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L IST

ol S IO

O

20
0
40
50
55
HO
70

80

FE
REM
REM

TEXT

HOFE

82

) 0
]
~
PR TEEE R S ST T e R PR T T S TR
#dedn® MENL O FROGRAM %%

BRSO B EE P R B R L R e e

FRINT ¢ PRINT  TAEC 18);" MENMU ": PRINT TAEC 18)3"
"1 FRINT

FRINT "1.TYFE /1 70 EDITOR FROGRAM "
FRINT "2.TYFE 2 TO LATHE MOVEMENT CONTROL FROGRAM "
FRINT "3.TYFE ANOTHER EEY TO STOF®

BET
DE =

IF &%,
IF A%

(13)
END

A

nou o NCHRE (4)

" ECFHEN—FRINTDRFEURUN FLOTL" FELI

"2 THEN FRINT CHRF (4) + "BLOAD RUNTIME" + CHR#
+ CHR#% (4) + "BRUN CUT.OBJ" TR »

i




&

e v EERE R A R O SRR T R R R R R e o T R A

REPF  #texdd EDITOR FROGRAPM *&%% 4% %

BOET D] N NN 0 B M N M N N )

DIF BE(20) ,D 200,11 G200 ,L2 (20) ,5(20) ,R(20) , X0 (20) ,YO(20) ,XE(

SOY L YE (F0)

7 DX = 1:0Y = 13X(0 = OsvYD = 0@ = 1:M = 013X = 1 / 80:CY = 1 /
TEiBE = huBY = 7 ' '

8 REM *xxx SUR READ LIBORY FILLE %6

9 DI SME(EOY  NOE 0D

CHRFSE ()

o~ B i B

L= 1 T0O ME 5

SEXT I ~
SRINT DEy "CLOGK LTRSHARES

;
3 INPUT BRME D), NOE (L
 {
!

wwkdh FRINT LIBORY OF SHOFE w¥s s

PRINT o FRINT | TARES 1513 "SHAFE TABLE": PRINT TAR( 1
§) ; "eesmcammag@ HRES TN AR I = O

el o= Lo+ 1:d = 341

34 IF § s MH OTHENM /BRINT 13" CREAT NEW SHAFE ": GOTO 40

T& O PRINT Ly UpsMEL " " NOE (D)

EEOIF J ¢ 18 THEN Z2

7 MTAR 20 :

40 PRINT "FRESS <RETURNZ TO CONTINUE ": PRINT "OR YOUR SELECTE
D ONO. OF SHAFE "o INFUY SE¥

2 1F SE# = NULL$ THEN J = 0: BOTO 32
44 FL = VAL (SE#)
5 IF Fi » M5 + {-THEN 39

46 IF FI I THEN J = Q: BOTOD =2

47 IF Fl MS 4+ 1 THEN G070 85 .

.49 GOSUB 5600 s - i

L 50 N o= VAL (NO#F(FL1)):FA = 1

55 GOSUB 4310 : :

56 VTAE 21: PRINT "DO YOU WANT TO SCALE UF OR DOWN "

60 INFUT " TYFE Y FOR YES OR N FOR NO "j;AN#

63 IF AN# = "Y" THEN BOSUER 4300

&5 GOTO 390 ek , }

85 DX = 1:DY = 1:X0 = 0:YQ = 0:zI = 1:M = 0O : R

100 HGR @ HCOLOR= 3 ; A =y 15

120 HPLOT 279,0 TO 0,0 TO 0,159

122 FOR JJ = 1 TO 279

124  FOR JK 1 TO 4

126 93 = JJ 1

1268 NEXT JE :

120 IF JJ + 5 < 279 THEN HFLOT JJ,0 T0 JJ,3

TROIF JJ o+ 5 4 199 THEN  HPLOT ©,Jd TO 3,dd

124 NEXT JJ

[| IRV

i

s
g
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/TAR 213
R
70 INFPUT
180 IF
190 IF

f F-' 'Ll A {
”{-- b l ,l_,\ql «l
NEMTER

AE = Oy

CIMT

4‘” ]
THEN

200 IF A THERN
210 IF Afk = THEN

“HEY L

THE

P OF
51 .:‘JU

SHAFE
CNE =300, CURVE:
FIECE

WO

L OO0

YL

lNEUf AEA TN

OF

FRINT "F

. COLLEDST
GOTO 170 '

oo e

tl‘l‘

1ol
inisg
o
Lodg
1osE
1
1
Loga
1070
LO75
1074
1LO77
1078
1080
1100
1110
1120
1130
1140
1”'.0(')

2
1330
ITSO

2000
L2001

2005
26010

L2015

2020

2OEO0

2040
P

2050
HOHEO

PRONT DE; "RUN

FRIMNT I
IMFUT "LE

LE L. &

'HHK"h QF
TN

LE//Dt
ETRNRW

FHEN

THE

IF 1 = 1§
KO o= A0+ (7w

XY=y
EBf(ly = LA (L)
I = § + L: G410 1u)n
X0 o= L % DX:

GOTO L1046
HCOLOR= O
MHPLOT L #
HCOL.OK== =
FRINT. X0, Y0: RETURN
HCOLOR= O: JIF T = 1
HPILOT (L % DX) + X0,D
HFLOT  TO X0,Y0
HCOLOR= 3

GOTO 1080

IF I = 1 THEN
HFLOT XO,YOQ T0O
* DY

RE TURN
YO =D / 2 % DY
HFLOT XO,Y0 TO
RE TURN
FRINT
INFUT
IF S
INFUT
IF
IE
IF
IF
IF 5
IETUIN

& I.\-.

DX, Q0 RN X

G0TO L
X0,D /

L % DX

"IF YOUR
"SLOF OF
299 THEN
"LEMNGHT IN X-AX
799 THEN RETU
L0 THENM  G0OTO
<180 THENM  GOTO
270 THEM  GOTO
60 THEN  GOTO

INFUT >
CONE

JAO Y BT

ﬂx! =R
'?me
VELHDER 15

7
!"-..L.T'_.HEP“

iy O

THEN

(DEGREE) =
RETURN

T THENM ARORT

IF 1O
I ROTS]

BOTOL 1070
=\ DOANE *
DCLY = D

y 00

GOTO
/2 % DY

=250

2 % DY:

, YO

799 THEN

IS (MM) =
FiN

2200
2400
LHO0
2800

IS CfM) "y
]

CiMD

T AN

DY

84

WORKFIECE
=L EMD=EN"
"y ARE

CY,C0,0U OR ENY

A

II;D

/2 LE2CT

1077

TO X0,D /

HFLOT

ABDRT

‘""S

TO

=0

2 % DY

(L * DX)

+ X0,D /



S4B
2485
2420
SE0O0
2510
2920
2330
2540
2550
23560
2565
2570
2600
2610
2620
2630
2640
2650
2660
2&T0
2680
2685
26F0

2700

5w

= gy - 3
GOSLIE H)
TRELT v yRE
L bt e

S AN N

BECL) =

o= 1 4+ {:
HOCUL D=
HELOT X0, v
HCOL DR = 5y

P

0

= ). o# DX
Tl
[gN!
N
28 =
X0
AL, i)
V)

HELO T
GOSUE
THFLIT
IF AN = |
HCOLOR= o
HFLOT X3, v
HCUL OF=
BOTO 2450

"TYRE

DX0 = X0 -~ XryD o Y OSXRCYA ) =

= AR D] /s

B¥ (1)
I= 1+ i
FRINT X0, v0:
Pl =
X = L % DX

Y * TAN
+ Y0 %

X
IF v
IF
CIF
IF X0 -~ X »
HFLOT X0, Y0
RE TURN
GOSUB
INFUT
IF AN
HCOLOR= O
HFELOT X0, Y0
HCOLOR= 3
GOTO 2690
X0 = X0 -
B (1)
I =1 4+ 4

2700
"TYFE

1t

FRINT X0, Y:

S1 =& - 180

LI 0OE OR O
PR
Nevild =
P ]
FREIMT X0, Y0

CINNES!

CEL 14285714 »

THIEM

(5.1428%

X:V0 =
= AL

85

IFE NOTY s AN

GOTD 2070

Yt Y 7
= OELACLE =

FET LR

Dy

aSeLy ==

YiD =

LoLs S:D(L) = [

Ml x4 X0,v + vyQ
b0
512 180G
(=1

L THEM
P39 THEN
FHE
PTSHEN
X =+

ETRLARIE:
SLIE
BUSBIE 5 Lo

GOBLIL

,

R

—

i
10
R R RPN

[i3

LAIE7 @/ OR O T8 NeT v

G 27

FESTN]
PO X0 /= TR0 + ¥
Dy

Yoy /

SLOELACL) = 0eL2(D) = LiG([) = g
RETURN
714 % 5) / igo
(FI) _
O THEN  GOSUB S200 .
159 THEN GOSUE 5250
0 THEN  GOSUB S300
279 THEN = GOSUE 5350
TO XO ~ X,YD + Y
1 IF OK OR O IF NOT";AN
I THEN GOTO 2670 :
TO X0 - X,Y0 + Y
YO + Y:iD = YO / DY
DY = 0:L2OI) = LiS(D) = G:D(I) =

RETURN
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86

81 = § - 180
3 FT = (B0 14285714 % [0y /180
% X

Y o= X % TanM (P

IF Y + YO < O JHEN BOSUE 5400

LF Y + v} > 159 THEN  GOSUR S450

IF X0 = X < 0 THEN  GOSUE 5500

IF X0 - £ » 277 THEN GOSUB 5550
HELOT X0,Y0 70O X0 - X,Y0D + Y

RETLIRN
Si = Z&0 -~ S GOSUE 2300

INFUT BTRE L TF Ok OR O LF NOT "5 AN
IF Al o= 0 THEN SBOT0 2950
FICGL IR
w80 HPLOT X2, v 10U X0+ X, YO 4 Y A
AFOG HOOLOR= 1
ER05  GOTO 250
2950 X0 = X AOeYD = ¥ +¥Y0sD = YU / DY
2F6G BE(LY = amdr L0 = a8 il = Sal2 () = LiDil) = D
2970 I = 1 + |
2980 PRINT 0,YU: RETURN
S000 U = X0tV = YOrW = |y
S00L 0 FRINT “IF YOURS TNFUT 2999 THENM @QBORT"
S00Z INFUT "CENTER OF CURVE XO0,YO IS ";X0,Y0
SOOL IF KO 999 OR YO X999 THEM  RETURN -
S04 INFUT "THE COORDINATE OF END FOINT XE,YE ";XE,YE
2005 IF XE » 999 OR YE = 999 THEN RETURN
=006 INFUT "ENTER THE QUADRAN OF CURVE (2 OR 4)";8
SOLZ2 XOC(I) = XO:vO(Ll) = YO:XE(I) = XE:YE(I) = YE: GOTO 3281
3013 X0 = X0 % DX:YO = YO % DY
3014 XE = XE * DX:YE (= YE.* DY
IO20 A = X0 - XO
F030 B = YO -~ YO

