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1, Throw the  Adjus t /~un switch t o  t h e  Adjust pos i t ion  on t h e  D/A converter.  

?Throw t h e  main power switch (extreme lower r i g h t )  t o  ON. Make su re  the  two . 

toggle  switches immediately to t h e  l e f t  a r e  a l s o  on, The t h r e e  panel l i g h t s  

should glow, The t h r e e  meters should read (fmm l e f t  t o  r i g h t )  appmximately 

I,!, v o l t s , . l 4 ' v o l t s  and 55 v o l t s .  Do not at tempt t o  a d j u s t  t h e s e  voltages.  

Push t h e  button marked S t a r t .  

2. Throw r i g h t  hand toggle  on t h e  t ape  reader  t o  ON,. Leave t h e  o t h e r  switch 

down. The panel  l i g h t  should glow, 

3 0  Throw upper r i g h t  hand switch on p l o t t e r  to  cen te r  posi t ion.  I n s e r t ,  

graph paper, a d j u s t  t o  c o r r e c t  pos i t ion ,  and throw upper r i g h t  hand switch t o  l e f t  ' 

position..  This  causes a i r  to s t a b i l i z e  paper. Throw Pen Control switch t o  

l e f t  pos i t ion .  Push pen switch on r i g h t  s i d e  t o  Remote. 

y.. 
; 

4. Determine from t h e  .pr in tout  of t h e  tape t o  be p l o t t e d  t h e  p l o t  command 

s i g n a l  (usua l ly  space, 110101, o r  c a r r i a g e  re turn ,  110111). Se t  t h e  toggle  

switches loca ted  i n  a  row on the  f r o n t  panel to correspond - switch down i s  1, 

switch up , i s  0. 

5. I f  any Plus-Minus s igns  a r e  coded on t h e  tape ,  determine where they a r e  

located ,  Use t h e  following information t o  s e t  t h e  sign switches 

81 #2 
A, . To read p lus  .or  minus s igns  in both .columns 

when they appear i n  both columns . Up UP 

B. To ignore s igns  i n  e i t h e r  o r  both columns, o r  
-L 

. t o  read t ape  with no s igns  present  Down Down 

C. To read p lus  o r  minus s i g n s  in  f i r s t  column 

w i t h  110 s igr~s appear i rg  i n  second column 

D. To read p lus  o r  minus s igns  i n  second column 

.with no s i g n s  appearing i n  f i r s t  column. 

- 2 - -  ' 

UP Down 

Down u P 



'It should be noted t h a t  t h e  D/A conver ter  cannot read s i g n s  present  in one 

column and ignore  s i g n s  appearing i n  t h e  o t h e r  column. 

6 ( a )  I f  ga in  c o n t r o l s  have been proper ly  s e t ,  proceed t o  s t e p  8. I f  

gain c o n t r o l s  have not  been properly s e t  and a s c a l e  tape  i s  ava i l ab le ,  proceed 

t o  s t e p ' b ( b ) .  If ga in  c o n t r o l s  have no t  been set, and a s c a l e  t ape  i s  n o t  

ava i l ab le ,  proceed a s  follows: I n s e r t  t h e  curve t a p e  in t h e  r eader  and switch 

t h e  ADJ/RUN switch t o  Run. S e t  t h e  pos i t ion  and g a i n  c o n t m l s  ( s e e  s t e p  7 )  

low enough so t h a t  t h e  pen moves j u s t  enough to  i n d i c a t e  maxima and minima. 

More gain than t h i s  i s  no t  necessary. Throw t h e  Lef t  Hand switch to OW, 

and p ress  S t a r t  button i f  necessary, The tape  should run completely through, 
. . 

p l o t t i n g  a curve on t h e  X-Y recorder,  and p r i n t i n g  a c t u a l  values on t h e  ~ l e x o d t e r  

tape. Use the  curve t o  spo t  approximate ' locat ions o f  maxima and minima, and o b t a i n  

a c t u a l ' l ~ c a t i o n ~  of  maxima and minima from t h e  Flexowriter,  Rerun the  t a p e  t o  

t h e  minima and s e t  a s  discussed i n  s t e p  7, Run t he  t a p e  to the  maxima, and 

s e t  a s  discussed i n  s t e p  7. Gains should be s e t  so t h a t  curve values may be 

e a s i l y  read. When t h i s  has been done, proceed to s t e p  8, . 

