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Tracer_.Valvg

The tracer valve controLs the amount and direct ion of

o11 f , Iow to the hyclraul ic dr ives on lhe x and y axes.

This is accon'pl is l red by <lef lect ion of  the sty lus,  which

ie rJuided around the templ-ate by the steering control
mechanism in the t racer val .ve.

Fig,  4 shows the locabion of  the var ibus controle on
the tracer vnlve.  lAese coir t ro ls funet ion ae fol lows:- '

a i lows otrrerat ,or  to set  desired feed rate for
t racing. f t r ie is then mainEained automat icalJ.y
over any contour, but may be varied manua'Ily
dur ing the cut,  i f  desired. Note that  th ie

control  only af fects feed rate whi le t racing,
g!  whi l r ;  steer ing toanual lY.

The nurnbered sca].e above the control knob is
not graduatod in distance,/t ime values ' It rnerely
aeeists in returning the eett inE to a prevJ-ous value.

b)  Eeed D i rec t ion  Se lec tor
Axi-al nroier.,ent of tnis control selects feed direction
for tracJ.ng eil;her clockwiEe or counter*cloch.wise
around a con|our.

c)  Autotrrat ic Steer inq Selector
Afforl,v€ seLection of automatic or rtanual steering by
engaginq or dieengaging the steering control mechan-
ism. l r [drrudl .  stecr ing is ef fected by grasping the
sty lus and def lect ing i t  in the dlrect ion of  desired
f eed [ov€'inient.

The trircer can be manually steered whother the
steer ing selector ie set  to Manual or Automat ic '
Manual seLect,ion is ssgppmehded, however, tsg stylue
deflection force ie much lighter and the notrnral

osci l lat ing mot ion of  the sty lus is absent.

l lhen s'Eeering marrually, rate of feed is controllable
only by t :he amount of  sty lus def lect ion'

a )

..-/'
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Ilvji.Lqu-l ic Motor Dri-yej

Eac l r  d r ive  assembly ,  &s  shown in  F ig .  5 ,  cens is ts  o f  a
hydraul ic motor conLrol le<. l  d i rect ly by the t racer valve,
a brorm gcar reduct ion box, and an el-ectr ic c luE,ch to aLlow
di.sengagclnerr t  f rom Lhe machine's feed screws. Thc clutch
output shaft  is  connected to the feed screw by an Oldham
coupl ing,  which ensures posi t ive dr ive wi thout backlash,
and compen*cates 

. t " r  
s l ight  misal ignment.

RoEat ion of  the hydraul ic moEor in ei ther direct ion is
t-ransferred through tho worm gear box and thence through
the elecEric erutch ta the feed screw. The f inal  c l r ive
of the worn gear box is equipped with a graduated dial
to  ind ica te  ro ta t ion .

Ittre electric c].utc}r is conrrolLable through a pendant-
mourrted push-button switch, and is interconnected to ttre
machiners rapid t raverse control  so that  engagement of
rapid t raverse automat icaLly disengages the clutch.

4QTE; A 2-speed spur gear ]rox c.en be added as i l lustra-
ted berow to incrcase feed rate range where necessary on
large rnachines or for materials having high or Low
machineabi l . i ty  rat ings,
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SECTION I I

Traser Valve or'etelirrE-Eo.rY
#

Note :  Exp lanaEory  d rawinqs  (F i - r ' s '  6 '  7  an ' ' l  7A)  show

a vert ical ly n,ounlecl  D-2008 valve.  ' fhe l ror izontal ly

m o u n t e d u 2 0 2 4 v a l v e o p e r a t e s j . n [ l r e s a n e m a n n e r , w i t h
E t r e v e r t i c a l a x i s = p o o l b e i n g e g u i v a l e n t t o t h e y a x i s
spool  noted on these drawings '

The I*rIi, l II( Autonati 'r: 35Oo t'racer valve consists basically

o f  the  twcr  , I -way  5yc l rau l i s iserv .  va lves 'a r rangcd a t  90"  t 'o

o n e a n o t h e r , e a c } r c o n . t . r o ] . J . i n g t h e i . . a t e a n d d i r . c c ' L i o n o f
oi}  f row to one of  the machi"ne's t ' " ro hydraul . ic  c l r ives'

Actuabion of  ,L]re spooLs in { :heso two valves resul ts f ronr

def lect ion of  the * tyt , r . ,  which is helc in a eteel  c iaphragm

to al low universal  5: ivoELinc;

In th is respect the val 've is s imi lar  to a manualLy

o1:erated p*rr.rl ' I"Lrace valve, 'dhere t 'he operator pushes

the sty lus in r , r rhatever direct ion he wishes t l - re sty lus

and cu tter uo move relative to temL-' 'Iate and worhpiece '

In t l ' re Autonracic 3600 val 've '  howover '  t l le o1:eralor is

r e S l a c c d b y a t } : i r d g e r v o v a ] . v e w l r i c h c o n t r o ] . g r a f , e a t r d
dj , rect ion of  c i l  f low to a hyoraul ic steer incl  ntotor '

chanles in t l re tenrplate eontouf are sensecl  by the atyLus'

and cauge the g.Beer:i.ng motor .t,o niove a bias spring around

the sbyluo g+ef i1.  r l r ie bias,  of ,  1:usi . t ,  a[ .1: I ied to the sty lus

is equivalent to an operator 's minua! push'  but  ie much

more uniforrn and is comS'letel"y automatic '

Figs. z anci. 7l\ furttrer i lJ'ustraEe the action of the

eystenr at:. a change in contour on tlre template'

:  r : t ! : " i ! r i i ' : '  ! i : i t ' : i  i ' t ' , a .  t L ' . ! f lc ! i
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SECTION I-T,

