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1 . In t  r oduc t i on

A I I  t h e  e l e m ( , n t s  l t c c c s s a r ' 1  i o r  1 :  ,  ] . r ' i - r r ' i r i  c o r n l ) u l a t i o t t  s u c h  a s  c o m p a r a t o r s ,  i n c l u d i n g

e l e c t r o n i c  s u ' i t c h e s ,  s e r \ ' o - s e . t  r ) , ) t r . l r I r  ) n r t t e r s ,  s e t r \ - o - s e t  f u t r c t i o n  g e n e r a t o r s ,  e t c . ,  h a v e

been  p ro r . ' i ded  t o  app l , v  H iT - \C I I I  r ( ' ) i  Ana log  Con - i pu te r  t o  t l ' r e  hyb r i d  compu ta t i on  sys te rn .
T h i s  l i t e r a t u r e  d e a l s  o n l v  n ' i t i r  t i r c  l u n c l : o n s  o f  i I I T A C F { I  5 0 5  ( h e r e i n a f t e r  c a l l e d  5 0 5 )  i n  r e -
f r - r e n n e  1 n  l r w h r i d  c o n r l ) u 1 a 1 .  ' : .  l  i r  , l r : - r '  j '  = .  [ ' ' , r  r l t , r a i l e d  d e s c r i p l i o n s  o f  t h e  h y b r i d  l i n k a g e ,

a  s e p a r a t c  l i t e r a l u r P  i s  : t t '  . :  : '  : .
S o m e  o f  t h e  e l c c t r - o r - r i .  - - f ) r , ,  - : , .  i - r . t -  r r S  3 r r r i i  o r  1 ; 1 - i r  s i c a l  s t r u c t u r e s  d e s c r i b e d  i n  t h i s

l i f e r e f r r r e  r m e w  b e  s r - r b l c ' c t  t ( )  t ) r ' t . i i n t i l t : r r . r ' c ' i t a n q - e  r r i t f i o u t  n o t i f i c a t i o n  a t  t h e  C o n \ - e n i e n c e  o f

m a n u f a c t u r i n g .

' 2 .  
C o r - r f i g u r a t i o n s  a n c l  I  u t - t c t L o t - t s

2 .  I .  F u n c t i o n s  a s  t l - r e  h v b r i c l  L - ( , 1 r r l ) L l t l r r  s \ - s 1 e r - I t

( 1 )  C a p a b i i i t y  o f  b e i n q  c o n n ( ' c t c , c l  , , r ' i t h  - \ - l )  c o n \ - ( ' r t c ' r  a n c l  D - A  c o n \ - e r t e r .  5 0 5  i s  d e s i g n e d
to  be  ab le  t o  acce l l t  n rax i r - r - r L l n l  ( , i q ' h t  ( 8 )  c l " i an rLc l s  o f  i r - i pu t s  anc l  ou tpu t s  o f  A -D  conve r te r
a n d  D - - {  c o n v c r t e ' r  r c ' s 1 ; r ' c t i r  c 1 1 -  t h r o u g } r  f r u t r l i  L i n e  P a n c l  T R - 1 5 1 .  - { n a l o g  o u t p u t  s i g n a l

vo l t age  t o  be  t r ans fe r r cc l  t o  - \ - l )  co r r r - ( ' r t c r  f r o r - r - r  o05  i s  l i r n i t ed  u ' i t h i n  j - 100V ,  u ' h i l e
ana log  i npu t  s i gna l  \ - o l t agc  t o  l t c  r € r ce j . r  e r c l  f r on r  D - - \  con r -e r t e r  i s  u ' i t h i n  e i t he r  +100 \ -

o r  L  1 0 \ - .

. \ - D  C O \ \  . ] I t T E R  I \ P U T D - , \  C O \ \ ' t r R T t r R  O L  T P t  T

( 5 r ' t

o f  b t i n g c o n n ( ' c t t ' c l  u  i t l r

SI 'CI  S i ( I  \ . \  I ,

s ( ' I ' \ ' o -  s  ( ' t  l L l n c 1  r o n

T R  -  1 1 1 SF Ci
3',2 0  I \ i ) L  1
.t .i 0 0L  I 'P t  r
? 4U A I  I \ P U T

I  OL  T  PL -T
J O 2 I \ P U T
3 7 2  O L  T P U T
3 B 3  I N P U  T
3! l 3  O L  T P L - T

( 4 )  Capab i l i t y  o f  r ead ing  ou t  D -C  amp l i f i e r s  anc l  con rp i . r r l r t o l s  ou lpu t s .

Ou tpu ts  o f  each  D -C  amp l i f i e ' r ' and  con lp l l r ' r l 1o l  a r ' ( ' capab l t .  1o  b t  c l i l t ' c t 11 -  r ' e rad  o r . r t  b1 '
t he ' l i nkagc  because  t hcy ,  qu i t e .  i nc l i r - i c l ua l l r ' ,  i r a r - r .  r l  l e l l r r -  s r - s t t ' n - r  f o r  t hc i r  ou ' n  o l t t p t t t
se : l c c t i on .  Acco rd ing l ] ' ,  t i - r e  con t r . o l  s i gn r i l  o f  +2 - l \ ,  l l 0  n r - \  f o r  each  re l a l -  n rus t  bc
p rov ided  by  t he  l i r - r kag i ' f o r  t hc  an ton ra t i c  r e .ad  ou t .  i l on ' r . r - e r ' ,  t o  r ead  o t r t  a l l  o f  t he
o u t p u t s  o f  a m p l i f i e r s  a u t o n r a t i c a l i f  i s  r r o t  s u p p o s e ' d  t o  b c  l r ( ' c ( ' s s a r ' \ ' a n Y h o s ' ,  b e c a u s e
s o m e  o f  D - C  a n r p l i f i t ' r s  c o n r b i n c d  t o  n o n - l i n c a r  r ' 1 c n ' r e ' n t s  o 1 ' 5 0 i r  a r i ' r 1 o 1  r l e - c e s s a r i l y
r cad  ou t .  Usua l J . y ,  ou tpu t s  s i gna l s  o1 'D -C  an rp l i f i e r s  A re  read  o t r t  l h ro r - rgh  - \ -D  con -
ve r te r  by  means  o f  pa t ch  co l l n ( ' c t i on ,  i f  t he  read -o r - r t  i s  l ' ( . c1L r i r ' ( . d .  Au toma t i c  ou tpu t
se lec to r  i s  op t i ona l  and  i s  no t  de ' sc r i bcd  i n  t h i s  l i t e . r "a tu re - .