3040 RB = SOR (A ¥ A + B #* R)
F0O50 UX = A / RB
3060 UY = B / RE
3070 A = XE - XO
3080 B = YE - YO

3090 RE SAR (A * A + B * B)

3100 VX = A / RE

3110 VY = B / RE

3120 A = UX % VY - UY * VX

3130 IF A = 0 THEN WZ = 1: GOTO 3150 iR e, oty A R

3140 WZ = (UX * VY = UY % VX) / SBR ((UX % VY = UY % VX) =~ 2)

CE1H0 NX = - WZ % UY | T e

I160 NY = WZ % UX , S

I170 DEF FN AC(A) = - ATN (A / SBR ( — A % A + 1)) + 1.570
8

TIBO A = UX % VX + UY * VY

F190 FT = FM AC(A)

I2OO FT = PT % 1.01

i
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iy = PT & 1.01
= (RB + RE) 7 2
FOR FHITD = O TO PT STEF Z.14159 7 180
=W DO (PHID)

= pok SINM (FPHI)
= K00 @l % UX o+ 131 % MX

= YO+ S % Uy o+ L s MY

HFLOT X0O,Y0 TOo X,Y
O o= Xyl =Y

MEXT FHI: RETURM

GOSUER 2017%E

TRFLT "TYFPE L IF O OR O ITF NOT i Al
LEoad = GO TREN iEr0 (.
D OBF(I) = AAFiD(D) = YEskd4D) = 0:L2(1) = XE - UzR(I) = R:S(
Ly o= Sel = [ + 1
1O X0 = Xu¥Y0 = Y

POFRINT XO,Y0: RETURN
3OXO o= 0D = VM o= W
o= XL - sl =Y O
Febr o= SRR (& % & kB R B
WX = @A / RRaUY = @/ K3
Mo KE - XOe B o= YE - YO
RE = SR (& # A+ & * B)
VXA = A / RE:VY = K J RE
EE70 A = UX ® VY — UY % VX
A

i

IEBO  IF A = O THEN WZ = l: GOTO 3&00
3590 W

= (UX * VY - Uy # UX) 7. SBR ((UX * VY — UY % VX) ™~ 2)
= - WZ % UY:NY = WZ % UX '

EAO0 {
EF FN ADA)Y = — ATN A /7 S8GBR ( - A * A + 1)) + 1.570

3610
8 : |

T6H20 A = UX * VX + UY * VY

3630 FT = FN AD(A):FT = FT # 1.0l

3640 R = (RE + RE) / 2

3645 HCOLOR= O I\ ,

3650 FOR FHI = O TO PT STEF 3.14159 / 180

3660 AL = R # COS (FHID):Bl = R % SIN (FHI) |

Z6TO X = XO + AL % UX + E1l * NX:Y = YO + Al * UY + Bl * NY

3680 HFLOT X0,YO TO X,Y - - 189 4y

T700 X0 = X:Y0 = Y

3710  NEXT FHI S

3715 HCOLOR= 3:M = W:X0 = U:Y0 = V s RN

3720 GOTO 3320 _ T e

4000 HFLOT XO,Y0 TO XO,0 e RS T i

4010 B#(I) = AAF:D(I) = O:L1(I) = O:L2(I) = O:N = I

4020 FRINT "DO YOU WANT TO SCALE UFP OR SCALE DOWN" -

4030 INPUT "TYFE Y FOR YES OR N FOR NO “j;ANS$

4040 IF ANE = "Y' THEN GOSUE 4300

40%0  FRINT "DO YOU WANT TO SAVE THIS FORMATE®

4060 INFUT "TYFE Y FOR YES OR N FOR NO " ANF

4070 IF AN#E = "Y" THEN GOSUB 4800

4080 GOTO 390

4300 INFUT "ENTER THE SCALE FACTOR ";FA

—

!
Z
X
D
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4300 INFUT “ENTER THE SCALE FACTOR "i;FA :
4710 HBR : HCOLOR= 3: HPLOT 0,0 TO 279,0: HFLOT ©,0 TO 0,139
4312 FOR 0J = 1 TO 279

4313 FOR Jk = L TO 4

4314 JJ = JJ3 + 1

4715 MEXT JE

4316 IF JJ + 5 < 279 THEN HFLOT JJ,0 TO JJ,3.

417 IF JJ o+ 5 4 159 THEM  HFLOT ©,dJ 70 3,Jd4d

4318 NEXT JJ

4519 X0 = 0:Y0 = O

FOR [ = 1 TO M

IF  LEFTH (BF(D),2
IF LEFTE ¢ v.4
IF  LEFT#
50 IF  LEFTH
4570  NEXT I
4530 RETURN
4400 L = L1(D D = DCLD
ey o= Lo FAnD

4450 BUSUE 1300 ~
4430 IF 1 = 1 THEN xO/= L% DX: RETURN
4440 X0 = X0 + (L #/0Xj 0= D s 2 * DY
4450 RETURRN j

4500 L = L2( 8 =53¢I}

a510 L o= L * FA
4520  IF § < 90 THEN |/ GOTO 4530
45E0 0 IF 160 THEN G010 4620
4540 IF 270 THEN.  GOTO 46150
4550 IF 260 CTHEN  GOTO 4680
4560  RETURN

4580 81 = 180 ~ S: BOSUB Z300

4590 X0 = XD + X:YO = YO + Y: RETURN
4620 GUOSUEB 2500

4630 X0 = X0 - X:Y0 = YO + ¥
4650 GOSUE 2700

4660 X0 = X0 ~ X:YO = YO + Y: RETURN

4680 S1 = 360 — S: BOSUB 2300 T o ek P
4690 X0 = XO + X:YO = YO + Y: RETURN e R 2o, o
4720 X0 = XO(I)iYO = YO(I):XE = XE(I)sYE = YE(D) Petioit s
4730 XO = XO % FA:YO = YO % FA:XE = XE * FA:YE = YE * FA. i
4740 GOSUE 3013 A L RS
4750 X0 = X:YD = Y: RETURN

4780 HFLOT X0,Y0 TO XO,0: RETURN
4800 REM ###% SUB APFEND SHAPE #*%%x
4go2 M5 = MS + 1

4804 INFUT "NAME OF SHAFE ";SN#(M3)
4806 NOF(MS) = STRF (N)

4810 D¥ = CHR¥ (4)

4812 FRINT D#j;"OFEN LIESHAFE"

4814 FRINT D#¥;"DELETE LIDBSHAFE"
4820 PRINT D#;"OFEN LIHSHAFE"

ney" CTHEN  BOSUE 4400: GOTO 4370
MO THEM  GOSUB 4500: GOTO 4370
= 40U THEN  GUSUB 4720: SOTUL 4370
VENT THEN  GOSUB 4780

it

mWmwmwnr

RETURN

BoWoun




20
AFEC
AE40
4850
4860
4870
4B
4882 b

4885 Ik

4884
4889
4890
3854

e

i
49 10
4914
4520

"

TR

SO0
GOS0 7

"OFER llﬁéHﬁFF‘
WL TE LT ESHARE

FRYRT
Pl LMY ks
FRIMT MES
FOR 1S5 = 1L TO MS
R LT 3Ntf1“);”,”
MEAT [ )

PRINT OF; "CLUSE LL!uHHIL“

I == b, (N G s

CHRE (4D

Dok g M OFE SHAPE , L2000

DFy "WRITE SHAFE, R":Fl
= O ]

LTy g

N KN R RSN

ey

s NOF (15D

32
PR
Ffe LT
FOROML
P L
# LR

il
ST S N T S
PR

(MLy: PRINT
IR

.,
)

RN

= O B (L) e

L b s OFRENT
WIEISE, SHARED

AR = L
YR A/ A5 Al
o

FE TURN
RE TUFRM

(R T
TAN (FL):

D 3/X

G100 = O PHEN R
SLL0 ¥ = X0: 7 & A% bap (PLY: REIURM

5150
SO0
9210
D250
SEOQ
5310
5390
S400
5410
54350
9900
5910
Sa50
S99560
BH70
S600
96073
5604
G610
54644

RONL) 1

1)
SES0
Dé&54
D660
SLTO

> 2 -~

< <

Elhs ¥ =ROE % (FI)s

31 AT

o Lahd FETURR
Y o= o0 LR
Yigs X = o7 1A
159 - YOX AL
X0 = O THEN X{O =
X0: Y ERX ¥ TAN (FPIrFT
X0 - i rv= X %
YO = O THEN YO = 1
~ ¥3aX Y /  TAN
159 - YOz X =Y /
X0 O THEN X0
XO0:Y = X %
279
TAN (F1)

-
irmr

(FI)s
TAN (P
1

FeET LR
I): RETURN

—
R

RETURN

TAN (FI1): RETURN

—
o

=

(FI): RETURN :
TAN (FI): RETURN
TAN (PI):

== P
-

RETURN 

HE I R

RETURN "
REM  *%% READ RANDOM SHAFE FILE ***
FRINT D#; "OFEN
FRINT D#j; "READ SHAFE,R";F1
FOR N1 O TO VAL (NOF(PL))
INFUT LIND)Y 2 INFUT L2N1):
INFUT XO(NL)z INFUT

YO(NL) 3
NEXT L :
FOR N1
FRINT
FE T U

=0 TO VAL (NO$ (1))
Dk; "CLOSE SHAFE"

DMLY 2
AEAMLY g

MEXT N1

SHAFE , L200" ARG
INPUT D(Ni).

