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LEGAL NOTlCE 

This report wos prepared CIS t i n  a c c o u n t  of Gcvernmcnt spor sored w i r k .  

nor the Commission, no( rimy p r r s o n  nctr ig on behalf of the Comm,sston. 

A. hlukes any uarwnty LT reoresentatton, expressad or nmplied, with r e s p e c t  ta t h e  accuracy, 

completeness, or u s e f u l n r n s  of the information contained tn ihts rspol t ,  or tho* the use o f  

o n y  Informatron, opporotus, method, or procsss diaslosed tn this ceport may not Lnfriiige 

p r r v a k l y  owned rrqhts,  or 

hssurrtss any l aoba l t t i e \  .with respect ro t b  use 05, or for damoges r e s u l t i n g  f r o i n  the use ot 

any informotton, oppurnrus, nwthod, or ~ ~ 0 ~ ~ 5 s  dasclosed tn this roport 

N e t t h e r  t h e  IJnxted States. 

E. 

As used 111 the above, "persen rictiny on behalf of  the Commission" !"<!"des ony emi luyee or 

coniror tor  of the C o m r i a s i o n ,  DT employee of such L a n t < a c b r ,  to ihe exienf thut such employee 

or contractor O F  the funimisston, or employee  c a f  such contriiclor prcpurss dissemrnates, or 

provides n c ~ e s s  to, ony tnformatron pursuant to his smploymsnt  (rr : untrnrv with the Cornmisston, 

or h i s  eniploymert with such controrior.  
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1. DESCRIPTION 

1.1 General 

The Vernis ta t  Adjustable h n c t i o n  Generator i s  composed of two separa te ,  
b u t  i n t e g r a l  u n i t s :  
l a t i n g  Vernista'G Poten-tiometer. 
a d j u s t i n g  t h e  pos i t i ons  of  sl.-j_ders on t h e  Function Adjusting Assembly panel .  
The panel  i s  marked off i n  rec tangular  coordinates ,  w i t h  percent  output  as 
the ordina te  and. s h a f t  pos i t i on  as t h e  absc issa .  The s l i d e r s  provide a 
v i s u a l  p l o t  of t he  fuiiction t h a t  i s  s e t  i n t o  the  fumction generator .  By 
r o t a t i o n  of  t h e  shaft  of t h e  i n t e r p o l a t i n g  v e r n i s t a t  with an e x c i t a t i o n  
vol tage appl ied ,  the output  vol tage curve conforms t o  a series of straight- 
l i n e  in t e rpo la t ions  between vol.tages s e t  up by t h e  s l i d e r  * Clockwise r o t a -  
t i o - n  scans t h e  fumction from l e f t  t o  sight, i . e . ,  from s l i d e r  1 t o  s l i d e r  34. 

(1) a b b c t i o n  Adjusting Assembly, and ( 2 )  an Interpo-  
A func t ion  i s  se t  up stmply by manually 

1.2 Construct io-c 

1.2.1 Vernis ta t  Function Adjusting Assemb1.y 

The Func.tion Adjusting Assembly i s  approximately 1 x 7 x 8 in. and 
contari.ns: (1) a 101-tap vol tage d i v i d e r ;  ( 2 )  a 34-poleJ 1.01-positi-on 
p r inbed-c i r cu i t  switch;  a i d  (3)  a func t ion  ad jus t ing  panel.. 

The vol tage d iv ide r  has a - total  o f  101 equa l ly  spaced t aps .  Tnese t a p s  
d iv ide  Yhe input  vol tage Snto 1-00 equal-voltage increments,  

The 34-poleJ 101-posi t ion switch i s  a rec tangular  coordinate  a r r ay .  A 
p r i n t e d - c i r c u i t  g r id  cons i s t s  of 101 pa,ral.lel. l i n e s  connected sequeatial.1-y 
t o  the vol tage-d iv ider  t a p s .  Ezch o f  t he  34 s l i d i n g  contac ts  can be moved 
independently across  t h e  g r id  l i n e s  so t h a t  each s l i d e r  may contac t  any of 
the 101 vol tage d i v i d e r  t aps .  'The voltage d i v i d e s  t aps  are spaced a t  1% 
increments, and the re fo re  any vol tage may be se l ec t ed  t o  within 20.5%. 