T R  -  1 5 1

- 1 -



( 5 ) H y b r i d  l i n k a g e  c o n t r o l s  5 0 5 ' s  c o n t r o l  m o d e .

A 1 1  t h e  c o n t r o l  m o d e s  o f  5 0 5  s u c h  a s  R E S E T ,  C O M P U T E ,  H O L D , P O T - S E T ,  A L L -
RESET and  REP-OPE can  be  con t ro l l ed  by  an  ex te rna l  con t ro l  s i gna l  spec i f i ed  as
fo l lows:

R i s e  t i m e
less  t han  107 rs

OFF

Impu lse  per iod :  @
@
@

+ 5 V  t o  + B V

otrF 0 V  o r  w i t h i n  + 0 .  5  V

More  t han  1  ms  i n  case  o f  RESET,  COMPUTE and  HOLD
M o r e  t h a n  1 0  m s  i n  c a s e  o f  P O T - S E T  a n d  A L L - R E S E T
To  be  con t i nued  un t i l  compu ta t i on  i s  comp le ted  i n  case  o f
R E  P . O P E .

EXTERNAL  CONTROL
S I G N A L  I N P U T

( 6 )

JB  CONNECTOR NIODE
A R E S E T
B C O M P U T E
C HOLD
D POT SET
E A L L  R E S E T
F REP OPt r

Genera l  pu rpose  s i gna l  f o r  505  t o  con t ro l  t he  d ig i t a l  con rpu te r  ( s i gna l  C i )  and  t ha t
f o r  t he  d ig i t a i  compu te r  t o  con t ro l  505  ( s i gna l  co )  can  be  supp i i ed .

S i x  ( 6 )  e a c h  c h a n n e l s  o f  s i g n a l  C r  a n d  s i g n a l  C o  c a : r  b c  c o n n e c t e d  b e t w e e n  5 0 5  a n d  t h e
l i n k a g e  t h r o u g h  T R A \ K  L I \ t r  P A \ t r L  T R - 1 5 1 .  T i r e  s p e c i f i c a t i o n s  o f  s i q n a l  C i  a n d
s igna l  Co  a re  as  f o l l ox . s .  

-  r

R i s e t ime
L e s s  t h a n  1 0 7 r s

C i ,  Co  S iGNAL

O V wi th i n  *0 .  5V

T R  -  1 5 1 Ci ,  CO
1 6 c i 0
T 7 c i 1
1 B c i 2
1 9 c i 3
2 0 c i 4
2 I c i 5
2 2 C o 0
2 3 C o i
2 4 C o 2
2 5 C o 3
2 6 C o 1
2 7 C o 5

Output voltage of a
(See  the  i ns t ruc t i on

d ig i ta l  vo l tmeter  can be read out .
manual  for  the d ig i ta l  vo l tmeter )

or

O N

( 7 )

2 -



(B )  I n te r rup t  Con t ro l

The d ig i ta l  computer  r i , 'h ic ] - r  is  in  the comput ing s ta te  sha l l  have capabi l i ty  to  accept

an  i n te r rup t  con t ro l  s i gna l  f r om 505  so  t ha t  t he  d ig i t a l  compu te r  p rog ram p rocedu re

w i l l  be  i n te r rup ted .  The re fo re ,  t u .o  (2 )  channe l s  o f  i npu t  t e rm ina l s  f o r  such  pu rpose

sha l l  be  p rov ided  on  t he  d ig i t a l  compu te r .  These  s i gna l s  a re  ca l l ed  t he  " spec i f i c

s i g n a l  C i " .

SIG NA L

T R  -  1 5 1 I N T E R R U P T

2 B N o 0

2 9 N o 1

(9 )  Mu tua l  con t ro l  o f  c l ock

(a )  The  l i nkage  sha l l  have  capab i l i t y  t o  accep t  a  c l ock  s i gna l  f r om 505  to  con t ro l  a

s c a n n i n g  p e r i o d  o f  a n  A - D  c o n r . e r t e r  a n d  a  r e a d i n g  p e r i o d  o f  a  D - A  c o n v e r t e r .

( b )  T w o  ( 2 )  c ] ' r a n n e l s  a r e  a r - a i l a l t i c  i o r  t c r n t i n a l s  t o  t r a n s m i t  s u c h  c l o c k  s i g n a l s .

T R - 1 ' 1  C L O C K

3 0 \ o 0

3 1 _ \ o  I

Two  (2 )  k i nds  o f  spec i f i ca t i ons  a re  a t ' a i i ab l - e

@ C lock  p rov ided  by  TRUNK L INE  PANEL

:o . ro ' . , , ' s .

Pe r i od : 0 .  1  m s ,  l m s ,  1 0  m s ,  1 0 0  m s

O N  O NR i s e  t i m e
less  t han 1  0 p s

O F F O F F 0 \ ' '  o r  r i ' i t h i n  *0 .  5  \ -

C lock  p rov ided  by  T IMER TM-251

Per i od :  1  ms  to  10  s

i n  i O 5  a s

T R - 1 t 3

( c )

+5V to  +B\ -

O F F

@

R i s e  t i m e
Les  s  t han

1 0  p s

+ 6  \ -  t o  + 2 4  Y

O F FOFF

(  suPP l i ed  i n

(10 )  E lec t ron i c  sw i t ches  wh i ch  can

5  0 5 .