INFUT B#(N1):

89

SN
PN T

FRINT

NEXT N1

. INPUT. S(NLYs
INPUT XE (ML) 2

P

VE (1

INF

INFUT YE (i
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1 FeE it R R I R R i e e

D REM s s w R M
a0 RERM s COMTROL

et i

z4
Ih
58
a9
40

42
44
a5
46
47

49
AT
400
G402
404
410

415
20

425

4730
440
4350

FROGHAM
A S e W
FOKE - 16291,0: FORE - 162%92,0: PURR

yLLL (20 JL2(20) 5200 R (20, X0( R L G

Pa X o= OevYD o= O3] o= Lab o= QuCX o= 1 S BOLOY =
Aye WY = 7

”XD LIBARY FILE #%#%x

_OSEALVBEHRFE N TS &
CIMDOL L EARY  OF SHARE *#dss e

Avh ERINT 2 = il = ©
e /1

IF I > ™% THEN ~GOTO 40

FRINT I3" "3SM#&(L)g" e hOE (1)

IF J + 1§ THEN 32 ‘

VTAE 20

PRINT "FRESS «HRETURNS TO CONTINUE ": FRINT "OR YOUR SE
LECTED NO. OF SHAFE "3: INFUT SE#

IF SE# = NULL# THEN J = 0: GOTOD 32

FL o= VAl (SEEF)

IF F1 0> M5 + 1 THEN 29 i
IF F1 > I THEN J = 0z GOTO 32 .
IF P1 = M5 + 1 THEN FRINT "FLEASE CORRECT YOUR INFUT
AGAIN": GOTO 40 -
GOSURE 5&6C0:N = YAl (NOF(F1))
FRINT "#%¢ ROUGHT CUT ROUNTINE %%x"
INFUT "ENTER DEFTHOF CUT DEF (MM) "3DEF:DF = DEF
INFUT "ENTER DELAY TIME (DEPTH) “3EL
INFUT "ENTER DELAY TIME (LEFT) "3EM
INFUT "ENTER DIAMETER OF WORFFILCL IN (MN)"-DZ.DD = [}
Z 7 2
TEXT
Sl = D15V = 1:D1(O) = DD:L1(O) = O0:L2(0) = O:LD = O:zFL
= Qg o= O
Wl = SVl = 5Y
FOR K = 1 TO M
LD = LD + L1 + 120D
NEXT |

FRINT | TAR( 15)5 "SHAFE TABLE": FRINT  TAS(
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450 NEXT &
2o LY = LD

5 PRINT ‘L= L0 BkT A%
FOR K = L 113 #
LD = S
47%  IF L)
480 D1 KD
S5G00 TF G
510 IF DR £ = OF THEM DF
515 PRINT LD, DR, E="; LD; DR; K
Sia IF LD« DLO1ES THEN  BOTO S5e0
Y om 1

S

GOT OSSES
BOSUR 2060

M= (DS 4 Y e s CINT (M)
SY = Li GOSUE AGEO
FRINT "¥%% FINISH CUT ROUNTIME »%%"
FOR T = N TO L STER = |
FRINT “hg="3EB# (1)
IF BECDY = "EN" THEN  GOSUB 6600
IF BE# (1) = "CO THEN —GOSUE 6800
IF BE([) = "CY" THEN BOSUB 7000
IF B# (1) = "CU" THEN GOSUB 7200
NEXT I
SW = 1:LD = L9
GOSUB 6200 :
700  PRINT "#%% WORKDONE COMFLETE *%%"
710 FRINT "TYFE ANY KEY TO GOTO MENU": GET A%
720 DE = " " 4 CHRE (4)
30 PRINT D& "RUN MEND"
1500 POKE ~ 16290,1: FOKE = 16289,0
1510 FOR K2 = 1| TO El: NEXT K2
1520 RETURN :

1600 POKE - 16292,1: FOKE -~ 16291,0: FOR K2
K2 RETURN @ REM %% QUT % '
1700 FOKE ~ 16296,1: FOEE - 1629%5,0: RETURN : REM %% R

BHT *x
1800 FOKE =~ 1é6294,1: POKE - 16293,0
1810 FOR K2 = L TO EMy MNEXT K2
1820 RETURN

1 TO 10: NEXT
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ST A B T = TN N (R E 6 b N
UL LD MLy s IMPUT O LZONL Y s TRPUT DMLY s DRl SOMLD
INFLUT R fra INMPUT XOGILy s IMPUT YOOMLa It i (L

= o0 TO O VAL (NOF (P rs TNFUT Ed Gl s MEXT R

Ertnn

Al

1 M
S LEO0, Ta00
Vo= BV RETVIRN
FRINC T s L
FRINT VSW S
Pl o= LD/ XY aMo= IRT ()
T8 e B e = G, S THEM Moo= Mo+ 1 OG0T 6233
IF M o= & THEM  RETURN
HAEEOIF SW 4 = WLOTHEN M o= o+ BX
HE40  FOR KL o= 1 70 H
L2500 N SW GOSUE 1700, L8800
GEED NEXT k1
L2&6% Wl o= SW
G270 IF Subes= 1 THEN SWo= 22 FRETLURN
LHIRD 8W = 1l: RETURM
LOHOO  PRIMT "#% END ROUNTIME #*%":
6610 MM = (D1(K — 1) = DL(K)) / CY:M = INT (b
6620 IF MM - M > = 0.5 THEN M = M + 1
LETO BY = 2
6L4D  BOSUR 6035
HEHO RETURN ’ ;
GEOO PRINT "% COME ROUNTIEN *%": GET A#
6310 L4 = Op BOSUER 7400
680 L o= L2(I):DF = DEF:FPHI = ((22 / 7) * S(I)) / 180:FL =
O:RS = O1LE = O
A87E0  GOSUR 8400:Y = DR
L840 BV = Lz (OSUBR 7600
HES0 X = (DF /  TANM (FHI))
HEEG BOSUR 7800
HEaL  IF FL = O THEN BOTO &%60
ARA4 TN BBOG
GR70 M = 1BV = 2 BOSUB &O35

T-FT GBRTCMOVE ROUTINE %"




HETO
SR
RGO
HFO0
P60
HIEHE
i da el

T LA

7140

7200
7210
220
g S o]
o de o
225
7230

7240

217250

7253

oD

L7254

7235

7258
23 ]7260
s 4270

7280

57290
L 7350

7352

354
7360
TETO
7400

M= 118V = 2: GOSUR AD3S
YL = Y1 - C¥
IF YL 0 = 0 THEN G070 9400
GO B850

IF DS = O THEN DS = DEF
MR o= (DE s CvdaHo= INT O (MED
8¢ = 2 GOSUE 7630
SW o= L GOSUR 7810
)R = DR ~ DF: GOTO &840

FRIMT "## CYLINDER ROUNTINE##"
L = LI(I):DF = DEF:DS = DEF
GOSUE 7400
(1) =~ DI
= 0 THEM  GOTO 7090
= DF THEM DF = DR
CYrzM = INY/ A

Mor o= OLECTHEN Moo= ¢+ 1
BASUE 6035
SiMM o= (e TE)iM = L (M)
Mo = OuS THEM B M o+ 1: G0TO
= 0 THEN SW 5 Wi: GOTO 717z

I
i
LE i

COEUE HRE5

= DR = ng <7 = 0/ THEN  RETURM
GOSUE 4235
DE o= DE o+ DEF

GOTO 7030

IF DR —~ D& <. % RETURN

0 THEN
GOTY 7150 :
FRINT "#% CURVE ROUNTINE %"
L4 = O: GOSUE 7400 ‘
L = L2(I):DF = DEF:FL = 0:D8 = 0:L3 = 0:Y
GOSUE 8400
IF §(I) = 2 THEN GOTO 7500 |
8V = 1: GOSUB 7600:Y = Y + DF - ot
X = SER ((2 % R(I) % Y) — (Y * Y)) =
L3 = X:SW = 2: BOSUB 7810 LK
IF FL = O THEN GOTO 7350
GOTO 2000 : ) ERATPE
IF AX = O THEN GOTO {070 -
IF CX 7/ AX < = 0 THEN GOTO 9070 .
M= 1:5W = 2: GOSUB &235 xd
X1 = X1 - CX R T
IF X1 < = O THEN GOTO 9400
GOTO 9050 ‘ '
IF DS = O THEN DS = DEF
MM (DS 7/ CY)Y:M = INT (MM}
SV = Z: GOSUR 7630 '
Sly 1: BOSUR 7810
DR = DR - DF: GOTO 7230
FRINT "#*% SUB (1) *x"

i
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7400
FAOS
7407
7408

¥k (]
7450
e o0

7470
748“

ok

FRIME "% SUR (L) *="

T Bl -+ 0 = "CU" THEN  RETURNM

LEBECL o+ L= 00" THEM  RETURRM

IF (I + 1) = N THEN RETURN
DR = DLOLY - DL o+ 1)

IF DR > 0 THEM 8V = 21 G010 7450

LEOOR = O PHER RETLIRM
DE = DI+ 1) ~ DICIyesy = §
PR = (DR Yy all o= LRI (R

IF R~ M r = 0% THEN M = 1§ + fs GOTO 7480
IF o= 0 THEN RELRN

GOSUR &035

ﬁFlU.N
9= g =y [

Yook A= Gy BOTY 7Sy

Xo= SR iy % J(l)) 0w YY)

G o= e = X 4 aXe i\ 4/ /001 CGHMY  GOSUR 7800

)
O

7580

7600

7610
76Z0
7630

7640

7650

[ 7670
L7800
20 7805

7810

7820

o~ 7830
i 784075
52 7855 4
8400
8410

8420
84730
8450

FRINT "***** SUB|(3) *****".(_ R 7
BW: = 2337 m LI 4 X¥ i s e
'MM'='(<L =t 13) /o CX)aM s"INT (MM A A

IF MM - M 2= 0.5 THEN M = M + 1: GOTO. 7840 -

IF M. =0 THEN . BOTO” 85q T S S e B Rl

- GOSUB 6235, ik i

CIF B#(I -~ 1) = "CU" . THEN GOTO 8450

E FLo= 0 THEN SBOTO 757
[ETN RN Rl T
IF CX / AX <= THENBOUTT 5270
M o= 116 = 20 GOSUR 6pzs
X1 = X1 + CX :
IF XL > = L PHEN 8OO 9400
GOTO $250 G
IF DS = O THEN DS = DEF
MM = (DS / CYY:M = INT (MM)
SV = 2: GOSUR 7630
SW = 1:MM = X / CXzM = INT (MM): GOSUE 7820
DR = DR — DF: GOTOQ 7500
FRINT "#*x SUB (2) %% oW s .
IF DR < = PP THEN DF = DR:FlL. = 1 " el
MM = ((DF + DS) / CY):M = INT (M) podie s
IF MM,— M > = 0.5 THEN M = M + 1: GOTO 7650
IF M= O THEN  RETURN . » IS T Rty
GOSUE 6035 i UALL T N Y e, o b il
RETURN 11w e

FRINT . ML3= "?st
RETURN, SR
IF B$(I ~ 1) = "co%

R

HEN" GOTO; 8450 = 1™

DR = DICI):T. DLLY = 8%8%ta
RETURN
DR = Di(I) - D(I - 1)



