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SECTION I

GENERAL INFORMATION

H YDRAULIC OIL

T h e  C r e s c e n t  G r o u n d  T r a c e r  w i l l  o p e r a t e
o r  e x a c t  e q u i v a l e n t ,  h y d r a u l i c  o i l  o f  f r o m
T y p e  D T E  Z 4  ( f o r m e r l y  c a l l e d  D T E  t i g h t )
a l l y  u s e d .

O i L  T E M P E R A T U R  E

A  I 0  m i c r o n  f i l t e r  L a r g e
pump (or  purnps ,  i f  used
T h i s  c a n  b e  e i t h e r  o n  t h e

on any good grade of Socony Mobi l ,
8 0  S S U  t o  3 0 0  S S U  v i s c o s i t y .  M o b i l
1 5 0  S S U  i s  t h e  g r a d e  m o s t  g e n e r -

enough to handle the ful l  volume of the
wi th  depth  cont ro l  and rap id  t raverse) .
i n t a k e  s i d e  o r  p r e s s u r e  s i d e .

T h e  o i l  t e r n p e r a t u r e  s h o u l d  n o t  e x c e e d  l 4 0 o  F .  r e g a r d l e s s  o f  t h e  g r a d e  u s e d .
T h e  l o w e r  t h e  v i s c o s i t y  o f  t h e  o i l  i s ,  t h e  l o w e r  t h e  t e r n p e r a t u r e  t h a t  s h o u l d  b e
maintatned.

Before  any  a t tempt  i s  made to  ad jus t  the  3600 feed ra te  o f  the  t racer ,  f ind  what
the  average runn ing  tempera ture  is  and se t  the  feed ra te  o f  the  t racer  a t  tha t
t e m p e r a t u r e .  E x a m p l e :  h i g h  i 3 0 o  F  -  L o w  l l 0 o  F .  A d j u s t  f e e d  r a t e  a t  l 2 0 o  F .

I f  th is  p rocedure  is  fo l lowed,  less  ou t  o f  ra te  p rob lems w i l i  be  er rcountered
throughout  the  work ing  day .

O I L  C O O L E R S

A fan  coo led  type  o f  o i l  coo le r  shou ld  be  used when one is  requ i red .  Ruh the
dump l ine  f rom the  pressure  re l ie f  va lve  to  the  " IN i l  s ide  o f  the  coo le r .

Do no t  choose a  coo le r  fo r  i t s  vo lu rne t r i c  capac i ty  on ly .  The la rger  a  coo le r
is  in  re la t ion  to  the  Pump GPM,  the  rnore  e f fec t i ve  the  resu l ts  w i l l  be .

POWER UNITS

T h e  r e q u i r e m e n t s  o f  a  p o w e r  u n i t  a r e :

Adequate  horsepower  to  hand le  the  vo lume and pressure  requ i red
for  the  mach ine .

z .

3 . A  c o o l e r ,  p r e f e r a b i y  t e m p e r a t u r e  c o n t r o l l e d .

4 .  A  two purnp sys tem is  requ i red ;  however ,  var iab le  vo lume pumps o f
cer ta in  types  used w i th  f low d iv iders  have in  some cases  proven
sat is fac to ry .



A vacuurn device of  some type,  which does not  aerate. the reser-
v o i r ,  s u c h  a s  G a s t  M f g .  c o .  v a c u u m  p u m p  M o d e l  0 z l l - v 3 6 - G 1 0 ,
to  scavenge  the  seepage  o i l  f r om the  t race r .

P R E S S U R E  S E T T I N G

T h e  C r e s c e n t  G r o u n d  T r a e e r v i l l  o p e r a t e  a t  a n y  p r e s s u r e  f r o m  1 5 0  p S I  t o
1 5 0 0  P S I ;  h o w e v e r ,  4 0 0  t o  6 0 0  p s r  m e e t s  m o s t  r e q u i r e m e n t s .  T h e  l o w e r
P r e s s u r e s  a r e  c o n d u c i v e  t o  l o w e r  m i n i r n u r n  f e e d  r a t e s ,  b u t  h i g h e r  p r e s s u r e s
c o m P r e s s  t h e  e n t r a i n e d  a i r  i n  a  s y s t e m  a n d  g i v e  b e t t e r  c o n t r o l ,  p a r t i c u l a r l y
w h e n  c l i m b  c u t t i n s .

C YLINDER S

Crescent  Ground Tracers  have been found to  be  compat ib le  w i th  any  we l l  de-
s igned s tandard  type  hydrau l i c  cy l inder ,  except  the  meta l  p is ton  r ing  type .
For  t roub le  f ree  serv ice ,  the  I .  D .  o f  the  cy l inder  and.  the  rod  sur face  shou ld
h a v e  a  l 0  m i c r o  o r  b e t t e r  s u r f a c e .  C h e v r o n  t y p e  r o d ,  s e a l s  a r e  r n o s t  d e s i r a b l e .
u -cup type rod  sea ls  w i l l  per rn i t  a i r  to  suck  in  to  the  cy l inders .  As  the  o i l  in
t h e  c y l i n d e r  c o o l s  a n d  c o n t r a c t s ,  a  v a c u u m  i s  c r e a t e d  w h i c h  s u c k s  a i r  i n t o  t h e
cy l inder ,  thereby  requ i r ing  b leed ing  o f  the  cy l inder  each t ime the  rnach ine  is
r e - s t a r t e d .  C y l i n d e r s  m u s t  b e  e q u i p p e d  w i t h  b l e e d e r s  o n  e a c h  e n d .  C y l i n d e r
s izes  shou ld  be  chosen fo r  compat ib i l i t y  w i th  the  s ize  o f  the  mach ine  and the
w o r k  t o  b e  d o n e .

The most  e f fec t i ve  and e f f i c ien t  method o f  remov ing  meta l  when rn i l l i ng  i s
c l i rnb  cu t t ing .  When c l imb cu t t ing ,  the  cu t te r  b i t ing  in to  the  work  p iece  is  l i ke
a  rack  and p in ion ,  the  cu t te r  be ing  the  p in ion  and the  work  p iece  the  rack .
Here  the  cu t te r  to rque,  wh ich  is  somet imes rnu l t ip l ied  rnany  t imes,  tends  to
pu l l  the  work  a long ra ther  than a l low ing  the  cy l inder  to  push.  Under  these con-
d i t ions ,  a  cy l inder  must  be  la rge  enough to  ho ld  the  work  in  check ;  there fore ,
a  l a r g e  a r e a  c y l i n d e r  i s  r e q u i r e d .

For  s low cu t te r  RPM and s low feed ra tes  on  r r rach ines  hav ing  s l ides  we igh ing
2 , 0 0 0  p o u n d s  a n d  o v e r ,  c y l i n d e r s  o f  f r o m  7  i n c h e s  u p  a r e  r e c o m m e n d e d .  F o r
fas te r  cu t t ing  and l igh ter  mach ines ,  a  rn in i rnurn  o f  5  inches  is  recornmended.

I n  c h o o s i n g  a  c y l i n d e r  f o r  a n y  t r a c e r  c o n t r o l l e d  m a c h i n e ,  r e m e m b e r  t h a t  t h e
cy l inder 's  f i r s t  func t ion  is  to  minu te ly  cont ro l  very  sudden changes o f  move-
m e n t  i n  a n y  d i r e c t i o n .  T h e  s e c o n d  c o n s i d e r a t i o n  i s  t o  r n o v e  t h e  l o a d .  A
s m a l l  c y l i n d e r  a t  h i g h  P r e s s u r e  w i l l  m o v e  t h e  l o a d  b u t  c a n n o t  c o n t r o l  i t .

F  L U I D  M O T O R S

F I u i d  m o t o r s  w i t h  a n t i - b a c k  t a s h  b a l l  s c r e w s  h a v e  p r o v e n  v e r y  s a t i s f a c t o r y
unde r  ce  r ta in  cond i t ions .



I f  gearing is required between the f lu id motor and the screw, be siure there isno lost motion in the gearing as this wi l l  ehow up in bad tolerances and surfacef in ish .

NOTE

Tracers  used w i th  f lu id  motors  requ i re  a
special  gr ind and are not compatible with
c yl inde r e quipped machine s .

G E N E R A L  T R O U B L E

Al though the  c rescent  Ground,  Tracer  i s  bu i l t  to  very  c lose  to le rances ,  i t  i s
rea l l y  qu i te  rugged.  Heavy  serv ice  w i r l  no t  harm i t  bu t  abuse can.

Un less  the  t racer  has  been abused. ,  most  ma l func t ions  are  found by  serv ice
personne l  to  be  f ro rn  cond i t ions  beyond the  t racer rs  cont ro l .

L is ted  be low are  genera l  d i f f i cu l t ies  encountered  in  the  approx i rna te  o rder  o f
m o s t  f r e q u e n t  o c c u r r e n c e s .

A.  360 feed ra te  no t  un i fo rm (see 360 Feed Rate  se t t ing ,  page 24 ,  and
360 Rate  Cont ro l  Lubr ica t ion ,  page ?9 .

B .  R o d  o r  c y l i n d e r  b r a c k e t s  l o o s e  o r  w e a k .

C .  T r a c e r  m o u n t i n g  b r a c k e t s  l o o s e  o r  w e a k .

D. Tracer spool bind because of f i t t ings being instal led too t ight ly or
lack  o f  p roper  f i l te r .

E .  G i b s  t o o  l o o s e  o n  t h e  m a c h i n e .

F .  G ibs  too  t igh t  on  the  mach ine .

G.  Ways no t  p roper ly  lubr ica ted .

H.  Mach ine  no t  leve l .

I .  Bad fotrndat ion.

J .  B l o w - b y  i n  t h e  c y l i n d e r s .

K .  I m p r o p e r  s e t  u p .

L .  Cut te r  and s ty lus  no t  I  to  I  ra t io .