A panel,  rmrked o f f  i n  rectangulal- coordinates  , moimts d i r ec t ly -  over 
t h e  p r in t ed  c i - rcu i t  switch so  t h a t  t he  34 s l iders  pro'crude through s l o t s  in 
t h e  panel  and m y  be  manual.1-y ad jus ted .  '%e Y-axis i s  propor t iona l  t o  v o l t -  
age,  and the X-axi.s i s  propor t iona l  t o  the pos i t i on  of the In t e rpo la t ing  
Verriistat  shaft. !!?he X-axis represents  a range of approximately 13- shaft 
t u rns .  

1.2.2 ht erpo l a t  ing Vernis t a t  Potentiometer 

The In t e rpo la t ing  Vernis ta t  cons i s t s  of: (1) a s e r i e s  of cownutator 
ba r s  which correspond t o  t h e  s l i d e r s  of the Function Adjusting Assembly; 
( 2 )  a switching mechanizm; and (3) a 360' t o r o i d a l  r e s i s t ance  element, 
p r e c i s e l y  tapped a i  120 i n t e r v a l s  e Connection of the  Function Adjusting 
Assembly t o  t h e  commutator bars of the In t e rpo la t ing  Verni-stat i s  made 
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throu& a multiconductor cable.  This cable i s  an i n t e g r a l  p a r t  of t h e  
In t e rpo la t ing  Vernis ta t  and plugs t n t o  the  f ine t ion  Adjusting Assembly. 
Tfiis is t'ne only connection made t o  t h e  Function Adjusting Assembly. 

Rotation of  t h e  sha f t  of  t h e  In te rpola t ing  Vernis ta t  switches t h e  
t a p s  of t h e  i n t e r p o l a t i n g  r e s i s t ance  element, one a t  a time along "ne com- 
mutator, and simultaneously cont ro ls  t h e  potentiometer output wiper. There 
a r e  approximately th ree  in t e rpo la t ions  per  s h a f t  t u r n  of t h e  l jnterpolating 
Vernis ta t .  

1 . 3  Application 

The Vernis ta t  Adjustable F'unct&on Generator provides a convenient 
means of generat ing m a t n e m t i c a l  and empir ica l  nonl inear  funct ions.  

The func t ion  generator i s  used i n  t h e  Wide-Rmge Counting k s t r u m e n t  t o  
modlfy a l i n e a r  pos i t i on  s igml  s o  t h a t  it i s  equal t o  Yne logarithm of t h e  
neutron a t t enua t ion .  

1 .4  Spec i f ica t ions  

1.4.1 Vernis ta t  Function Adjusting Assembly 

1. Adjustable po in t s  om r o t a t i o n  ax is :  34.. 
2. Resolution of s l i d e s  adjustment: L $. 
3. Maximum input  voltage: 50 v. 
4. Ambient temperature range : 0 t o  55OC. 

1.4.2 In t e rpo la t ing  Vernis ta t  Potentiometers 

These a r e  s i z e  18, 11-turn continuous r o t a t i o n  u n i t s .  

2 .  Maximum output impedance : 540 ohms. 
1. Linear i ty  : a. 025. 

3. Minimum output -voltage increment : 0.01%. 
4. Ambient temperature range : 0 t o  55OC. 

1.5 Applicable Drawings 

The following i s  t h e  drawing number ( O m  Instrument and Controls 
Division number) and s u b t i t l e  f o r  the Vernistat Adjustable Function Gen- 
e ra to r :  