Tr_gcer v3l-Ye or'erg.F.inq Thegy

Note:  ExplanaEory drar+ inc ls  (F ic ;s '  6 '  7  an ' - l  7A)  show

a ver t ica l ty  roo*rn iet l  f  2008 vatve '  ' fhe hor izonta l ly

mounLed D.z024 valve o; rerates i 'n  bhe same rnanner '  wi th

Etre ver t ica l  ax is  =pool  be ing eguiva lent  to  the y  ax is

" i ." f  noted on these drawint;s '

' t t

The I , i I i , t I l (  Autgnat i . r :  360o Eracer valve consists hasicat ly

o f t l . r e t w t r 4 - w a y h y c l r a u l i t ] j s e r v o v a } v e s , a r r a n g e r s a t g 0 o L o
one anotSer,  u". f1 iontro} l . in 'J the l :ate and di t .  cc 'Eion of

oi l  f lot^t  to one of  the machine's two hydraul ' ic  c l r ives'

A c t u a E i o n o f ' [ h e s p o o } s i n t h e s e t w o v a l v e s r e s u l t s f r o n r
def lcct ion of  the sty lus whieh ie hetC in a steel  Ciaphragm

to aLlow universal  1: ivoEeing

In th is respect the vaLve is s imi lar  to a manual ly

operated ptrrrr i l -Lrace valve'  where the operator pushes

the sty lus in whatever direct ion he wishes t l - re sty lus

and cutter Eo move relat ive to tenplate and worhpiece'

In t l le Autonrar: ic 360o val 've '  howeverr  the o1:eraLor is

r e 5 l a c e d b y a t } : i r : d $ e r v o v a l v e r , f i i c h c o n t r o l s r a t e a t r d
direct ion of  c i l  f low to a hyoraul ic steer ing nrotor-

Chanles in tlre tonrplate eDntour are sensed by the stylus '

and cause the steeri.ng motof; i:o niove a biae spring aro\rnd

the s.byruo Ets€rTr. rhie bias, of, 1:uslr, aFl:ried to the stylus

i s e q u i v a } e n t t . o a n o p e r a t o r ' s m l n u a l p u s h , b u t i s m u c h
more unirorri '  and is cLm;'letelv automatic'

Figs.  z anci  ? l \  fur t t rer  i l l 'ustraEe the act ion of  the

systenr at  a change in contour on the tenplate '



In  l r : ,g .  ?  lhe :  ty lus is  ; - ' ;a inst  a  ternplato odge.

para l ) . ' .1 .  l :o  Lhe : :  mach' i -ne . , - r : t i$ .  Thc b iar ;  angle i 's

i ro ; ,or r : ional .  [o  B] ra ) i t , i :o  Of  feec i ,  ar td  ) rac,  t ]eer t  estab-

i is i rec i - :y  t l  :  ' fc - : 'J  ra ' ie  contro}  r : ;eEt inc- t '  T t re s teer inE

spoo l  - i . g  i n ; t eu l : - ' ; t I ,  5Q no  o i l  i s  bc ing  p t> r ' L ' ed  to  the

steer i i i . l  mo' , . )8 ,  i . rnc l  t : l :e  b i i  - :  s ; rg in ' ;  i ; ' i  t [egef  ore

star ionary"  The spr in ;  is  rxc: : t inq i  a  pulL , rn  t ' i re  $ty lus

whic l  c lc_EIe. : , : r i  i l :  in  i :he X a l l is  on] .y ,  c le f -1-e ic t iOn in  the

y axir ).reirr,;  pre"relteci. }3y i , .hc.: tettrplate. T]i is x'-axis

bef lect j .on : . r . rs i t . l .onu 
, " r , re  x  npool  t , )  F, rOduce nrachine

movemcnt  pa- ' l r le  ) ,  to  t f re  tc ' rn5 ' ]6gp ' ldc1e '

On r:. l .rchi:-- i  i l :r . , . .  Outnicie ,C,)II IC:I. '  Showil in Fi ' ;1. 7A,

Ehe b j " ; :s  s ; r . ' i .nq r "e- f  Iec i : l i  +* i ie  $ i :y lu5 in  tbr - r  y ,  ta .$ Wr: : I I

as the X, a-;. i .s, j ; ,r :oduginr1 i l  COr'[ 'EfiFgrrr] in."J ngventent alOng

both nri. .ehin.- axeJ:. Thvl sI: '-<11-: i :  ci: :ange it-r dt l t ' lection

resUlL.i-n': i  f . .ont {: ir i : . '  COr..toUf chanEi nroves the StC'ering

spool tipwa::,.;.. C:,1- is! 'lhus pori--e,'l CO thcr steerirrg ntotor'

an,t t ]r.-.  bia.. $py.ir. l? rq[6le:f:  aboui: 'Lhe stylu-l un.t i ]  reaching

the prr-;-set biac anclIr: . .  Rrtr i \ . tr:ec." rrEyIr.ts ClOfleCtiOtt dUe

tO res.{..sEan;.e of ' : l - ir t  i .ern;l l . i .be edge t l ' r tn ra"Eux'n$ ttre

steerlnrJ sp,- 'rI  i :o ng'ucral, "

On  r r : ' ach i ; , i  an  i t t s : l de  co rne r  (no r  i l l ueEra i :e r : l )  s r : y l us

clefJ.er:. ' ior^ 
'$ 

drr---cr:eas':,J by l :hc-. newly-.prc,l iente'd tenplate

edcie. Tire r; ' ' :6ot;. ' i .r t t , t  spool : i-rt  inoveri downward, ancl the

bias s i r r inq thu$ rofate$ i l r .  t 'ho opl lo$ i t$  c l i reet ion unt iL

reach- i .n" i  th : ,  prc ,sef  i r ias i ' 'nq i ,e .  X and i '  spools  are

simultaneour 1y l l , : 'si ' l . i ' :ned i-.o prgtluce iuachine movefl lent

para l3,ot  to  the ' i : r ; rnrPla 'Lo er .gs-

On crrrvecl t :emg:l-rrte ; ionto' l :s, t-- ire above acEions are

eontinrrOus, ;tre t teer:. irq v;.1vo F-r]. \+taysi see'king to nraint,ain

a con$tan. t .  . -  ia . r  : : t lq le  at rd i :hus a Constan[  feed rate.

