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1.0 PROBLEM PREPARATIONS

T i m e  s p e n t  i n  p r e p a r a t i o n  p r i o r  t o  a c t u a l  c o m F u t e r  r u n n i n g  r " i l I  g r e a t -

1y  s i rnp l i f y  debugg ing  procedures  and w i l l  he lp  to  p roduce mor :e  comple te  and

m e a n i n g f u l  r e s u l t s .  T h c  f o l L o i ' i i n g  p r o c e d u r e  s e r v e s  a s  a  g u i d e  t o  p r o b l e m

p r e p a r a t i o n  a n d  i u i 1 . 1 .  h o p e f u l l y  e l i n i n a t e  s o m e  o f  t h e  p r o b l e m s  e n c o u n t e r e d  o n

L " <  d L r a r u 6

.I 
. 
'I 

PROBLEM STATEI'GNT

The opera lor  should at tenpt  Eo scate che problem and object ives pre-

c ise ly .  Wi th the problem def ined the mathenat ica l  re lat ions can be t rans-

forrned to equat ions suiLable for  Ehe analog computer  as fo l lows:

l )  E x p r e s s  t h e  p r o b l e m  a s  o r d i n a r y  d i F f e r e n L i a I  e q u a t i o n s ,  t r a n s f e r

funct ions and/or  a lgebra ic  equat ions.

Def ine the values for  coef f ic ien ls  and.  in i t ia l  condi t ions.

Note parameters to  be val id .

Deterrn ine the est imated ranges of  the var iab les.

2)

3 )

4 )

1.2 BLOCK DIAGRAM

At th is  point  a  pre l iminary b lock d iagram can be drawn,

should be s i rnple,  ignor ing scal ing and actual  va lues.  I t  can

This diagram

b e  u s e d  t o :

l) determine type and number of components needed,

2 )  i f  s u [ [ i c i e n t  d a E a  i s  a v a i l a b l e  E o  s o l v e  L h e  p r o b l e m ,

3)  i so la te  the  parameEers  Eo be  var ied ,  and

4)  s in rp l l f y  by  e l im ina t ing  redundant  opera t ions  or  components .

1.3 SCALING

Scal ing the problern var iab les to machine var iab les can be accompl ished

by severa l  d i f ferent  met jhods.  The r r l landbook of  Analog Computat ionr ' ,  re ferred
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to  in  the  in l roduc t ion  to  th is  user  manua l ,  g ives  t r ' ro  methods  o f  sca l ing ,

the  advantages  o f  each and a  number  o f  exanp les .  A  few po in ts  to  keep in

mind regard less  o f  the  sca l ing  rne thod employed are :

l )  A m n l i f i a r  o r r t D u t s  s h o u l d  t a k e  f u l l  a d v a n l a g e  o f  t h e  r a n g e  0 . 1  E o

' I .0  
mach ine  un i ts  Lo  n in i rn ize  the  e f fecE o f  inherent  au ip l i f ie r

n o l a e ,

2)  Poten ioueter  se l t ings  less  than 0 .1  Lose a  d ig i t  accuracy  and

.  shouLd be  avo ided i f  poss ib le .

3 )  Ampl i f  . ie r  ga ins  grearer  than 20  inc rease the  e I fecL  o f  ampl i [ ie r

n o i s e .

4) T'he oroblem should be time scaled within the band\,tidth of the

ou lpu t  dev ice .  Spec i f i ca t ions  are  g iven in  the  ind iv idua l  dev ice

manuals .

checked for the same

a gu ide  to  pa tch ing .

r e -The resu l t ing  sca led  equat ions  shou ld  be  ba lanced,

la t ionsh ips ,  and wr i t ten  exp l i c iL ly  to  be  used as

1.4 COMPINER DIAGRAM

A deta i led computer  d iagran can no\ t  be drawn f rom the scaled equat ions.

I t  should inc lude anpl i f ier  ga ins,  polar i ty ,  component  nurnbers,  and a l l

other information pertinent to patching and running. A picture of the EAI

680 patch board included in the back of the Reference Handbook uray simplify

chosing the components to be used. The equipment available at the CMU Hy-

brid ],ab is listed in the S-iSTElf DESCRIPTION section of this rnanual. Stan-

dard synbo ls  and patching inst ruct ions are g iven in  Appendix I  o f  Ehe 680

Kererence Hand Dcol ( .