1. Q-2616-1 Circui t .  



N g u e  1 shows t h e  e l z c t x i c a l  r e l a t i o n  of  tlze Vernis ta t  L i teqoI .a tor  
co-c~m!u'cato~* bars in.Lerpol.at,i.ng r e s i s t ance  elemcnt, and 0ui;pui; .wiper. By 
synchi-oniza'kion of tile switching ol' the interpola-king r e s i s t ance  element 
t a p s  a long the  corrmukai;or bars wi-kh the  movenzni; o f  t h e  potenttometer 
wiper ann, t h e  vol.tage outpuL consisi;s of' a. ser ies  of  l i n e a r  i n t e rpo la t ions  
o f  t n e  vol-tages betbji.cn adjacent  commutator bars. The 9.ntespolating resis - 
.Lance ele-menl;, used sepeti'Live1.y f o r  each shaft tu rn ,  i s  a 360' t o r o i d a l  
potentiometer p r e c i s e l y  tapped a-i; 120O j.nteL-va~.s. 

Switc'riing of the  r c s i s t ance  element taps from one commu.tator. b a r  t o  t h e  
next  only requi res  abo1.i.t 30' of shaft r o t a t i o n ,  w h i l e  a complete in-ierpo- 
la.t,lon requi res  approximately 120 . Yherefore, the  swj.t(:!hing process  of  
the i n t e r p o l a t i n g  r e s i s t ance  el.e-ment .is a n o n c r i t i c a l  operat ion.  No d i s  - 
corii;inuj.ties of outpiit occur, since in each instance as t h e  output  wiper 
approaches a new cornmuta.Lor. bar, Yne next  t n t e r p o l a t i n g  resl.stance element 
s e c t i o n  i s  a l r eady  i n  position. Switr:hing of t%e t a p s  of  t h e  in teypola t ing  
r e s i s t ance  element a b n z  the  cormu'ca Lor bars is accompl.i.shed with a plane- 
t a r y  gear reducti-oil, as described i n  tint..  paragraphs below. 

0 

'Be output  wiper is so synchronized writ11 the switchj-ng opera t ion  t h a t  
it, is always on an  energized secti.oi? of  the r e s i s t ance  el-ement. This r e -  
s u l t s  i n  cont iLnuous, smno-Yh i n t e q ) o l a t i o n  tbronghout  Lhe output  vol-tage 
range. 

%"nc heart  of  the sh..i.tchi.r?.g mechanism i s  a pl.ai?et:*sy gear reduc.I;ion, 
whl.ch cons i s t s  of t h r e e  elernen'cs; an 5.n.i;ema.l. t oo th  gear having as many 
teeth as tilere-are comiu-LaLor bars, a planeta,ry gens wi th  one tooth less, 
and a.n eccenkric  on the shaft  which keeps t h e  two gears i n  mesh. These 
gears a r e  shown scheimti.cal.!.y by t h e  eccentric circles i n  Fig. 1. &cause 
of t h e  one-tooth different:, one shafi  r o t a t t o n  L ul.ts i n  a counte j :- 
r o t a t j o n  of the planii-Lary gear, which is equi.valcnt t o  the ant;l;lrl.as spacing 
between commutator bars . 

The res i.s-l;snce e l emnt  is iiroim.te~l or! the plaiietm-y gear  and ro.Lal;es 
wi th  it a-t a reduced specti. Yfle comil.tatoi- wlpersj which are  connected t o  
t h e  resistance element taps, are a l s o  mounted on t i 1 . c  p lane ta ry  gear. 
output  wiper i s  a t tached  Lo t'ne vernistai; shaft. &cause the r e s i s t a n c e  
element r o t a t e s ,  the o u t ~ ~ u t  wiper mover, f rom one t a p  t o  the next l.n. lesa 
than  3-20 of t h e  shaft r o t a t t o n ,  

The 

0 

like 31+ s l i d e r s  of tiie Function Adjusting Assembly a r e  equal  in number 
t o  the cormnuta'wr bars i.n t h e  Intejrpoi.;-t'iing TTemistat . Elkven shaft -tu-ms 
(3960~ ) a r e  required to generate  ilri  e n t i r e  34-.chord func t ion .  
represen-Lc, 116.1-!-7° (3960°/34) of shaft  rotat , ion.  