8450
8460
8470
8460
8490

BE500
8510
8520
BIIO
RS 40
8550

BIm“

BSE0Q
2550
500
8800
Beio
8RO
BHEI0

8840

8850
BRLO
8870
BB
8870
OO0
FOLO
Q020
29030
1§ 5hae 19035
09040

‘ 59050

9080

: 9205
B 9210
b “9230
i QR0 -

95

DR = DLCLY =~ DL - 1)
[(F DR = O THEN BOTOD 850
IF DR < = DF THEM DF = DR:FL = 1
SY o= 1 BOSUE 6000
MM = (L / CX)aM o= INT  (MFD
SWo= 2D BOSUE 6820
IF DS = O THEN DS DEF
MM o= (DS S CY)sM o= INT (M
SY o= 2 BOSUR LHOQZ0
MM o= (L / CX)zkto=  INT (M)
QW = 13 GOSUR 6220

DR — DF
FL o= O [HEN  G0TO 8470
= (DS 7 CY)obl o= INT (HM)

9058
**9060_
£, 9070

AT,

O THEN Y

X2 = - SER (2

AX = (Xl ~ X2)
IF AX STk THEN_ -

IF Y <

IF:.CX’ / AXT L e

M= 1:8V = 2
IF V<", =0
GOTO O30

IF .Y > R(I)

=" SER ((R(I)’
MM = X1 / CX:M e
X1 = M * CX
Y =Y - CY

T I o B =0, THENM o= M o+ 1
= 12 GOSUR H035 %
O e D{I 1} DY
Fiom s 06 = Oe M = OuDF o= DEF
th“PH
A
vl o= (. — X) * Té (FHIYariM = YL / CYilM = INT (R
Y1l = pl % CY
X = X + CX
Yot = (L — Ry # Teapdt (FHI?
ay = (Y1 - Y
IF CY /4 Ay >/ = 0.5 THERN GOTO &870
M= 118K = 23 GOSUR &Z35
IF (L - X} < = O THEN GOTO 9400
GOTO 8810 L
X1 = SOR ((2 % R(I) * ¥) —~ (Y % Y))
MM = X1 7/ CXabl = INT (MM L e
Xi = M * 4 , '
Y =_Y == Y. o

=, 0

* R(I) * Y)

60TO 9070 el
{7k THEN - 60TO 725

: GOSUB 4035 . -
THEN BOTD 9400

s

* R(I)l,;/ ).),

INT (MM




e
‘-_"._::'_.\

9235
9238
F240
FLG0

Qe aess
pr YA

60
)
8O

QL0

FAGO
b L
a0
G0
Sl Ay
EEAN
FAEO
FAO

I

Y o= \ .. Ty

IF Y £ 0 THEN ¥ = 0
IF v > R(I) THEN Y = F(I)

2= SORCURCD) % ROIY) = (7 #
AX = (X = X))

IF A = O (HER G
IF CX » @X & = 0,75
= oLaat o i GOSUE 60

MR

GOTO 400

1Y = "CO" THEWN

b ML TR

BINRES
EINEES

BLALy — Do o~ 1)
Dm0 TRER O ETTLRE )
FUA = b o 2 e s LA/ Aptin

FIEE - 1 5 w05 THERL ] = 4+
= g BRSNS e

~ETLIR
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7528

G480

FAGO
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 NE/SESS5/SESS5C/SASSS

SAS55F N.N-14 ® SES55F, T,N,N-14  SES55C.F.T.N.N-14 « NES55F. T,N.N-14

FEATURES PIN CONFIGURATIONS 7 1-14 PACKAGE
; » Turn off time less than 2us ' v
; « Maximum operating Irequency greater N PACKAGE
! than 500kHz ero [ E vee
« Timing from microseconds 10 hours onownw [T ) vee ne (7] mE
« Operates in both astable and monostable swicaen [3] [7) sacwasae miceen (1 7] owcnance
modes - = ourrur 1] mEs
« High outpul current oureur (7] 0] imkisnoLo
o Adjustable duly cycle weset [ 3] Conpnor e [ [10] 1nuesnoLo
« TTL compatible WESLT E ::] NC
+ Temperature stabliity of 0.005% per °C we 7] o] cowtwoL
» SE555 Mil s1d 883A,B,C avallable M38510 VELTAGL
(JAN) approved, M38510 processing
avallable. APPL'CAT'ONS
e Precision timing - . T PACKAGE
e Pulse generation
* Sequential timing
e Time delay generation
s Pulse width modulation
« Pulse position modulation GHOUND DISCHANGE
* Missing pulse delector
TmuGin THHLSHOLD
conl
ABSOLUTE MAXIMUM RATINGS Voutace
PARAMETER RATING UNIT
Supply voltage :
SESSS 118 v '
NESSS, SE555C, SA555 +16 Y BLOCK DIAGRAM
Power aissipation . 600 mwW
Operating tumperature range
NESSS 010 +70 °C Vee
SA555 v -40 10 +85 °C i
SE555, SES55C -5510 +125 . °C
Storage temperalure range -65t0 +150 °C
Load temperature (solaering, 60sec) 300 *C "
1 CONTHOL
YOLTAGE
. 0
EQUIVALENT SCHEMATIC o :] '
s O—{ COMPARATON p—
™ 4 ( ;
0 %. Y
THIGGER
COMPAKATOK O 2
LY >“
RLY
D18
CHARGE -
ourtruT 1 O
-0 . neseT
FLIP FLOP =0
" :
on Qw o =
I ouTRUY I
sTAGE
o3 & '
; ouvirur GAOUND
—

SinAntics | 243



99

- NE/SESS5/SEA55C/SAS65 -

SA555F,N,N-14 o SES55F, T,N.N-14 ¢ SES55C.F,T,N.N-14  NES55F, T.N.N-14

DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 5V tofﬂS unless otharwise specified.

SES55 NES555/SES55C [SAS555
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max
g_uipl_y_\_v_o_l'l?_ge ) 4.5 18 45 16 Vv
Supply current ow statel) T Vee GSVRL == 3 5 . 3 6 mA
Vecc=15VRL = = 10 12 10 15 mA
Tinung error tmonostable) Ra = 2K(110 100K
Inilial accuracy< C =0.1uF 05 2.0 1.0 30 %
Dt with tempurature 30 100 50 ppm/*C
Dnitt with supply voltage 0.05 0.2 0.1 0.5 Y%/V
Timing error (aslable) Ra. Rp = 1k() 1o 100k{}
Initial accuracy? C = 0.1uF 1.5 2.25 %
Dnift with temperature Vce = 15V ) 90 150 ppm/*C
Drift with supply voltage 0.15 03 %/V
Control voltage level Vce = 15V 9.6 100 | 104 9.0 100 | 11.0 v
} Vee =5V 29 333 3.8 2.6 3.33 4.0 v
Threshold voltage ' Vce = 15V 94 | 100 [106 | 88 | 100 |11.2 v
Vce =5V 2.7 333 4.0 24 3.33 4.2 v
Threshold currentd 0.1 0.25 0.1 0.25 uA
Trigger voltage Vece = 15V 4.8 5.0 5.2 4.5 5.0 5.6 Vv
. Vee =5V 1.45 1.67 1.9 1.1 1.67 2.2 Vv
Trigger current VIRiG =0V 0.5 09 0.5 2.0 pA
Reaset voltage4 04 07 1.0 0.4 0.7 1.0 v
Reset current : 0.1 0.4 0.1 0.4 mA
Reset current VRESET = OV 04 |.10 0.4 1.5 mA
Output voltuge (low) Vee = 15V
Isink = 10mA 0.1 0.15 0.1 0.25 v
Isink = S50mA 04 0.5 0.4 0.75 \Y
Isink = 100mA 20 22 : 2.0 2.5 v
Isink = 200mA 2.5 2.5 Vv
Vece = 5V :
Isink = BMA ] 0 0.25 03 0.4 v
Ising = SMA 0.05 0.2 0.25 0.35 v
Output voltage thigh) Vce =15V
1SOURCE = 200mA 125 12.5 Vv
ISOURCE = 100mA 130 | 133 12.75 | 133 v
Vce = 5V
Isource = 100mA j 3.0 33 2.75 33 v
Turn ot umes VHESET = VcC 0.5 2.0 0.5 us
Rise tme of outlput 100 200 100 300 ns
Fall time of output ! 100 200 100 300 ns
Discharge leakage current 20 100 20 100 ¢ na

NOTES

1. Supply Cutrent when output ligh typically 1MA less.
2 Tested at Vce = 5V ana vee = 15V,
3 This will @eternune ine maximum value of Ra + Rp, 1or 15V operalion, the max total
R = 10 megonm 4nd tor SV Operaton, ine max total A = 3.4 megohm.
T4 Spucilied with Wiges 1 nput high.

5. Tume messured it . SOsilive gUING INput pululr.omomo 8xVcc into the thresnold
10 the @rop from 1. 10 low of the Outpul Tagger 15 hied 10 threshoid. .
.
'
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SAS55F,N.N-14 ¢ SES55F, T.N,N-14 ¢ SES53C.F TNN-14 o NES55F, T.N.N-14

TYPICAL PERFORMANCE CHARACTERISTICS

MINIMUM PULSE WIDTH
REQUIRED FOR TRIGGERING
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% // e
2
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g /‘, /’-r\ =
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° o 02 °) [ K]

LOWEST YOLTAGE LEVEL OF THIGGER PULSE (Av )

LOW OUTPUT VOLTAGE
vs OUTPUT SINK CURRENT |
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vs OUTPUT SOURCE CURRENT
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CONNECTION DIAGRAM
PINOUT A
‘o
QUAD 2-INPUT NAND GATE
(With Open-Collector Output) ‘ - o
ORDERING CODE: See Section 9 E _LE
MM
PIN (of0] ERCIAL GRADE MILITARY GRADE PKG E E
PKGS vee = 5.0 V £5%, Vce = 150V £10%,
OUT| [ lovCio+70°C | Ta=-55°Cto+125°C TYRE C o
[3 q
Plastic A 7403PC, 74S03PC 9A [:
DIP (P) 74LS03PC ano [7] s
Ceramic A 7403DC, 74S03DC 5403DM, 54S03DM 6A
DIP (D 74LS03DC 54LS030M
Flatpak A 7403FC, 74S03FC 5403FM, 54S03FM a1
(R 74LS03FC 54LS03FM
INPUT LOADING/FAN-QUT: See Section 3 for U.L. detinitions
PINS 54/74 (U.L) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW s
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs oc /10 L, 2.9 0C**/5.0
(2.5
DC AND AC CHARACTERISTICS: See Section 3°
SYMBOL PARAMETER 54/74 | S4/745 | SUTALSIyNiTs|  CONDITIONS
Min Max | Min Max [ Min Max
lccn Power Supply Current B9 13.2 1.6 mA Vin = Gnd Vee = Max
lccL 22 36 4.4 Vin = Open
PLH ) a5 |20 7.5 22 .
il Propagation Delay 15 120 70 18 mA Figs. 3-2, 3-4
‘DC hinits apply Over opersling temperalure range; AC hmits apply st Ta = +25°C and Vcc = +50 V. N
**OC — Open Collwctor

