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Cos/MOs 850 CURRENT METER REPORT

A b s t r a c t

The 2 M2~J O~-)O current met  t ’r 12~ .1 t n  r u t  samp i inq  i n s t r u m e n t  (10

s i g r i e f i  to measure  ru r ren t  speed , d i r i ’c t  ion , and averaqe  wa te r  t empera-

L u r . i’ti ’ i n s t r u m e n t  Ut i i  r n ;  t l i i  ma~~~)r  (‘10! )tl i ‘ntS ( f t  t he  Ji ’od y n t ’

i n s t i l t t5~I c u r r en t  met er ;  w L t  I .  most of t l ie e l t i t r o n i c s  rr ’i I a i :v . t  by

CO~ ‘Mn -~ i n t e g r a t e d  c ir c uit s .  Th i s  repor t  desc r i b e s  the opera t ion  and

the m a t  nt t�nan ct ’ requ i rk ’rlr ii t i ;  of  the (‘0: MI I li s t  j umi n t

- . - .-- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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I .  INTF ~~DUU TION

This manual is intended for Use w i t h  the  COS/N~~; 850 current meter ,

the result of an on—going effort to upgrade instrument performance and

provide fo r  i n — h o u s e  ma i ntenance of i n s t r u m e n t a t i o n. Whi l e  the  m a j o r

components of the Geodyne instrument have been retained ,’ much of the

e l e c t r o n i c s  has been upgraded to COS/MOS (Complimentary-symmetry/Metal-

O x i d e — S e m i c o n d u c t o r )  c i r c u i t r y .  The sampl i n g  technique is P

by W T h s t er - , and y i e lds  one sample  (temperature/speed and d i r e c t i o n)

every  f i v e  seconds for  the  d u r a t i o n  of the record in te r v a l .  ilit i ‘ii

t ime s vary from seven and one—half minutes to one hour.

The configuration of the COS/MOS 850 has evolved since its initial

deployment in POLYMODE I during 1974. The first mu lt i— inu t rum i .t ti i’lc’v-

ment occurred durinq 1975 on POLYMODE Array II. Since this sett fil l  r i —

liability work has continued , the electronics has been iinqraded and the

mechanical configuration has been improved .

The instrument is shown in Fig. 1. Water si cud and direct ion s ri -

sors are located in a cage below the tubular pressure housirn; a

Savonius rotor is m a g n e t i c a l ly coup led to a reed swi tch  p r o d u c i n g  six-

teen pulses per revolu t ion  of the  rotor . The vane  p o s i t i o n  is  nia~~n t  ic-

a l l y  coup led to a vane fo l lower  located in the lower  e lec t r on i c s  I1f u s i f l s .

Vane posi t ion and compass bear ing are i n t e r n a l l y  r ecorded  and t I i t  vect or

sum used to compute c u r r e n t  d i r ec t i on. The o u t p u ts  fr om  t h e  compass .111 1

v a n ’ f o l l ower  are in a seven—bi t  d i gi t al  qrey code w i t h  a 2 . 8°  ( 3 6 O °/ ~~~)

ri solut wn .  Absolute t empera tu re  measurement  has been i ncorr or at ed  i n t o

the inst rument; the sensor is a thermist or mounted inside tls l owe r

e hots; ing end s- i ~ . A voltage—to—frequency fn v e r f e r  q. ’n e r i t

Coun t s  which  i r s  d i t-oc t  l y Pr o p o r t i o n a l  to the t t m p t r i 1 u re .  A i v u t  ii i

4 n t  r e l i e d  d ig i t al  clock !iro\Tide5 an i c - u i  ~~~ time re ference arid i time

word i n  c l i q i  t i i  f o r m a t . 
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II. SPECIFICATIONS

Current Speed Sensor • l -R r i i I f  I’ ’ ’!

Threshold ( C a l i b r a t i o n  E q . )  1O~ rn
Range 1 .H—  to ‘rn/si’

Rotor  Constan t , ( K )  ~4.t cm 1~~~i l , ’l i I ’ V

Curr ent  D i r e c t i o n  Cor0~’i s s  t n t  V i n. I- il 1 ~ a

Reso lu t ion  2

Temperature Sensor , 000 • • •~~ 50  C)

Accuracy .0 1 •

Time Base Cr I;t l 1 Oos ii I a ;  i

Pt a b i l i t  * I sec liv

Tape Recorder D ri t a l  I n t l  li I i i f i e l

‘rype ito~i 1 ti I t —  li t  ~ 2 IVis

M I f h i f l i c a l  1

Pressure housing 707 — i  i l u m i i i :rn
operational d t ’ ; t i i  ( St  . i r ; t i r l )  5500 m e t n s
Operational d~~~t i ( h i i d i  p 1 i l i S i l i - )  is mel ts

R o t o r / v a n e  c iq i  st i— ’’ al u m i  nun
I l a r i w i r e  31 St 1 1 1 1 1 ( 5 5  i ;t e i l

Corros ion  P r o t e c t i o n  4 : 5  - 1 1  1 1 t • I i l  A ;; s l i :;

WI ’i qh t  ( s t a n dar d  h o u s i n q)

A i r 115 lb s  ( t ~ .~7 ~ I

U i  t i c  4 2 1 1 2  i l l ’ . 1 t~ t i

1 011 1 t ft 7. i 1; s 1 . ‘ me t  • i

Thr u  I iO ; I n - i  o i l  ~
‘
t M i : !  I 5002) lbs ( . ‘ d ’ d  t i )

((po riti s rru I l i t  e N r n i  ‘ i i  I \‘i I i

( I r  I i e ! 1 lm m n t )
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III. MECHANICAL CONFIGURATION

The rotor and vane cd fe is shown i n  F i g .  2. In converting the

current meter the aluminum plates are modified to accept new bearings

and anodes. The iournal bearings are Deirin 150 with a tungsten :~ r—

bide thrust plate in the rotor and lower vane ; this hearing design has

permitted us to improve t it anodic  r e t e s t  i o n . I r r u r e  1 is ci

rn . h i r I i i  dr iw i nq or  t 2 1( 1 a n l s rnf l y . Dot i i Is (0 tli c lqo mod ; ; L u —

1of l;~ I I I  ; i v n i n  t h e  Ar r I 1 X .  FigUre 1 •;lo ws t h e  tubu lar r o o s t

P I u S  i i i ;  a n t  t h e  t i .  i c i ;  1 t o  o u r  t t i r n s S o ; i i  h e n n i n g  end 1

i i 5 50 j i LOS 1 I o t r  n ~i ;  c— I i 00 5 11 ; ; .

For adequate ; r . I o i l i r i ; O i l  t o  l n i ; ( 1 t ~~ a wat er—tight seal , t h e  in-

strument hardware is t i  ; ( ~~~~ I n t i~ ~~~~~~~~ ; *  f T i t l e  1

- ~~:~~~~ue_ V a l u e s

Cage rods 10 f t  lbs ( 1 2 0  i n  i b s)

Tie  rods in  t lbs (1: 0 in ib s )

Upper bail l i t  12 ft lbs (144 in ibs)

Upper vane ben r r sq 10 • i I 2 n lbs

Center bearing locknut 15 to 21) ~~ I lbs

Lower pivot locknut 15 t o  22 )  i n  lbs

IV . THEORY OF OPERATI ON

The block diagram fo r  the COS/MOS 850 is  shown i n  F i g .  4 .  A

7 4 .  5654 kI l z  o s c i l l a t o r  is used to q en e r i t  i all t m i  nq f l i r t I nn ; , and i s

d i v id e d  by b i n a r y  ( ‘a l t e r s  t o  provide  i 14 — h i t  I Sm word and f f r

rol  pu lses .  At a ~ r e— se1ec’t ~ d i n t e r v a l  the  c l o k St  ; r  t 1 1150 2 I S  t i e

l a t c h  in  the STA—9 , t h i s  app l i e s  power to t I ; t  SW ’i t  h I h i s  l i r ; s , i i ; —

ables  the  c o n t r o l  f l i p  f l o p  and m o men t a r i  l y r o t s  I Ii s r i -  i t -  ‘r~l O ; t  - 1

on the program board . C I A — I o u t p u ts  K , and K i t  I T  I f ; .  rn 1 1 1’ l\ ’ ’ l

c i r c u i t r y, w h i l e  K
1 

c l o ck s  t h e  ;; ;T i en  ce o i l r l t r ;  I t s  0 t 1 i l t n ;  I f  1 0  1

to g e n e r a t e  most of t h e  c o n t ro l  P u l s e s  i i  151 r o i l  i ly  f I t  I n o t  I 5111 1 . i l l

_ _ _  - • - - - - - -  - •-“--- ——~~~~-m——- -- ’ ---- -~~•• ’ --~- ••- - —’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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r e m a i n i n g  control  si gnals , 140 1 flu;;fi , and i f t  r counts are il - v - I  no-i

and processed by the LOG — 5.  T e mp e r a t u r e  c u r t  5 i r e  l e ne r i t ;i b’ a

v o l t a g e — t o — f r eq u e n c y  con v e r t er .  ‘rhe r o tn  urici Lemper it t i r e  pu l se  If Sill

are qated by the mul t ip l ex i n g  c i r c u i t r y  or the  rotor couflter and L - r n ~ 
- -

~~ 
-

atu r e  gate  board in to  b i n a r y  counte r s  t o  he a c c u m u l a te d . At t h i r u l  o1

each strobe the data is q a t t i  t h r u  the  and/o r s el o t q it e s  to t I l - s h i f t

r e g i s t e r s .  Opera t ion  of the s h i f t  re)i st i rs is cant  r~~ led  b y T
r 

T
11
,

and T
c~.0 . The da ta  is clocked ou t  of the r~ q i 5 t i i s  by K s.  W h ; 1 e  t h e

rotor and t empera tu re  counts  are  being i cc ; r r n u l at o d , ornI cios arid var;’ - i n -

fo rmat ion  is t r ans fe r r ed  thru  the r eq i s t er s .  The se r i a l  l t t . i  t r a in  ~r r n

• the r e g i s t e r s  is b u f f e r e d  by t h e  program board and used to t o q i h -  t n

head d r i v e r  c i r c ui t r y  on the T A P — 9 .  At th~ end of a pri s lecti l sOi l

of strobes , a stop pu l se  f rom the  program board r ese t s  t h e  l a t h or ; i t , -

STA—9 .  This  action removes power from the switched bus l ines  ar id  in-

h i b i t s  the control f l ip — f l o p . Channel  s w i t c h i n g  arid in s t r u m e n t  sI lO I t

are cont ro l led  by the Tap-7 .

V.  DATA FORMAT

The da ta  a re  r e or ded 15 5 s~~;Iuence Of ;t r i - n ;  . ini; c t  - 1 s t r o n g

is referred to IS  i 1 IOI ( - ( i l .

A strobe has the ’ f c i l l o w i n q  fo rmat :

Variable 1 V ar i d ; i e  2 V a ri nl - I - I

xx 1 thru i4~~~ i t n-i 
~~~~~~~~~~~ L _ j ~~~iru 7 b j ~~s H t h t  i 14  I t

xx = b lank  b i t s

V u r r a l ) I I ’ 1. i n r i t a i n s  f u r l - u  f , i t s , i n I h i ~’ ; ‘ C  M - C  O P t )  t ool -l it - 0 ’ - , t i i’)

i i i  r o t o r fat s - ic - m u lt i:I ,-x ed into thi s ositi rt I v - Of 1( 11  l U l l  0 -r
0

‘I’ll ’ ~n l  T ,• i c ’ . 1 join;; 1 aqram ) . V a r  i - i l O ~~ 2 is - m iss  l i t  i t ;  ~~~ r iii!. -

3 is t i ~ - ‘ t n t . - l n t o r T n l t  t ori . A t v 1 ; - - il i t - o rd i f  N of  r ; - s i s - r O w’

1 1 w :

rM( . ‘rc:- n~~~~~J ,(::: - .c:~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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- rob . Var  •j b  h e I Variable 2 V a r i a b l e  3

1 l’cm p t n r a t u r .  Compass Vane

2 Time C eru  ( 2 ) ) )  Zero ( 2 3 0 ° )

1 Rotor Compass Vane

4 lo i t er  Compass Vane

N Rotor Compass Vane

N o t  i i  t h a t  on strobe 2 , the b i n a r y  b i t s  in tIn’ ~~rnI I;;s and v i ;  t id  I

i re  a l l  zeros ( 2 3 0 ° )  , in a l l  o ther  cases they y i e l d  an i ris t arct - l i O u s

head tri r

r h  l i i i c a o a c i  ty  for  t5e COS/MOS 850 is O l O W It  i i ;  Table  2 .  T h i s

i5 c1 Ii t i i l l t f l t  on the mode of operat ion , i . e .  , record i r i t e r v i l  m l  r unt ; -

of s t robes.  These ir e  ca lcu la ted  va lues  based upon a 3)0 f t  l i f t

c a r t r i dge.

Table 2 .  Ta~o a c ~ j~~~j~~ y, in Davs

______ Record I n t e r v a l
Mod e ~ Cent  i nu o u s  

— 
1 Hr 30 Mm _ J 5  M~~~~~~~~~ 7 . t  N m

3l Strobes ~~~,3 

_ _  
___-

~~ 

-

2 1  • t  rol es — 262 131 P 5 . 7  3.~.-l

l 5 , ; t r - a b ; s  — 3 ) 4  117  ( 111 .5 1 1 .2

L ~~~~ 

- 

~1~I~L-t 1 r ~7 1 