when ' [ l re  : : t f ]us is  i io t  a t .a inst  a  tenrp late ec lge,  i t

mainta ins u 51ic . i f i : }y  ( le fLecteC FosiEion whlch J 'owere { :he

steer i i :g  sp.c I  br : Iov. '  t :eut r i t l  anc i  produces a cgnEinuous

rgtat iqn or '  the l : igs l ' ;pr in . , .  X l r r rd  7 spools  are thuS

lreing r:ontinuouel,- ir 1.ei 'rosit. ' i .Onecl, anC the machine nrcmbers

oscilLate i : ' ,  a c:Lrcul;rr: pa"'. tern. I ,  f lradual creeP in r3ne

direct: l .on v,: ' . IL Ot:CUr :, f  thr..  ;a anCl y spools are rrOt baL-

anced i : .o  su, , . t  EJ ' r ' :  r r rac i : ine.  (Bet ,  Sect ion V -  2) .

9  I  l , ; i t L i i t g l , i t ' i . i ; , t ' E i : 3 f  ' : i , / E l , ' , 7 , 1  
! l l t  r Z  i l 0 ( i l l . 1 i ) S j l i $  i i l l l  l l l l r h l ' i l ' iN'r0iiJ
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HOW T0 OPEI{A'ILFHE T}UTCPR SY{IEh

operaUion of  t j rc I \ i I I ' , i fK Autonlauic 3604 hracer system is

oxcremcly sirnl-rIc ancl requircs a minimut(r (i l ] oFerator

t r a i n i n q .

Tlhi ,s secl : ion ouul incs t t re Frt lcedure neccssery to start

uL- Bhe uni t : ,  acJjr"rsI  the ' [eed rat(" ' ,  etc '

. l
The procecrure for set'cin,:i uP Lire unit 1:o cu'b prtr-us IE

out l i r reC in Sect iot t  IV-

l . B e f o r e s t a r t i n ( { t h e p u f i l p { i , c h e c h t l r c o i l J - c v c ] .
rJage on t}rc oi l  reservoir  to n ' ta l 'e $uro Eho oi l

J.evel is approxirnate3-y haif htay uP tlre glass '

2. Checl,. the oj.ler l>ottlo for the vacuum Punn'I] t 'o

ntake 6ure i t  coni :a ins apirro;c i rnately I"  of  o i l '

3.  To start  the Puft iFs,  turn thc discQnnect sr 'c i tch

on the oleetr ical  control  Cat ' i .net  to 'cNr t i ren

pros$ the si ; .1r t  l : r " r t ton.  Check pr€$st l fc gageg

ind set l iurrtps to give clead-trcaci (no flow)

reaclings as follorvs:

$ teer ing ,c i rc r t i t  
-  2CJ0 ps t i  ( feed a long s t ra igh t :

ffiate)

I F g c ] c i r c r " r i t , * 2 5 o p s i ( $ c l e c t n i a n u a l c t e e r i n g
and hol . �d in f ixed posi t ion on l :emplate) '

chack vaeuuFr pumF oiler bottte for adeguate oi}

level ta.ith scrme frOtl ' �r on top. This indicatee

that vacuum Purnp is receiving lubrication'

4, Clear thd syshetrr of any accunrulated alr by

runnincl tlre :rant ancf s addle back and forth a f ew

t imes, to do Ltr is,  turn the automat ic steer ing
g e l e c t o r t , o i l V l a n u a l | , s w i t c h o n o n e a x i s f e e d
clutch,  ancl  def lect  l -he scylus nranual ' ly '  Repeat

on tbe other axis.  (NoEe that electr ical  panel

contairrs indiviclual switcheS fOr eacl"r cl-utCh, while

rcrhotc switch coutrols both clutches ) ' It is not
,, necessary to run eitlrer meniber i:o the.ifull "errd of"' '

i ts  s ' . : roke"

6

, -  c  ! t l \ L i ; E t g  
' O l i  

! i : U  |  
' . t $ / E t " i l  

E ) ' ) 7 ,  L i  l i i  r i t ] . l , $ ! l ? g  H l l r  d l l - i l [ ] ' r ' 1 ' . t  i , l , " d !



5 . T h e E e m p l a E e u r a y b e r o u g h - p o s i t . i o n e d b y m e a n s o f
the  mach ine ts  rap id  Eraver .Be cgnt ro ls ,  wh ic }  Shou ld

be inrerconnectecJ to automat icalJ.y disengage the

t:racer dr ive c lutches w]ten engaged'  Care mqgg-be

G

G)
taken to avoid runninq tlE--! a te  aqa ins t  t he

l lEginq stvlug gben in raeid trHFe.

6. There are two ways to start  the sty lus feeding

automat ical ly alorrg the tem}-, late.  In both cases

the  feed d i rec t ion  se lbc tor  l inob  shou ld  f i rs t  be

seB to  the  des i red  d i rec t ion ,  feed ra te  shou ld  be

set at  mid-range, 
'and 

the automat ic steer ing

se lec tor  shou ld  be  se t ,  to  tAut 'omat ic t  '

a)  With both dr ive c lutches engagei i ,  steer the sty lus

manual ly onto the template in the desired direct ' ion

of feed. f l r is  wi l l  esLabl ish the steer ing bias

spr ing at  approximately the correct  angle '  so that '

when the Etylus iE s6toa6eci ,  automat ic feed wi l l

contlnue -

b) wi th both dr ive c lutches disengaged, move the

machine ram or saddle manually to advance template

toward  s ty lus .  The s ty lus  w i l l  be  osc i l la t ing
whi le the remrlate is ap! ' r roaching i t .  carefuLIy