C O M P A R A T O R  C P - 1 5 3  h a s  4

in  i t s  c i r cu i t ,  and  can  be  used

speed  t r ack -ho ld ,  and  samP le

0 \ '  o r  u ' i t h i n  t 0 .  5  \ -

S ta r t  co r r rmand  i s  necessa rY

the  f o rm  o f  nono -s tab le  mu l t i . - v i b ra to r )

be  con t ro l l e ' d  by  t he  d ig i t aL  compu te r  a re  p rov ided  i n

each  o f  e l ec t ron i c  s r v i t ches  and  h igh  speed  co t r l pa ra to t ' s

f o r  such  pu rposes  as  scan l l e r  o f  A -D  co t l t ' - e r t e r ,  h i g l l -

ho ld  by the cot r t ro l  f ro tn  the d ig i ta l  compt t ter .

( S e e  2 . 2  f o r  d e t a i l s )

(11 )  Capab i l i t y  o f  con t ro l  f o r  s t r i p - c i r a r t  r eco rde r  a r - rd  X -Y  reco rde r .

Pape r -d r i v i ng  o f  a  s t r i p - cha r t  r eco rde r  and  up  aud  do rv I l  move l l l en t  o f  a  u ' r i t i ng  pe t - t

o f  a  X -Y  reco rde r  sha l l  be  con t ro l l ed  by  t l - r e  l i nkage ,  and  t i r c  cou t roL  l i nes  o f  t hose

- 3 -



sha l l  be  d i r ec t l y  connec ted  f r om the  l i nkage  to  each  reco rde r  w i t hou t  be ing  passed

th rough  505 .

(12 )  I n te r l ock  con t ro l

Wh i l e  t he  pa t ch  boa rd  o f  505  i s  i n  "D ISENGAGE"  cond i t i on ,  t he  INTERLOCK s igna l

i s  be ing  sen t  ou t .  Du r i ng  t h i s  pe r i od ,  i t  1s  necessa ry  t ha t  t he  i n te r f ace  sec t i on

keeps  send ing  t he  "BUSY"  s i gna l  t o  d i g i t a l  compu te r  and  t ha t  t he  da ta  t r ans fe r  i s
ha l t ed .

Spec i f i ca t i ons  o f  t he  I n te r l ock  s i gna l "

+24V  i n  t he  cond i t i on  o f  "D ISENGAGED"
open  i n  t he  cond i t i on  o f  "ENGAGED"
(f loating)

- 4 -



2 . 2 .  \ r o l t a g e  C o m p a r a t o r  C P - 1 5 3

C o m p a r a t o r  C P - 1 5 3  c o n s i s t s  o f  - l  e a c h  o f  h i g h  s p e e d  c o m p a r a t o r s  a n d  e l e c t r o n i c

su ' i t ches ,  and  can  be  i ns ta l l r  c i  i r - r  t l - i e  non  l i nea r  sec t i on  o f  t he  ana log  conso le .  Th i s

e l e c t r o n i c  s r i ' i t c l ' r  c a r - i  l r e . r . i S t ' i i  n o t  o n l v  a s  a  h i g h  s p e e d  a n a l o g  s n ' i t c h  b y  b e i n g  c o m -

b i n e d  g ' i t h  a  D - C  a n ' u r i - : - . : ' .  : ; ' - i :  a : s o  a s  a  t r a c k - h o l d  c i r c u i t  a n d / o r  a  s a m p l e  h o l d

c i r c u i t  b y  b e i n l  c ' , . r 1 : - , i r - r - . ,  . .  .  - ' : .  , r : ,  - l l t t ' q r a t o r .  I t r  o r d e r  t o  a p l t l ; '  i t  t o  a  s c a n n e r  o f

A - D  c o n \ : € , r ' t c , r ' .  c ' , , : - . : . ,  ' -  -  , - - . - : ' . i - : . i t ' c l  o t - t  t l - r e ' f o l l o u ' i t ' t g  p i c t u r e  m u s t  b c  m a d e  f o r

c a c h  c h a n n t , l  r - r i ' , : t : - r  . '  -  r - i )  a  , t l " ' t . I ' i a ' I - .

O r r t l ) u t  - _ . \ l )

t  o t t r  e t . t e t .

T h e  s v n c h  r o n i z , e d  c l o c k  . , t '

a p t e d  t o  t h e  C o n t r o L  l t t l t t l t s

T h e  i o g i c  o u t p u t  s j q t t l l  , ' :  C  ' ] t t  '  . : t  , -  : '  I  : - - .  
-

C L - 2 5 2  c a n  b e  a p p l  i t ' t l  l ,  , : '  '  :  '  : . :  I  :

D e t a j . l e d  s p e c i f i c a t i o l r s  , :  C  I )

: - : r ka rgc '  n rL rs t  bc  ad -
: . - . '  .  : ' . -  S C : l  : l n i t t g - .

2.

C o n s t r u c l  i o n

C i r c u i t  s

Fr i r - tc t  io l . -c

Co r -npa r "a l : J : l

3 .

o l
J . 1

? 9

Genera t i ng  a  Log :c  s i qna l  depends  o r - r  u -he the r  t hc  an ro l t t r t  o f  t \ \  o  i r t p r " r t  vo l t aqes

i s  p l u s  o r  m i n r - l s .

E lec t ron i c  s ' , ' ,  i t c ] ' r

S i g n a l  " O \ '  o r  
' O F F "  ( M a k e  o r  b r c a l i )  o f  a n  a n a l o g  i n p u l  d c p t ' n d s  o n  a  l o g i c

s i g n a l  a p p i i c d  t o  i t s  C o n t r o l  I n p u t .