M .  S t y l u s  e c c e n t r i c  o r  b e n t .

N .  T r a c e r  s p i n d i e  b e n t .

O .  O i i  l e a k a g e  o r  b l o w - b y  i n  t h e  s y s t e m .

P .  W o r n  w a y s  c a u s i n g  f i s h  t a i l .

O .  B a d  r n a c h i n i n g  t e c h n i q u e .

R .  I n a d e q u a t e  o p e r a t o r  t r a i n i n g .

S.  I rnproper  hydrau l i c  hookup.

T .  C u t t e r  s p i n d l e  r u n o u t .

U.  Cut te r  sp ind le  de fec t ive .

V.  Cut te r  runout .

W .  C o n t a r n i n a t e d  o r  i m p r o p e r  o i l .

X .  B a d  t o o l i n g .

T R A I N I N G  P R O G R A M

A t ra in ing  sess ion  o f  approx imate ly  four  hours ,  a t  the  manufac turer rs  p lan t ,  i s
o f fe red  to  anyone au thor ized  by  the  or ig ina l  purchaser  o f  a  Crescent  Ground
T r a c e r .  T h e r e  i s  n o  c h a r g e  f o r  t h i s  t r a i n i n g .  I f  ,  a f t e r  r e a d i n g  t h i s  m a n u a l ,
i t  i s  fe l t  tha t  such a  sess ion  wou ld  be  in  o rder ,  con tac t  the  manufac turer  fo r
f r . r r t h e r  d e t a i l s .

R E P A I R  P A R T S

W h e n  o r d e r i n g  r e p a i r  p a r t s ,  p l e a s e  s t a t e  t h e  S e r i a l  N o .  o f  t h e  t r a c e r ,  a n d  t h e
par t  nurnbers  o f  the  par ts  des i red .  The par ts  l i s t  d rawing  ident i f ies  each par t
w i t h  a n  i n d e x  n u m b e r  w h i c h  i s  a s  l o w  a s  p o s s i b l e  f o r  e a s y  r e m e m b e r i n g .  T o
o r d e r  p a r t s ,  s i m p l y  a d d  3 , 0 0 0  t o  t h e  i n d e x  n u r n b e r .  E X A M P L E :  P a r t  i n d e x
N o .  4 2  w o u l d  b e  p a r t  N o .  3 0 4 2 .



S E C T I O N  i  I

O P E R A T I O N

T h e  C R E S C E N T  G R O U N D  3 D  T R A C E R  i s  c l c s i g n e d  t o  g i v e  y o u  t h e  b e s t  c o n t r o l

o v e r  a n v  c o n d i t i o n  L h a t  n r a v  b e  c n c o n n t e  r c d  r v h e n  d u p l i c a t i n g  p a r t s  f  r o r n  a
t e r n n l 2 l  r '  r ) r  n - l A  S t e f  .

T l ' r c  C R E S C E N T  G R O U N D  F L O W  B A L A N C E  o f  t h e  s e r v o  v a l v e s  p r o v i d e s  a

f e e d  r a t c  a s  s l o w  a s  I  / - l  i n c h  p e r  r n i n u t e  t o  a s  f a s t  a s  i 0 0  i n c h e s  p e r  m i n u t e ,

s ' i t l ' r o r r . t  t h e  u s e  < . r f  n e e d l e  v a l v e s  f o r  t n e t e r i n q .  T h e  c r o s s  s e c t i o n a l  a r e a  o f

t i r t - .  c v l i n c l c r s  o r  d i s p l a c c m e n t  p e r  r e v o l u t i o n  o f  f l u i d  m o t o r s ,  l t o w e v e r ,  w i I l

de te  r t n i nc  t hc  r r ras i . r num and  the  m in imurn  feed  ra te  o f  any  g i ven  mach ine .

T h e  f u n c t i o n  o f  t h e  t r a c e r  i s  t o  i n f i n i t e l y  m e t e r  t h e  v o l u r n e  o f  o i l  a n d  r e g u l a t e

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

a t e d  h y d r a u l i c  a c t u a t o r s ,  r , r , ' h i c h  i n  t u r n  c o n t r o l  t h e  X ,  Y ,  a n d  Z  ( 3 6 0  -  3 D )

rr roverr lents of  a rnachine tool .

3D HOLD
VALVE

360 SHUTOFF
VALVE

360 FEED
RATE DIAL

30 RATE CONTROL DIAL
(ADJUSTMENT SCREW

IN CENTER)

BIAS CONTROL
OFF-ON TRIGGER

BIAS CONTROL
ARM

I "
f 1

i r r t
ra,

360 HAND
SHUTOFF VALVE

OVERRIDE
ADJUSTMENT
SCREW

360 SHUTOFF
VALVE

360 RATE
AOJUSTMENT
SCREW

COUNTER BALANCE
ADJUSTMENT SCREl,V

F i g u r e  I Ope ra t ing  Cont ro ls



T h e  p e n c i l  t y p e  , J o y  S t i c k t ' s t y l u s  s p i n d l e ,  w h e n  m a n u a l l y  u r g e d  t o w a r d  a n d .
a l o n g  a  p a t t e r n ,  i n d u c e s  f i n i t e  c o o r d i n a t e d  m i c r o m e t e r  c o n t r o l l e d  m o v e m e n t s
o f  t h e  t h r e e  s e r v o  s p o o l s .

The hor izon ta l  spoo ls  (350)  a re  abso lu te ly  coord ina ted  in  the i r  r r rovements  by
the  yoke assembly ,  wh ich  is  in  tu rn  cont ro l led  by  man ipu la t ion  o f  the  s ty lus
rnovements .

T h e  y o k e  a s s e m b l y  p e r m i t s  a  c o m p l e t e l y  f r e e  3 6 0 o  m o v e m e n t  o f  t h e  h o r i z o n t a l
spoo ls  as  we l l  as  a l low ing  the  s ty lus  sp ind le  to  be  moved ver t i ca l l y  fo r  con-
t ro l  o f  the  3D movement .

The 360 ra te  cont ro l  on  the  top  o f  the  t rac ing  va lve  cont ro ls  long i tud ina l ,  t rans-
v e r s e ,  a n d  v e r t i c a l  u p  o r  o u t  f e e d  r a t e s .  A r y  p r e - s e l e c t e d  f e e d  r a t e  s e t t i n g
f o r  3 6 0  o r  3 D  u p  c a n  b e  o v e r r i d d e n  b y  e x t r a  p r e s s u r e  o n  t h e  s t y l u s  f o r  r a p i d
t r a v e r s e .  W h e n  t h e  e x t r a  p r e s s u r e  i s  r e l e a s e d ,  t h e  f e e d  r a t e  w i l l  a u t o r n a t i c -
a I Iy  re tu rn  to  the  pre  -  s  e  le  c te  d  s  e t t ing .

A knur led  thumb screw in  the  center  o f  the  360 ra te  cont ro l  enab les  the  oper -
a t o r  t o  s e t  t h e  o v e r  r i d e  p r e s s u r e  r e q u i r e m e n t  t o  s u i t  h i s  " f e e l " .

NOTE

This  over  r ide  ad jus tment  sc rew must  be
screwed fu l l  in  when us ing  the  b ias  cont ro l .

Hand shut  o f f  va lves  can be  prov ided fo r  each servo  va lve  in  the  360 sec t ion  o f
the  t racer .  These shut  o f f  va lves  are  no t  in tended fo r  meter ing  feed.  ra tes .
They  are  to  be  used to  lock  ou t  rnovement  o f  e i ther  hor izon ta l  s l ide ,  to  fac i l i -
tate indicat ing a f ixture al ignment,  or to stop and hold movernent when pick
feeding to remove rnetal  in a straight l ine over a 3D ternplate.

A  hand va lve  can a lso  be  prov ided to  shut  o f f  purnp  pressure  to  the  t racer  to
stop al l  rnovernent.

B IAS CONTROL

The b ias  cont ro l  has  a  s i 'mp le  t r igger  ac tua ted .  rnechan ism to  enab le  the  opera tor
to  engage or  d isengage the  b ias  p ressure  w i th  the  thurnb  or  f inger  o f  the  gu id ing
hand,  thus  leav ing  the  o ther  hand f ree  to  do  another  opera t ion  s imu l taneous ly .
I t  i s  no t  reco f f r rnended tha t  the  b ias  cont ro l  be  used when t rac ing  3D;  however ,  on
soIT Ie  pa t te rns  w i th  very  low ang les  i t  w i l l  per fo r rn  sa t is fac to r i l y  when t rac ing  up .

When the  b ias  cont ro l  i s  d i rec ted  a t  approx i rna te ly  45  degrees  toward  the  te rn-
p la te ,  and in  the  d i rec t ion  o f  des i red  t rave l  a round the  templa te ,  i t  leaves  the
opera tor  f ree  to  do  o ther  work  un t i l  a  b ias  cor rec t ion  is  requ i red .

The 3D ra te  cont ro l  d ia l  shou ld  a lways  be  se t  a t  be tween r r0 r r  and r r5 r t  g raduat ion
w h e n  t r a c i n g  3 6 0  o n l y .



The 3D rate contro l  serves two purposes:

l.  to control the rate of feed when plunge cutt ing.

z .  to  ret ract  and hold the cut ter  out  o f  the par t  for  rc loading,  e tc .

When the  3D ra te  cont ro l  d ia l  i s  se t  a t  r t0 r r ,  the  ver t i ca l  s l ide  shou ld  remain
pract ical ly stat ionary. As the dial  is rotated to the lef t ,  the rate of plunge is
increased,  and as  the  d ia l  i s  ro ta ted  to  the  r igh t  (no  graduat ions) ,  the  speed
o f  r e t r a c t  i s  i n c r e a s e d .

NOT E

Do not try to trace on a f lat  plane with the
3D d ia l  se t  a t  ' tO ' r '  the  cu t te r  r r ray  d r i f t  up .