4-6
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CONNECTION DIAGRAM
PINOUT A

54/7442A  541.5/741.S42
54/T443A » 54/7444A
1-0f-10 DECODER

DESCRIPTION-The "42, "43 and "44 are nultipurpose decoders. For any
valid inpul combination, one and only one cutpul 1 LOW. For all invahd o d
input combinations all outputs are HIGH. The '42 accepts lour BCD inputs o
and provides ten mutually exclusive outputs, the "43 accepts four lines of -
EXCESS-3 encouded data and provides ten mutually exclusive outputs; the o.(G] 14
Jo
0.
&

V.o

15 Ay

‘44 accepts four hines of EXCESS-3 Gray encoded dala and provides ten 1] A

mutually exclusive tolem pole outputs. ik

110y

+ MULTIFUNCTION CAPABILITY _ o[ 17] 0
¢ MUTUALLY EXCLUSIVE OUTPUTS cno( $or
o DEMULTIPLEXING CAPABILITY

s FULLY TTL AND CMOS COMPATIBLE

ORDERING CQDE: See Secticn 9

PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vce = 5.0V 5%, Vce = +5.0V 110%,
our Ta=0°Cto +70°C Ta =-55°C to +125°C FYEE
Plaslic A 7442APC, 74LS42PC 98
DIP (P) 7443APC, 7444APC
Ceramic . 7442A0C, 74L842D0C S5A42ADNM, 54LS42DM 68
DIP D) ™ | 7443ADC, 7449ADC 5343ADM, 5441ADM '
Flatpak A | T442AFC, 74LS42fFC SA4DAFM, SILS42F M aL
F) 7443AFC, 7444AFC 5493AFM, 5443AFM
LOGIC SYMBOL
15 14 13 12
I S , \
A Ay A, A \

o \ ¢ ; : /

Oy O 0 0:0: O« O« Or On
BRRRARRAD A
1 2 3 4 5 6 7 % w0

Vce = Pin 16

GND = Pin 8

4-37
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e

INPUT LOADING/FAN-OUT: See Section 3 for U L dehinitions

54/74 (U.L)) 54/74LS (U.L)
PIN NAMES DESCRIPTION HIGH/LOW HIGH/LOW
Ag — A3 BCD Inputs (‘421 10/1.0 05025
Ag— A3 ) EXCESS-3 Inputs ('43) 1.0/1.0
Ao — A3 EXCESS-3 GRAY Inpuls ('44) 1.0/1.0
80— 00 Decimal Outputs (Active LOW) 20/10 10/5.0
2.9

FUNCTIONAL DESCRIPTION — Logically, the '42,’43 and ‘44 ditfer only in their input codes. The '42 accepls ‘
the standard 8421 BCD code. The '43 accepts the EXCESS-3 decimal code while the 'dd acceptsthe EXCESS-3
Gray code. For any input combination within the assigned ten states, only one output is LOW, as shownin the
Truth Table. For all invalid input combinations, all ten outputs are HIGH. i

The '42 can be used as a conventional 1-0l-8 decoder by treating the most significantinput Ay asan aclive LOW
Enable. Similarly, it can be used as an g8-output demultiplexer by using A3 as the data input.

TRUTH TABLE

'42A ¢ 'LS42 . 'a3A "qQ4A
EXCESS-3 ; .
BCD INPUT |EXCESS-3 INPUT|  GRAY INPUT ALL TYPES DECIMAL OUTPUT

Az A2 A1 Aol A3 A2 A Aol Aa A2 A o O O O3 O Os Os Or O Oo ’
T L L LILA/AT L HyL L oH o H HTH HOH H H H |
L L L H|lL ® A oep, 1 H LgH L H H H H H H H H |
L L H LlL AU g HiH H L H H H H H H H i
L L H H|L nH/gBgaiaH L HlH H H L H H H H H H ‘
L H L L]lL H HoRELOH L L H H H H L H H H H H |
L H L HlH L b L}H H_ L LiH H H H H L H H H H i
L H H Ll'Hn L L HIH H L HlH H H H H H L H H H {
L H H H|H tH tfH—H-—H_HIH H HW H H H.H L H H l
H L U Ll fC—Hs_HlH =—HmpL | H H H H H H H H L H }
H L L Hlm v v LR L HTLIH H H H H H H H H L i
HoL oh tlAos L B|H L H HIH H HoH HH HH RN ';
H L H H|H H H L|H L L H|H H H H H H H H H H H
H # LUHUMHALONBKORN' UNIVER: H H H H H H H H H H 1
H H L HlL L L L|L L L L}H H H H H H H H H H !
H H H L|L L v H|L L L H H H H H H H H H H H i
H H H HfL L H L|L L H HIH H H H H H H H H H

H = HIGH Vollage Lavel
L = LOW Voilage Luvel

4-38
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LOGIC DIAGRAMS
'42A © 'LS42

1

3

'43A
4-39
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4 i
DC CHARACTERISTICS OVER OPéﬂATING TEMPERATURE RANGE tunless otherwise specilivad
54/74 4 T
SYMBOL PARAMETER WIS | wirs CONDITIONS
Min  Max | Min  Max
M 20 55 | 20 - i
1os Qutput Short X 2 5 20 -100 —_ Voo = Mat
Circuit Current xC -18 =55 | -20 -100
X 4 R i
Icc Power Supply Current M ’ 12 mA vVcee - Max
xXe 56 12

AC CHARACTERISTICS: Vcc = 150V, Ta =

t25°C (See Section 3 for

wavelorms and load conligurations)

54/74 54/74LS
SYMBOL PARAMETER CL - 15 pF|CL = 15 pF UNITS CONDITIONS
RL = 400 1
Min  Max | Min  Max
tPLH Propagation Delay 25 18
PHL Anto On. 2 Levels 25 25 ns FIgS. 31,3-20
1PLH Propagation Delay 30 20 -
tPHL An to On, 3 Levels 30 21 ns Figs: 3-1.0-20
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54L.S/741.8193

UP/DOWN BINARY COUNTER
(With Separate Up/down Clocks)

2ESCRIPTION — The “193 45 an up/down modulo-16 binary counter. Sep-
srate Count Up and Count Down Clocks are used ang In either Counting
~.le INe CUCcuIls operale syachronously. The Outpuls change state syn-
.,:.Onous with the LOW-16-HIGH transitions on the clock nputs. Separate
;r’f'""-" Count Up and Terminal Count Down oulputs are provided which
veused s the clocks (or subsequent stages without extra logic, thus simpli-
.0y mullislage counter aesigns. Individual presetinputs .':How_tﬂe Circuits
<> beused ds programmable counters. Both the Parallel Loag (PL)
waster ResetIMRI inputs asynchronously override the clocks. For functional
seschpbion and detail specilications please refer 1o the '192 data sheet,

106
183

and the

ORDERING CODE: See Section 9

CONKECTION DIAGRAM
PINOUT A

A G s TCu

| PIN [ COMMERCIAL GRADE|  MILITARY GRADE a0

PKGS Vee = 5.0 v 155, Vee = +50 v 109, N You =ty
: T T -ociorame A 55°C 1o 1125¢ | TYPE “‘," ‘i 7 °’ =

f“:": A | 74193PC, 74L8193PC 98 SRR

' “w

: . .

;j;{g"'c A | 74193DC. 24L51930C  |541930Mm, 54L.51930M 68 vee = Pin 16

.t GND = Pin g

’drlf’““ A | TH193FC. T4LS193FC - [54193r 0, 54LS193FM 4L

INPUT LOADING/FAN-OUT: See Scetion 3 for U L. detintions

DESCRIPTION

PIN NAMES } ‘

i

53/74 (U.L.)
HIGH/LOwW ~

54/74LS (U.L.)
HIGH/LOW

Sty Count Up Clock Input 1.0/1.0 0.570.25
{ACtive Rising Eager
Py Count Down Clock Input 1.0/1.0 0.5/0.25
lActive Rising Edge
“R Asynchronous Master Reset Input 1.0/1.0 0.5/0.25 "
_ (ACtive HIGH:
L Asynchionous Parallel Loag Input 1.0/1.0 05025
(Aclive LOWi
e Parallel Data Inputs 1.0/1.0 05/025
3 -Q; Flip-tiop Outputs 20710 10/5.0
(2.5
'T.‘,a Terminal Count Down (Borrow Qutput 20710 10/5.0
! (Active LOW) 12.5)
{TCy Terminal Count Up (Carry) Qutput 20710 10/5.0
’i (Active LOW) (2.5)
\

4-291
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MODE SELECT TABLE

MR PL CPy CPp MODE
H X X X Reset tAsyn )
L L X X Preset (Asyn)
L H H H No Change

L M| | H Count Up

L H H | I Count Down

H - HIGH Vollage Level
L= LOW Voitaye Level
X - immalenal

2 - tugh Impedance

PL
(LO&D)

D_ | -

P

~=—— COUNT UP

-+e= COUNT DOWN

LOGIC EQUATIONS
FOR TERMINAL COUNT

=00°O\°02'03°6f3u
= Qo e Q1 » Q2 » Q1+ CPo

LOGIC DIAGRAM

(up
COUNT)

— S

=, 1
sy | R

O 7~ |

e e
IS 5 Gl

i

'

v
1

BT

.
(CARA

o

» ol P—" g
CPy i L““;——-——‘————-'—- j (c;un
(DOWN s ST, (R T i & e SR D"‘
count) : — e T e
; I f
!
.—"-ifpo-—————~-l__»_.. e e e SO .‘-,-.-..--—— = l e e .._[ e Bien e
(CLEAR) Qu Q 7] o,




.

The stepper motar i1s a device used o convert electnical
pulses into qiscrete mechamical rotational moverments
The North Amencan Philips Controls Corporation step-
pwmu,_gﬁgubgg__y)_nfus‘ handbouk are two phase
permanent magnet motors which provide discrete
angular movement every ume the polanty of @ wining i3
chanqeq

CONSTRUCTION

In a typical motor. glectrical power 15 apphed 10 twO
coils. Two stator cups lormed around each of these coils
with pole pairs mechanically gisplaced by '2 @ pole pitch.
become alternately enerqized North and South magnetic
poles. Between the two stator-coil pairs the displacement
is Ya of a pole pitch. ’

The permanent magnet rotor is magnetized with the same ‘
number ol pole pairs as contained by one stator-coil
section.