6(b) I f  gain c o n t r o l s  have no t  been properly s e t ,  and a s c a l e  tape  i s  

ava i l ab le ,  proceed a s  follows: I n s e r t  t h e  s c a l e  tape  i n  reader ,  throw L e f t  

Hand switch t o  OM, and p r e s s  s t a r t  button i f  necessary. The tape  w i l l  feed  

u n t i l  t he  f i r s t  p l o t  command i s  read, whereupon the  t ape  reader  w i l l  stop. To 

proceed t o  t h e  next  point ,  push S t a r t  button, When t h e  ADJ/RUN switch i s  i n  

the  ADJ pos i t ion ,  t h e  machine reads one point ,  d r i v e s  to t h e  equil ibrium 

pos i t ion  and stops.  This makes it poss ib le  t o  a d j u s t  t h e  gain proper ly  a s  

described i n  s t e p  7 ,  



7. The g a i n  c o n t m l s  on t h e  D/A conve r t e r  and t h e  pen and a m - ' p a r a l l a x  
- 

c o n t r o l s  on t h e  p l o t t e r  should be ad jus t ed  so t h a t  a p l o t  i s  obta ined  t h a t  

w i l l  b e  proper ly  centered  on t h e  graph paper  and u t i l i z e  t h e  e n t i r e  span o f  

t h e  paper. The X Gain c o n t m l s  t h e  pen o f  t h e  p l o t t e r  and t h e  Y Gain c o n t r o l s  

t h e  arm. Coordinates  in t h e  f irst  column i n c r e a s i n g  w i t h  a p l u s  s i g n  o r  no 

s i g n  d r i v e  t h e  pen toward t h e  t o p  o f  t h e  paper. Coordinates  i n  t h e  second 

column inc reas ing  wi th  a p l u s  s i g n  o r  no s i g n  d r i v e  t h e  arm t o  t h e  l e f t .  Full 

g a i n  i s  ob ta ined  when. t h e  knobs are turned  t o  a ma;dmum counter-clockwise 

' pos i t i on  and t h e  d i a l s  r e a d  00, In t h i s  p o s i t i o n  f u l l  s c a l e  on t h e  paper  i s  

about  000000 to  010000 in both axes. The gain i s  p ropor t iona l  to  t h e  numbers 

on t h e  d i a l s .  P o s i t i o n  t h e  pen wi th  t h e  p a r a l l a x  c o n t r o l s  t o  t h e  spo t  where 

t h e  curve should begin, Adjust  t h e  gain c o n t r o l s  approximately s o  t h e  

maximum values  i n  each column w i l l  d r i v e  t h e  p l o t t e r  a c r o s s  t h e  paper.  To 

do t h i s  p r e c i s e l y  t h e  f i r s t  t ime w i l l  r e q u i r e  t h a t  t h e s e  maximum va lues  be 

f e d  i n t o  t h e  D/A conve r t e r  be fo re  t h e  curve  i s  p l o t t e d  and t h e  p a r a l l a x  and gain 

c o n t r o l s  ad jus t ed ,  

- 8. When t h e  c o n t r o l s  a r e  p m p e r l y  s e t ,  i n s e r t  curve t a p e  i n  r eade r ,  throw 

t h e  ADJ/RUM switch t o  t h e  Run s i d e ,  and push t h e  S t a r t  but ton.  The t a p e .  should 

now feed  thmugh t h e  r eade r  s topping  o n l y  t o  a l low t h e  p l o t t e r  pen t o  record 

a d o t  f o r  each point .  I f  t h e  pen is .  d r iven  o f f  t h e  paper  t h e  t a p e  r eade r  w i l l  