To t race  a  f la t  p lane,  se t  the  3D ra te  cont ro l  d ia l  a t  a  p re-se lec ted  graduat ion
which corresponds to the desired rate of plunge. efteiEl$ius h"s touched
the f loor of the template, rotate the dial  to about graduat ion i l5r.

I f  you do not wish to make a ful l  depth cut,  c lose the 3D hold shutoff  valve
when the desired depth is reached, but leave the dial  set at  the plunge rate
feed se t t ing  un t i l  fu l l  dep th  i s  reached,  then se t  a t  r r5 r r  g raduat ion  fo r  f in -
i.shi.ng.

The stylus weight counter balance adjustrnent,  which is located at the lower
end o f  the  t racer ,  jus t  above the  b ias  cont ro l ,  enab les  the  opera tor  to  com-
trrensate for the weight of a heavy stylus. Rotat ion to the r ight increases the
l i f t ,  and rotat ion to the lef t  decreases the l i f t .

CAUTION

Always be sure that the counter balance
adjustment screw NEVER HAS LESS THAN
l /8  INCH space be tween i t s  lower  sur face
and the top of the bias control  body. I f  this
c learance is  no t  p resent ,  the  t racer  sp ind le
cannot be l i f ted for retract ing

Never t ighten the thurnb screw in the bias
control body rnore than finger tight. Lf the
stylus touches the ternplate when plunging,
the bias control  wi l l  be pushed off  of  the
spindle carr ier as the spindle moves up to
seek a nul l  posi t ion. This wi l l  not damage
the bias control ,  which can be reset,  and
protects the tracer from damage.



S o m e  m a c h i n e s  a r e  e q u i p p e d  w i t h  b o t h  3 D  t r a c e r s  a n d  1 8 0  s o l e n o i d  i c t i v a t e d
d e p t h  c o n t r o l  s e r v o  v a l v e s .  T h i s  t y p e  o f  i n s t a l l a t i o n  h a s  c h a n q e c . , v e r  v a l v e s
i n c o r p o r a t e d  i n t o  t h e  h y d r a u l i c  c i r c u i t  c o n t r o l l i n g  t h e  v e r t i c a l  s I i d e .  T h i s
s y s t e m  e n a b l e s  t h e  o P e r a t o r  E o  u s e  t h e  3 D  s e r v o  v a l v e  w h i c h  i s  o p e r a t e d  b y
s t y l u s  m a n i p u l a t i o n  f o r  t r a c i n g  u p  a n d  d o w n  o v e r  a  p a t t e r n ,  o r  t o  s h i f t  t o  1 8 0
c o n t r o l  f o r  h o l d i n g  d e p t h  o f  c u t  i n  v a r i o u s  p l a n e s  o n  t h e  p a r t  b e i n g  p r o d u c e d .

C  A U T I O N

I t  m u s t  b e  r e m e m b e r e d  t h a t  t h e  3 D  t r a c e r
h a s  n o  c o n t r o l  o v e r  t h e  v e r t i c a l  s l i d e  m o v e  -
m e n t  w h e n  t h e  h y d r a u l i c  c i r c u i t  i s  d i r e c t e d
o r  s h i f t e d  t o  t h e  i B 0  d e p t h  c o n t r o l  s e r v o
s y s t e m .  I n  t h e  e v e n t  t h e  o p e r a t o r  e n e r g i z e s  .
the  180 c i rcu i t  to  p lunge toward  the  work ,
a n d  t h e  e n d  o f  t h e  3 D  t r a c e r  s t y l u s  c o n t a c t s
an obs t ruc t ion ,  the  t racer  o r  mach ine  cou ld
be bad ly  darnaged.

I f  t h e  t r a c e r  i s  e q u i p p e d  w i t h  a n  e l e c t r o n i c  s a f e t y  s w i t c h  a c c e s s o r l ,  t h e  t r a c e r
sp ind le  w i l l  move upward  in to  the  body  o f  the  t racer  and cause the  3D servo
spoo l  to  move to  the  ex t re rne  I i rn i t  o f  i t s  t rave l .  Jus t  be fore  the  spoo l  reaches
th is  l im i t ,  i t  t r ips  a  swi tch  wh ich  opens the  e lec t r i ca l  c i rcu i t  lead ing  to  the  180
s o l e n o i d  a n d  c a u s e s  t h e  1 8 0  s e r v o  v a l v e  t o  r e t r a c t  t h e  v e r t i c a l  s l i d e .

A f t e r  c o r r e c t i o n s  h a v e  b e e n  m a d e ,  l h e  o p e r a t o r  c a n  p r e s s  t h e  r e s e t  b u t t o n  o n
the  bo t tom o f  the  swi tch  hous ing  to  reac t iva te  the  180 e lec t r i ca l  c i rcu i t .

Th is  sw i tch  can a lso  be  rnanua l ly  t r ipped,  by  l i f t ing  up  on  the  s ty lus ,  fo r .a
q u i c k  r e t r a c t  w i t h o u t  r e a c h i n g  f o r  t h e  1 8 0  r e t r a c t  c o n t r o l  s w i t c h .

T a''TTOil

F i g u r e  2 . Safe ty  Swi tch Re se t  But ton



S E C T I O N  I I  I

MAINTENANCE

YOUR NEW CRESCENT GROUND TRACER AND HOW TO ADJUST IT

W h e t i r e r  y o u  h a v e  r e c e i v e d  y o u r  C r e s c e n t  G r o u n d  t r a c e r  o n  a  n e w  m a c h i n e
t o o l ,  t o  r e p l a c e  a n  o b s o l e t e  t y p e  o f  t r a c e r ,  o r  f o r  u s e  o n  a  m a c h i n e  o f  y o u r
o w n  c r e a t i o n ,  r e s t  a s s u r e d  t h a t  t h e  t r a c e r  h a s  b e e n  a d j u s t e d  a n d  t h o r o u g h l y
t e s t e d  o n  a  P r o v e - o u t  r n a c h i n e  a t  t h e  f a c t o r y .  U n I e s s  i t  h a s  b e e n  b a d l y  h a n d l e d
i n  t r a n s i t  t o  y o u ,  o n l y  t h e  h o r i z o n t a l  f e e d  r a t e s  o f  c r o s s  a n d  l o n g i t u d i n a l
t r a v e l  r n a y  n e e d  t o  b e  a d j u s t e d  b e f o r e  p u t t i n g  t h e  t r a c e r  i n t o  o p e r a t i o n .

The type o f  hydrau i i c  ac tua tor  used has  an  e f fec t  on  the  ad jus tment  to  ba lance
t h e  f e e d  r a t e .  A  d o u b i e - e n d  c y l i n d e r  w i t h  e q u a l - s i z e  r o d s  o r  a  h y d r a u l i c
m o t o r  r e q u i r e s  a  p e r f e c t  s p o o l  n u I I  s e t t i n g .  A  c y l i n d e r  w i t h  a  s i n g l e - e n d  r o d
requ i res  a  s l igh t  spoo l  o f fse t  to  cornpensate  fo r  the  cy l inder  a rea  d i f fe ren t ia l ,
depend ing  uPon the  rod  s ize  and f rom wh ich  end o f  the  cy l inder  the  rod  works .

Assuming no  damage,  and tha t  you  have connected  the  l ines  cor rec t ly ,  (see
F i g u r e  3 ,  P r e s s u r e - E x h a u s t  a n d  C y l i n d e r  p o r t s ) ,  t h e  f o l l o w i n g  s i m p l e
ad jus tments  shou ld  ge t  you  in to  opera t ion  qu ick iy .

C h e c k o u t  P r o c e d u r e  P r i o r  t o  S e t t i n g  3 5 0  F e e d  R a t e

Set  360 and 3D ra te  cont ro l  d ia ls  a t  zero  graduat ion .

check  s ty lus  sp ind le  mover r ren t  in  a  360o osc i l la t ion .  The t ip  o f
t h e  s p i n d l e  s h o u l d  n o t  m o v e  m o r e  t h a n  . 0 0 3  t o t a l  i n d i c a t o r  r e a d -
ing  in  any  s t ra igh t - l ine  mot ion .

check  the  s ty lus  sp ind le  up  and down,  o r  ver t i ca l ,  mot ion .  The
t i p  o f  t h e  s p i n d l e  s h o u l d  m o v e  . 0 0 3 "  t o  . 0 0 5 " .  T r a c e r  s h o u l d
ho id  pos i t ion  ver t i ca l l y  when 3D d ia l  i s  se t  a t  zero  bu t  rnove up
or  away f rom templa te  when sp ind le  i s  u rged upward .

I f  any  o f  these ad jus tments  i s  incor rec t ,  re fe r  to  the  Tab le  o f  Conten ts  fo r
ad jus tment  o f  the  de fec t ive  se t t ing .  NOTE ALSO THE SEeUENCE OF ADJUST-
M E N T S ,  p a g e  1 2 .  w h e n  a d j u s t m e n t s  a r e  c o r r e c t ,  p r o c e e d  a s  f o l l o w s .

Star t  the  hydrau l i c  power  un i t  (p . .mp)  and le t  i t  run  un t i l  the  o i l  te rnpera ture  is
b e t w e e n  I  [ 0 "  a n d  i Z 0 o  F .

z .

3 .



The opera t ing  o i l  te rnpera ture  is  impor tan t  when se t t ing  feed ra tc ,  becausc
r : f  t h e  c o e f f i c i e n t  o f  e x p a n s i o n  a n d  c o n t r a c t i o n  o f  t h e  d i s s i m i l a r  m e t a l s  u s e d
i n  t h e  m a n u f a c t u r e  o f  t h e  t r a c e r .

The averag^e te rnPera ture  o f  the  o i l  when the  t racer  i s  in  use  shou lc l  be  approx i -
m a t e l y  l Z 0 o ;  i f  t e r n p e r a t u r e  e x c e e d s  1 4 0 o ,  a n  o i l  c o o l e r  s h o r r l d  b c  i n s t a l l e d
on the  hydra t r l i c  power  un i t .

