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BASIC COMPONENTS OF TOOO TRACER

TRACER SLIDE

Tracer slide base.

Manifold.

Infeed rate knob and retract lever.

Stylus pressure adjusting screw.

Replaceable stylus - can be shaped
and positioned to suit contour.

Toofholder mounting taen.

LONGITUDINAL SLIDE

Mounting to machine.

4.5" stroke slide.

Mounting surface for 7000 tracer.

Totally enclosed motor and submerged
pump designed for continuous operation.

micron filter gives maximum protec{ion.
Easily accessible for servicing.

Convenient manifold with pressure gauge
and built-in relief valve.
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IHTR()DUGTIC,N

To understand the operat ion of  th is  t racer ,  you might  compare i t  fo  a s imple templa ie fo l lower in  which
a cutting tool and stylus are mounted on a spring-loaded slide. As it is fed along the lathe bed, the
spring forces the slide forward unti l the stylus contacts rhe template. within rhe l imits of its stroke,
the s l ide wi l l  move fur ther  forward when the sty lus meets a downward s lope on the iemplate,  and wi l l
refract when it meets an upward slope. The tool thus follows rhe same path as lhe contour of the
template.

In a hydraul ic  t racer ,  the spr ing is  replaced by a
sarne way as a car 's  power steer ing,  a very l ight
force.

servovalve and cylinder which operate in much the
inpul  s ignal  producing an extremely large output

Fur ther  ref inements such as universal  s ty lus act ion,
of all cornponents make the 7000 tracer a orecision
contours with unequalled accuracy.

automat ic  way lubr icat ion,  and precise manufacture
tool  which wi l l  produce both s imple and comolex

WPICAI TOOO INSTAI.TATION ON TATHE COMPOUND
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BASIC G(,IU|P()NENTS OF TO('( '  TRACER

TRACER STIDE

Replaceable stylus-can be shaped and positioned
to suit contour.

Way- lubr icant  f i l ler  holes.

Four toolholder mouniing slots.

Piston rod anchor access hole.

Protective valve cover.

Infeed rate knob and retract lever.

Way- lubr icant  s ight  g lass.

Front  g ib adiust ing screw.

Stylus pressure adiusting screw.

A l ^ . , - r i - ^  - . . , l
, v l v u r r r r r t g  J r u u .

Mount ing p late.

TOOTHOTDER

Vert ica l  adiustment  screw access hole.

I ternate locat ion for  lock ing knob.

Lower ledge suppor i  holes.

TEM?IATE BRACKET

Template ra i l  wi th s l id ing c lamps

X-Y adiustment  s l ides.

Swivel l ing support  arm.

Ad[ustable support  tube.

Clamping b lock.

Mount ing bar .

HYDRAUTIC POWER UNIT

Tota l ly  enclosed molor  and submerged pump.

5 micron pressure l ine f i l ter .

Pressure re l ie f  va lve adiust ing screw.

O i l  l eve l  s i gh t  g lass .

Tracer  s l ide and template bracket  s torage.
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ITSTALLATIOT INSTRUCTIONS
The 2000 Tracer is normally rnounted on the lathe compound in place of the toolpost, although it may
be mounted on rhe cross'sride in speciar cases, as discussed on page g.

ln i t ia l  insta l la t ion usual ly  involves making a specia l  tee-nut  to  sui t  rhe s lot  in  ihe compound.  This
should be done before connecting or operating the tracer. subsequent removal and installation of the
tracer takes only a few minutes, all hoses being lefi permanently connecfed. Both the tracer slide andthe template bracket can be stored on the suppry tank when not in use.

Unlike normal machine slides, fhe lracer slide must reposition constontly while cutting, and smoofh uni-
form movement is essential. certain precautions are needed to avoid distortion which can affect this
rnovement. fhey are outl ined in ihe instructions given below.

A. ] ' IORInAL INSTALLATION Ol| COIU|POUilD

I .  MAKE A SUITABTE TEE.NUT
l f  your compound has a tee-slot for toolpost mounting,
the tracer. Tee-nuts are normally recessed below the
break in  the mount ing sur face can cause d is tor t ion in  the

To avoid th is  problem, the tee-nut  should
be perfectly f lush with the top of the
compound. Details of the recommended
tee-nut design and manufacture are i l lustra-
ted at  r ight .

lf your compound does nor have a ree-srot, it shourd be drii led and tapped
holes. lf this is impractical, the compound can be removed and the tracer
page 8).

a special tee-nut shoqld be made for use wiih
surface of the compound, and the resulting
tracer slide which may affect its performance.

t ^P  %"-16  Nc

TO SUITr-stor

io  su i l  the mounl ing p iare
mounted in its place (See

nilTr;,^.