s t o p  u n t i l  t h e  pen i s  pos i t i oned  on t h e  paper ,  However, pushing t h e  S t a r t  

bu t ton  w i l l  advance t h e  t ape  t o  t h e  next  s top ,  

9 .  When t h e  curve i s  completed t u r n  t h e  l e f t  hand switch o f  t h e  r eade r  

t o  OFF, 

10. A semi-automatic mode o f  ope ra t ion  can be performed, Throw t h e  A D J / R U ~  

switeh to, Adj and thrirw the Remote/bcal  switch on t h e  p l o t t e r  t o  Local. Thmw 

/ 



t h e  pen con t ro l  to  t h e  middle pos i t ion .  Al te rna te ly  pressing t h e  s t a r t  button 

and throwing t h e  pen c o n t m l  switch w i l l  cause t h e  curve t o  be p lo t ted .  

Tape Format 

The following a r e  requirements t h a t  must be met i n  making up perfora ted  paper 

t a p e s  t o  be used in t h e  d i g i t a l - t o  analogue converter ,  

1. P l o t  command s ignal .  This i s  the  symbol punched i n  t h e  tape  t h a t  causes 

' the  t ape  reader  t o  s t o p  and causes t h e  two coordinate  voltages t o  be applied.  to 

t h e  p l o t t e r ,  Any symbol can be used a s  a p l o t  command symbol by s e t t i n g  t h e  

row of toggle switches on t h e  f r o n t  panel  t o  correspond to the  code o f  t h a t  

symbol. However, t h e  symbol used should no t  be one found in t h e  d a t a  t o  be p lo t t ed .  

Usually a symbol such a s  space, c a r r i a g e  re tu rn  o r  t a b  i s  used. 

2. Heading ( information punched ' in  t h e  t a p e  f o r  i d e n t i f i c a t i o n  purposes when 

it i s  p r in ted  o u t ) .  Any symbol may appear i n  heading information with t h e  exception 

o f  t h e  p l o t  cornand symbol. I f  a heading appears a t  the beginning of  t h e  tape ,  it 

should end with a p l o t  command s igna l ,  

3. Coordinate Representation. Each number represent ing  a coordinate  must 

have six d i g i t s ,  The most s i g n i f i c m t  d i g i t  i n  t h e  h ighes t  numbers i n  a given 

a x i s  o f  a given curve must appear in t h e  f i r s t  pos i t ion  of  t h e  gmup. I f  t h e r e  a r e  

n o t  as many as six d i g i t s  in t h e  r o w  curve d a t a  f o r  each number represent ing  a 

coordinate,  zeros should be added. For ins tance ,  i f  t h e  numbers i n  one axis range 

from 2 t o  222, they should appear on t h e  t a p e  a s  00200 and 222000. In t h e  event 

t h a t  plus and minus s i g n s  are necessary, they must appear ahead of  t h e  number t o  

which they r e f e r ,  The f i r s t  coordinate c o n t r o l s  t h e  pen, the  second, the  arm on 

t h e  p l o t t e r .  To ob ta in  t h e  maximum accuracy and p rec i s ion  o f  t h e  system, t h e  range 

of coordinate  numbers should occupy a s  much o f  t h e  f i r s t  place a s  poss ib le ,  

- 5 - 



4. Table of commonly used symbols found on tapes wi th  curve data: 

Channel 

CODE 

7 6 5 4 3 2 1  

Carriage Return 

Tab . . 

Space 

Decimal Point 



Spec i f  i c a t i o n s  

Input .  ,Any mechanical punched t a p e  reader  can be used to d r i v e  t h e  converter.  

It i s  s e t  u p . t o  accept  t h e  standard six-line-plus-parity Flexowriter  code a s  read 

by a Frieden-Commercial Controls, Inc. motorized t ape  reader, A s p e c i a l  format has 

been evolved. 