STATOR CUP B
OUTPUT SHAFT—

comL 4
f
a S 5 5 TATOR CUP A
- e L N S
S
A -;‘ N/ N NY N N
‘-——-S‘N-‘S-N—S—N"'ROIN-‘-
+
. STATOR QP B
- @ 2 % s S s S
sa 8 ; § N N\IN NN
S N S N S N
CoiL 8

LATOUT DIACRANM OF STEPPING MOTOR QORING A CIVEN
STAIOR POLARITY MO KOTLR POSLTION

Fig. 1 Cutsway 2 @ Permanent Magnet Stepper Motor.

Interaction between the rotor and stator (opposita poles
attracting and likas repelling) causes the rotor to move Ya
of a pole pitch per winding polarity change. A two-phase

motor with 12 pole pairs per stator-coil section would

thus move 48 steps per revolution or 7.5° per step.

ELECTRICAL INPUT
The normual

108

electr cal nput 1s a four-step switching

sequence as 1s shown in Figure 2

PE———

i i )+ e ]

[ 2 3 4

+ .‘ +
—— e SWITCHA SWITCHB  o——

z STEP| cOlLA | coiLB |3

=1 1 + + |-

<

\ od B + — r

o — — o

Y == 3

4 - + £

A + +_ 10

Fvlg. 2 Schemallc — 4-Step Swilching Sequence.

Continuing the sequence causes the rotor to rotate for-
ward. Reversing the sequence reverses the direction of
rotation. Thus, the stepper motor can be easily controlled
by a pulse input drive which can be a two llip-flop logic

" circuit operated either open or closed loop. Operated at a

fixed frequency, the electrical input 1o the moltor is a two-

phase 90° shifted square wave as shown below.

; L

Fig. 3 Voltage Wave Form — Fixed Frequency — 4-Step
Sequence.

Since each step of the rotor can pe controlled by a pulse
input to a drive circuit, the stepper motor used with
modern digital circuits, micro-processors and transistors
provides accurate speed and position control along with

" long life and reliability.

| e o e ——



_ STEP ANGLE

" Siep angles lor steppers are availadble in a range trom
.72 10 90 . Standard step angles’ tor North Amernican
Phiips Contrnls Corporation Steppers are

75 — 48 steps per rev
15 — 24 steps per rev
18 — 20 steps per rev.

A movement ol any multiple of these angles 1§ possit.ie
. For example. six sieps of 3 15 stepper mtor waul. give
a 'mavement of 30

~ ACCURACY

_The no load or constant load accuracy ol each steg 1S
within +6.5%, noncumulative. Therelore, a 7.5 slepper
motor will positien to within 0.5 , whether the rotational
movement is 7.5° — one step. or 7.500 — one thousand
sleps.

" The step error is noncumulative. It averages out 10 2er0

within a 4-step sequence which corresponds to 360 elzc-.

rical degrees. A particular step condition of the 4-siep
sequence repeatedly uses th? same coil. magnetic
polarity and tlux path. Thus. the most accurate movemant
w~would be 1o step in multiples of four since electrical and
magnelic intalances are eliminated. Increased accuriacy
also rgsults from movements which are multiples of two
steps. Keeping this in mnd. positioning applications
should use 2 or 4 steps (or multiples thereof) for each
desired measured increment, wherever possible.

TORQUE
The torque produced by a specific stepper motor
depends on several factors:

1/ The Step Rate
2/ The Drive Current Supplied to the Windings
3/ The Drive Design

|

HOLDING TORQUE g

At standstill (zero steps/sec. and rated current) the
torque required to dellect the rotor a full step is called
the Holding Torque. Normally, the holding torque ]
higher than the running torque and thus acts as a strong
brake in holding a load. Since deflection varies with load,
‘the higher the holding torque the more accurate the

position will be held. Note in the curve below that a two '

step deflection corresponding to a phase displacement
of 180° results in zero torque. A one step plus or minus
displacement represents the initial lag that occurs when
the motor is given a step command. »

100+
%
HOLDING
TORQUE
S0+
% + t ¥
-2 =i 0 | 2
MOTOR STEPS
50]
100 r

Fig. 4 Torque Deflection.

B G R

RESIDUAL TORQUE 109
Tre non-enerqized detent torque ot a PM stepper motor
1s called res:dual torque A result of the permanent
magnet Hux and beanng tnction, it has a value ol ap-
proximately 1710 the holding torque. This charactenstic
of PM steppers 1s uselul in holding a load in the proper
position even when the motor s de-energized. The
position. however. will not be held as accurately as when
the motor 1s energi~ed

DYMAMIC TORQUE
A typical torGue versus step rate charactensiic curve 1s

shown in Figure 5. ) -
. k82402 L/R
30 43
i _ RUNNING
— ——=START WITHOUT
24 AN CRRCR 34
: \ |
: N S
L \ 25 T
= AN - z
o Y\ T
o 12 ~ 1.7 ™
= NN %
6 AN 85
AN
\ N
0
0 100 200 300 400 500
STEPS/SEC.

Fig. 5 Speed/Torqua — (NAPCC K82402 L/R Stepper).

The Start Without Error curve shows what torque load
the motor can start and stop without loss of a step when
started and stopped at a constant step or pulse rate.

The Running curve is the torque available when the
motor is slowly accelerated to the operating rate. It is
thus the actual dynamic torque produced by the motor.
This curve is sometimes called the slew curve. :

' The difference between the Running and the Start

Without Error torque curves is the torque lost due to
accelerating the motor rotor inertia.

The speed-torque characterlistic curves are the
key to selecting the right motor and the control
drive mothod lor a spocliic application.

In order to properly analyze application requirements, the
load torque must be delined as being either Frictional
and/or Inertial. A “Handy Formula" section in this hand-
book on pages 12 and 13 may assist you in resolving the
load torque values. Also, an. additional “Application
Notes" saction is located on pages 10 and 11.



Uso the Start Without Error curvo if thu control
clreuit provides no accelaration and the load Is
{rictional only.

Applicatlons where:

No acceleration — Frnictional Load

Example: Frnctional Torque Load

Using a torqua wrench. a [nctional load 1s measured (o

be 10.6 mNm (1.5 0z-in). It is desired to move this load
67.5° in .06 sec. or less. '

Solutlon:

1. It a 7.5° motor is used, than the motor would have 1o
take 9 steps, to move 67.5".

A rate of v =32 =150 step’sec. or higher 1s thus

required. 06

2. Relerring to Fig. 6, the maximum Start Without Error v

rate with a torque of 10.6 mNm is 170 steps/sec. (Itis
assumed no acceleration control is provided).

3. Therefore, a K82402 motor could be used at 150 steps
per second — allowing a safety factor.

AB2402 L/R
30 143
N RUNNING ‘
- == START #ITHOUT
o ERRCR 34
z - ’
13 i
i
W 25T
> | ' (v}
o &
= 1 \ 7
2 ..«F______A o7 :a
6} ! . 89
T |
o+ ! . )
o} 10C 200 300 4c0 500
STEPS,SEC

" Fig. & Speed/Torque — Frictional Load.

Use the Running curve, In conjunction with a
Torque = Inertia x Acceleration equatlon
(T=Ja), when the load is Inertial and/or
acceleration control Is provided.

In this equation, acceleration or ramping a = %‘f is in

radians/sec?.

RAMPING ) .
Acceleration control or ramping is normally ac-
complished by gating on a voltage controlled oscillator
and associated charging capacitor. Varying the RC time
constant will give ditterent ramping times. A typical VCO
acceleration control frequency plot for an incremental
movemaent with equal acceleration and deceleration time
would ba as shown in Fig. 7.

e ]‘_ A T RUN
|

STIP MATL

At DECEL

] AUACCEL
TIME IN M SEC—o

Flg. 7 Step Rate/Time.

110

Acceleration may also be accomplished by dividing the
trequency. For 2xamp.e. the liequeacy could start at a ‘s
rate. go 1o a "2 rate. ‘i rite and hinally the running rate

A Applications whero:
Ramping acceleraton or deceleration control time
. allowed

TJ(Tthun mNm) = Jyx -‘ﬁ- x K

Where J1 = Rotor Inertia (g.m?) plus Load Inertia (g.m?)

Av = Step rate change

At = Time allowed for acceleration in seconds
K = 2s (converis steps/sec to radians/sec)
: stepsrev

K = .13 for 7.5° — 48 steps/revolution

K = .26 tor 15" -- 24 steps/revolution

K = .314 for 18° — 20 steps/revolution

“In order to solve an application problem using ac-
celeration ramping. it is usually necessary to make

several estimates according to a procedure similar to the
one used to solva the following example.

Example: Frictional Torque plus Inertial Load with
Acceleration Control.

An assembly device must move 4 mm in less than 0.5 sec. "f
The motor will drive a lead screw through a gear ratio.
The lead screw and gear ratio were selected so that 100
steps e¢f a 7.5° motar = 4 ‘mm. The total Inertial Load
(rotor + gear + screw) = 25 x 10™ g.m2.

The Frictional Load = 6 mNm

Solutlon:

1. Select a stepper motor running curve which allows a
torque in excess of 6 mNm at a step rate greater than

_ ’ 100 steps

= 200 ;
05 sec 200 steps/sec

Reterring to Fig. 8, determine the maximum possible
rate (vF) with the frictional load only. ;

KB82402 L/R
. 30 : 4.2
- ~——— RUNNING
= == START WITHOUT
ERROR 34
w
W
25 I
£
|
N S~
1sT EST. v,*210 S/SEC. o
VF MAX 85
g £
ol L
0 100 200 300 400 300
STEPS/SEC.

Fig. 8 Speed/Torque — Friction Plus Inertia.



2 Make a hirst estimate of a working rat3 (a running rate
less than the maxmum) and ce'erming the tarque
availaonie to accelerate tne nertin (Excess over Tg)

TI’TF =10 -6 = 4 mNm
(torque available tor acceleration at 210 steps’sec).
3. Using a 60% salety factor

(4 mMNm x 6 = 24 mNm).

calculate At to accelerate. (Refer to Fiq. 7).

From the TJ = Jrx :—;—;-’ x K equation,
— 25 x 107 x 210 x .13

at

2.4 mNm

.

Therglore to accelerate At = .028 se:

Note: The same amount of time is allowed to decalerate.

4. The number ol steps used to accelerate and
decelerate, e :

or No+ Np = vat

]

210 (.03) = 6 steps

5. The time 1o move at the run rate

At = Ny — (Ny +Np) = 1005 — 447 sec

run 210

Where Ny = Total move of 100 steps
6. The total time to move is thus
Atpyn + Btaccel + Aldacel

447 + 028 + 028 = 0.5 sec

" - This is the first estimate. You may make the move slower

it more safety is desired, or faster if you want to optimize

" it. At this time, you may wish to consider a faster motor
. drivea combination as will be discussed on'page 8.