I f  the  o i l  tempera ture  var ies  as  r r ruch  as  30o dur ing  a  sh i f t ,  the  feed ra tes
w i l l  a l s o  c h a n g e  t o  s o m e  e x t e n t .

C v l i n d e  r  B l e e d i n g

When the  o i l  i s  a t  the  proper  te rnpera ture ,  b leed a l l  a i r  ou t  o f  the  sys tem,
us ing  the  fo l low ing  method:

l .  R o t a t e  3 5 0  r a t e  c o n t r o l  d i a l  f u l l  o p e n .

Z .  Press  s ty lus  sp ind le ,  in  any  d i rec t ion  re la t i ve  to  a  s l ide  rno t ion ,
and ho ld  un t i l  p is ton  I 'bo t toms out r ' ;  repeat  in  oppos i te  d i rec t ion .
( D o  t h i s  s e v e r a l  t i m e s  i n  a l l  d i r e c t i o n s  t o  b r i n g  t h e  t r a c e r  a n d
cy l inders  up  to  the  te rnpera ture  o f  the  o i l .  )

Now "bo t tom out i l  the  p is ton  a t  the  end o f  any  cy l inder  and se t  the  350 ra te
cont ro l  a t  about  No.  "5 r 'g raduat ion .  Open the  b leeder  on  tha t  end o f  the  cy l in -
der ,  p ress  s ty lus  fo r  s l ide  movernent  in  the  oppos i te  d i rec t ion ,  and ho ld  fo r
about  5  seconds.  Return  p is ton  to  end o f  cy l inder  and repeat .  Cont inue th is
p r o c e s s  u n t i l  n o  a i r  c a n  b e  d e t e c t e d  a t  b l e e d e r ;  t h e n  c l o s e  b l e e d e r .

Repeat  th is  opera t ion  on  each end o f  a l l  cy l inders .

NOTE

I f  the  hydrau l i c  l ines  are  very  long and h igh ,
a  b leeder  may have to  be  ins ta l led  a t  the
h ighes t  po in t  in  each l ine  to  remove the  a i r .

The object of  this method of bleeding is to not only rernove the air  f rom the
cy l inder ,  bu t  a lso  to  remove a i r  tha t  i s  t rapped in  l ines  and hoses  wh ich  can
not  re tu rn  to  the  power .un i t  due to  the  fac t  tha t  o i l  f low in  the  sys tem s tops
when the  p is ton  ' rbo t to rns  ou t r ' .

Some cy l inder  rod  pack ings  a l low a i r  to  en ter  the  cy l inder  as  the  o i l  coo ls  and
contracts,  thus creat ing a vacuurrr  and sucking the air  in around the rod.
Cy l inders . .o f  th is  type  must  be  b led  each t ime the  rnach ine  is  res ta r ted  a f te r
c o o l i n g  o f f .  ( S e e  C y l i n d e r s ,  p a g e  2 . 1

t 0
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SEQUENCE OF ADJUSTMENTS

In  the  event  tha t  i t  becornes  necessary  to  comple te ly  read jus t  the  Crescent
G r o u n d  3 D  t r a c e r  b e c a u s e  o f  a n  a c c i d e n t ,  a b u s e ,  d i s a s s e m b l y  f o r  i n s p e c t i o n ,
or  to  rep lace  worn  par ts ,  p roceed in  exac t ly  the  fo l low ing  order :

l .  Sp ind le  p ivo t  bear ing  ao jus tment  (see Sp ind le  Reassembly  Ad jus t -
rnent ,  s tep  5  and no tes ,  page l4 ) .

Z .  3D ad jus t rnent  sc rew center  o r  rn id -pos i t ion  se t t ing ,  page 17 .

3 .  360 ra te  cont ro l  assembly  ad jus tment  to  top  o f  sp ind le  (se t t ing
for  f ree  ver t i ca l  movement  o f  sp ind le )  (see  360 Rate  Cont ro l
Ins ta l la t ion  and Ad jus t rnent ,  s teps  4  th rough 13 ,  page Z3) .
(vERY TMPORTANT.  )

4 .  360 d ia l  ze to  se t t ing  (see 350 Rate  Cont ro l  Ins ta l la t ion  and
Adjus tment ,  s teps  4 ,  and I l  th rough 14 ,  page Z3) .

5 .  350 feed ra te  se t t ing ,  page 24 .

SPINDLE ADJUSTMENT

Adjustments of the spindle are simple but touchy; proceed with care and co111-
p le te  c lean l iness .

Remova l  and D isas  semblv

NOTE

These ins t ruc t ions  app ly  to  t racers  w i th  o r
w i thout  the  e lec t ron ic  sa fe ty  sw i tch  (3300)
a c c e s s o r y .

l .  Remove the  two 8-32  Round Head screws (?2 ,  page 30)  in  the  3D
cover  P la te  (76) ,  and remove cover  p la te  and spr ing  (80) .  Th is
re leases  pressure  on  Trans la to r  Ba l l  (?3) .  Do no t  remove 3D
S p o o l  ( ? 9 ) .

z .  Loosen Lock  screw (57)  in  the  b ias  cont ro l  assumuty  and,  remove
b ias  as  sembly .

3 .  unscrew ( le f t ,  look ing  up)  counterba lance Ad jus tment  Screw (52) ,
and remove ad jus t rnent  sc rew and Spr ing  (51) .

4 .  Loosen 8-32  Round Head screw (3?) ,  wh ich  ho lds  3D Dia l  s top  (3g) ,
two turns.

t z



5 .

6 .

HoId  sp ind le  assernb ly  as  iD  R.a te  cont ro l  D ia l  (40) ' i s  unscrewed
t o  t h e  l e f t  u n t i l  s p i n d l e  a s s e m b l y  d r o p s  f r e e  f o r  r e m o v a l .

L o c k  w a s h e  r  ( 5 9 )  p r e v e n t s  v i b r a t i o n  f  r o m  l o o s e n i n g  t h e  s p i n d l e
a s s e m b l y .  T h e  w a s h c l  h a s  a  t o n g u e  p r o t r u d i n g  i n t o  i t s  i n n c r
ho le  wh ich  engages th r :  s lo t  in  the  p ivo t  bear ing  Ad jus tment
s c r e w  ( 6 5 ) .  T h e  w a s h e r  h a s  b e e n  s t a k e d  o n e  d i r e c t i o n  i n t o
t h e  n o t c h  o n  t h e  b o t t o m  o f  s p i n d l e  C a r r i e r  S p o o i  ( 3 5 ) ,  a n d  i n
t h e  o p p o s i t e  d i . r e c t i o n  i n t o  t h e  s l o t  o f  L o c k  N u t  ( 6 I ) .  C . r r e -
fu l l y ,  w i th  a  square  punch,  uns take  the  lock  nu t  s ide .

C AUTiON

Do not  c la rnp  spoo l  in  v ise .

Rota te  Lock  Nut  (58)  to  the  ie f t  l /2  tu r r r .  unscrew ( Ie f t )  p ivor
bear ing  Ad jus t rnent  Screw (55)  and s l ide  Sp ind le  (58)  ou t  o f
Spoo1 (35)  (see f igure  5 ,  Locknut  Remova l  and Ins ta l la t ion) .

7 .
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wash al l  parts in solvent and keep clean during assembly

l '  Lay  Lock  washer  (59)  on  f la t  sur face  and l igh t ly  hamrner  ou t  the
s take  marks .

Thread Lock  Nut  (68)  on to  Ad jus t rnent  sc rew (65) .  ( t f  rock  washer
is placed upside down frorn the or iginal  assernbly,  the old stake
rnarks wi l l  not ef fect a new lock posit ion. )

s l ide  the  P ivo t  Bear ing  (42) ,  w i th  spher ica l  s id .e  toward  ba l l ,  on to
the  s ty lus  end o f  the  sp ind le  (58) .  Nex t  s l ide  p ivo t  bear ing  Ad jus t -
ment  sc rew (55)  on to  the  sp ind le  a f te r  the  p ivo t  bear ing .

P lace  spr ing  Reta iner 'washer  (49)  over  s rna i l  end o f  spoo l  (35) .
Inser t  sp ind le  as  assembled ,  smal l  end f i rs t ,  in to  th readed end
of spool,  and thread pivot bearing Adjustrnent screw (65) in un-
t i l  the pivot bearing is seated.

N O T E

The next step requires a t i t t le pat ience
to obtain the correct adjustment for a
free but not s loppy f i t .

HoId the spool (35) in your hand and with the other hand, t ighten
the Adjustment screw (65) unt i l  a very sl i .ght bind is fel t  when
the spindle is osci l lated in alr  direct ions. HoId. spool (35) tn
hand and t ighten Lock Nut (38) by str ik ing spanner wrench with
hammer (see f igure 5, Locknut Removar and, Instal lat ion).
Remember ,  no  v ise .

NOTE

As the lock nut is t ightened, i t  tends to pul l
the inner end of the adjustrnent screw awey
from the pivot bearing a few tenths of a
thousandth  ( .0000) ,  thus  c rea t ing  a  f ree  bu t
close f i t  to the bal l  on the spind. le.  The
osci l lat ing feel  must be absolutely free of
bind but with no lost movernent in ba[ ad-
justment ei ther in and out or s ideways. ! f
necessar l r  repeat  the  ad jus t rnent  us ing
more  or  Iess  b ind  on  the  f i rs t  ad jus tment ,
as stated in step 5, unt i l  adjustrnent is
c o r r e c t .

z .

3 .

4 .

) .