br inq the temp,J.ate against  the +ty lus unt i l  s ty l -us

o,tc i l lat ion ceases -  Do not.  sdYance template I>
this--pqf-O!. Engage drive clutch controJ'I ing sane

a"iE affimplatc has boen moved in to check t 'hat

tenrS, late st iys aclainst ,  sty lus.  ( I f  sty lus begins

to  osc i l la te ,  re l .ea t  p rev ious  s te t . )  when bo th

clutches are €lr ,Jdgcd, sty lus should feed along

tenrPlate automat ical lY -

7.  Feed cl i rect ion can be reversed whi le feeding along

the  temFla te ,  bu t :  Ehe sEyJ .us  ghou ld  he  s teered

manual ly dur ing the direct ion change to ensure that

i t  does not osci l l 'ate of f  the temPLate' ,

8.  Set the feed rate to the c leeired value by turning

the feecl  rate controL lnob. I t  may aIsO be nece8sAry

or ctesirable tO shi f t  the sFur gear boxes ineo ei ther

the high or low rratio, depending uPon the feed rat,e

des  i red .

) ) Lr i .3 ' j  i i l f l l ) i i l ? $  l : r l . L  i l ' l l  i ^ t ' i 4 ' . r



when ta l . inq  heavy  cu t .$  a t  low feed ra tes ,  the  gear

boxes ghoulc l  be s i r i f ted to the low, speed pOeit ion,

ind the feed rate adjusterJ t ,o sui t ,  racher than

using Elre hiqh speecl  rat io and Lr imrnlng down the

feed rate,  d5 th ie provides more Fower for  cubt i r tg.

g.  To stoS ther t racer a,L any desired pcl int  on the

t e l n p l a E e , d i s e n q a g e o n e o r b o t h c l u E c h e s ' o E t u r n
the  aueomat ic  feed se ieCtor  tO rManua l r .  (The

s ty lus  may then rpqu i re  manua l  ass is tance to  s ta r t

fo l low ing  the  tem'p ia te  when re -se t  to  rAutomat ic ' " )

]0,  There are two nrethoCls of  remOving the sty lus f rom

the temP'Iate:

a )  S teer  the  s ty lus  manua l ly  unL i l  c lear  o f  the

teml i la te ,  Osc i l la t ion  can be  s topPed by  d is -

engylging both clutches or hy setting t 'he

au lomat ic  s teer ing  se lec tor  to  rManua l ' r '

b)  Engage rapid t raversc on nrachine, taking care

that temF,late doos not str i ] 'e sty lus and tool

does not str i ]<.e worhS' iece-

I



sEcrIqN-Iv

Hgw ro sPr uP roR 'cqrrlqc

1.  S tar l '  hydrau l i c  sye tem and leave runn ing  dur inS

seLuF t 'o i r ing oi l  lo F*rot 'ef '  ternpcrature'

Disengage traier dr iveo"fut"n '""  and set automat ic

f e e d  e e t e c t o r  t o  f M a n u a l r '

2 ,  InserB a  s ty lus  o f  p ropcr  d ianre t 'u ' : ' "nO c i rape in

the stvrul":; i i . ; '  oi t i ' t* tracer valve-

Where Che r'rorJrpiece contoutl allows a convetrtional

sinsre-p" i i t  t ; " i '  r :nb ' ; ; t i ; ;  contact  edse shourd

have the same inctudel  ; ; ; i ;  and nose r 'edius as'  Lhe

tool  Depth of  cut  acl jusiments -T* Ehen taken by

adj t rst ins t 'he varve ts; ; ; ; i ; ;  in ei ther or both axes'

W h e r e t h e c o n t o u r i r r v o l v e s o p P o s i n g s l o l e a s ' e i t ' h e r
a butt 'on or a f ishtati-tvpt tolr tutt" be usrd'and

the sty lus must be * i in*t"  round or f ishtai l  in

sect ion.  1n ei ther -"" . -a i ' I "  f in i i r r -cut  sty lus should

nave tne uuo'*  radius as the tool  t iF '

Since a valve posi t ion adjusement would incroase

u e p t h o f c u t o n o ' - * * o " i p i e l e s r o p e a n d d e c r e a s e i t
on an opposin ' ;J "rolel- t " i - ta:u: :1t"*s 

must '  be taken

by "1' '6n'1ing tho "utri" '-olt trrl -stylus 
' rdcnticar

tool  and sty lus toai i -o i t  "**A fbr the f in igh cut '

whi le for  rough cut;  the sty lus- t "u iot  is  increased

by the amount of totrt i i"t* itocX 
'eo be left on'

T\^to types of rouncl stylus are shown in figuree B

and 9'  A stepped ntyfu ' -  Yi th 
several  d iameters is

arso convenient ro ' - tot 'Jhin ' ; '  ?t  
interchan' leabre

sleeves ean be used iu i r ; ;  the sty lus secEion is nos

c i rcu la r '  The Ureat t iU fe  type 's tyLus  w i l I  p revent

damage if 
.;he ,u*,,i" i l- i" a"ciaenta}IY run into the

"aYf" i  under raPid t raverse'

3.  Select  proPer cut ' l : int i  tool  111-"I*P 
in toolholder '

( N o t e t i r a t t o o } u n i . . I E y l u g e o n t a c t l a g e " a r e } 8 o o
aPart)

4.  Using manual nrachine controls '  advance the cutt ing

tool  wi th in ! /8" of  a referente point  on the work-

P iece  '



5. Inst ,aLL template Bo i t  bears aPFrgximately the same
relaEion tO the sty lus as the workpiece does to the
tool

rqglqi  The traeer valve is mounted stat ionary and
the template moves with the machine ram. With th is
arrangement the templates are made as for any

convent ional  t racing system. However.  before
instal l ing the ternplate i t  must be turned end for
end and top for bottorn relative to the workpiece.