3 . 3 Track -ho ld  ope ra t i ons

A t rack-ho ld  operat ion c i rcu i t  is  obta ined by combin ing the e lect ron ic  swi tch

wi th  an in tegrator .

Per formanc e4 .

4 , 1 Per fo rmance  o f  t he  comPara to r

(  1)  Input  vo l tage
(2 )  Sens i t i v i t y
(3 )  P ropaga t i on  speed
(4  I npu t  Impedance
(5)  Logic  output  (nominal )

"  1  "  output

" 0 "  o u t p u t

c i rcu i ts .

_ 1 0 0 v  -  + 1 0 0 \ r
+ 5 0 m V  o r  l e s s
5  p s  o r  l e s s
1 0 0  K C )  0 .  0 1 T o l 2 e a .

+6V (sum o f  2  inputs  0 )  5mA
0\ '  (sum o f  2  inPuts  0 )
0 \ -  ( s u m  o f  2  i n p u t s  0 )
-  6\-  (  s  un of  2 : . l lo i t t  s  0)  5 l l - \

4 . 2  P e r f o r m a n c e  o f  t h e  e l e c t r o n i c  s r i ' i t c h e s

( 1 )  A n a l o g  i n p u t  i m p e d a n c e :  1 0 0  K o r 0 '  0 2  -

( i nc l ud ing  impedance  o f  t he  e lec t ron i c  s r i  i t c : , )

( 2 \  Equ i va len t  OFF  impedance :  App rox .  10 *  N lo
( r v h e n  1 0 0 \ -  i s  a P P I i e d )

(3 )  P ropaga t i on  sPeed :  I  Ps  o r  l ess

(4 )  O f f se t  cu r ren t :  10 -nA  o r  l ess

(5 )  Con t ro l  i npu t  impedance :  App rox .  100  Kc )

(6)  Input  vo l tage of  an

ana log  i npu t :  - 100V  -  +100V

That  o f  a  cont ro l  inPut '  ON:  +5V to  BV
OFF:  0V  o r  w i t h i n  +0 .  5V

Thresho ld  l eve l ;  APProx .  +3V

4 . 3 Performance of  the Track-ho ld
( in  combinat ion iv i th  In tegrator

(  1)  Cont ro l  s igna l :  Track:
Hold:

(2)  Cont ro l  input  impedance:
(3)  S ignal  input  impedance:
(4)  Hold  dr i f t :

(  5 )  Ga in  e r ro r :
( 6 )  Phase  e r ro r :

r N - 1 5 1 )

+ 5 V  t o  + B V
0V or  w i th in  +0 .  5V
1 0 0  K o
1 0 0  K o
1 O m V /  s e c  o r  l e s s
( a t  0 .  0 1  z  F )
* 0 . 0 2 %  t y p i c a l
a  0  .  3 '  t ; ' p ic  a l
( a t  1 0  c p s ,  2 0 0 \ -  P - P ,  0 . 0 0 1  P F )

t r o l  i n p u t

- 6 -



Schemat i c  dLag ram o f  C  P -  15  3

- - -  -  - - - t

I  H i g h  g a i n  a m p l i f i e r -  I

I n r , r r r

I n p u t

Ana log  oL l t i )LL i  .> , -

D - C  a m D i . i  ' -  r ' .

' : . E q u i r - a l t : -  ( ) i ' i  _ : :  ,
v a r i e s ' . ' , ' - i : .  . . : ^  - r , : , . :

t o  "A  r ) r - r  ^ : i  .

O t r F  i m p e c i ; . : : . '  : : :

n  ea i t s  OFt r  l r - : - r l t r . c ianc  e

a i ) : ) l i e c l

l -

L  : - -  _ i

l - r i g i c  o u t p u t  1

1 00K

s e e n  f r o n ' r  t h e  S J  t e r t - n i n a l ,  a l t d



2 . 3 ,  S e r v o - s e t  P o t e n t i o m e t e r  P a n e l  S P - 2 5 1

Servo -se t  Po ten t i ome te rs  can  be  au toma t i ca l l y  se t  by  t he  con t ro l  o f  t he  d ig i t a i  com-

pu te r  t o  change  a  t ime  cons tan t s  and /o r  an  i n i t i a l  cond i t i on  o f  an  i n teg ra to r  on  p ro -

c e d u r e  o f  a  p r o g r a m .  1 B  p o t e n t i o m e t e r s  a r e  i n c l u d e d  i n  o n e  e a c h  S P - 2 5 1 ,  a n d  t h i s

pane l  i s  no t  r ep laceab le  i n  p l ace  o f  Manua l - se t  Po ten t i ome te r  Pane l  PT -251 ,  bu t

n o r m a l y  o n e  c o m p u t i n g  c o n s o l e  C S - 5 0 5 C  c a n  b e  c o n s t i t u t i o n  m a x .  3  p a n e l s  o f
P T - 2 5 1  o r  S P - 2 5 1  o f  m i x e d  t o t a l  3  p a n e l s  o f  P T - 2 5 1  a n d  S P - 2 5 1  a n d  r e q u i r e s  3  e a c h

o f  P o t e n t i o m e t e r  P a t c h  P a n e l  P T - 1 5 1 .

S p e c i f i c a t i o n s  o f  t h e s e  s e r \ - o - s e t  p o t e n t i o m e t e r s  a r e  a s  f o l l o r v s :

P o t e n t i o m e t e r :  1 0 - t u r n  u ' i r e - u ' o u n d  t y p e  n ' i t h  a  d r i v i n g  m o t o r .