Output. Two analogue vol tages ,  one f o r  each p l o t t i n g  ax i s ,  whose magnitude 

and p o l a r i t y  are determined by t h e  taped data .  A t  no load t h e  vol tage  range is  

0 t o  p lus  o r  niinus. about two v o l t s  - from zero t o  999. Loading does no t  a f f e c t  

' t h e  l i n e a r i t y  but  does lower t h e  voltage. Output impedance i s  100,000 ohms. It 

i s  required t h a t  t h e  p l o t t e r  i n p u t s  both be e l e c t r i c a l l y  i so la ted .  The conver ter  

i s  s e t  up t o  opera te  on Elec t ronic  Associates, Inc,  Var ip lo t t e r ,  Model 1100E, 

modified f o r  use with a 17-9E keyboad  un i t ,  A f u r t h e r  modificat ion c o n s i s t s  o f  

changing t h e  values  o f  four  r e s i s t o r s  i n  the  reference voltage c i r c u i t .  Referr ing 

t o  t h e  p l o t t e r  manual schematic, H25. and R26 were changed from 16 K ohms 0,1$ each 

t o  150 K ohms 0.1%. Resis tors  3-23, R24 changed from 11 K ohm 0.1% each t o  100 K 

ohms 0.1%. This change inc reases  t h e  s e n s i t i v i t y  o f  t h e  recorder  from 0.10 

Accuracx. Three p lace  accuracy i s  maintained in t h e  converter.  In o rde r  

t o  al low s c a l i n g  without degrading resolu t ion ,  tho  eonver ler  accepts  a d  p l o t s  4 

decimal d i g i t s  f o r  each axis, Up to  six d i g i t s  i n  each axis can be accepted; 

however t h e  last two a r e  merely stored. 

Theo* o f  Operation 

The main element in t h e  digi tal- to-analogue conver ter  is a s h i f t  r e g i s t e r ,  

made up o f  f l ip- f lops ,  f o u r  channels wide and 13 b i t s  long. Referr ing t o  schematic 

IH-50-1-5, it w i l l  be  noted t h a t  t h e  f i r s t  four channels  o f  t h e  t a p e  reader  are 

~ connected to the  f o u r  s h i f t  r e g i s t e r  inputs ,  The t r a n s i s t o r  c o l l e c t o r s  on t h e  



f l i p - f l o p s  which a r e  grounded by the s e t  condit ion ( a hole  read in t h e  tape)  i n  

b i t s  n ine  through 13 a r e  connected to the  "X1' l adder  network. The vol tage  

produced between t h e  t a p  on t h e  l a d d e r  and a reference  vol tage  o f  about -10 v o l t s  

i s  a function of the  s t o r e d  number, The same arrangement holds f o r  the  c o l l e c t o r s  

i n  b i t s  four  through seven connected to t h e  "Y" ladder ,  The proper output  vol tages  

a r e  no t  obtained u n t i l  t h e  s h i f t  r e g i s t e r  is  e n t i r e l y  f i l l e d ,  

The s h i f t  pulses  a r e  generated by a cam operated contac t  i n  the  t ape  reader  

t h a t  c loses  about 8 mi l l i seconds  before  t h e  holes  a r e  read. This c losure  causes 

t h e  one-shot mul t iv ib ra to r  (13Y.) t o  f l i p .  It i s  s e t  f o r  30 mil l iseconds so t h a t  

any noise  from t h e  contac t ,  which s t a y s  closed f o r  25 mil l iseconds,  w i l l  be shunted 

t o  ground. The leading edge of t h e  one-shot pulse.  ( p o s i t i v e  going) i s  coupled t o  

t h e  t r i g g e r  input  o f  t h e  one-shot (14Y) which has a  period o f  about one mil l isecond,  