-

~~~~~~~~~

‘I I i ~’•, l Ii i ;-; I - i f  I .  - P 1~~ 5 t - ‘ 1 1’~’ I he C; 2 , ~ o ;  0

~~~~~~~~~~~~~~~~~~~~
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V I .  DETAILED C I R C U I T  DESCRIPTION

The fo l lowing te rms Sr i  used in the c i  r c ; i i t  desc r ip t ions  a~~ h I m l - a ~

l i t  - 1  h e r . ’ a s a r e f i r i rIci ’

13
1 

t h r u  B
4 

f i r s t  fou r  o u t p u t s  of the sequence counter

p o u t p u t of program board , used to generate  Tcv~ 
1
t v ~

K
1 

t h r u  I-: l m ; ; t  s i x  o u t p u t s  of t h e  program counter

I~~ n it; ut  ot n o lr a rn  board , used to gene ra t e  TCV S 1
CVD

K 1 7 t to t ; , ;; ou t p u t  s e l ec t ion

E r 15 st e e l , .  - ; ;  output selection
S

P . 31 strobes o u t p u t  se lect ion

2 3 ;  23 s trobes output  selection

Ci ou tpu t  Oat ; train from shift registers

t h r u  C
7 

seven outpu t b i t s  f rom compass

dat  i t r a i n  app l ied  to head d r ive r

e . output of program board , used to gene ra t e  Tcv
e i n h i b i t s  tape head ; ;  f rom w r i t i n g  f o r  f i r s t  f i v e  i0’; or ; ls
0 

of record interval

G
T 

output of proqrarn board , used to generate TCV~ 
T
~~

G
T 

outpu t of program hoard , used to it ni rate Ks

K ou tpu t  f rom clock , p r i m a r y  c l o c k i n g  1 1 1 1 -n

K
1 

c l o c k i n g  1 1 1 1  2 ii ;, ;! t o  d riv e  t .st hex

K
1 

proqralri hoard - I o ’k  i nq I u i  s.

K 2; t e f l  I WJ motor  c lock ing  12 1150

K , i t  1 1 ’ i  n i  m t  ir  C U ~~k 111 ~-u I; ;,

LI e5 on pu l  is wh i cli I l I st s  I i ~i - -

1 1 I
l l  

mult i F 1 t x ’ l  l i t i l , i t s

_
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T
G 

t e m p e r a t u r e  ga te  control

T s h i i  f t  r q i n ; t l ( m u l t i p lexed d a t a )  t r a n u f m - r ’nu i n -

T
r 

r e n t ;  mu l  t i p lexeol coun te r s

s h i f t  r e g i s t e r  (t ime ) t r a n s f e r  pulse

ri m 1 1 1 ~~~5 v o lt a i i e  t ic ;  c e l l s  in  com; i;;s and v m s . -  I 1 w - i

‘ VI shi  ft req ister (compass  and vane)  t r a n s f e r  psi ;

T —T f o u r t e e n  b i t  t irne word

V
1

—V
7 

;;t vefi outpu t bits; f r o m  vane f o ll o w e r .

A .  C lock

The , h i 1 i  t i  1 clock p r o v i de s  an a c c u r a te  t ime r e f er i -n c e  f o r  t i ;

t ’t h - /MoC t O O  and consists ot m p rec i s ion  c r y s t a l  o s c i l l a t o r  sno t n v - r u

r i~q- ’lt  coun te r s .  The o s c i l lat o r  f r equency  ( 7 4 . 5i 54t )  k f l z )  is l i v i l - i

2
10 

w h i i ; h  corresponds to i i n  f o i l  of about 171 day s .  ‘rho I im e  Wof i iS

( onsl ised of  the  most s i g n if i c a n t  f o u r t e e n  b i t s  f rom the c o u n t  i F;;

( 1513 = 15 m m )

H 
and i t s  a sooci  m i i i  c i  rc t I  i t r y  form a r e g u l a t e d  7 VDC poWer s;11 - ;  1 y

wh ich  he lps  s t a b i l i z e  the  o s c i l l a t o r  f r equency  and l i m i t - - n  the h 0 \ ~’ . -  ‘‘ Ii —

suxnpt ion  of 101. O u t p u t  ç’
1 

o f Tt ’l (37 .2) 127  k H z )  is provided as -i I - s t

po in t  f ir -  td~~u s t  m g  till o s c i l l a t o r  f r e q u e n c y .  IC2 is i l evel  s l i i  I I

r a i s i n g  t h e ’  7 — v o l t  l og i c  h i g h  l eve l of IC1 to t h a t  of t h e  i l 2  C t m ;  l v

v i i  i l l . - . The o u t p u t  of i ( ’2 I r  ivon ; r i pp le count e r ; ;  TC3 I h r  u 12 ’ 1

develop the  t i ni w oh

TIte l i n t  l i 1 ~ii n t  I r ~~l r i ;  I i i i  I t .  s l evI  loped P iii i . 0

I C / A  fe~~ a d lv i i .  by t 1; f , , - :  ; t i f f  t i  prev i 1. t he  1. ’ t O n  ( t : ) r i - - I  r

merit ‘b -k 11) 1 p51 ; ; .

The ~, -ot i int erva l in; n ;. l e t  i 1  by w i n  i n g  p i n  H I i i  t i l l  11 1 t  I n  l i t ’

u r n i t i r  o utp u t . I - i l  . ‘x l r n p i . , wiring pin H I ’  ~~iIi 24 i i v  ‘ n - t o  m i - — t i - i n

I n t  or

_ _  _ _ _ _
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TO. 1 ; ;  I I ln.-;; f t ; l r r ; — - n ;  I lls, is i - i l  U-r ’ -;t by IC7I  and i t  - m e n -ted —

m t  1 d r - u t ? ’ ,’ . O l i n ; - i n  7 i l-i t i - I d  l w  by f i t - xt -rnal oli ’, t  f f f l • i ~~h i - t

the t or f l — i t t  o t r s i i  is i l I t i r h i t i l I r ein ; ‘sIt li t p in  ii.

13. . T A— i

K fr om I f s -  c lo i Fc - I ;  iv ’;; - i t ;  2 i1 of tO. - Y F 1 ~— )  c l o c k i n i t  f l i t ’ — !  b ;
0

I t 2 A .  l t m t 1 u t  K
1 ~t 10 1. I I I i ; ;  ICSI~~~f 1im n it t r ip t l; , m ’ t - n  m 3 r i v , -  ‘ im l ;;el;

(K ,, K )  . The action - I I c A  i ; t ~~~~ vi-1 - r w i  nv t h e  1.- vo l  i l - t I i~~ d I ;

a t  t h e  t l i t - — f  l ’ l , t h in  us an imil;ibri ~ i ; n n m l  from I f; , - 1.iO it (1011 2  n I

0’ lOt . WlieIi ~~i 0 i i  of tlit ~ 1 o k  rlfmn , ’s it l w  to It if ; I o i l ;-  i t  o t t  t n ; .

shot t n  li i  is ;‘ot p ’l i ’ i  t in 53 of  I ( ’l C set I inq  t tie 1st 5 . T h i s  i 1 t ’ i i ~

1 Fi St’t pu l s e to the p r o t r i r ; ;  1 t i  5 , ~~o~~’ , - r  f f i n e  a w l  I - i -  I I - l i - I i  c ’  m l i i

,m iso en - i l l  e;t  f 1 i ; —  I ‘q I ‘.A. ~1 f t  11 i - I. ;; ii - -1 : c t ‘ n ’ . 1 ; - i ;; I ’ ’  n ; r’

L i t  i i  t O .  out  l i l t ~t tO pr am h e i r S  ~i k i ’ ;  1 i i  li t I - I OW t i m n i  - i i i  1 .

‘rhis t i -an s it i o n  is i t i V I t i  on t h ;  0 T h — I  by I C i l i  i ; i n i n  r t i ;  b i t  ;; 0

F e i n t , r emoving  ~~, I W . n t r , s n ,  to . i U~ t l i n e ; arm ! m i l l  it ing I - ’2-\ .

C. 1’ r oj  r curl Beard

The program board conit rols the s. ’~~t m t ’ r m - n .  of  o~s- r  t i ; - At  tho

;t art of the record interval t ic . ;; I ; u e t t  i - - - - : 1  ‘ - ~~ (IC1) is rn r ;, - n ; t  sr i  l y

re ’~~et setting f l u e  counter to an a l l  so r ’  St  at  - The seqtl t ’; &- c o Un t  ( - 1

i ; ;  a 1 2 — s t a g e  r i pp l e  t y p e  w h i ch is advanced one -o;i1;t on if;. 1 514 i t  IV,-

. lqo of the I o c k n n ~ ; i ; n i l  (K
1
). I’ t ;t ’ n u l l  c m t  a t i m e  c o u n t e r  m r .

processed t~~ provide many of I l l ’  I l o t I o n  p U i ; i ’o r i ’ P n ; r e ; i  liv t - i n —

strumerit. The Int ’l . il ; i;xf ’ro ; ’ Si ’ r u t ; I ‘r t h ~ OUt I i t ; - I t Ot  :- 1 , 11 ~ifnl

txs,m ri i r . t

c j~
’ 

. - . i n ; i T ~~~ 
. . t~ 

-

‘I’ 2 3 .‘i I’ 4

T = 1 • I • l~ • Ii
f 1 I I I

• I :  • I , • I - . I-:
1 .5 1 - ,  - , e

— 

J
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T - t ’ • T
it 1

T = . •

r 1

e = K • P • K K •
1l .‘ 3 -1 5

-, 1- - • i : • ~~~ 
•

;. I I - .

D = C • C - i n t l 1’ - -~~ 
• CT T 1 1’ 1’ 1

2 3 0  i-; 
- 

•

t i n , ’ct - - ‘; u i ; t . - t - “ 5  t ; m t ~~ 
b1

~ 
, F

1
, I , u i  t-: i t ,  ~~~~ m v , i m l m m 1’-  -

f r o m  t i n .  t im in I 1 is in m m  ( F i n .  5) r in ~it  ‘ i i .  - r ’q r  in ; h o i f  1 , ;m t 1 .u t ; ;  1 , I’ , —

and T i l l  - - n i l  lur- i nq thi a In’). tirr .e f r u ’ :m , - . I t  jo in;;~ - ’ r t lI nt t o  n o t ’ -

liii re l i t  i o n s ’ i t i r -  1 , 1 w . . - : ;  T ° o u t  l ~~, 
i t h i s  , l i t , - ’ ~ ” t n ,  w h i c t ;  i i i u ;

mult ir’i .’xm ’d i n ; t ~~ t i t e  V i m  n - m o l t ’  1 , ‘~~s i t  t i n ; .  N o t e  m i s ;  I t ; ’ - i ~~~t i ’ i t ;  I t i ~

bet weemu 1’ - - m r - I  1’ • w f  s - r 1 ccc, it S 1’ to , i t  S , t I t  i s u - ‘ ; l t  ‘I ; - I i ’  n I
Ii CV

al l  .nsr 0-. e~~ i i d i !  0 ’ l  St  t i lt s.’t - c ir m ,l  f r o t ’, ’ i i i  i i i . -  -‘rI; 1; - muS \‘ lIit _ I i t ’ l l;; .

The t at i ou f  ; ; t  t I
l

t vu - n . i t e,i i u_, 11 11 , i ri t_ rOY , S f t ;, . Lii  1 ; r ~~

t r a i n  ( C l ) .

0. I to- .

I rip e t —c 
1 

, 13
1 

, I n . 1 0,,, ~
- ‘ r i t  i i  I Cl h i l i l I t - IA \ t o  t or it t  F _v -

A p ub .’ d e lay  n m , - ’ w . ’ r k  i’ ’ n s i - , t  I n ~~ ‘f I i  ) l , I I ’1 13 , 1 0 1 , m i d  I t 3 5 3  ; n& ’ t i s t S

t m  I t ’s  T vu t r ‘n T
~~~

. ‘1’~~ . f S  i l l _ I - _ i  t o  I ’  i t t  ? O l  l i i i ’  (_~~i t ’ l f ’ l I i 5  mti , 1  V I I .

i n f o r i ; n m t  f i l l  itS  t t ~.’ - ; t ; i f~ • t ’ q r s t . e r  s - , ‘;. i is t, ’ l i ~’ - , l m u  or ), -t ‘ t I t -

‘P e t e ’  ‘ u s  W I II. ‘ I V i’S rn .,u.
~ ’. I t i  I’ ,

~
, , , l I  1 1 1 1  0 m i s  U 

~ i - -

a t e i  pulse , is ,m- ,.’ i t ’  ~~~~~ Sm, I’ ’ ’ ;rs 0 i tO - . - . n I ; ; ,  
~
, i t - n  l ’ s ,

- g i l t  ~l i ., st ir t u ;  to  e t l i r i i ’ , t m I I n i l n - ;  o t t  t
l~ ~ 5;, i, 1 Is t t  • a rid

,
; m e t ’  in ,il I -w i ll ; f l u , ’ I ami .5  t , ’  t I - - 5 ,  

~~ 
is  - t w i t  , : .  - 1  ‘r i  - H .  I t O .  - 1

bus I I ;  i - t i i t ’d .

_ _  
~~~~- -~~~~~ - - -~~~~~~~ - ---~~~~~~~~~~ - - -  - -
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H 
-

H 
-

H H

I~~~~~ I L

_ _  ~~~ -~~~~~~~~~~~~~

- 

~~

IT

— — c’•J ~ ) 
~~~ — Cl) ~~ — C\J N’) ~~ it) (0 N) — 0 ~~

~~ CC CD CD CD LU (1) 
~~~~ 

F- LU LU LU LU LU LU C’J I ~) ~) F- .
1

Fi~j. 5. Timing Diagram

______ - _  — - - -  -‘— ~~~~~~~~~~~~~~~~~ 
‘
~~~ 
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I

— C\J N’) ~~ it) (0 N”) — 0 ~~~ 
— — — u..

LU LU LU LU LU LU (\J kD F- C) LU F- 11 F- H- CC F- J

Un

_____  ~~~~~~~-~~~ —- ‘_~~~~~~~~~~~~~ - - -  ‘~~~~~ -~~~~~~~~ — - _ - 
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Inputs 1(
1 

and G
T 

are gated to form the drift register cl~~oc c rug

pulse KS.

The reed switch si;inal is low pass filtered and inverted by IC2A

to remove reed nyu tch i OU” (5 then used to drive a 1 ms on.~ —shot

(IC2C and IC2D) . The resultant output pulse—train ( K)  is used t I

clock the rotor counter . The Boolean ox:~r;’ssro:;;:, for tOn ou t t  U n -  1

the LfX~-5 are :

= e
1 

B
1 

E
1 

G
T

TCVD T~~ (delayed by 4 I r o a g at l o n  l : ’l ay s )

L,,, Tcv

K s = K
1

G
T
.