6,  Ctreck and adjust  template for  paral le l ism as fol lowst

a) Manual ly movetru* up and/or sadct le s l"deways to
clear sty lus and tool

b) Mount diat  indicator on tracer valve or eonvenient
f ixed eurfacc and set point ,€r  against  straight
sec t ion  o f  templa te .

c)  Feed ranr (or saddle) rnanual ly and check for
p a r a I L e L i s m .

* 
d) 

;:::i'::T':*.,::,::;'f i'liil:1il,1""* in

Return raf f r  and/or saddle to or ig inal  posi t ion so
tool  is  L/8" f rom workpiece. Adjust  valve i f
necessary to maintain sarne relat ionship.

?.  Pic l t  uF reference points On face and diarneter of
workpiece as foll-ows:

a ) .B$g5lgg-.re.int onl999 t

Adjust  valve upward unt i l  s ty lus almost touches
hor ieontal  edge of  temPlate.

Enf laqe vert ical  dr ive c luteh and steer sty lus
II|JIITIJI]TJ UIILU LUIIUITLT UT I]IUUI LIIIIJIULIt UUUIIUL
sty lus wi th machirre handwhee}.  (See para.  6(b)
o f  S e c t i o n  I I I ) .

Adjust valve downr*ard. Tem;:Iate and tool wiII
feed downward since vert ical  t racer feed is
engaged. Cont inue unt i l  tool  ls  .005" f ron

rG reference face of workPiece.

I O



(v

Uee nanual machine feed to position tool to
approxl.mate horizontaJ. Location for next
treference point.

b)  8qfSrqnce ooint  on diameterr
. - . G F

Disengage verlical drive elutch arrd adJuet
valve horizonthlJ.y untl l stylus almoat touches
vertical edge of template

Bring template againet stylus a€ in (a) above,

-  Adjust  valve hor izontal ly unt i l  tooL ls .005"
from ref,erence dLameter of r+orkpiece.

Position ternpLate so etylus
point, using either machine
valve steering.

is near start ing
feed or manual

8 .

9 .

- Tool and etyluo are now in proper relatlonship
and ready for cutting.

AdJust valve position or stylus diamoter for
desiJed depth of crrt.

St,art machine splndle, set feed direction selector
on valvc to deeired position, engage drl,ve clutehee.,
and manually eteer stylus onto run-on portion of
template rertth autc eterering selector s6t to rAutomatief .

At end of cut ran and saddle can be repositioned for
next cut by using rnaehinere rapid travera€ controlg,
by manually eteer.r,ng the etyJ-us, or by feeding under
tracer control along an enclo$ed t,emplale, wltJr
tracer feed t:ate advanced durirrg the norpcuttLng
porti.on,

Alt f inj-sh cuts should be taken in the Bane directLon,
although rough cutg may be taken in alternate.direc-
tions if tool geometry permltg.

Between cuts the valve poeition or stylus dLanreter
must be a(ljusted for depth of cutr and returned to
orlginal. setting for the next workplece.

L 0 .

11 .

-. r l .
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fRAcER VlL,,vE SERVTCE- .PRocEDURqs

The followinq in.etruetiOns cover service prOCedures

which can be rlone without f Act,ory training. Removal

of valve Spogls or $erviqing of valve c6rnponents not

covered belotu should onlY be done by faciory-t,rained
personnel .  (Factory t ra in ing for eustomer personnel

is avai labLe on request.  )

1.  ,Removal-J?f  s ide cove"r ,  p latee (Refer to Fig '  4)

Required for stylue diaphragm change, steering
motor drive belt change, ancl for complete axis

spool balancing Procedutre.

a) Remove feed control ltnob or remote control'
mechanism (Do not aEterrPt to rernove feed
contrr:I i tself ) "

b) Remove automatic sEeering selector knob'

c) Remove feed directiorr selector knob and shaf,t.

d) Remove tnountinc; screwr at front, si.des, and

rear of  valve,  and remove side covers-

2 .  
.  

(Refer  to  F '19 .  6 )

The conrplete proceduro is always followed on

iniEia]  inetal tat ion,  but is not nonnal ly
required thereafter.  I t  involves f l ret  adjust ing

the steering valve sFool to ensure FroPer neutral-

izat ion and fu11-range feed rate control , , fo l lorved

tilrfite flflfttir'tf,t'fEilg gfi EIE illi,18?"1i to

Dre to norntal variations in both machine tool
and t,raccr systeft, the axis spools may reguire
cccasiorrai l :al .ancin:1. Thi.s i .s part icular l 'y t ' rue
whr.rre very eloi, feeds are required" The complete



procedure shouid only be used when viiLve covers

t a*,t* been renoved fcr other servicing or when the

eteer ing valve is obviously out,  of  adjustment.

a) Far-tial Frose4qrq (exis spools only)

Turn hydraul ic supply,of , ,  d isengage dr ive

clutches, and 5eL automat ic steer ing selector

to 'Manual I ,. ' ,

Use al len key to rotdt 'e eteer inq valve sty lus
presaure ad. justment ( Iocated 2'25" to rear of  and

in l ine with feed rate corrtrol. ) Set to maximum

b y r o t a t i n g u n t i t i n d e n t o n e n d o f a d j u s t m e n t
s h a f t i s a t 1 2 o ' c l o c k . ( A l l " C l o c k " s e t t i n g s
apply to normal horizorttal ' valve mounting)'

caeck graduatea dialE on drive unit gear boxee

f,or rotat ion.  I f  both dials are st 'at ionaryt

a x i o s g : o o l s a r e b a l a n c e d . I f e i t h e r o r b o t h
dials are rotat ing,  spools are out of  balance.

To re-balance, insert  a l len key intr :  the spool

ad jua t ing  gcrew o f  one ax is  spoo l  (hor izon ta l

s p o o l . i s a c e e s s i b l e t h r o u g h a c c e s s h o l e i n s l d e
cover) ,  Turn screhr unt i l  gaarbox cl ia l  rotat ion

s toFs ,

Repeat on other axis spool ,  then repeat again on

f i rs t  ePoo l .