R e s i s t a n c e :  3 0  K O
S e t t i n g  a c c u r a c y '  +  0 .  0 1 %  t y p i c a l  t  O  . 0 2 o ' r  I ' n a x .
S e t t i n g  t i m e :  1  s e c  o r  l e s s  t y p i c a i
Se t t i ng  me thod :  1 .  Manua l  TE \ - I i t rYs  pus l ' r bu t t o r - t

2 .  Key  punc l - i ed  t ape  (ne ' cessa r \ -  T rans la to r  and  Key  boad

p u n c h e r )
3 .  S e t t i n g  b y  t h e  d i g i t a t  c o n r p u t c r  a s  t h c  h v b r i d  s y s t e m .

See  2 .5  and  3  f o r  de ta i l s  o f  t he  se t t i ns  and  i ns ta l l a t i o r - r  me t ] ' r ods .

- u -



2 . 4 ,  S e r v o - s e t  F u n c t i o n  G e n e r a t o r  P a n e l  S F G - 2 5 1

SFG-251  ca1  be  au to r - l a t i ca l l y  se t  by  t he  d ig i t a l  compu te r  and  l o r  a  key  punched  tape

as  \ \ . e l l  as  can  be  se t  b \ -a  l r r anua l  me thod ,  and  i - t  r ep resen ts  va r i ous  a rb i t r a r y

f  u n c  t r o n  s .

S o e c i i , c a t ^ i - r : t s  o :  ) I r C ; - 2 5 1  a r e  a s  f o l l o w s :

S y s t e m : S - : r : : r . , -  : :  i l i l - i  , r ' r  o f  segmen ts  app i i ed  by

S e g m e n t s :  1 0  r - 3 . .  : .

L e n g t h  o f  s e g n - r e r t l s  : ) : ' - . ' - - ' i  ' r ' )  X - a x i s :  A r b i t r a r y  (

Max imum s lopc :
F r e q u e n c y  r e s p o n s t :

Ou tpu t  capac i t y :
Se t t i ng  me thods :

d i o d e s  a n d  t r a n s i s t o r s .

-  1 0 0 \ '  t o  + 1 0 0 \ - )

, c ,

2 . 5 . 1

hyb r i d  sys tem

S e e  2 . 5  a n d  3  f o r  d e t a i i S  ) :  ' r  '  : " :  : - . *  : 1 : l - :  : l - t - c t a i i : r t i o t - I  m e t h o d S .

S e l e c t o r  S e t t e r  P a n t - I  a :  :  > ' : "  - : ' '  : :

S e l e c t o r - S e t t e r  P a n t ' l

T h i S  p a n e l  C O n t r o - S  ' : . ,  ,  : ' : : " -  . - i S  - i , - - - '  r ' . . -  : - S  a : .  :  S ' - : : - : - - i  . ' ' a ^ r - r C S  f O r  S C r V O - S e t  p O t e n -

t i ome te rs  and  se r - , . - _  - . ' - .  : . . : -  : -  r .S  . t -  t - . t - . t ' 2 . ' .  - . rS .  T : t i s  : ) ane . l  cons i s t s  t l t  t i ' r r - ee  pane l s

o f  " A " ,  " 8 "  a n c l  C '  : ' , . : . . -  - - \ : : : r :  I l  c , r : r t p e r i  o n l y - s e r v o - s e t  l l o t e n t i o m e t e r s ,  a n d  a l l

o f  t h e  p a n e l s  A ,  B  a : - - : :  C  a r ' .  : : . . c e s s a r v  t o  c o n t r o l  S F G - 2 5 I ,  u - h i l c  t h e s e  t h r e e  p a n e l s

o p e r a r e  a s  r r a n s r a : - - r : . : r - - a c : , ^ : i e s , . r ' h e n  a  s e t t i n g  m o t i o n  b y  t h e  d i g i t a l  c o m p u t e r  o r  a

k e y  p u n c h e c l  t a r .  b . - : ' . =  a r t l i i e o  A O ,  A I ,  A 2 ,  E X ,  P O T  a n d  S P 1 .  o f  " A D D R E S S "  p a r t

as  - i nd i ca tec  on  : : : t -  : ) ^ , - ' . u f€  o f  Se t t e r  Pane l  a re  made  up  o f  on l y  pushbu t tons  and  do

no t  have  rn te rna l  mec i ran i ca l  o r  e l ec t ron i c  sys tems .  "SCAN"  and  "P 'R INT"  a re  a l so

made  up  o f  a  pushbu t ton  on l y  and  does  no t  have  sa id  sys tems  e i t he r ,  s i nce  t he

scann inq  equ ipmen t  and  p r i n t i ng  equ ipmen t  a re  op t i ona l .

( 1 )  S e t t i n g  p r o c e d u r e  o f  s e r v o - s e t  p o t e n t i o m e t e r s .

(2 )  Se t t i ng  by  TEN-KEY 's  t ype  pushbu t ton

i )  D e p r e s s  " S P 0 "  a t  " S E T T E R "  p a r t .
(Code  o f  se rvo -se t  po ten t i ome te rs  se lec ted )

i i )  Dep ress  TEN-KEYs  pushbu t ton  a t  "SETT t rR"  f o r  t he  se lec t i on  o f  an

add ress ,  a  d i g i t  on  t he  f i r s t  f j - gu re  nex t .

Fo r  i ns tance ,  by  p roceed ing  abo r , ' e  manne r i  t he  d i sp lay  i amp  a t  "ADDRESS"

w iL l  i nd i ca te  as  f o l l ou ' s '

o f  t h e  f i r s t  f i s u r e' - - b -

C o d e  o f  s e r v o - s e t

d B

D ig i t  o f  t he  second  f i gu re
o m e t e r s

i i i )  Dep ress  "SP"  i n  r ow  on  r i gh t -hand  a t  "S t rTTER"  t hen ,

pushbu t ton  a t  NUMBER 4  t imes  i n  t u rn  t o  se t  number  o f

se  t t i ng  va lue  o f  t he  se lec ted  po t cn t i ome te : r .

d e p r e s s  T E N - K t r Y r s
4  f igures  as  a

Dig i t

potent i

- 9 -



i v )  Dep ress  "STR"  (START)  and  START l amp  a t  " IND ICATOR"  l i gh t  on  and

again  l ight  o f f  a f ter  the set t ing is  completed.