E. Voltage to FreQuency (F—F) Conv erter

The V—F converter  forms an interf c between the the rmis to r  a r c :

the counters locate S on ‘-he rc-te r ernIe ’s anal tCrnt ; ’ra ’ - r i - ;  ItO board .

A block diagr ~i r f — , r  too  V — F  is s~~awst in  Fr  13.

Tn 1 se

C 3wtt c l i t ;d  C n ~’: 1 ; -  1 c.

- I 
Osc i l l ; m  I r O hr I n3e; c i ;

- H
o \~-i i-o’~~~

--—------- -

I T h er m i s t o r  n - w i t - S ’ - ;

o
+ I. ) V r ’ f t rence + REF

F i g .  6. V—F’ Bl ok Di u ’ ; r m r n

( A t 1 F 6 DI. 5,C 1RAM~ 

— —~~ _ ‘— -  
p _-’ -- - _ _ _ _ _ _ . _ _  
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The outpu t f r eq ue n c y  varies inversely as the thermistor r,’;; is—

tance (R) and t h e r e f o r e, d i r e c t l y  as t e m p e r a t u r e  accord ing  to t b

expression

K .
= _~~,L ( 1/RC )

‘ U t  1
r e f

w h e re ,

C = C + C 13 , R = R
2 

+ R arid 
T

in

r e f

Assume a sp”c u tic s t . m t , ’  for 102 , let  -~~ be low , t h i s  makes  A h i ;: , u r t , i  It

low. Contro l s i g n a l s  A , B , and A o p e ra t e  the  I- I-IT swit ,-bie;; ( c , , ,
7 o

and 2 10
) . A high on A causes t o  he ON , ef fectivel y c o n n e c tin :- ;

one end ;f C
8 

to g round .  Tin e  low leve l  on A c ,m :m se S 
~~~ 

S 0. ’ t N  l l ~~

nec t inq  the o ther  end of C
8 

to the 3.’) V r-eferen,-e supply . is m i nc e

ON due to the h i g h  level  on A .

The tempera ture’ siqnal (+) drives the inverting i nput of 1l ’l n - —

s ult i n q  in a nega t ive  ramp a t  the ou tp u t .  U n t i l  the -iu t 1~u t  of t O , - i n t

‘1ra t ~ar  I i e t ’;t s l igh t l y  nega t ive , r emains  OFF’ ar id  ç
2 

i t ~ ON .  I n :  t h i s

s t a t e  the p at e  vo l t age  of (11.5 v o l t  ;-t ) is -p  e , m t  or t o u r ;  I In  ,m r ;o ie

vol tage ( 1 0 . 5  v o l t s)  and the PUT w i l l  rio t f i r , ’ . When f l i t ’ carp - r e m - I t ’ s

— .o V • ) t u rns  ON • Q ,  tur ns di-’t’ dropp ing t he p S i ’ voltage a 1 low i It _ n

to f ir e .  When ,‘

~~ 

fit m’s , t u r n s  on c l o c k i n u i IC2 - u n s u n g  ci t i  n , ’

and ~ low . The I i i  ISt ’ Jot i’’ network  at  the m m r  c i t  U of I C tim it; ! 1 ‘ I I ;

l’ f t 1 lfiC. ’;t a make t ’t ’fo re  b reak  ni - t n  ;~n ; .  A pet ’;;  l ’s- i mrnt -di , t  . lv w t u . ’ r t  )
‘lot ’s h igh , B is delayed I rem go ing  h i g h  f o r  1 Ii I t s .  T hi s  i -  t ion c ’n—

t rols  f lue  sw l t c l i i r ; . i  of the FET ’ s u n i t n i -  c u t  t ; ;  ~~m C , S i ’ i t ;  n i ; ; e ’ l a t ’ - I t , ’ r
14

t u e  10 ~ s R.C. t i m e  c cr , i ;t a n u t .  W i n - n t  B l ’es hiqh , ~ a n m i 2 i r  .‘ c s - m t  clued

ON conn ect m l i i  t i e  r m e g . i t  i v e l y  - t ; n ’ f , - l  Sil l ,- of C~ I I t u .  i n n ~ - ; r t  e t  liii’

int ’ ’ - i r , i t , ’ r  (It ’l) and t I m , ’ other side t ‘ ; n  - i i r ; ’ l  . I t ; .  T h i n  - i e  at  ‘r . ’l  in

C8 
is t t n ~~;t  i ’r r , ’ l  t,’ C - u cicc I n i l  101 - i n ;  ‘ -  t ‘ s i  p o s it  i i’ .’ - i n t l I ‘ ‘ 1 i l l  tin ’

f l t ” l a t  ye ramp u i m l n  . (‘ , u ; - , u - i  ‘~ I 
f t  ~

- ; ;  , m v o l  I m :  - l i v  i l ’  i

W i  lb c’
~ 

t o  l i m i t  t he v o l t  ‘i i. ’ I p ) ’)  I “ 1 to IS Si’ ,\ot; i l - c - n c  I -

_ _ _ _  _-~~~~—--- ‘ 



—

Since the ç) ou tpu t  of 1C2 is a h igh , is ON : r e v & n t i n c ;  22 
f ro m

changing state . When the anode voltage of the PUT reaches tb - -at-

voltage , the PUT will again fire causing 1C2 to togg le. The : ‘ - i - i - - r

of the PUT is approximately 125 ~s which is determined by the 4/c c f

and 220 pf time constant. When 1C2 toqg les, is swi tched  o f f , 0

goes low and 10 its l at er  A goes t i g l c .  This  r et  i r n o  C
8 

t o  cm c i m i r - : i n q

pos i t ion , a l lowing  for  a 10 -s b rea k  be fo re  make at bo th ends of t i . -

capacitor.

The ra te  at which  t h i s  s e n cu e r e -e  t a h e s  r ]emce is a f u n c t i o n  0f  t i - -

input resistance , lower resistance yields a higher output fre t ; :- -

The modifications required for adding temperature to a model 145-)

current meter are shown iru the A r p e n d i x .

F. Rotor Counter and Temperature  Gate

This board was par t  of t h e  o r i g i n a l  t e m 5  -. - r . I j r n . i n o d i f i V . t  I :~

made to the 850’ s , hence some m i n o r  component  ~h -m r r r s art - r~- 1 c m  - -

make them compatible with the COS/M 5 circuitr-’ . Tp p ,-ndix B I i  v

circuit diagram with the necessary modificatio n . A simp lin i . - 1 - ‘ n  sc n

of this t oar l (RC n G i l )  has been in e i - cdi’d Inc t Ic .- A; : c-ndix ; t ,, m I ‘ 1

is directly interchangeable w i t h  t ine i -r e i e ’r i t  T h ’ r I ; ; . ,  (5lses I ;,l 1

determine which  data  counts , temn”;r;cture or r- ‘t ;r , ri -l i -  ; ?Oc r : ;  t h L

mul t ip l ex ing  gates (Id  and 1C2) to tI; ’ count ‘-n i: -; mr , i I C c )  -

f u n c t i o n s  as a count i n h i b i t o r  and C’ -; - . i p u l s e .  Cl i - :  T 1-; ~~ nt , 1

prevents  the da ta  counts f rom  c l o c k i n - ;  the - r - u n t ’n ; ; . i - I c ‘ ;,. i~~~t iv. -

going transit ion of T
r~ -H I S  0 r n ’ n ; ’ t r i  1’ t~~n : - . :  o r ; I ~‘S~ - ‘ ‘ ‘  1 1 m m

1C5. All mu lt i p l i - x t -cd 1 d m  hit ;- (Ii~ — N
11
) JF~ - 1 ) 1  ~~L ’ I  ‘- ‘ S i

registers in parall el format.

G. Shift Reg ister

There are two idi’nti 11 shift no - g o - I ,  r : 1 - u n  I i n  i ; .  i,’)I—’ - t

each h a n d l i n g  seven l i t - i  b i t s .  A l l  i s’  m r  : P - - , I . t 1 t i  ‘ R I ’ -

in  I~~~ - liel f o r ma t  . 010 I 01 n I n e s  0
, T i i i ! 1 -‘ - -  1 V ’ L t ,  ‘P’ ~~‘ m 1 0

I - IT I, - ,, ’
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i n w h i c h  da ta  u s  t r a r ; ; ;t , ’ n - r - o j  - Wh e ;n , ’v . -r  a ny of t h e n , - a ,; , $ r i !  ~-u1 ;. -

are high , th ey a re paled Ihru t I c ’  01+ p it.- ; ; (1- 01 ta pin ‘ ‘ ol Ii: ’- ; - —

suIting in a j ’mr m l l e l  to - -;o r n ,ml shirt . At T
v t i me , wl~ t i ,  ~ ISU

and v a n e — f o l l o w e r  , m r , - i n t e r roq u t i -d , t he  c l o c k i n c n pim i S e  ( s -  ) ; i : —

hib i ted f rom c lockinq  the  s h i f t  r o i i , n t , - r  ( I C C )  t n ’  I CIC .

Re c a l l i n g  the d i  ;;,:cission of the data  t c - r r t c n )  n ot , ’ t i _ m t  c ; ;c;; n ~~ ‘

the m u l t i l ’J  m i x i n g  occurs on the sh i  f t  r. ’l i st er  t ’I c a r l ; ;  - ‘ r h . -  , I F t  I ’ !

pulses determine w h i c h  sets of d ,u t a  ar ,  q a t ed t h r u  t t , i -  A l l , -- I
gates (1C2 , 1C3 , 104 , 1C5) to t ) ; . ;  s h i f t  i t ’ l i i s t , ’r ( I c O - ) . T ° t r  c u , )

t emperature  and rotor  1,;t i , T
11 

th e  t i me  s ar i , amid T t i c ,  ‘n - c m -~

and vane i n f o r m a t i o n .

The operat ion If  the m u I t l I l e x in e  q m t . ’n ; car ; h host cind. -’ - n - - i

by considerinq only one soot ion o n  F ) ; , - ‘0- 1;) ! - ( Fj q  . 7)

T
0 ‘r

r II T
1

5-- — — - - -~~~ — -—— - —  - I I

~
) ~~

• ) 
~~~~~

n - Ic c  1’ i t ’ i C xe t Sc i t  c I

F i r .  7 . - t ; ; l t i p l . - x t ; c ; 1: , i t , - - -,

I t  can be ;ne . ’n f r o m  to .’ t i m i nq di c ier  in ” t i n _ I t  lie ‘i ” ’  - 1  ~-u Is. n u -

n o r m a l l y  in  a low n t  a t .  . Note t h a t  T
r 

ara b T do p ‘ I  ~~ ‘ h i  ‘ I i i  SI t h u t

sam e t ime . Whe nu T ° is a 10.5 ,11 1, i i i  h I t s  ‘1 - I m L m I - n i ’ n n . ’rS  ,t  t hy ’

m u l t i plexed i n puts  — t
4
) II , q , u t o . l  thu r - cu I 1;. - 0-1 - -i min d n n - m r  .It

the  o u t p ;m t  . In ; s i m i l a r  m a n n e r  wt u.  I; T is  t u r n ) ;  F lit ’ i t t  u i n  - i i  u ’ ; ;  a

t he  t i m e  i h I n t ; ;  (T
1 

— T11
) ,mr e  r u t  - I  t l i r a i  , (h is I-n c I I  p1 -5 ’ - )  ‘ ‘ u I  atO
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is - m o m  mu c in tl i i i . - -. I i t  c ‘ - - - rn - - m a v~m ru t ’ ur n  I - t :-: , ‘ n o r ; i n  I I - cc- Xl

- C)
Con r r o t s  siqrmcu l ;n T - u n -c u  h i  - m t  c r c .  ‘I  :511; i t s  at T j o - i

‘ Cli
T ( lo ll ;)  ~l e t ’ - r ; a ; nut ’ s’;,u -h i d m 1  - u  hi ’ ;-; m b , -  c u t  i - I  t : u  I I ’  tO , - 0 1 c m

r t - q i - ; t e r .  m u  t h u ; c c  r n u a n u r c - r  , m I  : i t t - a  is  n .  - ; , - r u t . - ,l t o tOt’ sI t; i- I Is ’ - r I - I

i n  : o m r , m I L e l  l~~ 1 nn ; , mt  m n- i c t ; ’ m , - i  . S rio ‘ - - - ; 1 - m i  I t t i I r u i n .

h i ,  1(0’— - ’ 
-

The TA~~— d c i v ’ s  S i t . ’ i _ i -  - - ;.- u t o a r c - i  t h e  r i ’ ’oi I ’  n st -c t rig non  -

‘I’hi is is  - m . - ‘ I ’,; i , ‘ l o .u n d  w i I I , ;;, ‘n’ ; - mod i t  i c~ ml ; or ; , ;  , I Sr .  r , . ;- ; a n  ,‘ - ‘ —

cc c 1’ I i  i n c  a - - I ua - ccc ’ 1 l U .1 ‘cc P - ~~~~~~~~~ - c t  ri;, m t o ~i I - m -  ; ; c ;; -

I’ I u ’  b ;ead  b : i ~~, r  is b c . ’ i l . - ,l in to t o ;  0, - I L ’ nc ; - , ~ ‘ 50 itS ,i; -;S (’cL.lt,- ,i

c i r c u i t r y  F o r  r ,  - c n d i nq or ios , i n t O  Q ,  S n - cd t ; , ,  1050 ( 1 c r i b  c i u c I m i t n y  ‘ ; - r

ne c n r ;l i rig c’,’r ;’ ’ - , T On - ci n - n u t s  l r ” i  ti m , c~~, -  ~ cct  m a i n  - I , - - - ;rc;u ciri, - 1 5 in

12 ~ t e;~ 
no ‘ c t  - ‘l In e -co ll e c t  i ; n , t i  t-  t a - n - : - - - - i t -~ ,~ - , ; - ‘  - — -c: : i n

n c . ’Is’,’rk , F I p .  8 cO ts- ;-  a t y n - i c , S  t i t a  tr ai:n Sci I -  u : :  - SIc moe .