R e - s e t s t y l u s p r e s s u r e a c i j u s t n r e n t t o S o I c l o c k '
This set't ing 1s 30o above minimum, and should

provide enough spring force to prevent spool

hang-up without upsettinE the force balance between

biai  spr ing and spool  return spr ing.  , (Bias sPr inq

teneion has leen factory set and should not be

changed).

I f  extremely c lose baLance is requlred, set  uP a

Bquare template,  adjust  feed rate control  to a low
seEE,ing, and time movement along template under

I 3



autornat ic feed in both direct ions al .ong each axia.
Adjust  axis spools as above, but,wi th sty lus
pressure  a t  normal  5  o tc lock  se t t ing ,  to  es tab l i sh
equal  feed rates,

b) Cornplete Procedure

Remove lef t  s ide couer pl .ate.

Turn hydraul j ,c supl : Iy or, ,  d isengage dr ive c lutches,
and seE automat lc st ,eer inc;1 selector to rManualr .

Set  s ty lus  p res$ure ' to  max imutn  (sde para .  2  o f  a )
above) ,

The bias spring should be rotating about the
sty lus sten. I f  i t  is  not ,  the feed direct ion
seLector is in a neutra] pasition nridway betweerr
extreme positions - pull fully out or push ful ' ly
in,  Note direct ion of  b ias spr ing rotat ion-

Def leet  sty lus by hand. Bias spr ing should
irnnrediately reverse rotation. If i t does not,
release sty lus and adjust  the steer ing spool  as
followe: (rf rotation does reverse, checlc and
adjust for correct rotational speed as noted
be low) .

Insert  s lot-head screwdriver into end of
feed rate control sleeve to engage tapered
a<ljustment pin. Turn counter-clockwise untiL
bias eprinil rotation stops and begins to
rotate in opposite direction. Set rotatJ.onal
speed at I to 4 rPm,

$teering spool should no^r be in correct
adjustment, and bias sprinl; shouLd reverre
ro ta t ion  when s ty lus  i s  de f lec ted . 'Fa iLure  to
reve;'se indicates feed rate contrOl rl leeva is
radiaLIy out of Position. To correct, rotate
feed rate control sleeve by means of split
clamp lever unti l control knob locklng screw



3 .

i r ruent ,  near  end o t  s l ( revc  is  j r ro t  pasL 3 .  o tc lock

L:ersi t ion.  wi thouE rnoving sleeve, loosen clamp

lever  sc rew,  ro ta te  levcr  to  I  ' r re lock ,  and
glr,yhten screw. Check agaitr for bias spring

reversal  and corroct  rotat ional  speed'

Ba lanee ax is  SpOols  as  per  ParE ia l  ProcedUre

notecl above.

tit,v-Urs Diaehracir,r. Regl.lc€neL-t (Fr'efc-r to Fig ' 6 )

Requireci if ciairhragm becotiles canraged due to stylus

feing stru. ;k by tcmplate or other object .  Datnagc is

indicatcc i f  r ty luc act ion bccr:n 'ec uneven, spon' :Jy '

abrrornral ly loorre or t ight ,  Qt i f  : ' lbylul i  has excessive

ax ia l  p lay .

Turn of  f  hyciraul ic supPly,  €eE automat ic ." ; toer ing

selector to tPlanualr ,  ancl  remove boLh side covef

platee frc i l  valve ($ee para.  I  above) '

set  steer i r rg val .ve sty lus FresEure to nraximurn.

( $ e e  p a r a .  2  o f  2  a )  a b o v e ) .

Rcmove stYlus coLIet-

Measure dimension tAr ( ' tee Fig '  6)  and not 'e for

fu tu re  re fe rence,

Loosen Set ecreW in 45o angular faCe Of anchor

bLock  so  ib  c lears  recess  in  s ty lus  s tem'

Remove presisure plate (treld by 3 countersurrh

screwe ) -

C a r e f u l l y p u l t s t y } u s s j t e n l o u t o f v a l v e w i { : h o n e
hanci, . 'oing a rotating nlotion and lrolding the

steerinrs- nias buching anC anchor bloc\ v;itlr the

o t h e r h a n c . l 4 a k e s u r e 6 P o o l a c t u a t i n g r o d s d o
not  d is tc r t .

Or ip Etylus etem careful ly in v ise jaw$'

1 5



4 .

Unscrew dlaphragm nut and remove diaPhragm al"ong
with upper and ]ower retaining r ings.

Clean retaining rings and new diaphragm and

, rernove any burrs "

I r rstal l  uFper retaining r ing,  d iaphrdgm, and
Iower retaining ring, makinE sure aLl three atre
Froper ly seateC on e' ly lus stem. Rotate diaphragm
so rc lat ion of  roount ing holes to f l -at  on sty lus
stem wi l l  ensur{  convenient access to sty lus
col let  set  ecrews. InstaI I  d iaphragm nut and
tighten securely butr- not excessivply,

Careful ly instal l  sty lus stem in valve,  using a
rotauing mot iorr  and holding the steer ing bias
bushing atrd anchor bl,ock to guide the etem
through them without binding. rf installed
correet ly,  d iaphragm wi l l  bear snugly against
seat ing face,

Rotate styJ.us stem so diaphragm mounting holes
a1ign, and instal l  preseure plate.  Insert
mounting screws looseJ.y, check for proper seating
and alignment of mounting ho1es, and tighten
screws gradualLy unt i l  secure.

Align anchor block radially so spool dctuating
rods are straight,  posi t ion block axial ly on
styJ.us $ten to mal.ntain <limension 'A' within
t ,005" ,  and t igh ten  se t  sc rew.

Carry out complete axis spool balancing procedure
(See para .  2  o f  2  a )  above) ,

Install both side cover plateo and al' l  controL
knobs.