GRINO OR MILI FI.AT
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2. SETECT THE CORRECT MOUNTING PIATE
Two mount ing p lates of  l i2"  and 1-3f  8"  th ickness are suppl ied wi th the t racer  to sui t  a  wide range of
center heights, as noted below.

sPrNotE C
+ -

US€ IHIN
MI'G. PTATE

USE THICK
M''G. PtA'E

USE SOTH

?
% - t %

I

f
r t i  .z%

,t
2 % . 3 t 4

t

MT'G. PLATES--r_-
'  

HEIGHT RANG€ PROVTDEO
BY %" vEsrtCAL IOOTHOTO€i
AOJUSTM€NT - OIM€NSIONS
8AS€O ON Y2? rOOL 6tf.

For center heights greater than 3-1 /8", a special mounting plate
can be made to suit, or additional standard plates may be pur-
chased from MlMlK. These plates are designed to stack on iop
of one another and are dowelled together, and to the tracer slide
base, to prevent movemenf. When a thick and a thin plate are
stacked, the thin plate musr be ai the bottom.

MIMIK mount ing p lates are carefu l ly  checked for  f la tness and
parallelism of both surfaces, and equal care should be taken if
you wish to provide your own.

CAUTION: lf the 7000 tracer is used on a large or heavy-duty lathe, cutting loads should be l imited to
those normally encountered on l ight-duty lathes.

3. INSTAI.L MOUNTING PTATE AND TRACER STIDE
Before fastening ihe mounting plate in place, remove all dirt and burrs from the top surface of the
compound and check its full bearing area for f lalness. Grind or scrape if necessary to ensure flatness
and paral le l ism. r ighten the la the compound g ib screws to e l iminate p lay.

The thin mounting plate is fastened to the compound iee-nut wiih two button head screws. Mounting
slots are prov ided to a l low lengthwise posi t ion ing on the compound,  and the p late should be mounfed
flush with the front edge of lhe compound to prevent interference from the toolholder.

The thick mounting plate is f itted with plain holes to provide only one mounring location. lts thickness
prevents toolholder interference, and it need not be flush with the front of the compound.

oowEts lsup9u€o wtlH ilouNlNG ptat€s)

cat scttws tor
lHrcx rtatt ot

raacte $tol  tast

ratcx MouNlNG PtatE

ItsIN EOUN'IN6 PTATT

loIX Pt^tts

IUnCN ECAo SCtEwS
FOt rHtil ttal€ oNtY

Tighten the mounfing plare screws securely (but not excessively),
para l le l  to  the compound,  making sure the mount ing p late dowel

' -  
TATHI COA'OUNO

and insta l l  the t racer  s l ide assembly
is in place.

|@r *E al
d <rid ffi 06 ,1'

ffijzzil//iii,
3 ' ' - : !

t r . - , i / t l t  / / , / , / , / /
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4. INSTALI TEMPI.ATE BRACKET
rV lax imum ve rsa t i l i t y ,  i nc lud ing  i u l l  use  o f  t a i l s t ock
brackef  cn the ta i is tock base.  Ihe photos below
ad jus tmen ts  t o  su i t  va r i ous  cond i t i ons .

by mount ing the template
t racer  s l ide and i ts  range of

aCCeSSOr leS ,  iS  enSu reC

show i ts  re lat ion to the

Dr i i i  iwo  3 , '8 "  c iearance ho les  near  the  bo f tom o f  .

m o u n t i n g  b a r  a n d  r a p  5  1  6 "  -  j g  h o l e s  3  4 , ,  d e e o

the SUPPORT iUBESUPPORT ARM

ta i ls tock io  sui t .  Ihese holes must  be posi t ioned
so  the  temp la te  b racke t  w i l l  c l ea r  t he  t a i l s tock
and the ta i ls tock ' , rz i l l  s t i i l  nest  bet .areen the
saCCle  w ings .

Dr i l l  t , , , zo  17  64 "  c l ea rance  ho les  i n  moun t i no
ba r  t o  su i t  t apped  ho les  i n  c l amp ing  b lock .
Locate c lamping b lock and shim mount ing bar
i f  necessary so support  tube is  per fect ly  p lumb.
( l f  preferred,  the c lamping b lock may be fastened
direct ly  to  the ta i ls tock base,  omi t t inq the
mount ing bar) .