C a r  un 1 ‘‘‘ ,- 0 ‘ o

5 r e t o r . ’n i e  
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I ” i i c a l  1- r i .  — t n i i r t a l  . I ’~ i ’ t  n ’ . - - - I t i ’ ri I h e r ;  fl - i t

I c ’ p j , ’ , i l  - n ; ,  — S i - l I t ! ,  I ’ S  h i. s i t  i’’ , - I 0 , 5  I o,;;t ; ‘ ‘~~ ‘

t ’e ’,’n : -r c l , ’ ; ’ h i n ;  ‘ ; l O . r i  ( K  , I ” )  i n . ’ m n q ’ l i ’ b  ‘~~~~ ‘h ut ;  1 ’  - 1 1

~‘ 1 .  .i i t .’ t I;- - I r r v , ’  ~‘ u r c u j L  f o r ’ t i p t  I n . - m s i n i  c c l ’ ’ : - . )  ‘ I c  ~~‘ 1 1 : 1 - n
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o f f  for  a per iod of t ric to u n ti l  the n - I c n m r - i e  s c i o n s -  C
3 

r , - a a i t . - n :  i c - n r X i —

m a t ely  1.2 volts. The time required for  C
3 

t o  ci ;  ur g e  to t i t itt V - - i ’ - ; n -

iS uucgc .mcde nt  ; cn l i i i  tj i.- vj l u , - c- of C
3

, R
1 , , F

1 I ’ m ’ n u t  n ine volt - ; d i :

across C R 2 3 .  Note  also t h a t  the motor  d r i v i n g  v~~1~~’mg ’ - ( u - l 2 R l  i s

separate from the logic voltmqc , t h u  + 12 b-i- ; . The ge n e r a l  f o r m  f or

the  vo l tage  d e v e l o r  i d  across a C a n - a o l  t e n  can 1 - ’ -  , - x : r , - -sed n un I o1 l-:wc : I
— I / Ic :

V -n - = E ( 1  — e ) . -;

This  s t a t u s t h a t  the t i m e  i r i t i - r ’ ,’al L I  to iU11l’~i S - i  , m C m n - I  m t,,r

to ch arge to a sos-s i f i c  vol ha -  n- (V - c = 1 .2  ‘,‘)  is d m ’ l , r i I l ,  - I t t  U t o;; 5 
-n

vol taqe applied (E = + 12 bus)  and t i n e  t ;cn~’ - ‘ ins-tan- c t C ‘C, Ci, - r ’  -

R = R
14 

in p a r a l le l  wi th 
~~~~~ 

- i r i l  C = C
3

.

Therefore , as thc  b a t t e r y  v o i t i e , ’ d c - - c r ises t h e  t ime t o  - iF’ -- S :

Vc to reach a specific vai n, must increase . This means t i c I t  u ;  t i c e

b a t t e r y  voltage drops c~ i s  off l o n g e r .  When ç1
n- is - - f t  , ç a n t ; - i n - - —

On caus ing  the motor to ot o i . Because  of t h i s  c h a u  a - t ” r i o t  i c , t : -  0-

orgy r equ i r ed  to ~~t i H  t O , - - motor r e m a in s  nea r l y c n r , c u t , m ; c t  im ’i ’i  I t :, c ’n ,;t I - b

torque is ma in t a ined  as t h e  volta ir e dro ; ;-n . This  ;r a c t , ’r i  st 1 ; ’ iS F

by the t r i m  r e s i s t e r s  ( R  , 1n , ) . A i r , , c u - n - h m i i ’  fis t s e l - - - - c : t - r I c -Se
l ’~A ‘A

v a l ue s  is sst 1 c r i e d  irn Ien ~’ t ion  ‘‘T - -- 
. -

I .  TAP-7

The TAP — 7 imp 1em~- r u t n -c t i m e  i t c i r m n n ’ l ; c w ; t c h t i r i , r  , m r t d  i s o )  r cr c I ‘ ci I ; — - ‘ ‘~ I

f u n c t i o n s .  This  is one of t nt tc ’  o r i q;  c m l  boa; , h ~c 1 ; i  - I n c - i t  l~~t’ 0 - ’ lvi; ’

1 1 m m -  850 , some minor  mod i f i  m l  i on s  S t a y - li - c n n r i _ i l , - I c ’  c i ;  ‘r.’ ,m ;i , I r i

c i r c u i t  r - - lj ~~b j l i F ’ -’ ; t _ I i , - n t , -  m n ’  0 1 nov 1 1  1 1 1  F i t ’ - c ’l i ’ ’ n c t , t  a h i m  i - t m ,

When t h~ i : t o t  r l u t c i ,  ~, t a ‘ c ii : 1 , - I ) , . r m , t i c ’ -  i ’ -; ; - I tI I - b ,  I S  ) n ’ - ’ c n;’ 1 r’’—

t u r n r n t - ~ a l l  iol.l’ ~
’:; to a i i - - ; ’ ’ t e s i S  n - n i . The f i r s t  t u r n , -  t h e  I i i !  - ; . - n , -  - —

m g  iu ’ a,l i ;  c c ; , , , r t i ’ r l  (a t  t h u . - i - n .1 oI~ t - h n n ; n - - 1  ( m l ,  h - t i  I i ;  ‘ ‘ i i  t i n ) !  ill ; ) i t

K
1 

c ‘ m u l l  i n n  I K
2 

I - - - ciii : :,’ -i 1’ -  I I nq a - - i t t n : , . - 1 - s-i t n b ;  - ‘ I ’  ‘I - I t m - m i  ‘ Ii .

‘ l u m r ’ r ’ ’ on ( ‘ has l I l t  c , ’ i r i  i f  ¶ . ‘~ - ; m l  ‘ lit ’ i o s r ( r t n  u t  I i i  5,1’



- 

2 1

I ’tia l i ’r t ’d. C
1 

I ’ b i a X I l i ” - t : 0 - :  i x i n c i t e l y S O S  ms -j f t v i  s u c h  ;n
1 ~s a

o I l  r ’ ’nr i I i v ; ru q v o l t , t - ; -  I i , ; :  c~ A n - l i - b - i - u 1 h 1 c u - l i n a c  ( a ] ]  - a i r c ’ i  1 : 1 1 - -

f o i l  t I  ~-~m S s t u , - ‘ ~ o l n n — n  i s - m d )  ,t b . - — , m r ; n n  pulse  S i - s I S ’  C l o d -k .r n i ; ;

ON C aluc- n t r i l l  F . t o  h S - i h  I i ;  m e  I r t — t t ; ; m m ,  n t .  ,n,t t h i s  t i n t -  I t , ’  i n  S itu ’ ; i~

e ri c, :, - is r ’ ’ r n - ’ v - - i  f p  ~ i l l ’ ’  )i. ’I l , i t i V O  d t ~ be (if C .  TO. 50 ‘(11 .1 I n n , -  tIti -

t o i l  n c - ‘., - r t ; - ’ ’,l (i t t ), - ; ‘ - ; ; - h  0) l i o n ’ - !  h I )  l o I s  - - ; i : - ; c 1 l i : i ; ~ r i m

- ; I I ’ I i nc a  t - ’  t i m - ’ ;~n - ’ q , m I  t ’,’,’ s t u b .  of  C t ; c t  i r e  ~- , C -
’ - - : c , - r - : i , n : n i  r K .

-rb n is  t - ’r ’s’v”s hi , ’  120 m t  — 1 2 1 :  ‘,a ’ l t  i - n -S S 1145  1 1I: : t n  — c c ’ n - - r ;~ .111-i : te

r i ’u t i r ; h - ’r n ’ n , - v n - r n t  u r ; ; sni o ’ ,;rw i it, - ul - ‘ t n l i . ’ r  , 1 , m t , u .

‘ . 1 ) - i t t  - - I :

‘rh - i n s t r u m e n t  r egis  i r i - s  a t h :n  or’ sec t ion , 1.1~~v o l t  ; : r , n  , - ‘ : u , c c .

power n o u n  ~~ ‘ . :~~n - - b at t , - r - ,’ ~~~:. a-:- , i n  P u - i .  ‘3 w i l l  - n - lw ’ F t in , ’  1 5 : t F c u n : u - - c , I

for  a period of one y o u  The ~12 logic supp ly n- ’ , ; r t t t i S t s  - - f  n O ’ , - - ’

p a ra l l e l  ~ t c i c k - ;  of c e l l s ,  each isol , i t e, 1  by b l n - u - - k i n u q  d i o d c,i  . : h ,  — 12

logic  supp ly is a s i t - s i  0 n-c - f cr - l i : , , w h i l e  t i m e  ‘ ( . 1  mn - ’ t u - r  ; ; c m c } - l y

is two s i n a i  lel sL , i ’ks  of - - o h s isolated by tho’ls’t ; , P s u n  h u t  - , i ’

b at t e~~ is ava u l , u i ’ l . -  f rom M O  ~~~~~~~~~~~ cit-; I i u . ’ i r  j~~,t  : I : u m S . ’r f l

Nomina l  : n u ’ I ” - r i t - c  d r , m w r ,  I , -; t I m .  m m ’  ‘ l c c n . ’ : t ’ ,u V ’ - r , u ’ n ’ ’ i  t ’V m - r  - ‘i i , ’  h o u r ,

for 23 ;-tt r a - n -  - c  , r : t - , 1 a 1 —hour  n -cor n unIt .  ; v , m  I ,i ;.

+12 l o n - ;j c  = liSt ) I i

— 1 2  l og ic  S 1 5 t h  n c , u

~ 1~
- 

~n ’ , - - i  -11 1)1 I-- in

K .  it i  a - - ; -  b .c  and ‘ 1 , ,

The t: - - C I - S’SO t m s t - S  I i i i  - 0 1 1 - i  r u m  h - c  u - t i - c i t ,  I i - - r - :. I - r i b  I I n -

C, - , ’ I h V n t l  C P u - I  ‘~~ - ‘ — l , ’ m ) i ; i ; l  u r i c 1 m n ,  n n u t ’ - r c u , [  t , - n I  n : :  Ia - I .  I” :--

‘ t t i ’ p ] u m l ; - i  EliOt _ l I  I S  i_ i S  1 1 1 ) 1 ’  - l  1 , , t ’ , -~ ‘,i\F’ _ ” t  a ’ t t u l ’ ’ l ; . _ - , u l m ’ . I ‘ .11  I v ’ - — ;

t ie i ’ . i u t  ye! c l i  I ’ l l  i t 1 ’.’ - ‘ i t  t I t. - ‘F. -’t I  — 1  -

- : 1  r -  ‘ 1 1 1 .  ‘ In O :  ;~ I I , t h u .  ‘~ 5’’~~’ t I  - — I nu  t I , .  - I t I , ’,’. ’  - ‘ - ,  I - I I m - -

rn. - - - h i, m i u i o u  111,1 1 f - i n ;  I c i ;  m l ;  a; c - 1; - u - - i : , n t ‘a ‘ c i i  — :  u - r I - u - c c  r .  - - i n  n c t in. I - ‘

l u p t - h.’, i - I m i a m i  I ; : I I c ; ’  r a t , m n !  - r i - c , ‘ . , u m  - 1 1 , - i  o x - -c - u t  h r  - u - I  i n  I , - - O s .

q ’b n ’  - c ’ ’ - - m n .  - - i - - - i n  . ‘ u .w n ‘ i t  u n n i ~ I v - - I i ’ ;  -0 . - , 1 -u c c - u  r I ‘ ‘ t i c c - ,  - -

‘ - - - - ‘

~

-

~

--

~

-_

~

--- - - 
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The r , ’c ’i r l . - r  u -  
~~~~~~ 

a u ’ d — t t  ‘ r u - S O - a - u  iois~ - , i r n n ; ;  i i - ’ - m v , i l , m i - h . -

I rom F ij i -  h i ~ - , u i - , ~~~ n t n urob - - 15 - 1- 0 1 -3  44 -

L. Comj iass and V u ; m , - - i - ” i l l -  a’-;

The compass arid v ,mnn. ’ f e l l -  a- -- ;  i n . ’  t b . ’  ~~n c ::nals S i s i l l  l i - a  b y  ; . - - ‘ —

dyne . A l l  - I i :n ; ] , u n - c S  m I m i  V u ; ; - -  t oll - s - - i . ; low  i n  iso n-  r , h l b , - 1’ , ’ - m l i i i

1 I I I  ‘ ( I — t i c : ’ ;  - ‘ - c c ;  1 I o- : - a r c h  : ‘ ~~ .:‘ - n - - ‘ - a I

The ou tp u t s  of F l u .  I -  ‘,‘j Ot - :- sur a in ;-n ’’v .-n—b jt h r~1j tal cV ’- , ,- - - - - V

y i e l d i n n - i  , m 2 . b° r , ’so lu t i  ‘ ‘ I t .  i’ m - t i n e  15 i s  the ~~‘ - v - - - h - - h  - i n s ’ - .u r , l

Table  3 is l i t . ’  Crnuy II irsu~ V 1 ai  I . ’ c F ’ ’.- S ceru ’!,,I anon t n - u h l . -

V I I .  TEST AN)) Tm) .I (2-I ,’-’)O’ PROC IIIb IkI - :

A. Thin- fol lo w in u ’ ; C ; u u n c r n u , n t  or ‘;utva lon t is r . ” i c i r r - - i  S~ 1 - n  ) - n ~- - ’ a n

a li qnment  of the  (‘I l l / N  , She  - a m  ri -n t flitter.

Ele, :t r ,~n i I c  ( ‘ i I U ; l I , - l  / ‘ I n -  i -- : ‘ ,‘st r a ’r c  Donner  150

Du ,m l  Channe l I ) tn n- - I l 1~~~;; l ’ l p ’  — Te i: t r n - r i n x  h i  4 : -

TOM — Simpson 2 c c  c -2 11 1 l’_ti — Fluk e ~~
; c I ~’ c (A

C ur r ” t m l  Probe — Tekt r o n i i x  ] ‘ I 1142

P:’we n : :t l p ] - l y — 1 urnl u , i I ~: 

Vishay fl i ’ d ’ i i ,  C o ; ; i s t , ’ b  — - l ,i lt ’l 1153

Torque Wat - I; — -.‘~~; t er s  t ” l c — 3

FIn d i  Nn-iu~~’ 
— :s.ir i -

~ ’t  I ‘ ‘ - I

D m ’ ; i t n - u I D i s ; ’l i ’ .’ - l ’ : , u i - o~ - - - l ~~n ni- “ 4 . h h . O . T .