(b)  Set t ing procedure by the d ig i ta l  computer  in  a  hybr id  operat ion

i )  Spec i f ic  Cont ro l  s igna l  "Co"  which means that  the set t ing mot ion of  servo-
se t  po ten t i ome te rs  i s  go ing  t o  be  on  p rocedu re  sha l l  be  sen t  f r om the  l i nkage

t o  5 0  5 .

i i )  The  s i gna l s  wh i ch  rep resen t  a  po ten t i ome te r  number  and  a  se t t i ng  va lue  i n
the  f o rm  o f  "b i na ry  coded  dec ima l "  (+  b i t s )  sha1 l  be  sen t  f r om a  l i nkage  to
505 ,  one  a f t e r  ano the r  i n  t he  f o l l o r v i ng  sequence .  Th i s  sequence  s i - i a l - l  be
c o n t r o l l e d  b y  i n s t r u c t i o n s  o f  t h e  d i g i t a l  c o m p u t c r .

S e q u e n c e :

S P  S E T  S E Q U E N C E

TAPE SET

S P  C O R D
4 b i t s 4 b i t s l b i t s

f r i r . t  r lgr .o l - -FL

A D D R E S S . l

l e
A D D R E S  R E G I S T E R

{ b  i t  s J b i t s  l b i t

F}C t) B C D . B C D
1  : S P

L O \ i - Y r
I
I
I

ANALOG

second f igure

p o l a r i t l '

f i r s t  f r g u r e

s e c o n d  f i g u r e
A C C U T I U R A T O R

S E T T I N G
V A L U E

t h i r d f i s u r e  t  t  I

fourth figur" l---L-

,, uutu" lTl

, ,4:ar '

I
I

u ( ' l )

ll il
START

RESET

STROBE

t-l_

f rom L inkage to  Ana log

f rom Ana log  to  L inkage

RECTEVE u*o [l l-l n

l-l
t t

S P  E N D

S I ' C . \ I - I -

g- q-

-  1 0  -



Rise  t ime

1 0  p s  o r  l e s s

The  spec i f i ca t i ons  o f  t hese
fo l lows:

s ignals  inc lud ing the s ignal  "END" are as

I l o i c ,  t ime  sha l l  be

0 V  o r  w i t h i n  i 0 . 5 V

more  t han  1  ms .

No te : On  p rocedu re  o f  t he  Do t - se t t r . r 1g ,  po la r i t y  o f  a  va lue  i n  a  d i g i t a l  com-

pu te r  p rog ram mus t  be  a lu ' avs  se t  t o  pos i t i ve  i n  advance .

That  can be se lected to  e i . ther  s ide by programming in  comput ing s ta te .

(2 )  Se t t i ng  p rocedu re  o f  se rvo -se t  f unc t i on  gene ra to rs
(see the f igure o f  the panel  J .ayout )

(a )  Se t t i ng  by  TEN-KEYs  pushbu t ton

i )  D e p r e s s  " S E G "  a t  S E T T E R
( a  c o d e  o f  s e r v o - s e t  f u n c t i o n  g e . e r a t o r s  s e L e c t e d )

i i )  Dep ress  TEN-KEYs  pushbu t ton  a t  SETTER : , r r  t i - r e  se lec t i on  o f  t he

a d d r e s s ,  a  d i g i t  o n  t h e  f i r s t  f i g u r e  a t : l r s :  a r i  a  d i g i t  o n  t h e  s e c o n d

f igure next .

Fo r  i ns tance ,  by  p roceed i r - r g  abo r -e  : r anne r ,  t : - , e  c i : sp Ia1 -  l amps  a t

ADDRESS and  INDICATOR 
" i - i l i  

i : ' r c  ca ie  as  l o l l o " r s :

C o d e  o f  f u n c t i o n  g e n e r a i J r s

- f , ^ i c i t  n n  t h o  g g g O n d  f i g U f e
|  

^ ^ " ' s ^

+A number of  a set  Posi t ion
from 0 up to 9

figure

Depress  "CLR"  (CLEAR)  t o  rese t  a l l  t he  p rev ious  se t t i ng  va lue .

Depress "SP" and then "+"  or  " - "  to  se lect  X ax is  set t ing and po lar i ty

of  the f i rs t  breakpoin t .  Then,  depress TEN-KEYs pushbut ton at

NUMBER 4 t imes in  turn  to  set  a  number  o f  4  f igures as a  set t ing

va lue of  the se lected break po in t .

When the breakpoin t  number  lamp in  ind icat ing "0" ,  a  va lue of  the

f i rs t  breakpoin t  is  go ing to  be set  and when ind icat ing "1"  the second

one is  go ing to  be set ,  and so on.

v)  Depress "Y"  and then "+"  or  " - "  to  se lect  Y ax is  set t ing and po lar i ty

of  the f i rs t  breakpoin t .  Then depress TEN-KEYs pushbut ton at  NUMBER

4 t imes in  turn  to  set  a  number  o f  4  f igures as a  set t ing va lue of  the

se lected breakpoin t .

v i )  Depress "STR" (START),  and when START 1?-p a t  " INDICATOR" l ight

on and again l ight off  i t  means that the f irst sett ing motion for the

funct ion generator  has been completed.

v i i )  Repeat  the same mot ion dgscr ibed above f rom ( iv )  thru  (v i )  for  each

set t ing o f  each remain ing break po in t .