L 4



N OTE

S T R I K E  S P A N N E R  W R E N C H
SHARFLY WITH HAMfV IER
IF NECESSARY FOR DIsASsEMBLY.
AND A5 STANDARD PRACTICE
F O R  R E A S S E M B L Y

S P O O L

PIVOT EEARIN6
ADJUSTMENT SCREW

LOCKNUT

S P I  N O L E

LO O SEN Qr SlSSerr,rer-V)

SPANNER WRENCH

Figure 5. Locknut Re moval and [netallation

NOTE

lf the adjustment is too tight, the operator
wi l l  feel  a st i f fness in operat ing the tracer
and wi l l  f ind i t  di f f icul t  to hold to the tem-
p la te .  I f  ad jus tment  i s  too  loose,  i t  w i l l
af fect tolerance and f inishes on the parts
produced.

t 5



6. when the adjustment is correct, place the assembry on clean
rags on the bench with pivot bearing adjustment screw towards
you and rotate the spool until the stake notch in the spool is up.

with a punch, stake the rock washer into the left side of the
notch in  the spool  (see f igure 6,  LockwasherG,k ing; .

Next, rotate the spool 'nt ir the srot in the rock r ing is up and
stake the lock washer into the right side of the slot.

NOTE
SLOTS IN  SPOOL AND I . .OCKNU' r
N E E D  N O T  B E  I N  R E L A T I O N S H I F
S H O W N

LOCKNUT

l 6

Figure 6. Lockwasher Staking



7.  Inser t  the  sp ind le  assembly  care fu l l y  and c lean in lo  the  t racer ,
guiding the spindle through the hole in the yoke assembly and
in to  the  Center ing  R ing  (26 l  o f .  the  360 ra te  cont ro l  assembly .

N O T E

B e  s u r e  T r a n s l a t o r  B a l I  ( 7 3 )  i s  i n  t h e  h o l e
i n  t h e  s i d e  o f  t h e  T r a n s l a t o r  S l e e v e  ( 4 5 ) .

8 .  R e p l a c e  R a t e  C o n t r o l  D i a l  ( 4 0 )  a n d  t i g h t e n  8 - 3 2  s c r e w  i n  D i a l
S t o p  ( 3 8 ) .

9 .  Rep lace  Counterba lance Spr ing  (51)  and Counterba lance Ad jus t -
m e n t  S c r e w  ( 5 2 ) .

10 .  Rep lace  b ias  cont ro l  assembly  and t igh ten  Lock  Screw (67) .
(Use f ingers  on ly .  )

3D ADJUSTMENT SCREW CENTER OR MID.POSITION SETTINC

1.  Loosen 8-32  Round Head Screw (37)  two tu rns  to  le t  3D Rate
Cont ro l  D ia l  (40)  pass  the  D ia l  S top  (38)  c i ip .

Z .  L o o s e n  L 0 - 3 2  S e t  S c r e w  ( 4 1 )  i n  3 D  R a t e  C o n t r o l  D i a l  ( 4 0 )  a n d
remove the dial .

3 .  Screw the  3D Rate  Cont ro l  Ad jus t rnent  Screw (aZ)  in  ( r igh t )  as
far as i t  wi l l  go (with your f inge rs only).

4 .  Rep lace  D ia I  (40)  on  Rate  Cont ro l  Screw (42) .  Set  a t  zero  and
press  d ia l  in  as  fa r  as  poss ib le ,  over r id ing  the  Spr ing  (45)  in
F r i c t i o n  P i n  ( 4 a ) ,  a n d  t h e n  l o c k  S e t  S c r e w  ( 4 I ) .

5.  Turn Dial  (40) to the lef t  one ful l  turn to zero and ret ighten
S c r e w  ( 3 ? )  o n  D i a l  S t o p  ( 3 8 ) .



A T u r n  o n  h y d r a u l i c  p u m p  a n d  c h e c k  v e r t i c a l  n u l i  p o s i t i o n  ( 3 D )  b y
r o t a t i n g  D i a l  ( a 0 )  r i g h t  a n d  l e f t  a p p r o x i m a t e l y  f i v e  g r a d u a t i o n s
e a c h  w a y .  l f  n u l l  i s  n o t e d  w i t h i n  t h e s e  l i m i t s ,  r e s e t  t h e  d i a l  t < . r
r n a t c h  z e r o  a n d  t h e  i n d e x  m a r k  o n  t h e  f a c e  o f  t h e  3 D  R a t t ,  c o n _
t r o l  B o d y  ( 4 3 ) .

7 .

8 .

q

N O T E

F A C E  O F  D I A L  A N D  F A C E  O F  R A T E  C O N -
T R O L  B O D Y  S H O U L D  B E  H E L D  F L U S H  W I T T I
E A C H  O T H E R  A S  S E T  S C R E W  ( 4 I  )  I S  L O C K E D .

I f  c o n d i t i o n s  o f  s t e p  6  a r e  n o t  s a t i s f a c t o r y ,  p r o c c e c l  a s  f o l l o w s :

Turn  o f f  hydrau l i c  pump.

R e m o v e  t h e  t w o  8 - 3 2  R o u n d  H e a d  s c r e w s  ( z z )  w h i c h  h ' l d  3 D
c o v e r  P l a t e  ( 7 6 ) ,  a n d  r e m o v e  c o v e r  p l a t e  a n d  s p r i n g  ( g 0 y .

S i i d e  S p o o i  ( 7 9 )  o u t  o f  t h e  t r a c e r .

1 0 .  L o o s e n  3 D  L o c k  N u t  ( 7 5 )  o n e  t u r n
v i s e  o r  u s e  p l i e r s  o n  s p o o l .

( l e f t ) .  D o  n o t  c l a m p  s p o o l  i n

a n d  c a r e f u i l y  r c p l a c e  i n  t r a c : ( : 1 . .1 1 .  C l e a n  s p o o l  t h o r o u g h l v  i n  s o l v e n t

l Z .  T u r n  o n  h y d r a u l i c  p u m p .

P l a c e  a n  A l l e n  w r e n c h  i n t o  t h e  s p o o l  t o  e n g a g e  t h e  s o c k e t  i n  _ l D
C e n t e r i n g  S t u d  ( 7 4 ) .

S e t  3 D  A d j u s t m e n t  D i a l  ( 4 0 )  a t  z e r o "

H o I d  S p o o l  ( 7 9 )  i n  w i t h  y o u r  f i n g e r s  r o  p r e v e n t  r . t a t i < . r n  a s ' o *
t u r n  t h e  A l l e n  w r e n c h  i n  f i r s t  o n e  d i r e c t i o n  a n d  t h e n  t h e  o t h e r
unt i l  the  3D nu l l  pos i t ion  is  found.

1 3 .

t 4 .

1 5 .

l 6 -  T u r n  o f f  h y d r a u l i c  p u m p  a n d  c a r e f u l l y  r e m o v e  s p o o l  ( 7 9 ) .  D c r
,  n o t  d i s t u r b  t h e  p o s i t i o n  o f  t h e  A l l e n  w r e n c h .

1 7 .  H o i d i n g  t h e  s p o o l  a n d  A l l e n  w r e n c h  i n  o n e  h a n d ,  c a r e f u l l v  r c -
t i g h t e n  L o c k  N u t  ( 2 5 ) .

1 8 .

l o

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

R e p l a c e  S p r i n g  ( 8 0 ) ,  C o v e r  p l a t e  ( 7 6 ) ,  a n d  S c r e w s  ( 7 2 ) .

l 8



20. Turn on hydraul ic pump and recheck zero sett ing on }D Dia. l
(40).  I f  nul l  posi t ion is found to be off  a few graduat ions, no
more  than *  5 ,  rese t  zero  on  the  d ia l .

NOT E

lf  sett ing is off  rrrore than I  5 graduat ions,
s teps  l3  th rough I7  were  per fo r rned in -
cor rec t ly  and w i l l  have to  be  repeated .

3D SPOOL NULL POSITION ADJUSTMENT

The 3D Spool (79) nul l  adjustrnent is set and locked at the factory and should
not  change or  need ad jus t ing .

In the event i t  becornes necessar-y,  the adjustrnent rnust be started frorn the
3D ra te  cont ro l  assernb lv  on  the  f ron t  face  o f  the  t racer .

See 3D Ad jus t rnent  Screw Center  o r  Mid-Pos i t ion  Set t ing ,  s teps  8  th rough 20 ,

P a g e  1 8 .

3D DIAL ZERO SETTING

See 3D Ad jus tment  Screw Center  o r  Mid-Pos i t ion  Set t ing ,  s teps  l  th rough 5 ,

P a g e  L 7 .

360 RATE CONTROL DISASSEMBLY

l .  Remove cover  p la te  (name p la te )  f rom face  o f  t racer .

2 .  R e m o v e  O v e r r i d e  A d j u s t m e n t  S c r e w  ( Z Z ) .

3 .  L o o s e n  l O - 3 2  S e t  S c r e w  ( 1 9 )  i n  3 5 0  R a t e  C o n t r o l  D i a l  ( 2 0 )  a n d
remove diai .

4 .  Loosen L l  4 -20  Set  Screw (29)  on  bo th  the  r igh t  and le f t  face  o f
t r a c e r  b o d y  l / 8  t u r n .

5 .  Inser t  I /8 "  p ins  o r  spanner  wrench in to  the  conven ien t  ho les
( four  a re  p rov ided)  in  top  o f  Rate  Cont ro l  Hous ing  (30) ;  ro ta te
assernb ly  to  le f t  (counter  c lockwise ,  look ing  down on t racer )
and remove 350 ra te  cont ro l  assernb ly .

6. Rernove 350 Rate Adjustment Screw (Zl)  ( turn to lef t) .

l 9



Turn  360 Rate  Cont ro l  Ad jus tment  Screw (Z l )  ups ide  down;
Spr ing  (23)  and P in  (2a)  w i l l  fa l t  ou t .

L o o s e n  L / 4 - Z O  S e t  S c r e w  ( 1 6 )  t o  r e l e a s e  H a l f  - N u t  p i n  ( l Z )  i n
H o u s i n g  ( 3 0 ) .

u n s c r e w  B a l l  c a g e  ( 1 8 ) ,  b y  t u r n i n g  t o  t h e  l e f t ,  f r o m  H o u s i n g  ( 3 0 ) .