T h e  p o t e n f i o m c t c r  ( F i g .  1 )  a n d  a m p l i f i e r  ( I ' i g .  2 )  a s s i g n m e n t  s h e e t s

are avai lab le to  s impl i fy  bookkeeping.  Assignnient  sheeLs for  the log ic
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( f ig .  3)  and the nonl inear  components ( f ig .  4)  are a lso avai lab le.  FurLher

inforrnat ion and convent ions used on ass ignmenL sheets are g iven in  Appen-

dix  I I  o f  rhe 680 Reference Handbook.

I.5 STATIC CI{ECK

A stat ic  chcck can prevenl  needless f rust rat ion i f  per formed pr ior  to

the computer  run.  IL  wi l l :

' I  
\  { l h o n l r  n r  f  n h  i  n

2) Detect  bad analog components,  and

3)  F ind programming errors such as improper  polar i ty ,  e tc .

The 680 prov ides a StaLic  Test  (ST) mode permi t t ing a s tat ic  test  wi th  a

minimun of efforL and patching changes. A Test Reference available at the

patch panel provides computer reference only during ST mode and is used

to provide integrator outputs and other parameters for checking purposes.

The HYSAT program descr ibed in  the hybr id  HYSAT sect ion of  th is  man-

ual  fac i l i ta tes us ing the PDP-9 to per form Ehe staEic check,
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F I G U R E ' I

CMU HYBRID COMPUTATION LABORATORY
€AI 680 POTENTIOMETER ASSIGNMENi SHEET (POO-P58}

PROBLEM USA6E+I

.

o
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RUN
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l 3
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2 5
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FIGURB 2

CMU HYISI:IID COi\,lPU-tATION
EAI 68O AMPLIFIER ASSIGN[4ENT
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LABCIRATORY
st-tEET (AOO - A58)

PROBLEI,4

o

o

AIIP USE vnSYJf,SCHEC}(
OERIVATIVE#[ifpn
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FIGURE 3

CMU HYBRID COMPUTATION LABORATORY
EAI 680 LOGIC ASSIGN$'ENT SHEET
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FIGURE lr

CMU HYBRID COMPUTi"\TION LABORATOI?Y
EAI 68O NONLINEAR COMPONEhIT ASSIGNMENT SHIET

(MULTIPLIERS, DFG'S, LIMITERS, AND HAND SET POTS)

PROBLEh{-USAGET

.i n Nrn PARAMEIER EXPRESSIONCHECK
STTING

RUN
SITTING

2 2
Z T

LIMITERAMP t-IMITIED VARIABLE CHECK SE'I'TINGSRUN SETTINGS
*F

t l
2 l
3 l
4 l
5 l
6 l
7 l
B I
o l

r o l
t t l

VDFG USE OUTPUT VARIABLE CHECK
,/at_tJE

c 1

4 2
6 Z

7 2

VDFGUJC- OUTPUT VARIABLE CHECK
VAI UE

a. 'f

4 7
b /

7 7

MULTUSEMULTUSEf\4ULTUSEiJULTUSE r u r \ l TYPEJ S E TYPEUSEFOFGTYPEUSE
I B z ? 4 B 3 2

I ?.3 J t J 3 7 6 2
l 3 2 8 d a 5 B . + z o ,
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2.0 PATC}IING

The EAI 680 patch boards will be available at rhe hybrid lab before

the scheduled time to permit off-J,ine patching. The Laped sections of the

patch board ind icate thaE componenLs are miss ing due to maintenance or  non-

availability. ?atch directly from the conputer diagram, marking ouL lines

as they have been patched. hrhen patching is conplete, recheck or have a

'par tner  recheck for  errors.  A few points  to  remernber  are:

l) Gheck bottLe pJ.ugs for proper function of the component

Pendlx l * ) .

2) Outputs of D/A switches musL be patched to a sunming function of

an anplifier and normally give a gain of ten (see Chapter 13.3*-).

(see Ap-

a
3)

4)

Pot. inputs are normally connected to amplifier output in the same

tray (see Chapter  8.1*)  .