Stggrinq Motpr Drive.PgLt Rgplacement lnefer to
F igs .  4  and 6)

Reguirecl it be.lt broken or clamaged. Breakage indi-
cated by refusal  of  sty lu* to osci l la ie when not

16



bear ing a;ainst  ternplate i f  set  tor  automat ic steer i t rg,
Datr ,arJe (e-.8.  torn or $tretehcd bel t )  indicated by
irregular sty lus rrr :c i I lat . lon or: '  errat ic t racinlr  per-
forrnance.

Note - Both conditions are errtrernely rare, and
should be suspectecl only after checking al,L other
poss ible ""r=u.u. 

,

Belt replacement requires removal of the conplete
steerin..l module from the tracer valve., but inspection
of the belL only involves removal  of  the Left  e ide
cover plate,

Turn off hydraulic eupply anC renrove both side
cover plates f rorn valve (see para.  I  above).

Remove top plate fron rear of vaLve.

Set Eteering valve stylus pressure to maximum
( s e e  p a r a . 2  o f  2  ( a )  a b o v e ) .

The steering moclule is held on place by two
socl<.et cap rrcrewg accessible fronr the rear of
the valve and two more on the top face. (see
Fig. 41 . Renrove aII four $crewfl

Carefully remove steering mcdule from rear of
valve,  guiding cteer ing bias bushing by hand
so i t  s l ides f reely over vaLve stem.

Reniove tension spring from bel,t idler pulley
dfr-rr. Remove damaged beLt and install new belt
on srnal l  pul ley f i rst ,  then on large pul ley.
l,lake sure belt teeth are properly engaged on
pulLeys. Replace tension spring to apply cotrrect
icl ler teneion.

Careful ly instal l  steer ing module,  guiding
e teering bias buahincl to prevent cockirrg on
sEylus stem, Depress bias spr ing i f  neceseary,
but do not change spr ing tension sett ing.
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Malce sure rnodule registers properly with
Locat-ing dowels anit Elrat o-trir"lgs hebween
steer inq valve and manifold are proper ly

'eeated .

Instal l  four mount ing screws f inger- t ight ,  then
tighten top ancl rear', screhtti alternately to

; : revent distort ion"
a,

Carry out completrr axis spool balancing
procedure  (see ?  (b ) ,  above)  ,

Instal l  top plate,  both s ide cover plates,
and aII control krrobs.



SECTION VI...+

Apart  f rorn the normal operat ing adjustments,  re l iable
tracer performance depends largely on f ta lntaining
absolutely c lean hydraul ic oi l  and uni form machLne
s lide movernent. \

l .  D i r t  en ter ing ' the  hydrau l i c  sys tem can a f fec t
valve or hydraul ic motor performance and can
cauee damage to cr i t ical  cornponents,  This can
be avoided by adopting the following rules:

Cap or plug aII hose fitt ingo and couplings
imrnedlateJ-y if disconnected, and examine for
dir t  before re-connect ing.

Flush rlevr hssss thoroughly hefore install ing.

Replace hydraul ic oi l  every I ,000 houre of
operation, cleanirrg out oil reservoir with
varsol. Replace fl l ter elenents at the sane
tirne -

Use Sunoco Sunvia 747 or eguivalent.
(fhis is a detergent-dispersant type of
hydrau l i c  o i l  o f  200 SSU v lscos i ty ,
containing rust, oxidation, and rvear
inhibi tors.  )

Poerer circtrit f i l ter - Kr:alinator I-932A.

Steer ing  c i rcu i t  f i l te r  -  Bend ix  035016.

2. snrooth machine slide movement reguiring uniform
scf,ew torque over the full operating ranfre rnu6t
be maintained at aII t imee. Adequate way lubri-
cation plays an important part in this requirement.
In addition, backlash in both drive trains muet be
kept, to a mLnl"mum to avoid inaccuracies and change-
over markg.
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Frequent and regulat chechs are recorunended to
ensure Llrop€r gib adjustnent,  adequate lubr icat ion,
and minimum backlash,

3. goLn tracer vaLve and tenpl.ate mounting brackets
must  be  r ig id ly  he ld  in  p lace .  Ad jus tment  s l ides
should be Locked after adjustment to eliminate

' play and vibrat,ion

4. Lubricate Oldham cQuplinge at output end of c.rive
uni ts regular ly,  

r

5.  Mairr ta in refr igerat ion therr : roetat  set t ing at
|1 /LOO0,  (Ref r igera ted  sys tems on ly ) .

6, Avoid running machine slides to ends of travel
under tracer contro], Bs thie places an undue
strain on gears and keys"

i

I

t
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SECTION VI I

FROUBITE.- sHootING CHART

If  t rouble Pers is ts  a f ter
MIIIIK TRACERS for eervice

t ry ing Ehe remedies noted, caI I
ass is  tance.

fROUBLE CAUSES REIvTEDIES

A.  V ib ra t ion 1 .  L o o s e , g i b s  o n
machine rJays '

2 .  E x c e s s i v e  P I a Y  i n
feed acrew nuts .

3,  Lack of  s i , l id i ty
in t racer valve or
template mounting
component,s.

4.  Pump pressure
too high,

5.  Pump puleat ion
due to wear or
improper adjustment.

6 ,  A i r  in  hYdrau l i c
c i rcu i t .

7.  Sty l ,us loose i r r
co I Ie t .

I

i  r .  Act  jus t  g ibs .
I

I
I
I

i Z :  Ad jus t  nu ts  o r  rep lace
i i t  not adjustable. RePIaee
i feea screlrs i f  worn'

:  3.  St i f  f  en mount i r rg
lbracheE.s,  t ig l r ten mount ing
lscrews, snuE or Lock adjust-
roent s l ide gib screws.

4,  Chech for faul ty
pressure gage. Reduce

Fressure  in  25  Pe i  s tcPs
ancl choch operation after
each ehatrc;e. (Applies to
bouh pur,rps ) .