T u r n  H o u s i n g  ( 3 0 )  u p s i d e  d o w n ;  B a l l  ( 2 5 )  a n d  C e n t e r i n g  R i n g  ( 2 6 )
wi l l  fa l l  out.

350  RATE CONTROL REASSEMBLY

NOTE

Thoroughly clean al l  parts with solvent
be fore  reasser r rb ly  and keep c lean dur ing
r e a s s e m b l y .

Ho ld  360 Rate  Hous ing  (30)  in  your  hand w i th  inner  bore  face  up ,  a t
approx imate ly  a  45o ang le ,  w i th  HaU-Nut  P in  ( l? )  on  lower  s ide .

P lace  Center ing  R ing  (25) ,  w i th  cone up ,  and Prec is ion  BaI l  (25)
in  cone o f  Center ing  R ing  (25) .

Al ign threads on half  -nut pin to coincide with the threads on the
outs ide  o f  the  350 Rate  Cont ro l  Ba l l  Cage ( I8 ) .

RAI E COI.JTROL
H O U S I  N G

H A L F - N U T  P I N

BALL

l .

8 .

o

1 0 .

t .

z .

3 .

CA6E

z0 Figure 7. HaU-Nut Pin Thread Al ignment



20. Turn on hydraul ic pump and recheck zero sett ing on 3D Di;r . l
(40) .  U  nu l l  pos i t ion  is  found to  be  o f f  a  few graduat ions ,  no
more  than f  5 ,  rese t  ze to  on  the  d ia l .

NOT E

If  sett ing is off  rnore than * 5 graduat ions,
s teps  I3  th rough l7  were  per fo r rned in -
cor rec t ly  and w i l l  have to  be  repeated .

3D SPOOL NULL POSITION ADJUSTMENT

The 3D Spool (79) nul l  adjustrnent is set and locked at the factory and should

not  change or  need ad jus t ing .

In  the  event  i t  becomes necessary ,  the  ad jus t rnent  rnus t  be  s ta r ted  f ro rn  the

3D ra te  cont ro l  assernb ly  on  the  f ron t  face  o f  the  t racer .

See 3D Ad jus t rnent  Screw Center  o r  Mid-Pos i t ion  Set t ing ,  s teps  8  th rough 20 ,

P a g e  I 8 .

3D DIAL ZERO SETTING

See 3D Ad jus t rnent  Screw Center  o r  Mid-Pos i t ion  Set t ing ,  s teps  l  th rough 5 ,

P a g e  L 7 .

360 RATE CONTROL DISASSEMBLY

l .  Remove cover  p la te  (name p la te )  f rom face  o f  t racer .

2 .  R e m o v e  O v e r r i d e  A d j u s t m e n t  S c r e w  ( Z Z ) .

3 .  L o o s e n  L 0 - 3 2  S e t  S c r e w  ( 1 9 )  i n  3 6 0  R a t e  C o n t r o l  D i a l  ( 2 0 )  a n d

rerr love dia-.

4 .  L o o s e n  l l 4 - Z O  S e t  S c r e w  ( 2 9 )  o n  b o t h  t h e  r i g h t  a n d  l e f t  f a c e  o f

t r a c e r  b o d y  l / 8  t u r n .

5 .  Inser t  l /8 "  p ins  o r  spanner  wrench in to  the  conven ien t  ho les
( four  a re  p rov ided)  in  top  o f  Rate  Cont ro l  Hous ing  (30) ;  ro ta te

assembly  to  le f t  (counter  c lockwise ,  look ing  down on t racer )

and rernove 350 rate control  assernbly.

6 .  Remove 350 Rate  Ad jus t rnent  Screw (2 I )  ( tu rn  to  le f t ) .

l 9



7 .

8 .

a

1 0 .

Turn 360 Rate contro l  Adjust rnent  screw (z l )  ups ide down;
Spr ing (23)  and Pin (24)  wi t l  fa l l  out .

Loosen  L /4 '20  se t  sc rew (15 )  t o  re lease  Har f -Nu t  p in  (17 )  i n
Hous ing  (30 ) .

unsc rew Ba l I  cage  (18 ) ,  by  tu rn ing  to  the  l e f t ,  f r om Hous ing  (30 ) .

Tu rn  Hous ing  (30 )  ups ide  down ;  Ba l l  ( 25 )  and  Cen te r i ng  R ing  (26 )
wil l  fal l  out.

H A L F . N U T  P I N

l .

z .

3 .

NOTE

Thoroughly clean al l  parts with solvent
before reasserrrbly and keep clean during
r e a s s e m b l y .

Hold 360 Rate Housing (30) in your hand with inner bore face up, at
approx imate ly  a  45o ang le ,  w i th  HaLf -Nut  P in  ( l? )  on  rower  s ide .

P lace  center ing  R ing  (25) ,  w i th  cone up ,  and prec is ion  Ba l l  (25)
in  cone o f  Center ing  R ing  (25) .

Al ign threads on hau-nut pin to coincide with the threads on the
outs ide  o f  the  360 Rate  Cont ro l  Ba l l  Cage (18) .

RA] E COI.ITROL
H O U S I  N G

BALL cA6E-{

z 0 Figure 7. HaU-Nut Pin Thread Al ignment



4.  Care fu l l y  inser t  350 Rate  Cont ro l  Ba l l  Cage (18)  in to  bore  o f  360

Rate  Cont ro l  Hous ing  (30)  and engage HaI f -Nut  P in  (17)  (see f igure

7 ,  Ha l f -Nut  P in  Thread A l ignment ) .

5 .

6 .

7 .

S c r e w  3 6 0  R a t e
ing  (30)  un t i l  i t
I  /2  tu rn .

Light ly t ighten
is  ro ta ted  back
f i rmly into the

CENTERING RING

s E T  S C R E W

C o n t r o l  B a l l  C a g e  ( 1 8 )  i n t o  3 6 0  R a t e  C o n t r o l  H o u s -
t o u c h e s  C e n t e r i n g  R i n g  ( 2 6 ) ;  t h e n  u n s c r e w  b a l l  c a g e

S e t  S c r e w  ( I 6 )  a s  3 5 0  R a t e  C o n t r o l  B a l i  C a g e  ( 1 9 )

a n d  f o r t h  t o  s e t  t h e  t h r e a d s  o f  H a U - N u t  P i n  ( 1 7 )

t h r e a d s  o f  3 6 0  R a t e  C o n t r o l  B a l l  C a g e  ( 1 8 ) .

Wi th  Set  Screw (16)  snug (no t  t igh t )  aga ins t  ba l l  cage ha l f -nu t  p in ,

sc rew in  ( r igh t )  350 Rate  Cont ro l  Ba l l  Cage (18)  un t i l  Center ing

Ring  (26)  cannot  be  moved f rom s ide  to  s ide  when a  .002 fee le r  i s

inser ted  be tween the  inner  f lange o f  360 Rate  Cont ro l  Hous ing  (30)

and bo t tom ( lower )  sur face  o f  Center ing  R ing  (26)  (see f igure  8 ,

Center Ring Sett ing).

OOE FEELER GA6E

RATE CONTROL
H 0 u 5  I  N 6 7)

A L L E N
W R E N C H

H A L F - N  U T
P I N

BALL CA6E

f t  - rs cAP scREw

Figure 8. Center Ring Sett ing

z l



Remove fee le r  and t igh ten  se t  sc rew _(16)  f i rm ly .  cur r iu r ing  R ing
( 2 5 )  s h o u l d  s l i d e  f r e e l y  s i d e w a y s  3 6 0 o  w i t h o u t  s t i c k  o r  b i n d .

rnser t  over r ide  P in  (24) ,  head up ,  and over r ide  spr ing  (23)  in to
t h r e a d e d  h o l e  o f  3 5 0  R a t e  A d j u s t r n e n t  s c r e w  ( 2 1 ) .  s u b s t i t u t e  a
5 / 1 6 - I 8  x  l "  s o c k e t  h e a d  s c r e w  o r  s e t  s c r e w  f o r  t h e  o v e r r i . d e
A d j u s t m e n t  s c r e w  ( ? 2 1  a t  t h i s  t i m e ;  s c r e w  i n t o  r a t e  a d j u s t m e n t
screw f inger  t igh t  (no  wrench,  p lease)  un t i l  the  over r ide  spr ing
has a rnedium amou.nt of  tension on the overr ide pin.

I 0 .  s c r e w  3 6 0  R a t e  A d j u s t m e n t  s c r e w  ( z I )  ( r i g h t )  i n t o  3 6 0  R a t e  c o n _
t r o l  B a l l  c a g e  ( I 8 )  s n u g l y .  c e n t e r i n g  R i n g  ( 2 5 )  s h o u l d  n o r  b e
rnovab le  a t  th is  t ime.  However ,  as  ra te  ad jus tment  sc rew is
unscrewed ( le f t ) ,  osc i l la t ing  tnovement  o f  cen ter ing  r ing  shou ld
increase.  l f  osc i l la t ion  does  no t  inc rease or  i J  movement  i s  s t i cky ,
t h e  a s s e r n b l y  i s  i n c o r r e c t .  R e c h e c k .

I  I . Lubr ica te  the  cornp le te  350 ra te  cont ro l  assemblv  w i th
Mobi l  Type DTE Light or Medium.

360 RATE CONTROL INSTALLATION AND ADJUSTMENT

Align Half-Nut Pin (28) on r ight inside surface of the hole in the top
o f  v a l v e  B o d y  ( r )  t o  m a t c h  r h r e a d s  o n  3 5 0  R a t e  c o n t r o l  H o u s i n g  ( 3 0 ) .

Care fu l l y  inser t  ra te  cont ro l  assembly  in to  top  o f  ho le  and ro ta te
i t  to  the  r igh t  as  i t  i s  inser ted  to  p ick  up  ha l f -nu t  th read.

