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During t h e  design of components f o r  t h e  SEB’78 Switchyard, i t  has  

become necessary  t o  determine t h e  maximum speed of mechanical devices  

i n  a d i g i t a l  comparison pos i t i on ing  system. I n  systems under develop- 

ment, a v o l t a g e  corresponding t o  device  p o s i t i o n  i s  cont inuously d i g i -  

t i z e d  and compared t o  a d i g i t a l  word r ep resen t ing  d e s i r e d  p o s i t i o n .  

When d i g i t a l  coincidence i s  de t ec t ed ,  power i s  removed from t h e  d r i v e  

system and t h e  device  i s  expected t o  s t o p  w i t h i n  t h e  co inc iden t  d i g i -  

t i z a t i o n  i n t e r v a l .  S t ab le  r e fe rence  sources  and no i se - f r ee  analog 

p o s i t i o n  s i g n a l s  are implied i n  t h e  phys ica l  r e a l i z a t i o n  of such a 

system. I n  t h e  AGS environment, readout  l i n e a r i t y  i s  not  as important 

as r e p e a t a b i l i t y .  

The analog p o s i t i o n  information may be considered t o  be a band- 

l imi t ed  s i g n a l .  

samples pe r  second w i l l  completely c h a r a c t e r i z e  a band-limited s i g n a l .  

I n  our case, t h e  Nyquist ,  o r  sampling, i n t e r v a l  i s  t h e  A/D cyc l ing  rate. 

The rate a t  which t h e  p o s i t i o n  s i g n a l  may vary ,  fmax, i s  then  one least- 
n s i g n i f i c a n t - b i t  worth (one 2 t h  of t h e  r e fe rence  vo l t age )  d iv ided  by 

t w i c e  t h e  maximum A/D rate,  expressed i n  vol t s .  pe r  second. 

ra te  a t  which t h e  device  may travel i s  t o t a l  travel d i s t a n c e  t i m e s  t h e  

p o s i t i o n  s i g n a l  rate. Expressed a l g e b r a i c a l l y :  

The Sampling Theorem s ta tes  t h a t  any 2fmax independent 

The maximum 

d and 6 2 - d 
s 

2n ’max n 
2 (2) (“in> 

where 
9 = n e t  device  mechanical t r a v e r s i n g  speed 
d - =  t o t a l  travel 
n = number of A/D conve r t e r  b i t s  
t = A/D conver te r  cyc l ing  t i m e  
6 = minimum des ign  i n t e r v a l  d e s i r e d  
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Assume we need t o  p o s i t i o n  a device accu ra t e ly  t o  one-half m i l  over 

Then, using 6 2 d/2n, we  f i n d  2 '2: d/S = o.ooo5 inch 2.000 inch - - n a two-inch t r a v e l .  

4000, which i s  s a t i s f i e d  f o r  n = 12 ,  s ince  212 = 4096. 

a 
We must 

t he re fo re  use  a 12-b i t  A/D converter .  Should w e  u s e  an i n t e g r a t i n g  type 

f o r  maximum no i se  immunity, then a t y p i c a l  conver te r  cyc le  t i m e  t 

approximately 1 2  msec. By s u b s t i t u t i o n ,  we f i nd :  

i s  min 

Example 11 

Same device,  but  a t  a meeting t h e  s t a t e d  accuracy requirement was 
n 2.000 inch - - 
2 d/6 = o.oo2 inch one p a r t  pe r  thousand (or  2 - m i l  accuracy).  

1000, which i s  s a t i s f i e d  by n = 10, s i n c e  2" = 1024. 

Then 2 

For our in tegra-  

t ing conver te r ,  

d - 2.000 inch inch inch 
= 0.08 - =  4.8 - . 'max ' n - LO s ec min 

2 (2)(tmin) 2 (2)(0.012 sec)  

Now, f o r  t h e  bad news! 

each revolu t ion  i n t o  200 s t e p s ,  o r  260/200 = 1.8 degree segments, a 

synchronous slo-syn used f o r  higher  d r i v e  torque w i l l  coas t  t o  a s top  

wi th in  f i v e  mechanical degrees.  This stopping, which v a r i e s  rela- 

t i v e l y  unpredictably between zero and f i v e  degrees,  must f a l l  w i th in  a 

one-half A/D s p a t i a l  increment, o r  d/2n(2).  This w i l l  i n s u r e  t h a t  t h e  

device w i l l  s t o p  wi th in  t h e  same A/D i n t e r v a l  wherein sto$-coincidence 

w a s  detected.  

