 8 9 NET
MODE X POS CLEAR
RUN Y ENT
®
STOP Z 1
a4
& Sl
HOME g ‘
)

a4, Aojzid e sne
Fig.4. Keyboards of the control panel
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Tab.1. Key codes
KEY CODE KEY CODE
0 Cco RUN DO
1 C1 STOP D1
2 Cc2 HOME D2
3 C3 X D3
4 C4 Y D4
5 CH5 Z D5
6 C6 [ D6
7 C7 POS D7
8 EO0 \ FO
9 E1 NEXT Fl1
=4 E2 CLEAR F2
BLOCK E3 d F3
CODE E 4 -— F4
DATA E 5 t F5
ENT E 6 i F6
MODE E7
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Tab. 2. Instruction codes

CODL FUNCTION DATA REMARK
01 SPEED * % % 7t 2RE o 55§ A
02 LI - X, Y, 7% 54 °lF B3 HY
11 XID * %k %k %k k k d YA2NE X, Y, Z, 89 °F
12 XID * ok *k *k %k k el s FAF
13 Z1D * %k %k %k %k k
14 1D * % %k & k%
21 XAD * %k Kk k k ¥k Home x| X e Ao Wz X, Y
22 YAD * % Kk Kk Z, %% o|5A7
23 ZAD % k kK ok %
24 4 AD % ok ¥ ok ok k
30 HOME - 7} S Home Yz|2 o]%4]7)
40 CLEAR - 7159 4 $*F Homeo® x4
51 IN ET QA4 ZMESEY A Ao E Ha
52 ouT % %k Qlza wag 48
53 PNC * % 2yE £ PME FAAT
61 POSITION * % A3 meold ol5d A9 AH
7 COUNTER 1 % %k %k %k k *k LB 342 2] slo] WlME-E o
72 COUNTER 2 * % %k * %k Xk =3l 2] 7)
73 COUNTER 3 % %k %k %k k %k
74 COUNTER 4 * sk %k %k %k %k
75 COUNTER 5 % %k %k %k %k %k
81 SKIP Z * * 5 o] §55 gigisle] A= @
82 SKIP NZ * % af A}&5]E= e
83 C-DEC * k 748 & 3447
91 TIME % %k ok ok k% dloje = x|l 4|7k
92 JUMP * % HolEl: Hzd 28 Wi
93 CALL * ¥ tlelgl= CALL% 22 w3
94 M-CALL * % o3 #le}4] ‘Macro’ CALL =8
95 RET - F zgoelege] By gy
99 STOP - A2 4
¥+ 103 A5 FA| g}

paTA] [#] [#] [#] [¥] [x] [ [ent]
bath] (3] 6 @ & @ [ )

a2l 6. we Zeoad ¥4

Fig 6. Instruction program format
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B 3. Working W28 =3 2713k
Tabh.3. Working memory map and initial values

[ ADDRESS CONTENT
3000— block g8 71oi4]7 Zzaa) A2 HzE 7]Yggc}
3O0FF ufebd 2713 2E 022 cleard] )
3100— s3yE A2k HAZ 80008 = ek,
3101
3102~ zb wded o) Awis) Az wix) 24 31008 ) o) W-go) o E-E ),
3103
3104— 7t gl opAlut Mg sl 2713 09,
3105
3106 el wajel MR x5 dEe, 223 09,
3107 My mele] A Aele] £x 24 27188 642 g},
3110~ X, Y, Z, 059 &4 A2 3byted 7|dEla 271z 09,
3118
3120— X, Y, Z, %2 o|F AYEA 3Jbyted v|H5i x| 09,
312B
3140~ 8279 B A)7l9) A=z Mdelog 802 Huwls =¥, 84 5 =g
FA Bk 271302 809,
3141— FA A 2 Ao whE 7 -Hg1mEe] 2 Fgor z7ighe 04,
314A
3150 o Y grog Z27Ige 09
3151~— LC(location conuter) 2 ¥ F4 5 AAsty 27|32 31409
3152
31A0— 7 o vz 7 A2 QlEd 5] a=ghs "o g Aofeg
31CF
3716— sl ellme] oddow A 7|3t 28 Zolelo] 37FF% x| 3ghr}.
37FF
F. 4. 2¥E $% g 2y
Tab. 4. Robot motion program
BLOCK 10 CODE 01 DATA 045 ENT: 2tz A
CODE 71  DATA 00010  ENT: 7}-8¢ 1ol 103 A=
BLOCR 20 CODE 72 DATA 00002 ENT: 7488 20l 23 =%
BLOCK 30 CODE 12 DATA 407500 ENT: Y& 3cm ol%
CODE 11  DATA  +02000 ENT: X& 2cm o|%
CODE 13 DATA 405000 ENT: Z% 3cm o|%
CODE 12 DATA  —07500 ENT: Y% —3em o]%
CODE 11  DATA  +02000 ENT: X& 2cm o|%
CODE 13  DATA  -05000 ENT: Z& — 3cm o %
CODE 91  DATA 00500  ENT: 5%%<q} 4o
CODE 83  DATA 00002  ENT: 7h$¥ 2o | 724
CODE 82  DATA 00030  ENT: 0o} ojuyed =z 3
CODE 12 DATA  +07500 ENT: Y& 3cm o|%&
CODE 11  DATA 402000 ENT: X2 2cm ol%
CODE 13 DATA 405000 ENT: 7% 3em o%
CODE 02 ENT: A4d% 7 wa
CODE 01  DATA 00011 ENT: A Az "R} o%
CODE 83  DATA 00001  ENT: 7498 1o 13+
CODE 82  DATA 00020  ENT: 0o] oliyn " =20
CODE 99 ENT : A =jniej
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Tab.5. Specifications of robot arm

NO| ITEM u I B

1 | DIMENSION | #e] (L) : Max 1080mm
Z (W) : max 550mm
=o] (H) : max 350mm

R

£

XZ& : 450mm

Y 90mm

ZZ . 60mm

: — 180~ +180mm

w
B
£
Ny
bt

>

. 200mm/ sec (2400 rpm)
. 50mm/sec (1510rpm)
: 75mm/sec(1510rpm)
1 720/ sec(400pps)

>
TR R

N =<
A

o)
A EN

4 | B4 Bl | X3 max 0.01em(500p/r)
YZ  max 0.040mm(500p/r)
7%  max 0.006mm(500p/r)
#% . max 1.8% (200p/r)

5 [Yal dbE Ax | XZ D max 0.01om
Y% max 0.004mm
72 : max 0.006mm

%= . max 1.8 %

6 |F = XZ& [ 12kg
Y3 . 8kg
73 . 3kg

| 6% 10.3kg

6. AaA

Tab. 6. Experiment result

[evese [o5Ag (4045 [ 54 | cl5aaAY | AEYsE
#A (m) |(m/s) | (sec) (mm) (%)
X 400 150 3.4 0.13 0.033
Y 80 40 2.8 0.018 0.023
YA 50 45 1.8 0.014 0.280
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