13. Con I c ;; on C, ’ri  1 1

h n i n - u f u i - t c t  1 - i l l ’ -  ,mrr d - - m c ;  , m ; ; . - l :n I ce t t t o  1 ; m ; , c m t , -  I h ism n I ;,. - i . -  m u ;  nm -

, , , , i t  ‘ ‘ 1  a t u m u l t  b u t l n f l  ( - ‘-: ] l l u a - l ,  ~l l  I i ’’’ r roem i - I I  n i r u ’ , h ; m , ’t mu s ’  1 - ’ n - - n ’ u - ’ ,’ ‘ i i ’ ’,

h i ,  - ‘x t  l ( . c : ’  - 1  r n - I  - i 1 ci. ‘ m l . - I . Flu i s  t t i  ‘11 F .  ‘ - m l  ‘ - - I I I , i c  . I m r ’ u  I I

, ‘b n r c i r n c ; t . - S o h I u t  l i i i  (1). A l l  ‘ i t - ; in t ti ~-’ r n n e t . i l  ; i n , -  t i l l - h  a n ’ S  -

( 2 )  i n - h  (IIV, - b t  - m  i n - i h t  ; c - i n c , h n s - i ,  Th u . ’  t j r , u s b ; m ’d n s- - . n o  ‘ a r  ~ i v .  H

, ‘ i t c ; oh  R n m : c t - - h , ’ ; u m 0 ’  - a i r , t ,

(Ntmmh .’ I ~ fl n - m r l ’ n , t t , . - : ; j t ;  r i ’ !  n a I ’  .m n u ’ ’ t ’ ’  it n ) ,  , ‘n u , h 01 ‘5’ ‘a ’ , t c - - I t , ~~



I i ’ i .  . 1  0 i ’ ’e



25

Table 3

GRA Y BINAR’ m’ ri DEGREES F J ’ O I - l I ’ h ; c i I ) N  TTtBLL’

G ray 
— 

Gra y Gr a y  G r a y
Binary De~ Binary Deg Binary Deg - 

B i n u n ’ y

0000 000 2 3 ’  00 10 dU O ‘ l ) O  0100 000 l i - c  0 110  000 -: 2
001 2 0 00 1 211 001 301 051 0,1
S i c )  2 4 2  010 205 1) 10 2 - ’ 0 1 , 1  3 ; .’
011 2 4 k ’ d l i  203 111 2 - i l  01 1 3 ) .
100 2 1 1  100 217 100 307 l ; - - c  1 2 1
101 233 101 2 14 101 10-1 01 0,3
110 22 (1 lin ) 21’ ’ 11 0 3S’~ 11 ; ; 1 1 0
111 225 Il l 22 1 111 3 12 1) 1  ‘ 15

0001 000 . 53 1)1)11 000 1- -1 0101 000 2;--4 0111 00(1 1
001 256 1) 0 1 1 4 1  001 2o1 ( m i l l
0111 250 S il l 197 d O  2~~7 0 1 0  ‘ - 1 -
011 :40 01] It s ’ - I I )  - - I ( I I  31 - i
100 I m . 2  100 186 100 27 ’  l o S  ( I

101 25) 1—h] 1118 101 ~~8 til l - )
l I t : -  2 ’ -] 110 11) 1 1 1 0  27 3 110
i l l  257 I l l  180 111 .17 1) 1 1 1  15’,

1000 000 118 i c i l O  000 1-4 1100 000 05’) 1 1 1 0  Q c s )  ‘ I n --
1)01 121 Ot u 1 l Ot  001 05. (101 i l l
010 115 010 1-1 2 cLI O ‘5’ .) - I I  - n  2 1
011 113 011 155 01 1 l~ , C m l i

100 127 l o L l  I-h 100 051 -- ‘7
101 LI’) l o b  011 10 1 053 i l l  - ;

110 12 -3 110 138 110 c’) -; S 10 ; - 3’,

111 132 i l l  135 ill h -  lii  1?

1001 000 1 11 , 1 1 1 ) 1 1 000 i i - )  1101 t u t I c i  j 73  1111 001) 014
101 101 (0 1 l i i -  1) 111 0 7 . -  1 ) 1 ) 1  , ‘ l l

010 107 ~I ]5 1’ ~
-1 010 (17)) ( i i , ’ ( m l ’,’

011 1 1 1  011 158 i - I 1 0(0) 0 1 1  5’
100 On ), ,  100 172 1 0)  ( 1 . )  1 01) - -

101 (I t ) )  1 ) 1  j ,, ’t I O u  0 7 1  , 0 i  005

1 111 03 3 111 ) 17- 1 110 00-I 1) 0  110 3

i i i  i o u :  I l l  177 111 1)07 ]~~
j (O i l

_ _  

_
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Note 1: Aluminum chromate I l l i c i t  ion is  a 1 t~~~- 1 — 1  0, -‘ - u n ’ ’ .- ’! A l c t m r  ‘u . - U ,

- d issolved i n  n-u g a l lon  of w at e r  and t I m ,  1 - h )  ad~~i m : c t ’ - n - i i O  L .5 i , ) . 0  a m ’  I;

n i t r i c  acid.  I nnlnersC: c lean ~u 1 t m i n t i ; t ir ’l  I I  ) ‘ ‘ ‘ ‘t 1~~’ u - .  , ‘ I , ,i t ‘ - I c r c  I I i ’ -

t ion and al low i t  to r e m a i n  u n d i s t c c ; I s ’ d  f o r  i l c r . - . - i i j f l u t i - - . U u u , , - , -  a c ’ ) ,

c lean w a t e r .  The par t  must  be I n d -  u :f all s~ur fn - u ot- conl ,um; r m , it r a t ,

Note 2 :  Epoxy ,  13. 1” . c - c O n ch 2 - - m l  epoxy , ~ -1 11 77 1) ‘ r i

C. Rotor -nod Vane B e a r in g  A d j u s t m e n ts

A fter all caSt-’ and n- as&~ hardware has be en c;~ r rn o  i or m  tn c - ; t t -  S , t

L n - u I J e  should be assembled except  for the bottom p l at. ’ and a l l  m i e n ;  n ; ; u i ’ n

rods torqued to 120 in. lbs. The journal bear inqs and r ’ iv L t ; ;  in Ic , .

rotor ned vane mus t  i.e s t a -u r , ’ and c l ean .  Check vane n c , m - : n u , - t  he- S - i - n  I t

proper orien t ,mt( ”n.

1. I n s t a l l  u i - ~ -cr v a nu i- l I , ’,mr ’ i r t - ;  w i t h o u t  o 3 - ~t n - ’. ’ r c ; .

2 .  ~1,s - .- v,ec, - i n  p o s i t i o n  and i f l : ;i ’rt tIn , - i ’ C f l t ~ I i ’ ’ - - t  m c , ! -

t lu - 1- u w , -  r vane bean nq .

3 . P I n ’  ‘0 F l i t ,  un i n t o  - n - s  i t ;  - an and - n , ’ , -: m r e  1 1 W - I  I Oi - ; . ‘ 1 i i  ri ‘ s t

two screws . Ir;I .’ r t  t h u . ’  I ow . ’ n r o t o r  1 - i - ~’ - -t i fl to the rot;tr lin ea r ri m - n .  ‘ I i . ’

r l t l l r  should It o: : r ‘I  m l , - frei’ l y . l i - - m t  a and m , u n 0  t i m e  “ : c i - C : t 1’Ot ’ ‘n ; t c - ’

raid i n ; ,  ‘t F i ‘t O ,

- a .  A d j u s t  t ine  , ‘i - n; t ri ’r h ean innq t a r  . o l O ”  c l . - ,; r - u m ; . ’ be t a, - m c  I I ’

n- i -i - - i  c ; w u t . _’lu u n - I I m u . -  m o t h  col t c u r l  the l n ; ,u I ,’n et p I I - ; .

S.  s ’Ia ’r m i n e  the  l u s h ;  in I l ; ,  v a n e .  T h i s  i ’ , m n m  l i ’  - h a t ’ ’ w i t h ; i

SI - I n , ’ ’~~~I -  0 a 1 c - m u - i ’ - i i i  I ’ m ’  I he use oh ’ t h e  (o’ .ì i r i m : I hr  r . - I s . ‘I ’lua ’ lIe 1 r i n n

- i n I n ;  r n , ,  m c ;  2~! I : 1 1 .  t ‘i - i :1, - nt  , t h i n  i n n - ’’ S era - I i r s  - l UI r; I S ‘ ‘ - ~~~~ 
u 1 1 1 - “ -

I b m .  o p-u - - - r  (s) r e - n , m r c -I i t  r ; i . - iu p :-”r \‘ur n ” ‘ ‘ I n nS w i l l  I ’ , - - i - u i  I ;.

F- ‘ i 1~ C, is h u — . 1 ) 1  1 ’

a ’  ‘ . ‘ r - ~ - V ’  t lie - ‘ , - ,‘ - I n ’  - m i - h  .1 I I  I .  - - in i i i  1 : 1 ’ ’ ’  ml ,s O ar  i c r : -

I c i h i - ’. ’ r ;  .Ili} - i - ; ; I - I  e l m  i l l  p 1 ’ . ’ ‘ I - - m b - , 
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7. I n c c t a l l  m ; 5 - , -r  v , u r i i -  b a , m n r n ’ i ; ;  w h I t m l ’ ;  n ’ - ’  r i _ i t ’ - - , -

‘— ‘i I u r u d  t o r - ] u ~ - 10— 12 i n .  lbs . l’ i - m , i ’  V , m r u ’ l I t  ; - l ; ; u  t u - I ; , ‘ cml  I ‘i : 0 . - I

hear u ni ’ t  u n t i l  tho r’, ’ is no vane l a s h .  I , m -  k , - , - n t t , c r 1 , - u r i c - I  ‘ ‘ i t  - ;  i i !

a t u r n  ( . 0  3 10’ ) ,uim,b :c’- ,:ur,- wi th nut. t o i c 3 ; i l - Il I - - i 5~~2° j i m . l I c ; . O h i o - k

n - i -c l  S w i t c - l t  to rotor cli ’ ,un ,urt l , ’ (.030”) .

8. I n u n ; t , m l l  n - t n  u n t i l  t i F l i  i w . - ; } - u ’ ; ( - t  t ifl t i i  t h u r . m e  ill -

l ,n s h .  Back iow. -n i l i vot ~ 
h i t  h/-I 01 , m  t i u r  : ( O I l ” ) ,  ; , . d u i  .‘  w i n S ;  n u t

(torquc ’d t o  15—2 ) )  i n .  I I ; . )  - i rt , 3 f i l l  l ,u , -k  ai d , ’  01 1 , ; r , - l h e ] , ’ w i t  I I

lx ’O .

- I . Roche-el: a l l  c i t - a  m n ; - ~’ - a , n c - l i ,- - r,I - I j m c c , -  ‘ c l i  A ‘1 u ’ —

Ci liSt’ ; c h u t p i ’ t  (see A p p e n d i x )  .

0. P r e l i m i n a r y  E i i ’ - ’tronc n c ’ I ’l l ,  c k c ;

1,. ReView instrument l o ll  and i t - - I  ‘ -  ann’,’ ,‘rit r i e s  w b ; i ; ) I  may ‘ -

f i t - c t  i n s t r u m e n t  p e r f o r m a n c e .

2 .  P l a c e a 2-O t t  1 , 1~ - r , c u l i c : t c l n  i n  i 1 1 , I l , - ’ - S  t c c ’  I rru ; ’ ‘n O H !

t , - n l n m r l , m l ; ;  1 ~ nd 2 ) .

3. [n ; -;~ ’ - u ’t in i s t r u r n e n it  back r - 1 n n i - w n n i n q ,  O n  p l ; u i t  I l - n u n - i s ,

- - ‘n n u ; ’ u s s  and vane f o l l o w e r , ,u nn i I a l l  n - - e r ; r m .  - - - t  ens.

-1 .  V e r i f y  t h a t  a l l  iu ; ’ ’ d t f j e , i t  m u r ; ; ;  t I 1 m m , - T A I ’ — 7  i n c h TA!’ — ’  I r ~~,”-

in n I I ‘I ant ’ ] ’ ’  t tO ]

I I .  (‘urr ’ -r in t ‘-i ’ - , m - :Im ; - -iuui-n ; t ~~

• I - I ~uo cn ~ t r  v . - m m c l  n ) -- F it IV , - d u m n d ’  - I i - c : ‘ a 1 2 vi - I I - m c , -  I ‘ ‘ i n tl

p iv ’ - r - m b ’  I . - ‘ ‘ 1  r uS t  n - i In;. -rut

I . Us 1 115 ,~~ : n i’5 - i ’ l l ,  , t t  ‘ I )  , r’; - - u - - m n  ‘ - in i I u ’ - - I I ‘ h ’ t i ;  n - - i c ’ s ;  -

- h i ~~- a t  ‘ - , I i n  ‘;e ’t m e n  B — i  at t hu .  - i - u - - n m ; ; . ’ - - I t ’ - -  -

F .  1, 11. ;—  “, — r ,1 t I il -iC 1 1. ‘c - - c l ,  I ;u r . - - rum i i ‘ i i  - - 1 h r a  - ‘ a I I - ‘is c i t - ; - S -  - - -

ic: - -cO -
~ ,n -,- -. - - , - - -,.~~,,~~ ‘- ‘ - - c :1 : 0 , _ c: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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1. l ,, , ’c u L , - mark on ro tor  r i n g , non : 1 ) 1  I I I  13 a r c  r i - cu r  I t I e

numbe r of p1 1 5 - cc - ‘ rn--vo l cm tion and the I- ul c- 1 e annp li t u~i ’ - .

2. (d,;-t ’ ;rv ’- tnt,: I t ’ i t l I u i t  ‘ I f  I d A  (01.1- i) and verify tI c- ru is

no reed swi tch  l inen ; , - - - ,

3 .  )-I. ’ - m c - in .  and I ti- c c~~:n , — : ;S n et  d u r a t i o n  (-1132)

-1 . )-I- - t ; - ; - m r ’ -  nn m , i i - - e r; ] T ( 0 1 2 2 )  arc: ] ‘r ( 0 1 2 1 )  c d O ’ - w i - I ’ S : : -, .
(~1V CVD

5. 1’ S- - ‘ a m r ~ , r a l  r o n - n i - ;  C ( 0 1 - I t ) r u l s c c  w u d t h .