5 .  Re-ad jus t  to
manufac turer ' s
inetrucLions.

6.  Clear system bY feeding
botli axes several t imes '
( s e e  S e c t i o n  I I I ,  P a r a . 4 ) .

1,  Tig\ ten.



TROUBLE

c

B.  Poor
f i n i s h

C. uneven
tracer
feed
rates

CAUSES

I  "  ViLrrat ion

2. Uneven nracl ' r ine
r.rovement due !o
a)  d i r t  o r  lack  o f
Iu l : r icat ibn in
machine waysi
b) gibs irnproPerly
ad jus ted  on  nach ine
ways i
c) f i 'achine ways worn,.
d) nut i , ight  on un-
r,rorn ;:ortion of feod
screhri
e) improper nrachining
prac t ice .

3.  Excessive back-
lash in feed screwri .

4.  Air  in hy ' i lauLic
c i r c u i t .

DIa l '  o r  looccnc$e
machine table.

REMEDXES

1.  See above.

2 -  a )  c l e a n  a n d
lubr icate machin€ wals;

b ) ite- ad jus t, gibs ;

Re-scrape and al ign;
Reirlace screw and nut;

e ) $harpen tools , grrind
correct  cut t inqy angles,
use correct, speeds arrd
f e e d s .

3.  Reduce backlash.

-1 .  See A -6 above.

5 .  R e p a i r .

c )
d )

5 .
i n

I1. Change in nrachine
way g ib  ee t t ings ,
operation on unworn
port ion of  machine
$rays, change in ram
counterbalance.

I .  Balarrcre axis
spoo ls ,  us ino  par t ia l
procedurc.  (eee Sect ion V,
I iara .  2 ,a l
(F i rs t ,  cor rec t  mach ine
fau1e.  )



TROUBLE

D.  Unevcn
SUY]tls
act ion or
ax ia l  P IaY
in styJ.us

I
I
i f - D a r n a g e d s t Y l u s
i aiapl^rra$rl.

REMEDIES

I.  Replace d iaPhragm
( s e e  S e c t i o n  V ,  P a r a .  3 )

CAUSES

E.  S ty lus
e  u ick ing
or
j anrnred

F'. SEyJ-tts wil l
not  fo l low i
or renrairr ori
template

c.  Errat ic
perfornance

1,  Same as above.

2 .  For€ iqn  mater ia l
in val.ve Preventing
spool movenent'

1 .  Excess ive  or
inadequate feed
ra te  se t t ing .

2.  Encessive PumP
pre,55ure.

3.  t l teer i r rg valve
out of  adju:r tment

f 'ore ign mater ia l
steer ing c i rcu l t .

1. Sane asi  '  D'  or
rFr  above,

2.  Damaged sEeering
motor c l r ive bel t  '

aa  rD t  above .

MIMIK TRACERS.
disnrant le  va lve

I .  S a m e

2 .  C a l l
Do not
spools ,

+ .

I .  Ad jus t  feed ra te .

2 ,  Reduce in  25  Ps i  s tePs.

3 .  Ba lance ax is  sPoo le ,
usinE conrpLete 5 ' rocedure,
( s e e  S e c .  v ,  P a r a .  2 b ) .

&. CA1I I'TIFIII( TRJTCERS.
Do noE disrnan+-Ie steering
componenuF.

r
H.  $ ty1us

fai ls to
o s c i l l a t e
whetr not
againc E
template

l .  Au tomat ic  s teor i

1 .  $ a m e  a B  r D t  o r  r F l

above.

2,  Check bel t  i rnd
rep lace i f  necessary
(eee  $ f " .  V ,  pa ra .  4 ) .

I "  S e t  t o  r A u t o m a t i c ' .

2 .  PuI I  o r  push to
' F e e d '  p o s i c i o n .

se lec tor  in  t l {anua l r  .

2 .  Peed d i rec t ion
$eLector in neutral
poe l t ion.

i

;

t l
I
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H  ( c o r r t i n u e d )  | l .  F e e d  r a t e  c o n t r o L  i 3 "  I n c r e a s e  s e t t i n g .
too Iow,

l+ .  Brokon s teer ing  l '4 .  Rep lace  be l t  (see

l m o t o r  i t r i v e  b , e l t .  i s e c '  V ,  p a r a .  4 ) .
-'-l--"- 1 -- 

"-'

i " ' " - " - -
I
I  g .  Feed ra te  cont r
I  set  too Iow,
I
I
I  4 .  Brokon s teer ing

lmotof  i t r ive b,el t .
t--"---

I .  T r a c e r
dr ive  un i ts
noc
operat ing

J .  Excess i ve
Ieakage -

a )  T race r
valve

b )  S h a f t
end of
l ' rydrauLic
motor

c) Grlrotor
encl of
hydrau l i c
motof ,

1.  Spur 
'gear box

lever not engaged.

2 .  C lu tches  no t
engagecl.

3,  Broken gear or
dr ive  key ,

I ,  Engage fever.

2.  Checl< for  b lown fuse.

3. CaII ITIMIK IIRACERS.

. /

] .
or

] . ,

Paulty vacuum PumF
incorrect  adjustment

Danaged o-r ing seal .

1.  Gerotor stuc{s loose.

2.  Seepage through
meta l  to  meta l  jo in ts .

1,. Chech for adequate
suc t ion"  Ad ju .s t  re l ie f
va lve  se t t ing .
L. Ca1l. IvIII ' i IK TRACERS,

t .  T igh ten .

2 " Rernove gerotor an'd
paint  th in str ip cf
l-acquer around periPherY
of each jo int .  Reacsernble
and allow tinre to harden.

K. Inaccurate I  f .  General  machine

-+
rate I

templaLe i  ot  t racer faul ts.
reproduc't, ioni

i 2. I,tachine anC
I tracer operating
I  proper ly.

I
l l
I

l .  f iee above.

2. I ' lodify template or
ctylus to cornpencate.

t
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