B. Applications where:

No ramping acceleration or deceleration control time
allowed. - .
Even though no acceleration time is provided, the step-
per motor can lag a maximum of 2 steps or 180 electrical
degrees. It the motor goes from zero steps/sec to v

steps/sec, the lag time At would be 2 sec.
Y

Thus the torque equation for no acceleration or
deceleration is:

T (Torque mNm) = Jr x !23 x K

= 2. Total Torque = TF + TJ

111
Wherea-

J  Rowoar Inertia (g.m-) plus Load Inertia (g me)
v == Steps sec rae

e
ety

step'rev

("K" values as shown in application A on page 4)

Exu.ple: Fnction plus Ineria — No acceleration
ramping.

A tapo capstan is to be driven by a stepper motor. The
frictional drag torque (TF) 13 8.6 mNm and the Inertia ol

the capstan is 8x10™ g-m2. The capstan must rotate in
7.5 increments at a rate of 170 steps per second.

Solution:

‘Since a torque greater than 8.6 mNm at 170 steps per
second is needed, consider a K82402 molor.
The Total Inertia = Motor Rotor Inertia + Load Inertia.

(10x 10"+ 8 x 10) gm?

= 18 x 10 g.m?

1. Sincae there is no acceleration ramping. use the By

equation:

Ty =drxxKk (K= a3

Il

18 x 10™ x 1-750—2-x A3

3.4 mNm

o
Il

=86 + 34

= 12 mNm

”3. Refer to the running curve Fig. 9, at 170 steps per

second, the available torque is 15 mNm. Therefore, the
. KB2402 motor can be used with a safety factor.

. K82402 L/R A
30 43
1 RUNNING
- w= e START WITHOUT
. ERROR 34
z
[ ] [}
»‘-‘
lsl 25 5
o z
& T
o 17y
85
(o] t + + + t + + + ¥
0 100 200 300 400 500
STEPS/SEC.

Fig. 9 Speed/Torqus — Friction Plus Inertla.



STEP FUNCTION — SINGLE STEP
wnen a single step ol a motor s made.
response 1s as shown in Figure 10

a typical

STEP
ANGLE
7582

@ g g I B ee  gemsidin
Q 10 20 3D 4 5. 6. IJ 8
TiMt (M SEC)

—

.Fig. 10 Single Step Response.

The actual response for a given motor is a function ol
the power input provided by the drive and the load.
Increasing the {rictional load or adding external damping
can thus modity this responge if it is required.

Mechanical dampers such as shp pads or plates. or
"devices such as a fluid coupled flywheel can be used but
adad to system cost and complexity. Electronic damping
can also be accomplished. A first time delay and a
reverse pulse and then a second ume delay and forward
pulse i1s added to every move pulse or to the last pulse in
a movement. Delaying the hinal pulse of an incremental

" movement can also be used to effect damping.

STYEP
ANGLE
750 b s,
T | To= NeT AL s uLSe
vl—k[\fH:.L PULSE
To=Fuwakt Put it
‘C‘v‘l ‘:n
: TIME ——

Fig. 11 Electronically Damped Response.

STEP FUNCTION — MULTIPLE STEPPING

Multiple stepping can offer several alternatives. A 7.5
motor moving 12 steps or a 15° motor moving 6 steps to
give 2 90 output move would have less overshool, be

stiffer. and relatively more accurate than a motor with a

90 step angle. Also. the pulses can be timed to shape

. the velocity of the motion; slow during start, accelerate to

maximum velocity, then decelerate to stop with minimum
rnging.

RESONANCE

It a stepper motor i1s operated no-load over the entire
frequency range. one or more natural oscillating
resonance points may be detected either audibly or by
vibration sensors. Some applications may be such that
operation at these lrequencies should be avoided or
external damping, added inertia, or a softer drive used. A
permanent magnet stepper motor, however, will not
exhibit the instability and loss of steps often found in
variable reluctance stepper motors since the PM has a
higher rotor inertia and a stronger detent lorque.

112
DRIVE METHODS
The normal drive mathod. as previously stated, is the 4-
step sequence shown in Fig. 2; however. the lollowing
methods are also possible.

WAVE DRIVE

Energizing only one winding at a ume. as 1s indicated in
Fig. 12 1s called Wave Excitauon. It produces the same
increment as the four-step sequence.

Since only one winding 1s on. the hold and.running
torque with rated voltage apphed will be reduced 30%.
within limits, the voltage can be increased L0 bring
outpul power back to near rated torque value. The
advantage of this type ol dnive is increased etliciency
while the disadvaniage 1s decreased step accuracy.

=

+ T o +
OFF e No—l = b—e—e0fF

. SWITCHA SWITCHB _
z|STEP| coiwa |coB |Z
o p~t
i ) + OF F -
g2 OFF + |2
al 3 - OFF_|g
R OF F - =
b + oFF |9

Fig. 12 Schematic — Wave Drive Swliching Sequence.

HALF STEP
It is also possible to step the motor according to an eight

step sequence to obtain a half step — such as a 375"__

step from a 7.5 motor.
Applications utilizing this should be aware of the fact

“that the holding torque will vary for every other step

since only one winding will be energized lor a step
position but on the next step two windings are energized.
This gives the effect of a strong step and a weak step.
Also, since the winding and flux conditions a¢@ not
similar for each step when Y2 stepping, accuracy will not
be as good as when full stepping.

STEF| COILA | COIL B

| + +
s 2 + OfFfF | &
= + — -
£ 4
{4 OFF — -
(@) 5 o
@ = - 3
2|6 - OF F 5

8 OFF +

| + -+

Flg. 13 Hall Step or 8 Step Swliching Sequence.
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BIPOLAR AND UNIPOLAR OPERATION
All NAPCC stepper motors are availaple with either 2
coil bipolar. or 4 coil unipolar windings

The stator flux with a BIPOLAR winding 1s reversed by
reversing the current in the winding It requires a push-
pull bipolar drive as shown in Fig 14 Care must bet lahen
to desiqn the circuit so that the lransisters in series do
not short the power SuQEly Dy coming on_al the same

. bme. Properly opcrated. the bipolar winding quwes [he

Optimum motor perlormance at low to medium step rates.

113

baboin per stator hall. Flux is reversea by energizing on.
coit or the other coil trom & single power supply. The yse
ol a unipolar winding._semetimes called a bitilar winding.
allows the daye circuis 19 be simpliicd. Not ot only are hait
ds many _Power swilcnes required ‘4 vs. 8). bul the. timing
iS_not_as crilical 1o prevent a cwrom shor! lthugh two
1rangisStars as 1S possible with g mpotar _dnve.

For a unipolar motor *o have the same number of turns
per winding as a bipclar motor, the wire diameter must
be decreased and therefore the resistance increased. As.
a result unipolar motors haye 30% less S lorque at low step
rates However al higher rates the | torque outpuls arg

A UNIPOLAR winding has 2 coils wound on the same equivalenl
)
_J i :
LJ‘ < o ) A
g‘.v ‘E: ',:.“.v g wlpld e of'] 8
B I
Pl Q2 Qs Qy 6
‘ | > J > o
» L, r & 8 ¥
—io: Qe —{OI Qo‘ i ) 5 24
BIPOLAR UNIPOLAR
| Step|a-aja-aja-ala.-a |2 | Swep|a.|a|a|a |z
O| 1 | oN |OFF | ON | OFF S O 1 |on|oFf| on| oFfF g
= =
<[ 2 | o [oFF [oFF | on g » Normal <| 2 [ov|oFF|oFF| on g
Ol 3 [oFF [ ON |oFF [ ON [ 4 Step Sequonce Ol 3 [orr| on |oFF[ ON |
3| 4 [OFF|ON | ON |OFF | = x| 4 |OFF| ON | ON | OFF |2
O 1 | oN|oFF | on | OFF |O ©F 1 |ov|oFF| on | OfF |O
1 | oN |oFf | on [ oFF 1 |o~n | oFf| on | oFF
2 | ON [OFF | OFF | OFF 2 |ON | OFF | OFF | OFF
Z| 3 [ oN |oFF [oFF | on & | gl 3 |ov|oFF|oFF[ on |3
=| 4 | OFF [OFF |OFF | ON | & ' =| 4 |OFF| OFF | OFF | ON |%Z
< =< . %2 Step o : =
6| 5 |oFr| on |oFF | ON O | & Stop Sequence | G| 5 [OFF| ON [OFF[ on S
16 | oFF | ON | OFF | OFF “1"6 |oFf | oN | OFF | OFF .
3 3 z 2
Of| 7 |ofe| oN [ ON |oOFF S O| 7 JoFr| oN | on [ oFF |O
8 | OFF |{OFF | ON | OFF 8 |oFF| oFf | on | OFF
1 [ ON [oFF | ON |OFF 1 |[o~n | oFf| ON | OFF
Z| 1 [ on Jorr [orF [orF |8 Z[ 1 Ton Jorr orr[orF |
| 2 |OFF |OFF |OFF [ ON | H| 2 |OFF | OFF |OFF [ ON |77
=13 |oFf | ON | ofF |oFF |5 Wave Drive S{ 3 [ofF [ on |oFF | oFF |5
o @ 4 Step Sequence b - @
T 4 |oFF |oFF | ON | OFF 3 g 4 |OFF | OFF | ON | OFF >
b
Sl 1 | oN [oFF | oFf |ofF S G|t [on |orF |oFF | oFF |O

Flg. 14 Schematic Blpolar and Unipolar Swiiching Sequence.
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HIGHER PERFORMANCE

A motor operated at a fixed rated voltage has a
decreasing torque curva as the Irequency or step rate in-
creases. This 13 dua to tha fact that tho rise tume of the
coil hmits the percentags of powar actuilly delivored to
the motor. This effect is governed by the inductance to
resistance ratio of the circuit (L/R).

Compensation for this effect can be Dy either in-.
creasing tha power supply voltage to maintain a constant
current as the frequency increases, or by raising the
power supply voltage and adding a serigs resistor as is
shown below in the L/4R drive circuit. Note that as the
L/R is changed, more total power is usad Dy the system.

al x| el g
@ @D I @
3R gBR
> - >
@ W e
o > o
Qi Q2 Q3

Fig. 18 L/4R Drlve

The saries resistors, R, are selected for the L/R ratio
desired. For L/4R they are selected to be 3 times the
motor winding resistance with a

watts rating = (current per winding)? x R.

The power supply voltage is Increased to 4 times motor
rated voltage so as to maintain rated current to the
motor. The power supplied will thus be 4 times that of a
L/R drive.