W'hen the  lower  end o f  assembly  p ro t rudes  about  l /4 "  in to  body
cav i ty ,  l igh t ly  t igh ten  I /4 , ,  Se t  Screw (29)  as  the  assernb ly  i s  ro ta ted
to r ight and lef t  to seat the half-nut pin.

8 .

g

z .

3 .

c l e a n  o i l .

z2



Remove fee ler  and t ighten set  screw { I5)  f i r rn ly .  c" r r iur ing Ring
(25 )  shou ld  s l i de  f ree l y  s ideways  35oo  w i thou t  s t i ck  o r  b ind .

9 .  r n s e r t  o v e r r i d e  p i n  ( 2 4 ) ,  h e a d  u p ,  a n d  o v e r r i d e  s p r i n g  ( 2 3 )  i n t o
t h r e a d e d  h o l e  o f  3 5 0  R a t e  A d j u s t r n e n t  s c r e w  ( z l ) .  s u b s t i t u t e  a
5 / L 6 - 1 8  x  1 ' r  s o c k e t  h e a d  s c r e w  o r  s e t  s c r e w  f o r  t h e  o v e r r i d e
A d j u s t m e n t  s c r e w  ( z z l  a t  t h i s  t i m e ;  s c r e w  i n t o  r a t e  a d j u s t m e n t
screw f inger  t igh t  (no  wrench,  p lease)  un t i l  the  over r ide  spr rng
has a rnedium amo'nt of  tension on the overr ide pin.

l 0 -  s c r e w  3 6 0  R a t e  A d j u s t r n e n t  s c r e w  ( z l )  ( r i g h t )  i n t o  3 6 0  R a t e  c o n _
t r o l  B a l l  c a g e  ( I 8 )  s n u g l y .  c e n t e r i n g  R i n g  ( 2 6 )  s h o u l d  n o r  b e
movab le  a t  th is  t i rne .  However ,  as  ra te  ad jus tment  sc rew is
unscrewed ( Ie f t ) ,  osc i l la t ing  movement  o f  cen ter ing  r ing  shou ld
increase.  l f  osc i l la t ion  does  no t  inc rease or  i J  movement  i s  s t i cky ,
t h e  a s s e m b l y  i s  i n c o r r e c t .  R e c h e c k .

I  l . Lubr ica te  the  cornp le te  350 ra te  cont ro l
Mob i l  Type DTE L igh t  o r  Med ium.

a s s e m b l y  w i t h  c l e a n  o i l .

1qq RATE CONTROL INSTALLATION AND ADJUSTMENT

Align Half  -Nut Pin (28) on r ight inside surface of the hole in the top
of  va lve  Body ( r )  to  match  th reads  on  360 Rate  cont ro l  Hous ing  (30) .

care fu l l y  inser t  ra te  cont ro l  assembly  in to  top  o f  ho le  and ro ta te
i t  to  the  r igh t  as  i t  i s  inser ted  to  p ick  up  ha l f -nu t  rh read.

W h e n  t h e  l o w e r  e n d  o f  a s s e r n b l y  p r o t r u d e s  a b o u t  I / 4 ? ' i n t o  b o d y
cav i ty ,  l igh t ly  t igh ten  I /4 ' ,  Se t  Screw (29)  as  the  assembly  i s  ro ta red
to r ight and lef t  to seat the half-nut pin.

8 .

z .

3 .
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CAUTION

B e  s u r e  H a l f - N u t  P i n  ( 2 8 )  i s  p r o p e r l y  s e a t e d .

4 .  L f  n o t  p r e v i o u s l y  d o n e ,  s u b s t i t u t e  a  5 / I 6 - 1 8  x  I  "  s o c k e t  h e a d
s c r e w  o r  s e t  s c r e w  f o r  t h e  O v e r r i d e  A d j u s t r n e n t  S c  r e w  ( Z ? 1  .
( R e f e r  t o  s t e p  9 ,  3 6 0  R a t e  C o n t r o l  R e a s s e m b l y .  )

6 .

7 .

5 .

S e t  3 D  r a t e  c o n t r o l  d i a l  a t  z e r o . ( V E R  Y  I M P O R  T A N T .  )

I n s e r t  s p a n n e r  w r e n c h  o r  l / 8 "  p i n s  i n t o  t h e  h o l e s  i n  t o p  o f  3 6 0
R a t e  C o n t r o l  H o u s i n g  ( 3 0 )  a n d  u s e  a  s c r e w d r i v e r  f o r  l e v e r a g e ,
o r  a  s p a n n e r  w r e n c h .

L i f t  o r  u rge  s ty lus  Sp ind le  (58)  up  un t i l  the  top  o f  the  sp ind le
makes contac t  w i th  the  Ba l l  (25)  and no te  the  approx imate  d is -
tance sp ind le  rnoves .

The Rate  Cont ro l  Hous ing  (30)  has  a  Z0-p i tch  th read on  the  ou ter
sur face  so  tha t  one tu rn  to  the  r igh t  wou ld  move the  assembly
.050 c loser  to  the  top  o f  the  sp ind le .  Cont inue to  ro ta te  the
a s s e m b l y  u n t i l  t h e  s p i n d l e  h a s  o n l y  . 0 0 3  t o  . 0 0 6  f r e e  e n d - p l a y
m o v e m e n t .  L o c k  S e t  S c r e w  ( 2 9 )  r i g h t  a n d  r e c h e c k  e n d - p l a y .
R e p e a t  c o r r e c t i v e  a d j u s t m e n t  i f  n e c e s s a r y .

1 0 . U n s c r e w  3 6 0  R a t e  A d j u s t m e n t  S c r e w  ( Z l )  t w o  o r  t h r e e  t u r n s ;
lhen re t igh ten  un t i l  Over r ide  P in  (2a)  l igh t ly  con tac ts  Prec is ion
B a l i  ( 2 5 ) .

l l . C a r e f u l l y  p l a c e  3 6 0  R a t e  D i a l  ( 2 0 )  o n  3 6 0  R a t e  A d j u s t m e n t  S c r e w
( 2 I ) ,  a l i g n i n g  g r a d u a t i o n  N o .  I ' Z t ' w i t h  i n d e x  m a r k  o n  b o d y ,  a n d
press  d ia l  down to  over r ide  tens ion  o f  Fr ic t ion  P in  (15)  un t i l
bo t tom face  o f  d ia l  i s  L /32"  f rom top  sur face  o f  t racer  bodv .
T i g h t e n  S e t  S c r e w  ( 1 9 )  f i r r n l y .

L Z .  T u r n  d i a l  t o  N o .  r r 2 0 r r r  t h e n  t u r n  b a c k  t o  z e r o .  l f  a  s u d d e n  b i n d
is  fe l t  when re tu rn ing  to  zero ,  the  350 ra te  ad jus tment  sc rew is
rotated too far to the r ight in the dial  ( looking down on dial) .
L o o s e n  S e t  S c r e w  ( I 9 )  a n d  t u r n  3 6 0  R a t e  A d j u s t r n e n t  S c r e w  ( 2 1 )  t o
the  le f t .  Repeat  s teps  i0  and l l  un t i l  ad jus tment  i s  cor rec t .

1 3 .  l f  t o p  o f  S p i n d l e  ( 5 8 )  c a n  b e  m o v e d  m o r e  t h a n  . 0 0 3 "  t o t a l ,  b a c k
and fo r th  in  any  d i rec t ion  w i th  360 Rate  Cont ro l  D ia l  (20)  se t  a t
zero ,  s tep  5  was no t  per fo rmed cor rec t ly ,  o r  360 Rate  Ad jus tment

R o t a t e  3 6 0  R a t e  A d j u s t m e n t  S c r e w  ( 2 1 )  t o  t h e  r i g h t  ( i n )  u n t i l  i t
rnakes  contac t  w i th  Ba l l  (25)  and cont inue I  /2  tu rn  more .

8 .
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S c r e w  ( 2 I )  w a s  n o t  r o t a t e d  f a r  e n o u g h  t o  t h e  r i g h t  t o  a l l o w  O v e r -
r i d e  P i n  ( 2 a )  b  m a k e  f i r m  c o n t a c t  w i t h  t h e  B a l l  ( 2 5 ) .  R e p e a t
s t e p s  l 0  a n d  l l  u n t i l  a d j u s t m e n t  i s  c o r r e c t .

1 4 . R e m o v e  5 / L 6 - 1 8  x  l "  s o c k e t  h e a d  s c r e w  o r  s e t  s c r e w  p r e v i o u s l y
i n s t a l l e d  i n  3 6 0  R a t e  A d j u s t m e n t  S c r e w  ( 2 1 )  a n d  r e p l a c e  w i t h
O v e r r i d e  A d j u s t m e n t  S c t e w  ( Z Z ) .

3 6 0  F E E D  R A T E  S E T T I N G

I f  t h e  s e a l s  o n  a  p i s t o n  h a v e  " b l o w - b y " ,  i f  g i b s  a r e  t o o  t i g h t ,  i f  w a y s  n e e d
I u b r i c a t i o n ,  o r  i f  a i r  i s  p r e s e n t  i n  t h e  h y d r a u l i c  s y s t e m ,  a  p r e c i s e  a d j u s t -
m e n t  i s  i m p o s s i b l e .  T h e s e  f a u l t s  r n u s t  b e  c o r r e c t e d  t o  o b t a i n  p r o p e r  f e e d
ra te  ad jus tment .