Fach chord 

53.ridex-s 34 and 1. xi"? adjacent  e i e c  ixica7-l.y; t he re fo re ,  a repetitive 
fiiricblon may be generated. by continiioiis rot8,ki.on of t h e  iriput sha f t .  
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The output wiper has ju s t  passed comi:t,ator bar 2 and is interpolating 
between bars 2 and 3. iiesistance element tap  A is  ju s t  about t o  disengage 
from commutator bar 1. 

A s  the  output wiper ~oves i n  a clockwise direction, the output voltage 
changes linearly r'rorn the voltage an comutator bar 2 t o  tha t  on commuta- 
tor bar 3. Resistance element tap A has disengaged from commutator bar 1 
and is  switching t o  commutator bar 4. 

The output wiper i s  app-aachirig comututor bar 3 .  Resistance element t ap  
A has completed switching and i s  i n  contact w i t h  commutator bar 4. Con- 
tinued clockwise ro ta t ion  of 4;he.outpu.t wiper w i l l  r e su l t  in smooth in te r -  
polation past comutator bar 3 .  

Fig. 1. Electrical  &I.ation of  Vemistat Interpolator Commutator 
&rs , Interpolating Resistance Element ,  and Output Wiper. 
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3. OPERATING iNSTKIJCTIONS 

3.1 Tnstallat ion 

In most cases,  the input  vol tage is appl ied between the CW and CCW 
temnina1.s of t h e  i n t e r p o l a t i n g  po-Lentio-meter. The outpiit may be taken 
between -the OUT te rmjna l  and e i t h e r  t he  OJ o r  CCW terminal .  The s tandard 
cable  length  of t h e  Jh terpola t ing  Ve-snistat i s  3 feet. For i n s t a l l a t i o n  
in t h e  Wide-Range Counting bs t rument ,  tile unrit, i s  modified 2s shown on 
drawing ORiiL Q-2626-6ii R1, Instrument Deparhent . 
shown i n  Fig. 2. 

'fie c i r c u i t  diagram is  

3.2 OpcraLirzg Controls 

A func t ion  i-s s e t  iip on t h e  Ad.justa3I.e Function Generator by  manually 
u-mv-i.ng the s l i d e r s  t o  ind ica t e  t h e  des i red  vol tages ,  Each s l i d e s  i s  pro-  
vided with a de ten t  mechanism which insures  proper contac t  a'i the  des i r ed  
se-bting. 
t he  s l i d e r s .  

An ord inary  bs l l -pol in t  pen i s  a convenient t o o l  for ad jus t tng  

The func t ion  of voltages vs s h a f t  posit i-on i.s obtained by r o t a t i n g  
t'ne s h a f t  o f  the In t e rpo la t ing  Vernis ta t .  Clockwise r o t a t i o n  scans t h e  
func t ion  from l e f t  t o  r i g a t ,  i . e . ,  from s l i d e r  1 t o  sl-?.der 34. 

Adjustment of tile s l i d e r s  of the Function M j u s t i n g  Assembly may be 
made during s h a f t  rot,xLion with the vol tage d iv ide r  exc i ted .  z"nls allows 
adjustment of the generated func t ion  while  monitoring the output, 

3.3 Connections 

For a standard uarit, input  and output  vol tages  are connected a t  the 
i n t e r p o l a t i n g  po-teiitiome%er. The two u-nits are i-nterconnected w i t h  a 
mu.!.ticonductor cable whose standard length. i s  3 f e e t .  The cable  has a 
mating connecting (Winchester W - l t 2 5  -SJIC6H) t o  t h e  recep'iacle (Winchester 
WP- J6 ) i n  -the Function Ad justi-nt: Assembl-y. I 

Fo r app l i ca t ion  t o  the Wide -Panee Countirig instrument, the conwet ions  
are  sliowi on drawlng Q-2626-6~ Fil. 

1-t . MAINTENANCE INSTRTJCT1:ONS 

'innis u n i t  i s  designed to opera te  wit 'n no per iodic  mainteilance and no 
adjustments, except f o r  programing which i s  no t  a maintenanc!e procedure. 
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