MOUNTING
BOLIED TO

BAR
TAITSIOCK BOTIED IO MT'G, 8AR

F i f  suppo r t  t ube  i n to  c l amp ing  b lock  and  i ns ia l l  r ema in ing  componen ts .  Ad ius t  he igh t  so  edge  o f
templafe wi l l  confac i  s ty lus near  the bot tom of  i ts  r r iangular  sect ion (See page Ig. )  Bot tom face of
iemplate bracket  supPor l  arm should c lear  top of  ta i ls tock to a l low fu l l  range of  posi t ion ing.  Support
tube should be cut  of f  f lush wi th top of  supporr  arm.

Where ta i ls tock rnounf ing is  noi  possib le,  the template bracket  may be adopted io other  locat ions on
the ia the,  a l though MrMrK does nol  prov ide accessor ies for  rh is  puroose.

' r-/

R c u n d  m a s i e r s  u p  i o  2 "  d i a m e t e r  r n a y  b e  h e l d
bef ,^ /een centers  us ing  ihe  master  ho lders  suop l ied
' , rz i rh  ihe  t racer .  They  can be  c lamped to  the
r e r n p i a r e  r - a i l  l e C g e  a t  a n y  C e s i r e d  l o c a r i c n .

NoTE:  l n : l i  i r ac ing  apo l i ca t i ons  t he  fe rao la te  ad ius rmenr  s l i ces  mus i  L  p . , . u t t " l  r o  i he  l a rhe  axes .
V i sua l  a l i gn rnen f  i s  usua l l y  qu i t e  adequa fe ,  o l t hough  a  d ia l  i nd i ca to r  mav  be  needed  fo r  exac t
a i i gn rnen r  on  c r r r i ca l  i cbs .
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5. CONNECT HYDRAUTIC POWER UNIT

Fi l f  iank to middle of  s ight  g lass wi th new, c lean o i l  o f  recommended grade.  (Sunoco Sunvis 747 or
equivalent . )  Approximately  5 U.S.  gal lons are requi red.

Provide a I l0 v. 60 cycle outlet for the tank motor and anchor the supply cord to prevent accidental
disconnection.

Ihe ihree tank hoses are identif ied on the manifold by the leiters P (pressure) R (return) and D (drain).
(Use smaller hose for Drain, larger hoses for pressure and Return.) Connect the hoses lo the fracer valve
fitt ings which are sirnilarly labelled, and check fitt ings, hose connections, and pressure gauge for
tightness. CAUTION: Fifi ings should be turned in finger tight only, and the Tru-seal locknuts then
snugged up with a wrench.

once connected, the hoses should not be removed unless extreme caution is taken to prevenl entry of
dirt '  Fitt ings must be capped or plugged immediately if disconnected. (Make sure caps and plugs are
clean before using).

- 7 -



B. SPECIAL TTSTALLATIONS
CDN GRCDSS-SLIDE

Special mounting arrangements are needed where (a) the compound does not provide a suitably large
or clear mounting surface, (b) the lathe is noi equipped with a compound, or (c) rear-mounting is pre-
ferred. In such cases ihe tracer may be mounted on the cross-slide.

A flanged adapter plate is needed to locale the tracer slide at the proper height and to allow it to be
sei at any desired angle. The upper mounting surface of the adapter shoulJ be at least 6" diameter
i f  c i rcu lar ,  or  4 '3/4"  x  6 '3/8"  i f  rec langular .  F lange d imensions should sui t  the mount ing provis ions on
the cross-slide' Flatness and parallelism of both surfaces musf be maintained within close l imits to
avoid tracer slide distortion.

The tracer slide may be bolted directly to the adapter
without using either of rhe mounting platbs. One
of the mounting plate dowels may be used to key
the tracer slide to the adapter., and the edapter
should also be dowelled to the cross-slide at its
center of rofation. Under no circumstances should
the t racer  s l ide base be dr i l led or  machined.  as th is
could cause distortion.

l f  fu l l  swivel l ing of  rhe t racer  is  not  desi red,  the
adapter plate can be bolted to the cross-slide at a
fixed location. The lracer slide's mounting slots
al low 30o swivel l ing re lat ive to the adapter .

NOTE UNLESS MOUNIEO ON CIRCUIAR IEE.SIOT,
€IIHER AOAPI€R FIANG€ OI CROS$SIIOE S}loUTO
HAVE MOUNTING HOt€s SPACEO 3OO TO ATTOW
FUtI SWrV€LUNG.