T h e  V a l v e  S p o o l  ( 3 )  h a s  a  5 /  L 6 - 2 4  r i g h t - h a n d  t h r e a d  f o r r n e d  o n  t h e  s h a n k ,
wh ich  is  inser ted  in to  the  Connect ing  B lock  (5 ) .  The bore  in  the  connect -
ing  b lock  is  s t ra igh t  (no  th reads)  bu t  a  c lose  f i t  to  the  O.  D.  o f  the  th reads
on the  shank  o f  the  spoo l .  Ha l f  -Nut  P in  (8 )  has  a  mat ing  female  th read,
fo rmed on i t s  end a t  9Oo to  i t s  ax is ,  wh ich  engages the  th reads  on  the
shank o f  the  spoo l .  See f igure  ! ,  350 Feed Rate  Set t ing .

SPOO L

sETsCRt* \

ADJUSTING HOLES

C O N N E C T I N G
BLOCX

\.  / .SET 
SCREW

-@

,@t F{ALF - NUT.  
P I N

LEVELING
PLATE

YOKE

H A L F . N U T
p t N

ASsEMALY
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The ha l f  -nu t  p in  serves  two purposes :

a .  t o  a c t  a s  a  f e r n a l e  t h r e a d  i n  t h e  C o n n e c t i n g  B l o c k  ( 6 )  f o r  a d j u s t i n g
nu l l  pos i t ion  when Va lve  Spoo l  (3 )  i s  ro ta ted .

b .  to  lock  the  pos i t ion  o f  ad jus t rnent  when Set  Screw (7)  i s  f i r rn ly  se t .

CAUTION

Be sure  ha l f  -nu t  p in  i s  p roper ly  a l igned to
engage the  th reads  o f  the  va lve  spoo l  shank .

l .  S ta r t  the  hydrau l i c  power  un i t  (p t r r . rp ) .

Z .  C lose  3D ho ld  va lve  and se t  3D ra te  cont ro l  d ia l  be tween zero  and
N o .  r r 5 r r  g r a d u a t i o n .

3 .  S e t  3 6 0  r a t e  c o n t r o l  d i a l  a t  N o .  ' 1 3 r r  o r  t ' 5 t '  g r a d u a t i o n .

4. Light ly but f i rmly def lect the stylus spindle to the r ight and then to
the  le f t  fo r  about  5  seconds each w?y,  observ ing  the  ra te  o f  r r love-
rnents .  Repeat  the  same opera t ion  to  you and f rom you ( f ron t  to

back ,  and back  to  f ron t ) .  l f  a  d i f fe rence in  ra te  i s  no ted ,  remove
cover  p la te  (narne  p la te )  f ro rn  t racer .

5. Shut off  the hold valve which controls the rnot ion paral lel  to the

s l ide  wh ich  is  the  neares t  to  be ing  in  ba lance.

6 .  L o o s e n  t h e  l 0 - 3 2  S e t  S c r e w  ( 7 )  i n  t h e  C o n n e c t i n g  B l o c k  ( 5 )  c o n -
nec ted  to  the  va lve  Spoo l  (3 )  wh ich  is  para l le l  to  the  d i rec t ion  o f  the
des i red  rno t ion  to  be  cor rec ted ,  and re t igh ten  Set  Screw (7)  snug ly
( thurnb  and f inger ) .

7 .  Move sp ind le  back  and fo r th  w i th  l igh t  bu t  f i r rn  f inger  p ressure
severa l  t i rnes  to  de ter rn ine  wh ich  d i rec t ion  is  fas te r ,  and a t  the
s a r n e  t i m e  o b s e r v e  w h e t h e r  t h e  S p o o l  ( 3 )  i s  b e i n g  " p u l l e d  o u t r r o r
I ' p u s h e d  i n '  t o  t h e  V a l v e  S l e e v e  ( 2 ) .

8 .  I f  the  spoo l  i s  be ing  "pu l led  ou tn  when the  fas te r  ra te  i s  no ted ,  i t
ind ica tes  the  spoo l  i s  pas t  nu l l  too  fa r .  To  cor rec t  th is  cond i t ion ,
ro ta te  the  spoo l  to  the  r igh t  (c lockwise  fac ing  spoo l )  w i th  the  t ip  o f
a  screw dr iver  inser ted  in to  one o f  the  ho les  wh ich  are  spaced

around the  f ron t  face  o f  the  spoo l .  ( I f  necessary ,  tap  the  screw
driver handle with your knuckle or a l ight harnrner to rotate the
spool.  )  t t re amount the spool rnust be rotated depends on the I 'out

o f  ra te"  d i f fe rence.  I f  the  d i f fe rence is  s l igh t ,  a  ro ta t ion  o f  lo

cou ld  change the  fas te r  feed ra te  f rom one d i rec t ion  to  the  oppos i te .

2 5



l f  the  d i f fe rence is  g rea t ,  a  ro ta t ion  o f  severa l  ho le  spac ings  may
b e  r e q u i r e d .  F i r m l v  t i g h t e n  s e t  s c r e w  w h e n  a d j u s t m e n t  i s  c o r r e c t .

9 . Per fo r rn  the  same opera t ion  on  the  o ther  360 spoo l .

N O T E

A long t rave l  ind ica tor  conven ien t ly  p laced
to  reg is te r  s l ide  mover r len t  in  bo th  d i rec t ions
is  recommended fo r  the  f ina l  ad jus tment  (see
f igure  10 ,  S l ide  Movernent  T i rn ing) .  S ince
th is  i s  the  most  c r i t i ca l  ad jus t rnent  in  the
t race ! ,  we suggest  you  take  arnp le  t i rne  to
b e  s u r e  i t  i s  c o r r e c t .

N O S ES P I N D L E

IN D ICATOR

MA6N ETI C BASE

S L I  D E

2 6

Figure 10. Sl ide Movernent Timing (Example)



BIAS CONTROL -  DISASSEMBLY

l .  L o o s e n  L o c k  S c r e w  ( 6 7 )  t o  r e m o v e  t h e  a s s e r n b l y .

z .  u n s c r e w  t w o  6 - 3 2  R o u n d  H e a d  s c r e w s  ( 5 7 )  a n d  r e m o v e  c o n t r o l
A r m  ( 5 3 ) .

3 .  u n s c r e w  t w o  6 - 3 2  R o u n d  H e a d  s c r e w s  ( 6 3 )  a n d  r e r r r o v e  t h e  t w o
f  1 a t  S p r i n g  s  ( 6  I  ) .

4 .  Rota te  Cont ro l  R ing  (65)  un t i l  con t ro l  p ins  (62)  a re  v is ib le  and
u s e  n e e d l e - n o s e  p l i e r s  o r  t w e e z e r s  t o  r e r r r o v e  c o n t r o l  p i n s .

5 .  L i f t  B ias  Cont ro l  Body  (56)  ou t  o f  B ias  Cont ro l  R ing  (66 , r .

z 7



R e v e r s e  t h e  p r o c e d u r e  o f  d i s a s s e m b l y  _  s t e p s  5  t h r o u g h  l .  B e  s u r e  t h a tLock  screw (67)  i s  pos i t ioneo , to "  t ro r r r  t " *uu"  t t " .J .  , i t , f f i ,.qr-  l

STYLUS COUNTER BALAryCE qEBITG INTERCHANGE

T w o  i n t e r c h a n g e a b l e  s p r i n g s  o f  d i f f e r e n t  v a l u e s  a r e  f u r n i s h e d  w i t h  e a c ht r a c e r .  ( T h e  l i g h t - w e i g h t  s p r i n g  i s  c a d m i u m  p l a t e d ;  t h e  h e a v y  s p r i n g  i sb l a c k .  )  T h e s e  s p r i n g s  a r e  p r o v i d e d  w i t h  a d j u s i a b l e  m e a n s  ( A d 3 u s t i n g
s c r e w  ( 5 2 ) )  t o  e n a b r e  t h e  o p e r a t o r  t o  c o u n t e r  b a l a n c e  s t y l i  o f  v a r i o u sw e i g h t s .

T o  c h a n g e  s p r i n g s ,  p r o c e e d  a s  f o l l o w s :

I .

z .

3 .

L o o s e n  L o c k  s c r e w  ( 5 2 )  i n  B i a s  c o n t r o i  B o d y  ( 5 5 )  a n d  r e m o v e  b i a scont ro l  f rom the  ex tended end o f  Ad jus t rnent  Screw (65) .

unscrew ( le f t )  counter  barance Ad jus tment  sc rew (52)  un t i l  i t  i sf r e e  o f  l o w e r  p r o j e c t i o n  o f  T r a c e r  B o d y  ( l ) .  T h e  S p r i n g  ( 5 1 )
w i l l  come out  w i th  the  Ad jus t rnent  Screw (52) .

Change spr ings  and reas  semble .  
,  "(48)  i s  o r  th .  e* te r r " ion  o f  Spoo l  (3

YOKE ASSEMBLY

T h e  m e c h a n i s m  w h i c h  c o o r d i n a t e s  a n d  t r a n s l a t e s
t h e  s t y l u s  S p i n d l e  ( 5 8 )  t o  t h e  3 6 0  s e r v o  v a l v e s  i n

B e c a u s e  o f  t h e  v e r y  c l o s e  t o l e r a n c e s  r e q u i r e d  i n
i t  i s  m a n u f a c t u r e d  t o  s e l e c t i v e  f i t s .

the movernents induced by
the  t racer  i s  ca l led  a  yoke.

t h i s  p r e c i s i o n  a s s e r n b l y ,

The mechan is rn  i s  s impre  bu t  we s t rongry  recommend i ts
f o r  r e p a i r .

re tu rn  to  the  fac to rv

rn  the  event  o f  darnage or  wear ,  an  exchange serv ice  is  o f fe red  and chargesare  based on  t i rne  and rna ter ia l  requ i red .

The assembly  i s  qu i te  rugged fo r  i t s  func t iona l  requ i rements ,  so  you rnay
e x p e c t  m a n y  y e a r s  o f  s e r v i c e  f r o m  i t ,  b a r r i n g  a c c i d e n t s .

L U B R I C A T I O N  O F  T R A C E R

See F igure  l l ,  360  Rate  Cont ro l  Lubr ica t ion ,  page ?9 .
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