G. D i g ; t  ; Clu ck  — a ll  to ’s ’ - ;  ar e  - - ‘  ; :‘- : r n u - i  wi t) , : - , b c ,~ I — n i 0 r’ a I S a e

in p lace .

1. Us ia : ;  I I I ’ ’  ~ o , m n n t -  ‘ r u l e n - u l l u r e  cnn ; ! r - - - - - - - r ’h tin , - ‘ -n i cc] a ’ to -

r ’nj n t  F.

2 .  t 1 c c c u r ’ -  ,m ; , -J r e n - c I : I t n h  t I c - - : ‘ - r i _I t L  1 1 - 1 3 1 ;  ti-ui;, t , - st , ;  t u n

t ion of IC1 , 1C2 , and 100

3. .1: ci’ d usK iuy j ; m : u n ’  in g  04 )_ I 1, - c d l  I , , :,J 1’ . ! - . F ‘ ,i - -I 31

Measure and n - -ca r t t b ’ -  I l i c r i o d  ~t S i lo .  T h n s  checks 10- - o p e r i l  1’ : ,  - I

1C4 and 1C5. V e r i f y  n - n i l  1- 1 t i c - n ’  b i t s  qo bni - i l n  and low . lenin , ’,.- - i cr-c - r~~.

ii . I r a -  t n~~~~~
-
~~~~

’ Ii

1 . Ut i 1 ; .-:i n i  the ct’Uflt,’r in a Ot art— .-~t in; I ] .  - , In . -~ , n ;

record the  i r c t , ’ r ’ n- ’ u l  r u n n i r t ’ t  t in es. The - a u n t  q a t in ’;  is c u t  n- u. ; ‘ I i  w c ; :

S t , m r t  ( 0 2 2 3 )  p o s i t  ye 1) 0 1 1 th  t r , i r I S it i ) r t

S’ s (0210)  7 - - ,t :r ..hI - ,  ( 02 0 o)  15 -s t p -n b ’ , -~~~, arc h (1)212) .11 c cl r - ’ r - ’ - c - ,

- ; a t i v . - — - ; I ’ in q  t r an s i  I j ar : .

2 .  ] - - i c ; li( - .  n m -  1’ - - I ’r ’ l  tI ; - followinun :‘ui I ‘;‘‘ ;‘;ndI

t-, (Q.)0i ) , ‘1’ ( 1 ) 2 1 3), m n - i  I~ (ill.),
0 (~ F

vol I - i ; ’ - i - -  F ‘‘ ‘lu ‘ n ’ - ’ -
- r , ’ ’  I ’ ~‘I

1. ‘-t ’ - i - ; ; u ( ,  00 11 r . - - - ’r ’i  l b s  u e t  - r. , - -  v ’ i I t - u - ; -  t i l l ) ’ ) .

- - - - -

~

------ .—

~

- ‘

~

- 
~~~-----~~~~ _ - - _--  - - - - ‘- -__ _ _ _ _



2 .  (‘, u l i b ’ r , u t m , u n c .  Mi ; n m i t o r - t h e  V — F  1 1 1 1 1 1  m t n - -n  inod ,i t  1 1 3 . 1 .

1. - t fi t , ’ V i  n;hay 1 ’ - ’ ’ ! -  Ii. ‘x - I 3f t ’  i l  i l  I I  I S r I .  - - - I l’i ’ w. -~ - m ~ io  I t m - n c c  m I c a  1 a

1 and 2 . p er  I t ’ l l  cut aiutjlut shies In - I rmow be ~r —.i .. 7 a co . c i I  ~‘0nt  it I V. -

supp ly at ‘) volts , i n u d  m e , m c ; I u r ’ ’  1)51 - u t  l” ’~ 
i u d . t m  b ’ t , ’ r , ’ r i 1 ’, - c c  1 , - I  a ’ ’ ’  n i

t i-nose two periods sh ould 1” -  ‘ .01 c’, . t u r n t s , i f  m i t  , :5] ~:m s I  C7 ( d i i  —

f i ’r , - i u t i a l  ,u l l a , - i t o r )  f o r  m i n m i n n u m  ‘-n .h , ‘ h , m n s i , ’  w i t h  ‘ j , c l t , u ’ i . ’  y i n  l a O ,

Oct  posit lye su~’~’l y , m t  12 v o l t ; ;  m i t , !  , : dd ~n n } - h h ’ t . -  t u l le i i i  - a - , - t i l l  I ’ — ’ . - c

t I n t ’ l I r m cnuise sI ;ri n ,’t

N o t e :  I f  ad justment o h  Cl i s  r e q u i n i - ; ]  1 , 1  n’ l , ’ , ’ t  l ie- c - -m r s - I - i l  i - - m t l a , r m n :  I C r ,

the ~~~0 C per rod shou ld  0.’ rioted i,e h I , r l ’ , m , l  r i m ; ; I i ns

T , m ~ “ - On - u ’  - ‘ I n  ,ii -

1. Clean :  r ’i n ch  w I n . ’ , ’] , l - an ’ ; ; l  in n : , and worm p - m r . Cl ’ ’ , u r m  i n t ’ l

di ’ ’ t , n ; u , - ;. t i n ’ .’ II , - ,mII . , ; u I ’ r m c , u t , ’ worm ‘ t n - - m n  w i t h ;  1 , 1 ’ S — I

2 .  I I O i r t - t  ‘IS ’ ‘ ;rr, iIt r ’’ S- , ’ m m - I  o c ; ; ’j l ] c ’ : ;  - - c - ’  r b : : , -  i i ’ - t I 1

.c I ’ ~ - - ; n c j  n n , ’ t o r  , ‘ u i n r , ’ r i t s  at 102’’ and l th I ~. The p u l : : . ’ c ; h m ’ ’ I m ] d  r i n c a ; ;

in ; t - m t u n c u t  ion t ’ r  , u ~’~~n a x im a t i ’l y .5 m s .  TIn t ;; t i nn . - m s  c I by R 1 4 A  m r c m

i ;  f o l l o w s :

d. PO s j L i V t ’ :;t mn ’r ’ lies , ìn. - ;n , ’ f  a t  1.: v o l t : : .

0. Froln’ i S  c t ’ ’t I I )  nn ’’a ; ; ; i r ’ -  - o c r  r d - I C  m t  11) 1’ ’ i :  I 0 1 - I .

ct’ i ‘ n- ’ t a,-] to m n t, - ’ t  t Ot - s r i - c  i f  i - u t ;  ‘nt  C) I 2 mu - c

n - .  In  . m  ;;imil ~m r rn, inir :er , n c - ’ i t i t n - ’r 1’) ~l 111 ,1 s, ’l, ’ , t  C I S c 1

for  2 mc :  ;;,u t ;m r ,mt n o rm.

n - h. I ’ol n t ; - l . ’t  , t a b . I , ’  1;; ;,‘, ‘t j I l l ;  f l — 7 o h  c - ~ - - - i  u n :; ’  tO t , - ’

I . Wi t 0 1 C. ’ I 1 I 11. ’ \s’ , I I 5 u n ’ u . - , m :  ;ij n . - u n ; ,  I i . ’, ’’ n .1 t Im. - s- ip nc t - , I -
I ’ m  p m ’ ’ - it  12 , in c I  ‘~ t ’ . I 1 mm .

-1 . M . - , u ; t i m t  - ‘ u n i t  n - - a - u t t hi.’ ~m ) 5  i t  i:’ - m ; ; I 0’ -m I~ m V ,  v o l  t m - i ’ -  n -  u k ’ ;

n - i n  ‘ - h t , m r :r i .  1 A (~ u ’ t , I1  ) an a l  - I a i n c r ; ’ ’ l  Il ~~~ i l l )

_ 
--- _‘--‘-- 
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5. v e r i f y  t i n -  channe l  s w i t c h i n g  f u n n , - t  1cm ; w I t h  t n ,  m u d  n - i , : ; , ,

in channel A nc—arm short t lu i- - ; ’ - r n ’ -, i m u q C i i , t I m ’ -  i n s t ’  ru - c i t  ‘ c l :  - m l  I

c lw i t c h  to channel  - no r e — a r m .

S . V e r i f y t h e  instrument n - h im ’ — u t  ‘u m n , ’u ’n - l ’ ’ r m ; , m :  ter n - - r I m —

ing the channel swl t n - - S c  t e st m o m i i t n o r  - 4 1  c • ‘ - - ]  ‘ c c -  ~~1 , ’ , -k  t i n ’ m l  - 1 4, 0

makes a high to low tr , uic sitic ’;’i , c o s t  u . , : ‘ c l , ,  cU~! I; -w ;- ‘ ‘ m m ,  n m ,

channel B r e— a r m  n - iOn - ] ’  - I’a’ m i  1 15 : , ‘ m ’,:n ;d :- ; , u t ; u o r  I ; ; .  a no  n - c t - ;  l u  , u -  , I

recorder shou ld sto t  : i i ,I  n h  i n d i , ’ ,- n t , - ’r - 1 ,ur’ ~ - c  ‘ -~~ ‘‘,m1d 1 - . -  -c w I t -m n i ; I n - a c t

button is 1, pressed .

K. Cold Room Test;; (~~5° C)

1. ,‘m jiust l ) s s c l l l  ct ’ car I n n - - a m e n . . ’: )‘ ‘ .P.F) f- ’r 0 .82,’ ; ’ - ms

‘ .00013) 1 ~i s .

2 .  tI n- ’ m u m ; ,  i r i S  n- ac- c r l l  n- ’,nn t c t  ,:r ’, ~~~~~~~~~ ,j a 11 a r m , ]  ‘3 v - ’l s o .

3.  Run I ,‘;;t t : , u u - , ’s n-is ne( ’,’o’ : c , m ’,

~ 

‘ -—--~~~ ‘ 
_ _ _ _
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Form 11976 Meter # _______________
34

Date 
___________ ______

Nam e ______________

850 PRECRU ISE SHEET

A. Cage

1) Vane Lash __________ 
in. .030 t .005”

2) Rotor Lash 
—~~~~~~~~ in. .030 .005 ”

3) Rotor Clearance 
__________ 

in. .030 ct .005”

4) Vane A li gnment 
__________

B. Elec t ronics

1) Cur r ent  ON :‘FF’ OFF (M A ’3 N E T)

Tap-9 ( + l 2R)  
__________ 

ma. 
____ 

ma.  ma .
4-Logic (+ l2 C )  

__________ 
ma.  ma .  

- 
rita .

—Log ic (- 1 2C ) 
_________ 

ran -i . m a .  m a .

2) LOG—5

Rotor Pulses /Rev (0133) ________________ 
pulse s 16 pulse s/n-”;-

VP—P at 0133 
_________ 

vol ts  12 \ ‘o] ’O :

Reed Switch Bounce ( 0 1 2 0 )  
_____

One Shot Dura t ion  ( 0 1 3 2 )  ___________ ins.  1 .1 ms .

Pulse W i dt h

Tcv (0122)  ru ms . l c 4. 7”  rn -,; ,

Tcvd (0 1 21)  
___________ _____ 

in5.  164. 7 3  ms .

Lf (0106) ____ ____ —— 
m s.  65 .0  ins .

3) Clock

Time Word B i t s

Period ( t e s t  nu , i r i t  F)  
—~~~~~~~~~~~~~  s.  1i~ .822j ’3 ’ I .  3 - . 5 -

period (0431)  sen - . 25 . 12 5  se,’ .

Fas t period (:1 -3 12) ;; - 14.Oel s em c .

4 )  i-r o q r  in

In terval Running Times ,

7 Str obes ( I l l - i )  
- - - - 

cc’: . - 2 . 1 ~~~ sa c:.

15 Strobes ( ‘ i l - c ’) s i- - ’ . 85. ~74 ut-c .

23 s u - - ii, ’s (02 12) sec . 1 2 i - .’.i, I so— ’ .

Puls e ‘4 i c I t b u

(I 5 ’~~, a - )  ~~c . S . 17 3 u~’ ‘ - -

t) ~~~~~~~~~~~~~~~~~~~~ 

3 - 1 1 3 )  
- - 

sec . 1 . 5 - 3 ’  s c - c .

(511.’ ) - c , ’ ; . ‘11. l’ t7 i n - .

‘- -- ~~~~~~~~~~ --“ - - ~~~~--*-— - - - -‘ -‘ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~~
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Meter # 
__________________

5) V- F Converter

Reference Voltage (1118) 
__________ 

volts 3sl~ ~ .2 -,‘- i l ts

Calibration

T° C R (K Ohms ) Period 12 V ‘0 V

0 94. 98 
______________ 

Ps. 
____________ 

is.

8 64 .53 
______________ 

ps.  
____ _________ 

l’s .
30 24.27 

________________ 
p s.  

______________— 
m s .

6) Digi tal Display Monitor - Word Checks

Compass , Vane - , Temperature 
____ 

, Time 
_____

, Rotor

7) Recorder

Current Pulse Width

1029 
_________________  

ma. 
____________  

ins.

1031 
_________________  

ma. _______________ ms.

Capstan Torque
12 volts _________—__________ in .  oz .

-3 volts in .  oz .

Head Voltage
Channel A ____________________ + vol ts  - V.’ in - s
Channel B + vol ts  

—~~~~~ - 
- v - I t s

Channel Switching 
_____________________

, S h u t o f f  
__________________

C. Cold Room (5° C)

1) Clock Period (test point F) 
______________

2) Capstan Torque

12 volts in. oz. , 9 vol ts  in. oz.