Note, the unipolar motor which has a higher coil
resistance thus has a better L/R ratio than a bipolar
motor.

To minimize power consumption various devices such as
a bi-level power supply, or chopper may be usad.

BI-LEVEL DRIVE 114
The bi-level drive allows the motor at zero step’sec to
hold at a lower than rated voltague, and when stepping to
run at a higher than rated voltage. It is most efficient
when opearated at a f xed stepping rate. The high voltage
may be swilched on through the use of a current sensing
resistor or by a circuit as shown balow which uses the
inductively generated turnoi! current spikes to control
the voltage.

At- zero steps/sec the windings are energized with the
low voltage. As the windings are switched according to
the 4 step sequence, the suppression diodes D., D., D.
and D. are used to turn on the high voltage supply
transistors S\ and S..

;mcn

—alil

Flg. 16 Unlpolar Bi-Level Drive.

CHOPPER DRIVE

A chopper drive maintaing an average current level
through the use of a current sensor which turns on a
high voltage supply until an upper current value is
reached. It then turns off the voltage until a low leve! limit
ia sensed where It turns on again. A chopper is best for
fast acceleration and variable frequency applications. It
is more efficient than a constant current amplifier
regulatad supply. The V+ In the chopper shown In Fig.

17 typically would be five to ten times the motor voltage

rating.
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Fig. 17 Unlpolar Chopper Drlve.




VOLTAGE SUPPRESSION
whenaver winding current 1S turned ott. a high voltage
inductive spike will be generated which could damage

the drnive circuit. The normal method used 0 suppress

these spikes is 10 pJt a diode across each winding. This,
howevar, will reduce the torque outpul of the motor
unless the voltage across the swilching transistors 1s
allowea to build up to at least twice the supply voliage.
The higher this voltage the [asier the induced held and
current will collapse, and thus the betler performance
For this rcascn, a zenmer diode Or sernes resislor 1s
usually added as shown in Figure 18.

o l o

B .

o

Fig. 18 Voltage Suppression Clrcuit.

PERFORMANCE LIMITATIONS

“Increasing the voltage to a stepper motor at standstill or
_low stepping rates will produce a proportionally higher

torque until the magnetic flux paths within the motor
saturate. As the motor nears saturation, it becomes less
efficient and thus does not justily the addmonal power
input.

The maximum speed a stepper motor can be driven is
limited by hysteresis and eddy current losses. At some
rate, the heating effects of these losses limits any further
effort to get more speed or lorque output by driving the
motor harder.

MOTOR HEATING AND TEMPERATURE RISE
Operating continuous duty at rated voltage and current
will give an approximate 40°C motor winding tem-
perature risa. Il the motor is mounted on a substantial
heat sink, however, more power may be put into the
windings. If it is desired to push the motor harder, a
maximum motor winding temperature of 100°C should be
the upper limit. Motor construction can be upgraded to
allow for a winding temperature ot 120°C.

TORQUE MEASUREMENT

The output torque of a stepper motor and drive can best

be measured by using a bridge lype strain gage coupled
to a magnetic particle brake load. A simple pulley and
pull spring scale can also be used, but is ditticult to read
ar low and high step rates.
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SUMMARY OF KEY TORQUE EVALUATIONS

The speed-torque charactaristic curves are the
key to selacling the right motor and the control
drive method lor a speocitic application.

Delino your apphcation load.

Use the Start Withou! Error curve if the control
circuit provides no acceleration and the load is
frictional only.

Use the Running curve, in conjunclion with a
Torque = |Inertia x Acceloration equation
(T=Ju), when the load is inertial and/or
acceleration control is provided.

When acceleration ramping control is provided,
use the running curve and this tarque equation.

L

VxK

Ty (Torque mNm) = Jyr x 3t

When no acceleration ramping control is
" ‘provided, use the Running curve and this

lorque equation.

T (Torque mNm) = Jy x 3'2—2 x K




STANDARD MOTOR DRIVES

North American Philips offers two unipolar type anves lor
pulse to step control ot 4 coil two phase stepper molors
Both operate as pulse inputl, 4 step sequences. square
wave oulpul dewvices.

SAA 1027 DRIVER

The SAA 1s a 16-pin dual-in-line plastic package ccm-

plete IC pulse to-'step drive. It is capable of drving a
- motor winding load oi 375 ma per phase. Pulses are sup-
. plied to a single input. Direction ot rotation is controlled

by a voltage level applied to a gate inpul. A single 12Vdc

power supply can operate the IC driver and motor.

ELECTRICAL REQUIREMENTS
Supply voltage - Vg

System Current - Ig

Motot Current per phase

Bias Current to pin 4 (see Fig. 2)
Control Current to pin 14

Output drivers (pins 6, 8, 9, 11) are open collectors. The
breakdown voitage is 18Vdc. Do not exceed.

—40°C to +125°C
—20°C to + 70 C

9.5 - 18V (12V Typ)
" 800 ma (max)
375 ma (max)

50 ma (max)

4.5 ma (typ)

Temperature Storage
Operating Ambient

INPUTS
The three inputs are controlled by applying High or Low
voltage lavels to the terminals. .

The High voltage level can be between 7.5Vdc and 18Vdc
-~ (12 typ). It is normally equal to, but not greater than the
voltage on pin 14. High current per input 1uA (typ).

. The Low voltage level can be between 0 and 4.5Vdc max,
. Low level current per input -30uA (typ.)

I srsrem
——
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} Ry* | |a
: 8 BIAS RESISTOR
 onf [I]mn AS RESISTO
N—
8
TRIGGER T/ 4 4
SET > 2 SAAI027
RQTATION R
(] 12

STEPPER
MQTOR

L

Fig. 1 Drive System Dlagram.

TRIGGER INPUT T

The voltage on T, pln 15, Is normally High when not
being pulsed or stepped. A change from High to Low and
back to High will trigger the IC. The motor steps on the
positive going edge, Low to High, of the pulse.

. (winding off) by momentarily applying a Low level to pin
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Fig. 2 Relationshlp betwuen output current and Bln current.
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SET INPUT S

The motor can be set 1o a logic state of Q1 Low (winding *

on), Q2 High (winding off), Q3 Low (winding on). Q4 High

. 2 when T, pin 15 is held High.

 DIRECTION INPUT R

28

Applying a High level to pin 3 will cause the motor to be
steppad CCW. A Low level to pin 3 will cause the motor
to step CW. For maximum noise immunity, this input must
not be left open. It should be always held High or Low.

Tha chart shown below lists the various stepper motors
recommended for use with IC driver SAA 1027 showing
the bias resistor Rg and motor series resistors Rg
required with a 12vdc (Vg) power supply.

Unipolar torque versus step rate characteristic curves
using the SAA 1027 chip listed in this handbook ware
derived by utilizing the values shown below.

Selection of reslstor RB

: 1 System
Motor Serles Rp Value {} °"Rg Valus () (mA)- Nomln-l
K82201-P1 220 1 W asnNa2w 520 *
K82101-P2 390 V2 W 0 320°
K82201-P2 560 va W 0 210
K82301-P1 220 1 W aBN 2w 520,
K82301-P2 560 Y2 W 0 210
K82401-P1 150 1 W 2500 5 W 750
K82401-P2 390 V2 W 0 330
K82501-P1 150 1 W 250 5 W 740
K82501-P2 390 V2 W 0 315
K82601-P2 180 1 W 0 660
K82701-P2 150 1 W 0 8Q0
K83701-P2 150 1 W 0 800
K82801-P2 180 1 W 0 875
K83801-P1 180 1w 250 5 W 680
K83801-P2 560 v2 W 0 250

*Rg used to operate motors rated at 5 Volts.
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HIGH PERFORMANCE DRIVE

The K33504 1s a compiete pulse to step pnnted circuit
board drive capabla ol switching motor loads up 10 2
amp per winding with a power supply voltage up 1o
40vdc. As with the SAA1027, 1t 1s dasigned to drive a two
phase unipolar steppar motor acco:rding to the 4 st2p
sequence

The circuit i1s essentially a SAA1027 drniv:ng 4 silicon

power transistors. The input requirements ara thus (na
same as for the SAA1027.

POWER SUPPLY REQUIREMENTS

The V+ motor voltage i1s determined by the motor rating

*and dropping resistor Rg. For example. it a 5 volt stepger

motor is to be driven L/4R, then Rg would equal 3 x
(motor winding resistance) and the V+ motor would be
20 volts. Current required would be 2 x (rated molcr
winding current).

The V+ logic requirement is 12Vdc. .025 amps. If a single
power supply is used and V+ motor is higher than
12Vdc, then a dropping resistor and a hlter capacitor
musl be used to bring the voitage for the V+ logic down
to 12vdec.
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OPTIONAL OSCILLATOR

The K33505. illustrated above. contains the added faatura
of a built-in ascillator. The pulsar/step frequency of the
oscillator is set by an extornal resistor or potentiometer.
It the oscillator pulse output is connected to the trigger
input terminal, opening the control circuit will cause the
drive 10 step to the motor at the preset frequency.

The control circuit could ba a gate with open collector
output controlled by a counter monitoring the pulse out-
pul to give a precise number of motor stens.
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— v —| .:55‘;1: All unipolar L/R and L/4R torque versus step rate curves
-— ::f';;* —| e in this handbook, except those using the SAA1027 chip,
- L bt] ey were obtained by utilizing the K33505 High Performance
Drive. : \ :
82000 SERIES GEAR REDUCTIONS
PART GEAR SERIES OuTPUT SERIES OUTPUT
NUMBER* RATIO 82200 62400 82800 STEP ANGLE 82600 8TEP ANGLE
13 6
K82-01 DIRECT DRIVE X X Y. 7.50° X 15°
K82-11 213 X 3.75° X 1.5°
K82-12 2-1/2:1 X 3.00° X 6°
KB82-13 3:1 X X 2.50° X 5°
K82-15 4-1/6:1 X X 1.80° X 36°
K82-18 5:1 X X 1.50° X 3°
K82-17 6:1 X 1.25°
K82-19 7-1/2:1 X X 1.00° X 2
K82-21 10:1 X X X 75" X 1.5°
K82-24 151 X X .50° X 1*
K82-27 20:1 X .J75°
K82-30 251 X X X .30° X 8°
K82-31 30:1 X X .25° X 5°
K82-36 50:1 X 15°
KB82-37 60:1 X 125°
KB82-39 75:1 X X X 10° X 2
K8245 150:1 X X X .05° X e
K82-84 1350:1 X .0055° s

*When ordering fill In correct series digit — Example: 82400 Seorles Stepper with 3:1 gear ratio K82413. Standard gear reductions are
available as shown above. For ratlos not listed or for sarles not marked with "X — consult lactory for avallability.
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