The leading edge of t h e  a v a i l a b l e  negative pulse (p in  9 ,  14Y) i s  'coupled ' to  one 

o f  t h e  o w i n v e r t e r s  on 16Y, If a number t o  be s to red  i s  being read t h e  pulse  goes 

through 16Y and t r i g g e r s  17Y which in  tu rn  emits a p o s i t i v e  pulse to t h e  s h i f t  

pulse  buses i n  the  s h i f t  r e g i s t e r  (exclusive of  the  f i r s t  b i t ) .  The t r a i l i n g  

edge o f  t h e  negati& pulse a v a i l a b l e  a t  pin 4 of 14Y i s  amplif ied by two s t ages  , 

i n  16 Y and sent  t o  the i npu t  f l ip - f lops .  Delaying t h e  l a t t e r  pulses  al lows the  

r e g i s t e r  s h i f t  pulse  ga t ing  to be performed before  t h e  ga t ing  information has been- 

s h i f t e d  out ,  

The r e s t  of t h e  c i r c u i t  performs'the automatic opera t ion  based on t h e  s t a t u s  

o f  the  f i r s t  f l i p - f l o p s  in channel one througb f o u r  (boards 1 1 Y  and 12Y) and t h e  

f l ip - f lops  connected to channels f i v e  and six (board 13X), The l o g i c  funct ions  

w i l l  be described in t h e  o r d e r  t h a t  they occur i n  p l o t t i n g  a tape, 

Reject ing  on-numerical Data 

The F l e x o w i t e r  cnde i s  arranged oo t h a t  nur~hers a r e  represented by holes  

i n  t h e  f i r s t  four  channels only, A l l  o the r  symbols (except l e t t e r s  from A t o  G )  



involve holes  i n  e i t h e r  o r  both channels f i v e  and six. Whenever no hole  i s  read 

i n  channel f i v e  and/or six t h e  negat ive  c o l l e c t o r s  on board 1 3 X  a r e  gated with 

a negative s h i f t  pulse  on board 16Y and a s h i f t  pulse  goes t o  t h e  r e g i s t e r .  If 

a h o l e  i s  read in  f i v e  and/or six t h e  g a t e  does no t  open and no s h i f t  pulse i s  

s e n t  t o  t h e  r e g i s t e r ,  

Readinp Plus and Minus S i m s  

When plus  and minus-signs a r e  expected in both columns of  data,  f r o n t  panel 

switch #S9 i s  thrown up and switch #S10 i s  thrown up. The Flexowriter  code f o r  

p lus  i s  010101 and f o r  minus 110101, reading with channel one on t h e  l e f t .  B c e p t  

f o r  channel one, t h e  code i s  t h e  same, The c o l l e c t o r s  t h a t  go negat ive  on the  

f l ip - f lops  when a s ign i s  read a r e  connected to board l 5 Y  along with a negat ive  

s h i f t  pulse.  This board a c t s  a s  a negat ive  AND gate. It passes a p o s i t i v e  going 

edge to t h e  four  s h i f t  pu l se ,  inputs  on board I€&, which i s  connected a s  a two- 

b i t  s h i f t  r eg i s t e r .  Each b i t  i s  connected to polar iz ing  r e l a y s  K2 and K 3  through 

Ind ica to r  Driver  18Y. A s ign  appearing i n  t h e  f i r s t  column i s  s h i f t e d  into t h e  

r e g i s t e r ,  The sign appearing in t h e  second column i s  s h i f t e d  i n t o  t h e  f i r s t  b i t  

of t h e  r e g i s t e r  and t h e  previous s ign  i s  moved i n t o  t h e  second b i t ,  I f  a negat ive  

s ign  i s  read it energizes t h e  polar iz ing  re lay ,  A p o s i t i v e  s ign  l eaves  t h e  r e l ay  

off. Combinations of  sw$tches S9 and S10 al low t h e  reading o f  s igns  when they 

appear in only  one o f  t h e  two columns of  data,  

S t a r t  P l o t  Operation 

This  opera t ion  i s  s t a r t e d  by t h e  occurrence of a positive-going s igna l  a t  t h e  

output  of t h e  ~ r / I n v e r t e r  board 16X. The inpu t s  o f e t h i s  board a r e  connected t o  

t h e ' c o l l e c t o r s  of  t h e  t r a n s i s t o r s  in t h e  input  f l ip - f lops ,  A s e t  of six f r o n t  

panel  toggle  switches s e l e c t  t h e  s i d e  ( s e t  o r  r e s e t )  t o  which each l i n e  i s  connected, 

Thus t h e  command code c h a r a c t e r  can be selected, A seventh i n p u t  to t.he S t a r t  



Plo t  board, which i s  connected a s  a seven-input AND g a t e  f o r  negat ive  s igna l s ,  
- 

i s  a negative-going s i g n a l  generated by t h e  end o f  t h e  long one-shot pulse. 