D. Test Tapes

Number of Records 
__________-

, __________-, -__________

N umber of Errors  
_______ 

, 
_______

E.  Thermis to r  No’ . 
______

C at ”  I n s t a l l e d  
________

_____ I liii 11111 1 1111 
- 

- 

- - -

_ _  _ _
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850 INTERCONNECTION DIAG R
“ — W I R E  FROM BOARD

WIRE INTO BOARD

P 01 02 04 05 
- - -  - 

06 P 07 1 08
LOG-5 PROGRAM CLOCK RE

S
GISTOR COUNTER REGISTER ST~ -9 

- 

TAP

_ _ _ _ _ _  _ _ _ _  _ _ _ _ _  - 1--b ‘ ‘ —

l2C -~~ - - -
O 8 4  0I” 8 , 04 - 4 02-4 , 05 - 4 24

~~~
-’-

~~~~~H 
~~~~~ ‘

~~~~~ 316 4 , 58 10 ~ 0n -4~~ ; 
-—

01-23 _ 08-28 07-32 ~~~~~~ 5 7 ’3 5  P R E A~
6~~~~~~LAM0s (c+v) lO lS

e 
08-14 “ 06-2 1 “ 1 2  6

MA O  SW I TCH 
- 

- -‘ 1 3
’ ‘

~~ - -
— -‘-0’ - - V - — - ‘ ‘ ‘ ‘ — - ‘128 02-4 04-24i1suMiN~Ll_ 02-14 07 8 

- 
‘ ‘ 1 6  8 

- ‘ 
‘ S 10? - -

~~~

~~
- o

~
rP u r — — — T

_____ 
5~~~R~~~5 

÷7V L P) 31 28 ,0” 9 
- 

,5 28 , -~~ ‘

10 5500~ t C4P(—I 7 STROBES P - R E S E T  e~ COMPA 5 81 07 19 
M 10 ~A \n - 

~ 
a7 ‘t , n c u

fl 55;~~~ cAe( 1 08 24 
— - ______ — 

02 5 , 07 1 
~~~ ~5 —— ~~ 11 

-~~

12 (J)LAMPS (C-s-V) ~ 3 STR ’0c’
~ES ~~~~~~~~~~~~ ~~ ~~~~~ 12 . I

13 I 05-12 05-27 - 06 - 19 05-2~ 13 ‘n-,
I.,’ — - 42 70A4T - •

_____________ 05-8 05-24 _COM P~~~j~J~~ 
14 

~~~~~~~ ~~~~ - -~~ 4 04
1,, “— 2 I 3 D A Y  • V,  -15 

___________ 
05’9 l 

— 
05-21 34-17 :~~-~ y t5 

, :4 14 
- 

-

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  O5-l8~~~ )6-17 
____  

16 , - 19 , _ c
47 — n -’4’5 n,-, — .‘— M ,o

__________ 05-15 COMPA3O (E) 05 - 16  - - - , 
I n - A51 L ,-— 2 6 a m i  f — .

01 35 JQc I~ 05-12 04- 16 18 -
~~~ - -~~~~~~

_______ — - - - 07-30 Cc ’s 05-13 19 I - ,~~ n , ‘ 9  -
- • ~~ ,20 

- - 
t0~~6 m P-TP 07-27 COMPASS -K m 

- 
0-1.,’ 20 ,:.c, 5 - 

- 
IRA

~~ 
________ - 05-32 07 24 ~4 5 - 

I 10

~CMP4SS8V 4NE 1~ 1 0 6 6  07 21 
,~~ 

~~ :~~ 
0 6 6  22~~23 

— 
0 2 5  08 6 07—IS C 3M, A s  ~ I I ~ 28 23 ~A N ~ 1 ) H AJ

0~ -25 08 30 , 01 31 04 8, 07 IS 4 4 2 , I I  ~ - i B
25 01- 24 07-12 sc ‘ cc -2 5  ~~~ -‘ , - ( - - 2 5

~~ 34 _____ 
O M P A S S  ( U 1  1 26 A~, n -  t U )  8 16

- 02-30 1 
~~~~~~~~ 04- 13  I 07 - 22 “ - 

27 
, ,~ -0 ‘ -“-~~‘ ‘ . - -n -k  -

~~° 05—9 
_ _ _  - 

06-9 - ‘ - - 
- 

r ’~~~~~’ 4.. ’ 
‘
~~~~ ‘ - -I

29 SCHMITT OUT 
____________— - COMPASS (S) , - V A N E  ~~~~ - - 

w

~ C’ ~~
- G “1, c - I , . ~2~ - • . - ‘ ‘~21O2— 3~~~~~~~ _ O f -2 7  04 - 1 2  1: ‘u , -~~~~ - 4  ‘ - ‘  o- , -c , 

Q~ a~~ _ -  - - 0 i ” 2 i~~O7-3i  1 — 
3~ - 

C’S ‘ 
-

K 13y I PE~~RM - - - -

-‘ ~~ 06 - 20 01 - 30 J~~~~
j _  ~~2~~~?1 , 

32 
- 

‘ ..
~~~~ - ‘ T i

33 REED S W I T C H  
1 7 1 . 1 ,  

i 33
34 O4 34 ’

~~~~ 01 26 P ( T P ) l ~~~~34Th~~~34 04 34 06 34 1. 3 4 1  34 ~06 34 
n-’ ‘In-f ~4 n-i

Ot” 18 , 02-35  01-35 , 04-35 02-35 ,05-35 04-35 , 05 - 35 C’t 3 ~ 0? n-S -~~ ‘ ~~~~~ - ‘ ‘ -‘ ‘ 0 n - ’ T” , - - ‘ - 
-o 35

— 4 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



50 INTERCONNECTION DIAGRAM

06 P 07 08 09 10 11 P
DR COUNTER N RE GI STER STA-9 TAP-9 TAP-9 CON

’
~’E~ TOR CONTROL PANEL

____ _______ 
SWITCHES

_ -  ___________ TEST S W I T C H

- 
3 

__________ — 09-30,LIGHT COMMON I
— ‘- _ - - — - ‘ ‘c ~ -.s — ‘Ii’ — ‘12 8~s
6-4 I O’

~~ 4 07-4 
____ 

06-4 08-10 0 1-4 0-4 O8-~~~ I 1—4 10-4

~ 

-
~~~~~ -~: INS RESET.

07-6 ‘-‘ 07-35 P— REARM L M 
-~~~  

_______

- S -~~~ 
- 

I ~ O~-~~~~V  
- 

-~~~ 09-32 CLOCK RESET( + )

~ 
O2~?2 1 P6~ ?2 

~~ - - 06-5~~~~~~ 02 ’23~~~ L~~ 02-20 

_________ 
7 

___________ ________ 
oi~~i , 0-14 CLOCK RESET

-~~~ T — - 5 4 4 L 1 1  f F — I [ -— I 

~ ~~~ -.
_____ 

07’16 8 0 5 8  ~ 02-O9 /O2- iO,5’c ’ - 1 2  _P~o!i~ P9c_3P ~~~~~~~ - R E St’  ‘50
— V- nr-g 05-28 9 05-9 

_________ ______

—~~ *12C -~~~~ 
- 

—~~~~~ ON/OFF S W I T C H -

~~ L 
07-t9

4 10 VA NE (B) 07-4 07-28 F~~~L C 0 NT~~CT  
SIDE 1-

~— I1 05-25 11 05- 1 09-8 09-22 On- ’ A) BATTERY ( + 1 2 8 )

02— 1 3 12 04 25 TEST POINT B) BATTERY (—12 B)

05-22 
M,p 13 O6~~r ____________ 

02- 18 C) BATTERY (+ 12R)

(ç) 14 VA N E~cI 0 4 6  — 04 32 7
- 

—~~~~~~~~ SIDE 2
A~~CLO~~K RESET

. .
~~

:
~

~~~~ o~ -tg~~ -~ 15 
-

- 

~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ 

- 

- 

- - 
02-b , 10 - 8  

0 9-2 8  
. ‘2C ~

05 - 16 
V :  

- - 
17 

- - - V A N E~~E)  ___________ - - B) 09-29t 18 O4~ 23 _____ O8~ I9 39V- ’TP 
— - ‘ -

05 13 19 06 10 
C)  O8 22

20J VA N~~~K 
k: TRACK B  TEST PO I N T S

08- 6 
r~~~

— 04-22 - 
P - K ~~,jO - 7 TRACK A 08 n - ’  , —‘

~ DA TA 0 2 - C .
06 -6  06-27 

- - 0~/0FF S W I T C h  io -- ti -  
‘-- n- n -y n-’ :~ J

5 7 - 28 “ 23 
- - VA~~~ çP) ~~ ______ 

P CHA (LAM P) , 
K t ( ~~1) 08-21

- 

24 0 4 - 2 7  - ~~~~~~~~~~~~ ~~ CHB~~~ AM p~~t - ‘ V  5~~ . n-T RESET (E i ) 02 34

0 7 - 2 5  25 0 6 -25  - - - -O NO C H A S S I S
26 vA~~~’,u) 

- 
08 -16 ’ ’ 08~~~~,c ’ a p~ -

- ., 
--~~ - - 

- 
- -~~~ - - - t —— I - - I N P I CAT OR Ll~~H3S

0 7 - 2 2  
-- ~~ 04-20  

- - 4 - 
- — , 

—

28 06 23 
- 

0 4 - 5  T 08 10 V 
— 

I RE ‘m o M  1cq F 0 MY  S

- 

29 V A N E n-SJ 
_ ~ 

~~c~~~~
’ - ’- 

-~~ ~~~~~~~~~~~~~~~~ - -‘—
~ CHA 39 23 , COM MON

1 1 - 3 2  30 0 4 - 1 9  08-24 ~0 9 -8  , - - l I V - I O ,, imi~m , l  H - -31 05-3 : I 

I 
,, - 

~~~~~~~~~~ 

- 
, CHB 0 9 - 2 4 , COMMON

- 4 4 - - ‘ -

32 05-5 ” 
~‘ “ I : ’ A ’ ” “ 4 ~1.0

- 
33 _ _ _ I I ‘ - - - 5

o5~34~~d7-_34 
34 o~ ‘.4_

àe 34 o7 34 ~~ 9 34 (~8 ‘.
~ 1. 

C’ ~.
4 CYI 34

1.
1 !  ‘.4 

-

,

—35 05-35 ,07-35 35 o~~~ n- , —c - r -~~, -o - ,’- 07 35 , O9 35~ 08”35 , 13 - 35 
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II) - a - - , ,-n- - a —l - —a -a-i —I -H —4 ,‘a a-, a-n- n-
a) ‘ n - ’  ‘ - ‘ ‘ ‘ ‘  C~- C ‘C (‘C - — U C a- “ ‘7

CC ‘(C ‘1 ‘7 ‘1 ‘ ‘U a- ’, , : i 5’ 5’ 5’ 1. C 4 - a  4- n-
n - - ’ ’ -  - “7 ‘j “ ‘7 ’ n- a ’ I C

‘1) ‘I C “C “1 -an- a- n-n- a-a 4-, 4- , 4 -- a IC n - C ,, ,, ,
‘ ‘ ‘ ‘ ‘ a ’ - F F’ n- - 1-’ H - ‘ “-4 ‘ ‘ ‘(3

.0 4’ LI) ‘C I ’  I n-C’ a - 1  I Ca-’ - -  a ( ’ ,
~~ 5- (C

“n-a - a  c - i  j - - a -‘ a C’) “a “ C’) a-” ‘7’-’ “a) “I

- -
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APPENDIX F. Temperature M odifications

The block diagram of t lu- t , ’ C P j n - ’ - r  , i t ura- ’ system is ShoWn i n - ’  - “n-n- . A

thermistor controls the  r ate  at w h i c ) ,  t h e  V—F converter o s c i l l- a t ’  n--a .

Data counts are qated thru the mu lt i o i lex l ra l )  qates and counted on th’

Rotor Counter and Temperature Cn-- ite Board , then transferred Int o

Shift Req isters.

Vol tage  t a n -
Fr equ ency
Conve r t a~ r

_
~:~~~~~~~

-‘ 

~~~~~~~I Counts - C-i t k - ’ -
Thermistor -a—’- - -  ‘ I ‘~~ - - - - a ’ ,-

t IIi~~~:~~_L 
- I l L !  

-

The V —F converter is Illa-IUIIt i - n - I  In t i n - , - r n - - n-n o f  t, h , -  C -  C , 1,, 1.

be seen in Fig. l• The a- ’ I ’ - n - :t  l 1 U 4 - l , ’ C ~ t a - I n - ’K  I I ’ l l ’  nO O n - C  ~ t ,  C ’  l a )  , ( 3 1  C . -‘4 - )

must be drilled n-ind t , ) C l I ’ , ’ I i  t ’  ac ’ ’ ‘ t he  th,- r r a s t n -  I - n - - k ( a l l - I ,  h (a - A

complete thermistor assembly (Fiq . C )  u, he I l l  I I’ a ,  ‘ n - )  11  on A’~I 11, 1,  -r

par t numbe r 1OO—5h2 ~~k .