Handset  pots Let tered as Q on the patch board are not  easiLy d is-

tinguished from normal seivo set pots (see Chapter 8.2*-).

5) Never patch a pot directly into a multipi.ier or function generator.

o *EAI 680 Reference Handbook
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3.0 ANAIOG COMPUTER OPEI{ATION

J ^  t r - ^  t . ^ - .u f g a l | r z a L r o r r  ! s  L t r e  k c y  t o  o b t a i n i n g  g o o d  r e s u l t s  o n  t h e  a n i l l o g  c o m -

puter .  Af ter  thorough preparat ion and a s tat ic  check,  a carefu l ly  pLanned

approach to the problem should begin. The following is an outline for a

planned running procedure.

3.I COTIPI,ETED PREPAMTION

Before running a problem on Ehe 680,  the user  should have:

' l )  
the or ig inal  equat ion of  the problem,

2) ihe preliminary block diagram,

3)  scaled table and equal ions,

4)  deta i led c i rcu i t  d iagran,

5)  potent iometer ,  ampl i f ier ,  log ic ,  and non- l inear  ass ignment  sheecs,

6)  a schedule of  operat ions ind icat ing operat ing pLan,  and

7)  problem Lo9 to record a l l  act ions and resul ts  rvh i le  running.

3.2 START UP

l)  Inser l  patch panel  in to 680 patch bay and press engage but ton.  
.

2)  Set  a1l  poLenLiometers us ing servo pot  system (see Chapter  l r ,

Reference Handbook) .

3)  Set  aLl  l imi ters and (or)  d iode funcr ion generaEors,

4)  Per form stat ic  check calcu lated prev iously ,  measur ing a l l  ampl i f ier

.  
outputs and in tegrator  der ivaLives.

A f L e r  E h c  s t a r i c  c l r e c k  i s  s u c c e s s f u l  1 y  c o m p l e t e d ,  a  t e s t  s o l u t i o n  o r  a  c l y -

namic check should be recorded for  compar ison v i lh  fu ture test  runs.

I f  patching changes are to be made whj le  on l ine,  read the caut ions

in d iv is ion 4 of  th is  wr i_ te-up.
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CAUTIONS AND HINTS

CAUTIONS

1) PaLching ampl i f ier  outpuL to another  ampl i f ier  output  wi l l  cause

over load and resul t  in  arnpl i f ic r  damegc.

2 )  P a t c h  f r o r n  c o l d  E o  h o t ;  j . e , ,  i n p u t  t o  o u t p u t  a n d  i n p u L  t o  r e f e r - e n c e .

3)  Patching computer  re- [erence d i recLly  in to a funct ion re lay is

r l a n o a r . n r <  < i  n ^ o  a n  i- -  -nadver tant  shorE rv i l l  weld the re lay contacts

'  together ,

4) Prolonged overloads reduce the life of amplifiers and should thus

be avoided.

5)  A potent ioneter  tha l  fa i ls  to  set  proper ly  wi l " l "  dr ive cont inously

or  unt i l  Ehe c lear  (cL)  ,but ton is  pushed.  I f  a l lowed to dr ive

damage to the servo motor and/or servo power supply will result.

4 . 2  H I N T S

1) Over loading of  a l l  ampl i f iers  ind icates patch panel  is  not  engaged.

2)  The d ig i ta l  vo lLmeter  (DWI)  wi l l  not  conver t  i f  the d ig i ta l  com-

.  -  t^puter I/0 svitch (located behind ttre logic component display door)

is  on.  In  th is  case,  a pushbut ton to lhe le f t  and belorq the DVM

will .give converL conrnands to Lhe D\tl as long as iL is depressed.

3)  The 6 handset  pots,  pref ixed by a Q,  are not  c lear ly  marked on the

patch panel  and nay inadver tant ly  be used as a servo pot .

,  ^ t .4) A D/A switch must be pai:ched to a suruning junction of an amplifier.

5)  Patching a pot  in to a mul t ip l ier  or  funct ion generator  causes errors

due to Eheir non-Linear input inpedance,

6) The indicato:: in the Q4 potentioneter position lights rvl-renever the

680 console is  se lec led by the ?DP-9.