Note':lT;:-J:rTi;"::"l:n::T:"1[Jil;ffi J"f,:"""i:1":':l'"'i:,T.""'-

r rr,

iv)

t fI  '  n digi t  on the f i rstt - -LServo set funct ion generator

-  t l  -



( b )  Se t t i ng  p rocedu re  by  a  d i g i t a l  compu te r .

The  ope ra t i ng  p rog ram o f  t he  d ig i t a l  compu te r  sha l l  pe r fo rm  the  se t t i ngs  o f
se rvo -se t  f unc t i on  gene ra to rs  i n  t he  f o l l ow ing  sequence .  The  spec i f i ca t i ons
o f  t he  con t ro l  s i gna l  t o  d r i r . e  a  SFG sha l l  be  qu i t e  t he  same  as  t hose  f o r  a
S P .

i )  " s p e c i f i c  c o n t r o l  s i l : . e I  C o "  , . r ' l r i c l r  m e a n s  t h a t  t h e  s e t t i n g  o f  a  f u n c t i o n
gene ra to r  i s  go i r - r g  t o  l l e  on  p rocec lu re  sha lL  be  sen t  f r om the  l i nkage  to
5 0 5  b y  a n  i r - t s t r u c t l o n  r . r :  a  c i l E i t a l  c o m p u t e r  p r o g r a m .

i i )  T h e  s r g n a l - s  , , , . - i r i . c i :  r c - r ) r ' r . s r : ' : t  a n  a c i c i r e s s  o i  a  f u n c t i o n  g e n e r a t o r  a n d
^ ^ + + :  I ' r e s  o f  X  a : : c l  Y : x - s  s : - a t l  i r c  s e n t  f r o m  t h e  l i n k a g e  t o  5 0 5 ,  o n eJ C L t r r r Y  \  d . a L

a f t e r  a n o t h e r ,  i n  t i r e  B C D  c , - , r i e  t :  i r . l s t  r : r  t i r e  f o l l o u ' i n g  s e q u e n c e .

T h i s  s e q u e r - I C e  s i r a l i  b e  c o : t t r , ) - r r

S e q u e n c  e :

T A P E  S E T

coRD ITLS F G

A D D R E S S

C L E A R

S E l ' T I N G
V A  L U E

Y
SETTING
VALUE

f i r s t

second

s e c o n d  f i g u r e

po la r i t v  I - I

f i r s t f i g u r e  I  t  I

t h i r d f i g u r e  I  t  I

fc ,ur th r igur"  lT l

i i (  1 ,

l l
t i

r  l l l l

l l l l l , l
t o  , \ \ , \  l , ( )

^\. )

l l l l l l l l
0 : \ '

I
I
I

f rom L inkage to  Ana log

f rom Ana log  to  L inkage

n  n n  n  n
R E C I E V E E N D  I I  I I _ J

X \,alue f-g l

p o l  a r  i  t v

f i r s t  f i g u r e

second f igure

f o u r t h  f i g u r e

Y  V a l u e

START

R E S E T

STROBE

third f isure 
f - j j  I

4 b i t s l b i t s

r , ,  . \ \ \ l l r  '

( l

n e e t l  p a r a l l e l  l i n e

\ l  ) l ) l t f - :  R f - r  ;  I : ' l - F - R

\CCL ' } IL 'RATOR

I ? 3

BCD t ]C I )

ilil illI
I I)\\-E RTER

s l ' c . \ l - l

S}. 'G END
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) q )

Note : On the set t ing procedure for  a  funct ion generator  a  program of  the
d ig i t a l  co rnpu te r  mus t  be  p repa red  i n  o rde r  t ha t  t he  se t t i ng  i s  p ro -
ceeded f rom the maximum negat ive va lue toward the maximum pos i -

t i v e  v a l u e  o f  X  a x i s .

S e r v o  s e t  c o n s o l e

T h e  s t r u c t u r e  o f  S e r v o - s e t  c o n s o l e  r v h i c h  c o n t a i n s  S P - 2 5 1 ,  S F G - 2 5 1  S e l e c t o r -
Se t t e r  Pane l  and  Pou ,e r  Supp l r - i s  des igned  to  be  f l oo r  t ype  Conso le  and  i t s
appea rance  i s  a lmos t  as  f o l l o r i ' s .

D i about 660mm

s P - 2 5 1 s P - 2 5 1

s P . 2 5 l s t . 2 5 1

S  E  L E C T O R

S t - T f E R

I ' . \ \F_ t_
B  I - T \ K

S F G . 2 5 1

S F G - 2 5 I

POWER SUPPLY

-  1 3  -



Maximum accomodat ion

Selector  Set ter  Panel  A,  B and C

s P - 2 5 1
S F G - 2 5 1
Power Supply

2 . 5 . 3 .  P o w e r  S u p p l y  f o r  S e r v o - s e t  S v s t e m

I  e a .
4  ea .  (  3  ea  ma* /  1  compu t i ng  conso le )

2  e a .
1  e a .

Th i s  un i t  supp l i es  pou 'e r  t o  eac l ' i  se r \ r o - se t  pane l  and  se t t e r  pane l .  Re fe rence

v o l t a g e  1 0 0 \ .  a r e  s u p c l i e d  f r o n :  C o m p u t i n g  C o n s o l e  C S - 5 0 5 A .

3 .  Mod i f i ca t i on

3 .  1 .  R  e l a t e d  t o  S P -  2 5 1

S P - 2 5 1  i s  c o n n e c t e d  t o  t h e  c o n n e c t c r  c e s : f : t e i : c r  \ I a n u a l  P o t e n t i o m e t e r  P a n e l

P T - 2 5 1 ,  s i n c e  S P - 2 5 1  i s  r e p J , a c e d  f o r  P T - 2 5 1 .  T : : t . r ' e f o r e ,  t h e  m o d i f i c a t i . o n  o f  t h e

r i g h t  s i d e  b o a r d  o f  C S - 5 0 5 C  i s  n e c e s s a r ) -  a t  c ' - l s :  l r l l t : f  ' s  e x p e n s e .