On small lathes the compound sometimes swivels on a tapered spigot. For cross-slide mounting the
same type of spigot can be fitted to the tracer's mounting plate, or to a special adapter plate, if used
instead.

REAR MOUNTING

l f  the tracer is mounted on the rear of the cross-slide, it may be necessary to mount the template bracket
on the rear of lhe lathe bed rather than on the tailstock. Rear mounting allows full normal use of the
cornpound, although it is not usually as convenient for the operator when tracing.

CAUTION: The 7000 tracer is not designed for upward cutting loads, and when rear-mounted, the
spindle must be reversed to apply the cutting load downward.

- 8 -



OPERATIIG PROCEDURE
Before and during operation, the sight glasses on the sides of the tracer slide should be checked toensure an adequate supply of  way lubr icant .  Ref i l l  wi th suNoco WAYLUBE 90 or  equivalent .

The stylus pressure adiustment on the tracer valve should be set
about halfway between mid-point and L. (A heavy setting reduces
sensitivity and affects surface finishes, while too l ight a setting
may cause valve hang-up).

When first starfing hydraulic power unit, do not adiust pressure setting unti l purnp has run for at leastone minute. Correct operating pressure is 175 psi.

Allow oil to warm up before tracing, and
lubricant and remove trapped air.

The tracer slide gib setting should be adiusted on the init ial installation ro ensure optimum tracer per-formance- Re-ediustments shoul,i be r-r-rao'e perioclicaiiy io compensate for wear in the slide ways.when properly set, slide movement in both directions should be uniform over the full stroke at apressure setting of 50 psi.

GIB SETTING PROCEDURE

cycle t racer  s l ide fu l l  s t roke l0  t imes ro d is t r ibute way

rAPEI€D
G|l

This adiustment is extremely crit ical and several attempts
may be needed to reach fhe proper setting. Adiustment
screws are located at the left dovetail at front and rear
of the tracer slide. The front screw is always exposed,
but the rear way wiper must be removed to reach the
rear screw.

t . Loosen tracer mounting stud nuts slightly lo remove
stresses which may result from uneven mounting
surface.

Turn infeed rate knob on tracer valve counter-
clockwise to maximum infeed, holding lever against
infeed stop pin.

2.

rNttEo Slot PtN.

rErtAcr rEv€t

IN f€EO IATE

l€t tact stot PtN

DECRTASE
PRESSURE

) 
****

- 5 T Y L g )

q4?c
H . ( (  O  ) ) . L

ftoNI

tonoNS Or tlacrt tuot

3. Set hydraul ic pressure ar 50 psi .

- 9 -

Xr" Ar!€N



4. (o) UNLOCK GIB - Loosen outer screw l/4 tum, then
poss key through to inner screw ond rotote both
screws c/clockwise to move gib toword reor of
trocer slide.

(b) SET GIB - Allow rrocer slide to feed forword from
fully retrocted position. Turn screws gently
clockwise until slide movement stops.

Turn screws gently c/clockwise untit slide just
creeps fonrord.

With slide stil l feeding forword, lock gib by
turning outer screw clockwise til l snug. DO NOT
OVERTIGHTEN.

5' RE cHEcK - Feed tracer slide full stroke in both directions and check for uniform movement. Re-adiust gib if necessary. Tighten mounting stud nuts and check again for uniform movement. lft ightening affects smoothness of movemenf, compound and mounting plate surfaces should be re-checked for f latness and freedom from dirt.

6. RE.SET TRACER FOR NORMAT OPERATION _ Increase pressure ro
l5 - 20 in./min., which is adequate for mosr rracing requirements.
deflection and can cause vibration.

I 75 psi. Reduce infeed rate to
A faster rate increases stylus

INFEED RATE ADJUSTMENT

Both the infeed rate knob and the retracf lever are pinned to their respective rpating parrs at thefactory to prevent them from slipping out of adiustment. provision is made for normal wear in themechanism, and re-adiustment should not be necessary.

The infeed rate khob is factory set to provide a total range of 3-172 turns. Maximum infeed rate isprovided at the full counter{lockwise position. Approximately two turns clockwise from rhis positionwill reduce the infeed rate to zero. and further clockwise roration wil l cause the tracer ro retracf ratherthan infeed'  This por t ion of  the adiustment  range (approx.  r - r /2  rurns)  prov ides a wear a l lowancewhich wi l l  gradual ly  decrease wi th use.  rhe knob should not  be set  in  th is  posi t ion,  as the r racer  isthen inoperative.