T h ’  t h e r m i l l t  n - r  iS c o n ! ’ I ’t , n- I l  C - - t I’’ V F  I - ,- ,I C W I ’ — - - l ’ C a , I ’ l ,  t ,  r - i~,’) ‘ - - I

cab le (Belden Ffl 3l~~) , i l l  a n - t ) a , ’ r  I ’ O i , l a ’ - - ’t  lo O n - C  ( a - ’  P 7 , 4 - n - ) ’ ’  W i t  - ~~~ ~~~ in )’ -~

t ,’flon wir e . 
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TH ER M I STOR M O U N T I NG HOL E
DRILL a TAP FOR 1/4 - 20 N F.

o

F j - a ,  A , (3 : ‘ , ‘ a l a n - C  ~ l - i ’  a ’  

~~~~~-
-- - --
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~~~~~~~~~~~~~~~~~ 09/12 R

.60 
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t
M A T E R I A L
AL 6061 - T6

1/4 -20 NC.

F I G .  B T H E R MI S T O R  B L O C K
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-
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NOTE C

1) Attach No 3 to No. 5 B solder leads 1 THERMISTOR BLOCK ( FIG. B)
to Thermistor 

- ‘ 
2 T HERMISTO R ( Y S I  44032)

2) Place Therm is tor into dril led hole B
fill with No.4 3 TERMINAL (AMP 34142 ) 

—

3) Coil Wire (2/3 turns ) place as shown 4 THERM AL GREASE ( DC 340)
and pot with No. 6

0 WIRE , TE FLON (* 22 AW G)
6 POLYURETHANE COMPOUND

FIG.  C T H E R M I S T O R  A S S E M B L Y

( A M F  P A R T  # 106 -55 2 9 8 )

_ _ _  “ ‘ —- — - ‘-~~~~~~~~~~~~~ - -  ‘ - -  
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APPENDIX n - .  Anode and Bearing M o d i f j n - a t iofls.

The I I”h/MI n- , ’ 850 current meter l a ’ I  a- L , n - i r i ’~~~~~~
7 

In - ca r lo - C c o n fi qn - n

tion similar to that on W.H .O .I. ‘n-’AC ’V ’ s (Vector  Avera q inq  Curr ’-n t

Meter). The c,iqe i’lates a~ e modified , Fi ’;s. A , B , and C , to 3CC~~’~~- t

the new bearings and anodes. ‘lb - journal l n - - a r  o n - l I -I -a - r e m n - an - I , -  from (3-1 m in

150 and have o Kennamental K801 C - I C C - I n - n - t n ( C 4 - ( ’ l ,j dn - - thrust ;I ,it , . Th’

new pivots ,ar e  Kennamn-a-t,a I , th’ ‘~ -~~ 
- 

~~ ‘ m a c ’ -  I Un- i  I C C ) , -  the n - a - r i ~ a- n ,_a l n - j

holders.

Figures  D thru ~‘1 s how all the 7 - i r t  s for the CIt’S 1 I’a r i ng  , 1 - ! n - C ( l i u C , n -

t ion. A set of bearings is assembled in t ’i a c - ’ fol luwi C I I  - C ’ ’ I C U , - C C I , U

1) The old pivots are replaced wi th the  new .503 in. ~‘i ’,’ - ‘L~

(Fiqure F- a-’ ) .

2)  A thrust plate (Figure H) is i ni-i , -r t, - , l j o t  ‘ ‘ t l a ’  i - a i m

(Figure G) 2 required .

3) A thr u s t  p late (Figure 8 ) ,  and .500 t I n - .  I i ’n-’,n - t  (Fi ji _ aC ’ ” ‘ —1 )  n - I C

jnsert’C a-1 into) the center t’~’oa inq (Ft qura ’ I

4 )  The :a-~�w C I i V , n - t C T  arid La a - ’ ,ir L n q n - - a ” I-- ,”mb l ‘ n - i  on the a n -  a - m n - a i a n - I

van e with pivots up and t a n- n - a r i n a’js down ; as shown in F a qu a” I.

5) A .500 i n .  p i ’~’ TCtC ~F~~- j ~~i’’.-’ l’— l )  i n--s i n - , - - m t c ” n-I ia- itO t I c  fln- ’-~ ~ ,“‘as’a C

pivot holder (Figure K).

In ,in-Iditioit t~, n - th~ n - i a - In- ‘v t in - c ’ vane donut, I n - ;  CTN’I n - l j  C I a n - I  ,lC Clll OWT a a - I a

Fi ’~ure M_ The Co lt ’ is assembled , Figure 3 , and C la.- - - a a  I C 1 n - l n - 1  1,) ‘n - I n - C C

as out l I tin - n-a - I ira n - ; , ’ n - ’t Inn VT 1 C .

‘I’liis 111 W l n - , - ,it iraq , l I -Ci l jIl 1 , 4 ( 1  a l l” w a - ’ l  Il l : C— ,’ 4-)’!) C , ’’ ’’ II I n- - l i  ‘ , -

scheme ; a 1, 1, - r i  f a t _ a l  - an, , 1’ i,~~ a t  t , a ~~lan , l I n -~ & ‘a- C , ’ lC ,‘ a - ) ’  - 1 ’ - e m )  ‘ n- n - -  a~ ( a ’ l’

- ~t ’ i  C- a ) ’ - a - - I, ’ m’3 ’ I V I - ( I I ’ ) ! , - , ( 3 )  1 - I IC ~~‘ l, ’7 i’, - I t  0 1  10 - - C ~i ’ ii led -n - - - C n - I

11101111 t (In -’ C ; ‘ I a  Ii ‘C - I. 

a----_‘- -- - -  _ _ _ _ _ _ _
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II / MECCA CONNECTOR‘I l
_ _ _

~~~
_ 

HOLES/ I
/ I ‘
I I I (1/4—2 ~~,

7

Q 4
\ HOLLOW ROD- - -

\ -

I 

‘NMOUNTJNG HOLES *
2 RE QU I R E D

- 

TAP FOR 8-3 2 SCREW 9/16 ’ DEEP

/
/

/

*ANODES MOUNTED ON VA NE SIDE OF PLATE

!‘II I .  A .  I - - ;  I j ,
~ ’ -

~

- - - - -“--. - - -‘ -  —---~~~~~-- ‘- - -- - -~~~~~~~~~~~~~ - - -~~ - ‘ -- — a - - - ’- -- ‘ _ _ _



_  
- - ‘

_-: 
- _-~~~~~~~

o 0

HOLLOW ROD

-- —

—--— +-- - . ITAP T H R U  I
3/8 2 4  “7 a

1 

I-

M O U N T I N G  HOLES 4
2 REQUIRED—T i-iRU Ttn-~PFOR 8—32 SCREW /

0 O7~~~~~l 3/8 ’

*AN ODE MOUNTED ON VANE SIDE OF P LATE

1 ( 31 .  8. I- o U r ) f !  



I

I ~~~ 1(3T,P T .-n -Rn-, 4 -1 C -Ln - C~v 1 C D  
\ 

-

~~~

~; C

\ L _
~~~~~~~~~~

-
~~~~~~~~~~~~ / 1

\ - MOU NT I N G  H O L ES

\ 2 REQU I RED - T HRU TAP FOR 8-32 SCREW /
/ C-

\
~~~~ /

* 

0

ANODE MOUNT ED ON SAME SIDE AS POTOR

I I I ,  ‘ . I ’- -~ ~~‘ - I n - ’
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)

I

010 MAX UNDERCUT 
a-- 099/ 100 FLAT 801 rOM

1/4 2 8 N F

:N~~
\
~~~

— 

~~~~~~~~:

-~ 
—-~~~ -- $7O

I — --.1 H-,25

60

MATL DELR I N 150
TOLS C . XX± ,Ol~

,X X X±  005

f l ’ I  — I) . 1’ . ’  m n - n -  - - C ‘ 1 - I V - I I  -

L a -~~~~~~



- -:- - - -~ --‘-~ - - ‘  a-- --- ----

~~~

-- --‘— - -----

7, ’

‘ C ’ DR ( 261) THRU

—
~ .-t (SEE TABLE )

DASH NO. t ( INCHE S)
1 020
2 030
3 045
4 .062
5 .090
6 125

MATERIAL : DELRIN 150
TOLS: FRAC. ±1/64 ’

DEC. ± 005 ”

I .  C a .

-- -a- - a -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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015 x 450 CHAMFER
POLISH ‘47 

-
~~~ 

— - - 

- 

093 ± 001 D I A

SPHERICAL RAD -
L - - - - - —

SEE T A B L E

PART NO L ( ) N C H E S )
10197 , t 6 - 1  .500
10197 , 16 -2 .593

MAT ERIAL : USE K ENNAME TA L , K801 TUNGSTEN CARBIDE
TOLERANCES : ±005 UNLESS OTHERWISE SPECIFIED

F~ - j . 1 .  ‘ i v — ’

~

- --- a- - - - - - - - - - -~~~~~~~~---‘-- _ _ _ _ _



r~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A—
1

3 HOLES .120 DIA , EQUALL Y
SPACED ON .437 DIA 43

- 

25

(
~~___~~,

) ~~~ 
TUNGSTEN LA’ n- E

099/ 100 DIA ’ J~LJ T HRUST BEAR I~~~ ~
FLAT BOTTOM —

~~~
‘

230

SECTION A-A

MATL ; DELR IN 150
TOLS C .XX ~~ O15

X X X ± .005

I ’ a ’ ; .  1.. h,- .tI i : n - - C — R , m t , n - C ,” , 4 m -

-1
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79

1 ,02 x 4 5°CH A MFER ,.— POLISH

Øs O
~~/.~~ 0

2 

N

LJ
— I 

~- .O62 ± OO2

NOT E : M A K E  F R O M  K E N N A M E T A L  CORP
PART NO. 87513 , K801 TUNGSTEN CARBIDE

F i n - a  . 11.  ‘I II r i  - ‘ C  8. ‘o r  1:1 - 1  

--—--- - -- --‘-- 



F~~~’ -
—~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a-a-a-~~~~~~~a-~~ a- . .  

~~~~
_a-a-a-

~~~
a-a- - - - —a- - ’ -., ,

80

THRUST BEARING <801
1 TCNGSTEN CAR8-~ E

089/090 - - 099 100

_

~~~~~~~~~ 1
n- 

~~~~~~~~~ L~
J - .-

280 -~~~
- - 

a- -.- 170 REF
— .- , 230 -

- 1.37 -- - - 
C

MATL : OEL R? N 150
TOLS : ,X X ± ,O15

X X X  ± 005

F i ’ i -  1. ( “ r i C a - I  8 - - a l  1 ) 1 1  - l i v a



---- - -a- ‘ - - - a - —--— 
— --- --— - ‘ - - - -— - -

~~~~~~~~~~~~~~~
---

--- ‘ --

dl

HEX 
1’16 ~ T’t~

L,,Q DRILL (332 ) - 

~~‘

3/8 -24U NF TA P T HRU

MAIL. DEL RIN 150
TOLS.  ± 1/64

F l - U  l . a - a - C ; ) ,  C (3

a-----  -- ----- .. - ‘ ------- -~~~~~~~ - -- _
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82

089/090

- (
~
) .~~:

a- 
l~~~~~~~ T~~~~~~~~~~~~

j

~~~~~~~~~~

7

/ ---.-
~ .370 - --a---- —- —-09

3/ 8 -24N F - I

PITCH 014 . 100

MAT L DELRIN ¶50
TOLS ’ .XX ± ,015

XXX ± .005

I ’  t (4 . . 1’ 1’ .” )t I I ’ ,  Id, 1 — Lc - w, ’ a - f 4 - n -  ‘- t -  ‘r

- ~~~~~~~~~~~.-— “--~~~~~~
- a - -

~~~~~~~~~~~~ - -



~~~~~~~~~~~
a- a-

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a - - - ’

8 3

—9/ 16 HEX
l u G  R TYP

/

I —
~~~ ~~7/32

‘a- 3/8-- 24UNF TAP ~HRL! I

MATL L)ELRIN 150
TOLS’ ±.I/64

I- ’ i ’j .  Ia . , ‘ ‘~~‘ ‘ C  ( 3 : ’

-- ~~~~~~~~~ -- —— ~~~~ a - - -  
a-_ a-_ a-  - - -- - -



—a- - -- --- a-- -- -‘- ----- :----- ‘

~~~~~~~~~~

-

~~~~~~~~

— - ‘ a - - - - -.

~~

--- ’ --a- —-
~~~~

-- . - .’ ----- -- - - - -a-  
-
~~~~~~~~~~

8-)

I________

® 
-

~~~~~~~~~~~~~~~~~~~

---

~~~~~~~~~~~~ 

-

9

SLO T MUST BE ADDED AS SHOWN

E l i  . ‘
~C . ‘-,‘ I C n - ’  - I In- C a n - I !  - ) ,  a,I  I C ’  - 1

a n- ,

- -——--—-- - - _— -~~~~~-- . - - - - - - ‘- -- - - - - - - -- - _ _ _  _ _
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t 2 8  
0 

~~~ O4~~~~

56 — i— -— + STOCK - -f - - - -

F S I Z E  

NO. 36 ( 106) DIA. THRU
6-3 2 NC-2 TAP THRU
820 C ’ SINK TO .17 BOTH ENDS 2 HOLES

MATL . A NODE OUA~~~Y ZINC
TOLS : ,XX ± .O1

.X ± 03

Fig - N .  A: ,  n - n - I ’  - - -  C-i ~‘ -

- -—-a-.- —  --- a-
-~~~—~~~~ ~~~~~ -_ ‘ - -  --
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~~~ 50 ~— -.-
~ —062 STOCK

a 

~ S I Z E

1 -~~~~~ H

2.50 2,00 56

- I 

— 

_ _

NO , 18 DRILL ( . 170) THRU 4 HOLES
82° C — S I N K  TO 28 014. MIN
2 HOL ES AS SHOWN

R E M O V E B UR R S A N D  S HA R P  EDG ES

MA TL : 316 STA INLESS STEEL
TOLS .X X ± O 1

F i t  - -. 1 Art ’ ‘n-i ’ ~1 ‘CI  :1) n-ra g I- 1 n- ’ — a- c i ’  -

a- 
-. 

~~~~
—--- -

~~~~~~~~——-~~~~~~~
——.-- - 

~~
--- 

~~——-~ ,~ - A
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~
—- - - — -- - 75 —— - -  -

~~
- -- -  - - ~~~~~~~- ----- -

- r-
~

--
~~~

a---
~~~

- -
‘

DRILL THRU & TAP 3’4” DEEP

I - 8 2 ° C — S I N K  TO,l7 DIA MIN
I 375 2 HOLES

1/8R 4P EQ” ..~187

-a---- -- 562 - -

l i i ,  ‘. a a ’ ~C -  — C ~~~; ’  ‘ ‘ n - a l
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.25 DRILL THRU .438 DRILL THR(J

/ r- .O62 STOCK
i ; ~~~; ~~~~ ___ 

SIZ E

t
NO. 18 (.170) DRILL THRU
82° C-SI NK TO .28 DIA. M (N .
2 HOL.ES AS SHOWN

REMOVE SHARP EDGES
316 STAINLESS STEEL
TOLS : .XX ± .OI

F’ j q  . ~~~ Afli dP M~iur ~t 1 1 i~~ ~~l i t  — N~~ i I

_.

~

.

~

.~



R9

OLD ANODE MOUNTINGo HOLE

0 
- 

0
— — 

_ c _ 
‘

“so ~~~~~ 0
o “- - - 0

0 0 
________ 

0 0

o~~~~~~~~~~~~~~~~~~~~~~~ 0
0 0

0 0
0

NOTE : ANODE PLATE MOUNTS IN EXISTING HOLES
NO MODIFICATIONS TO PLATE ARE REQUIRED

I . . T.J 1 }  . I~ 5 5 1 ~~ fl i •
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