SELETOR.SETTER PANEL

ADDRESS INOICATOR
S F G

SET.POSITION

S F G I O 3
C L E A R  S C A N

I  z l t l t ]aW
I  I  START TAPE

ffiffiFrlffi#ffi
SELECTOR.SETTER PANEL LAYOUT

- L 4 -



CONTROL CONSOLE
CS.5O5B

about

COMPUTING CONSOLE
CS.5O5C

a b o u t

SERVO SET CONSOLE

about
570rnm

O

@
@
@

DU} I

cL.252 os .251

cT.252TM.25l cT.25l lL.m2lsL 25i

P T - 2 5 1
P T - 2 5 1

BLANK PANEL

E

] \ IECHANICAL
MODIF ICATION

I ) E S K

ELECTO
ETTER
A N E L

BLANK

PANEL

S F G . 2 5 I

S F G . 2 5 I

PO\ \ 'ER SUPPL\ '

3 . 2 . R e l a t e d  t o  S F G - 2 5 7

One  each  i npu t  l i ne  and  one  each  ou tpu t  l i ne  f o r  each  SFG-2 r1  a re  connec tec l  t o  t he
p a t c h  b o a r d  t h r o u g h  T R - 1 5 1 .  T h e r e f o r e ,  1  e a  c o n n e c t i o n  c a b i e  b e - r \ \ ' e e n  C S - 5 0 5 C  a n d
S e r v o - s e t  C o n s o l e  i s  n e c e s s a r y  a t  c u s t o m e r r s  e x p e n s e .

MOd i f iCa t iOn  On  ?n r t  ( - r . _n r r f  i ng  COnSOleJ .  J .

I n  c a s e  t h a t  5 0 5  h a s  t t v o  e a c h  o f  C S - 5 0 5 C ,  t u - o  e a c h  o f  T R - 1 o 1  r i ' h i c h  i s  p r o r - i d e d  t o
e a c h  C S - 5 0 5 C  a r e  o c c u p i e d  f o r  t h e  s i g r - r a i  b e t u ' e e l t  o n c  C S - 5 0 5 C  a n d  t l - i e  o t h e r
C S - 5 0 5 C .  A c c o r d i n g l y ' ,  t r a n s m i s s i o n  i n  s u c h  c a s e ,  a d c i i t i o i r a l ,  T R - 1 5 1  ( 3  e a c h  a l t o -
a l t o g e t h e r )  m u s t  b e  m o u n t e d  i n t o  t h e  s e c t i o n  t o  u ' l . r i c h  n o n t t a i , l r - I l C - 1 5 1  i s  m o u n t e d
A d d i t i o n a l  e x t e r n a l  c o n n e c t o r  o f  5 0  p i n s  f o r  a d d i t i o i t a i  T R - 1 c l  i s  p r o v i d e d  a t
c u s t o m e r r s  e x p e n s e .

3 .  4 .  Examp les  o f  cons t  j . t u t i on

The  fo l l o r v i ng  t ab le  desc r i bes  n ' ha t  k i nd  o f  un i t s  and  hou 'n ran ) ' r . r n i t s  u ' j . 11  be  necessa ry
fo r  each  f o l l o r , v i ng  examp les  f r om A -J .

A .
B .
C .
D .
E .

G .
H .
I .
J .

1  e a c h  o f  S P - 2 5 1  i s  p r o v i d e d  i n  5 0 5 - 2 0
1  each  o f  SFG -261  j . s  p rov ided  i n  505 -20
1  e a c h  o f  S P - 2 5 1  a n d  S t r G - 2 5 L  a r e  p r o r , ' i d e d  i n  5 0 5 - 2 0
1  e a c h  o f  S P - 2 5 1  i s  p r o v i d e d  i n  5 0 5 - - 1 0
1  e a c h  o f  S F G - 2 5 1  i s  p r o r " ' i d e d  i n  5 0 5 - 4 0
1  e a c h  o f  S P - 2 5 1  a n d  S F G - 2 5 1  a r e  p r o v i d e d  i n  5 0 5 - - 1 0
1  e a c h  o f  S P - 2 5 1  i s  p r o v i d e d  i r " r  5 0 5 - 8 0
1  e a c h  o f  S F G - 2 5 I  i s  p r o v i d e d  i r - r  5 0 5 - 8 0
1  e a c h  o f  S P - 2 5 1  a n d  S F - G - 2 5 1  a r e  p r o v i d e d  i n  5 0 5 - 8 0
2  e a c h  o f  S P - 2 5 1  a n d  1  e a c h  o f  S F G - 2 5 1  o r o v i d e d  i n  5 0 5 - 8 0

-  1 5  -



Uni ts  /  ExamPles

s P - 2 5 1
P T - 1 5 1
S F G - 2 5 1

S e t t e r P a n e l A & B
n i l C

S e r v o - s e t  c o n s o l e

Power  SuPPIY

Externa l  Cable

M o d i f i c a t i o n  f o r  S P - 2 5 1

Mod i f i ca t i on  f o r

2 n d  C S - 5 0 5 C

T R - 1 5 1

A

1

D

1

F

1
3
1

1 1
1 1
1 1
1 1
1 1

I

C

I

1

I

1
1
t
I

I

1

B

1

1
I

1
I

1
1

3 H

1

I J
1 ' )
L A

3 6
1 1

1 1
1 1
A I

1 i
1 L
.1 1
l 1

T 2

1

1

1
1
1
1

1 1 1 1

1 1 1 1 1 1 3 3 3 3

-  L 6  -