While a s tepping motor incremental ly  d iv ides  

72 X 360 degrees With 72 rpm synchronous motors, t h e  angular  v e l o c i t y  i s  min 1 min 
60 sec = 432 degrees/sec.  Traversa l  of f i v e  mechanical degrees w i l l  r e q u i r e  

(5/432) sec, o r  0.0116 sec. S ince : the  stopping d i s t a n c e  i n  t h i s  t i m e  must 

be  less than  d/2n(2) ,  t h e  maximum operat ing speed cannot exceed d/2n(2) per  

0.0116 sec. Subs t i t u t ing ,  w e  f i n d  t h a t  

inch d inch 
Y and Smax 5 

d s Y 

zn(2) (0.0116 sec) 'max 
2 (2) emin) 

o r  t = 0.0116 sec. I n  o ther  words, we have an a d d i t i o n a l  speed restric- 

t i o n  imposed on t h e  system by motor coas t  cons idera t ions ,  and samples more 

frequent  than 0.0116 sec are redundant. 

min 

W e  may now design a dedicated 
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i n t eg ra t ed  A/D pos i t ion ing  system with a 10 msec cyc le  t i m e .  

design a pos i t i on ing  system using higher  speed conver te rs  scanning severa l  

d r ives ,  but  t h e  bad news i s  w e  w i l l  be unable,  thanks t o  Nyquist and t h e  

Superior Electr ic  Company, t o  lower t 

motors. 

We may a l s o  

below 0.0116 sec f o r  synchronous min 

Should we  be a b l e  t o  use  a 200 s t ep / sec  s tepping  motor, then  one s t e p  

i s  1/200 sec, o r  0.005 sec (compared t o  0.0116 sec f o r  t h e  sFchronous  

motor). 

For t h e  same p o s i t i o n  accuracy, t h e  b e s t  traversal rate we  can accomplish 

with s tepping motors i n  d i g i t a l  comparison pos i t ion ing  systems i s  l i t t l e  

b e t t e r  than  t w i c e  t h e  high-torque synchronous motor rate. 

i s  reduced t o  0.005 sec. tmin By following t h e  above cons idera t ions ,  

It i s  a n t i c i p a t e d  t h a t  an increas ing  (from the  present  zero) number 

of devices  w i l l  be  dr iven  by an A/D d i g i t a l  pos i t i on ing  system. 

s e l e c t i n g  mechanical d r i v e  components f o r  use with such systems may now 

apply t h e  ear l ier  s t a t e d  formulae, with tmin se t  t o  0.012 - f o r  SYpGhronOus~ 

motor systems and t set t o  0.005 f o r  s tepping motor systems. 

Those 

min 

Note t h a t  those  respons ib le  f o r  o r i g i n a t i n g  s p e c i f i c a t i o n s  on device 

p o s i t i o n  accuracy should be c a r e f u l  no t  t o  overspecify.  

device speed be unnecessar i ly  reduced, but  a f a l s e  sense of accuracy w i l l  

be  obtained. The c o e f f i c i e n t  of thermal expansion of aluminum i s  approx- 

imately 13 X LO 
change length  by 1.5 m i l s  f o r  every degree F v a r i a t i o n .  

temperature con t ro l s  maintain r i n g  temperature cons tan t  wi th in  a two 

degree v a r i a t i o n .  The area of t h e  In te r im Switchyard w i l l  vary  from 

about 60 F i n  t h e  winter  t o  about 90 F i n  August. 

no need t o  panic:  unsecured ends of ten-foot  s t r a i g h t  s ec t ions  are 

no t  f l a i l i n g  about ready t o  i n j u r e  unwary passersby. 

a penc i l  l ead  i s  about 45 m i l s .  

apprec ia t ion  f o r  those who are a b l e  t o  cope with such e f f e c t s  i n  meeting 

design cri teria.  

Not only w i l l  

-6 inch per  inch/degree F. A ten- foot  long device w i l l  

The AGS r i n g  

There i s ,  however, 

The diameter of 

This paragraph i s  simply included i n  

For those  devices  designed t o  be  con t ro l l ed  by t h e  present  EP&S 

design,  t h e  MP2600 i n t e g r a t i n g  A/D converter  cyc les  a t  0.008 m s e c ,  

bu t  i s  shared by two devices;  t h e  design t i s  t h e r e f o r e  0.016 msec. min 
On t h e  o the r  hand, those respons ib le  f o r  operat ions have agreed t h a t  

one p a r t  per  thousand accuracy i s  s u f f i c i e n t ,  so n = 10. The speed 
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of our intermin BC S p l i t  t raverse  dr ives  f o r  the  e l e c t r o s t a t i c  s p l i t t e r  

and the  Lambertson magnet must therefore  be l imited to:  

inch inch 
= 0.061 - = 0.96 min . 2.000 inch 

2 (2)(0.016 sec) 'max ' 10 s ec 
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