This allows plenty  of time f o r  all t h e  input  f l i p - f l o p s  t o  s t a b i l i z e .  The 

output  of 16Y'deenergizes t h e  t a p e  reader  c lu tch '  through t h e  f l i p - f l o p  on 17X 

and t h e  i n d i c a t o r  d r i v e r  1 8 Y ,  It remains o f f  u n t i l  t h e  f l i p - f l o p  i s  r e s e t ,  

The same s i g n a l  c l o s e s  t h e  output  r e l a y s  K1 and K5 and t r a n s f e r s  t h e  hold-off  b i a s  

on Schmitt t r i g g e r  19Y to the  unbalance voltage (negat ive)  fmm t h e  p l o t t e r ,  

These r e l a y s  a r e  driven by 1 8 Y  a lso ,  

When the  p l o t t e r  has reached equil ibrium t h e  negat ive  voltage appearing 

a t  te rminal  #10 on t h e  Schmitt t r i g g e r  by way o f  t h e  e m i t t e r  fol lower drops to a 

low value causing t h e  c i r c u i t  t o  f l i p .  A negative-going voltage a t  t h e  output  

energizes  t h e  pen c o n t r o l  r e l a y  K.4. This in t u n  energizes  t h e  pen dmpping-  

mechanism i n  t h e  p l o t t e r  m e e n t a r i l y  and r e s e t s  t h e  p l o t  f l ip - . f lop  (board 17X) 

which in tu rn  opens th'e output  r e l a y s  KIA and K5 and energizes t h e  tape  reader  

c lu tch ,  The nex t  s e t  o f  coordinates  a r e  f ed  into t he  s h i f t  r e g i s t e r .  

This opera t ional  cycle  can be in te r rup ted  by throwing S7 to  t h e  Adjust 

pos i t ion ,  preventing t h e  c losure  of  K4 from r e s e t t i n g  f l i p - f l o p  17X, Pushing 

t h e  f r o n t  panel push button marked S t a r t  causes the  cycle  t o  repeat  once. 

Power 3upplies 

An unregulated power supply with a metered output  provides t h e  nominal -45 

v o l t s  t o  opera te  t h e  r e l a y s  and t h e  tape  reader  c lu tch .  The boards a r e  powered 

by two Power Designs Model 1515 supplies. They a r e  s e t  and damped a t  about -14 

vol ts .  To provide a s t a b l e  reference vol tage  to which t h e  t r a n s i s t o r  switches 

i n  t h e  l a d d e r  network can be  clamped, an e m i t t e r  fo l lower  type  o f  r egu la to r  using 

two f i v e  v o l t  zener diodes f o r  reference  i s  used f o r  each ladder.  To compensate 

f o r  t h e  -forward vol tage  drop across  the  clamp diodes i n  t h e  ladder  network, t he  

reference  vol tage  f o r  one s i d e  of the  output  i s  made s l i g h t l y  more negat ive  than t h e  



-10 v o l t  siipply. This  i s  done by connect ing t h e  r e f e rence  s i d e  o f  t h e  ou tpu t  

t o  t h e  wiper connected a c r o s s  a diode conduct ing i n  t h e  forward d i r e c t i o n .  

This  adjustment  i s  made by having a t a p e  wi th  a l t e r n a t e  p lus  and minus zeroes  

run thmugh  t h e  reader .  A t  t h e  p rope r  s e t t i n g  t h e  pen will record  t h e  same 

p o i n t  f o r  both, 