-  t u -



SEJ-UP and CDPERATICDil
SAMPTE PART

To quick ly  fami l iar ize you wirh your  t racer ,  we suggest  you fo l low these deta i led steps,  us ing the
temPlate, high speed tool, and mild steel workpiece blank provided. Procedures wil l vary for other
iob appl icat ions,  but  the fundamentals  learned on the sample [ob wi l l  general ly  apply.

-T-
I
I
s
Y

G
\n

i
i

ln  the method out l ined below, in i l ia l  roughing cuts are faken wi th the t racer  s l ide fu l ly  advanced to
the end of  i ts  s t roke.  On the f i rs t  cut ,  the sty lus only contacts the h ighest  point  of  the template.
Successive depths of cut are taken by advancing the cross-slide, and the sflus conlacts more of ihe
template with each cut.

When the lowest point of the template is reached, further advancement of the cross-slide wil l retract
the t racer  s l ide,  and wi l l  not  af fect  par t  d imensions.  F inal  s ize set t ing for  the f in ish cut  is  taken wi th
ihe template adiustment slide.

l. The sample workpiece contour ranges between
straight diameters and 90o shoulders, so the
best  t racer  s l ide angle is  45o.  This angle should
be set with the lathe compound, but if i t causes
interference, the compound can be sel within
-f 15' and the tracer slide swivelled the
remain ing amounf  on i ts  mount ing p late.

2.  Wi th the knur led lock ing knob in the best
locat ion for  uni form c lamping,  insta l l  too lholder  in
left hand slot on front face of tracer slide.
Before c lamping the tool  in  p lace,  extend at  least
two of the set screws into the tapped holes in
the lower ledge of  rhe roolholder .  This  wi l l
prevent  f lex ing and ensure maximum r ig id i ty .

Chuck workpiece b lank and c lamp rool  in  le f t  s ide
of  holder  ar  su i table angle to prov ide at  teast
3o cut l ing c learance.

Rofa ie sty lus in  valve col le t  to  same angle as tool
and t ighten lock ing screw.

/11" x a5"
Chamf .

-rF

c

, U J Xr-
I

I

i

I

I

I
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I
I
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o
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r2R

l r W
F,  l - ' z ' !
I  F-  i ' 'o ;  € l

' . J v J - I

Ver i ica l
Adiustment
Screw

Lower Ledge
Suppor t  Ho les

USE THIS PORTION TO INDICATE
IEMPLATE FOR PARAILELISM
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Loosen locking knob and adiust toolholder vertically
to sef tool point on center. This setting must be
exacl for maximum tracing accuracy, and can be
checked by facing the work blank to center-
lf the tool point is above or below center, the
blank wil l not be faced completely.

3. Retract cross-slide to provide clearance between tool and work,
and feed tracer slide fully forward to the end of its stroke.

4. Adiusl carriage and crois-slide to position tool point near
workpiece blank. Leave in this position. Now
clamp the template near the left end of the rail and
aciiust tempiate brackeis so tempiate bears
approximately the same relation to the stylus
(within abovt l/4") as workpiece does to tool.
(Exact setfings wil l be made later).

5. Check and adiust template for parallelism as follows:

(a) Move cross-slide back to clear stylus from template.

(b) Mount dial indicator on any convenient surface fixed to carriage (e.g. top of tracer slide) and set
pointer against 1/2" straight section of template (See sketch on page I l).

(c) Feed carriage and check indicator for parallelism.

(d) Loosen template rail mounting screws and pivot rail as required. Recheck with indicator affer
tightening screws.

NOTE: A,n alternative method, when more familiar
workpiece with the sfylus on the straight
paral le l ism.

with the equipmenf, is to take a l ighr cut on the
section of the templele, and "mike" the cut for

i
.X75 Oit,

6. Using carriage and cross-slide only, position tool at .375,,
d iameter  against  end of  workpiece b lank.  Now adiust
template slides so point "A" on template bears againsr edge
of stylus. The resulting | /16" difference between srylus and
tool positions wil l prevent tracing to finish size and allow
dimensions to be verif ied before takinq rhe finish
F t  t l
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7' Select suitable lathe speeds and feeds before taking first cut. With high-speed tool cutting mild
s ieef ,  use '0  l0- .012 in. / rev.  feed at  about  30o rpm for  .100" roughing cuts.  F in ish cut  of  .020, ,
to .030" should be taken ar .005 - .00g in./rev. feed and about 500 rom.

8. Leave tracer slide fully forward and position tool with
cross-slide to lake first roughing cur (approx. .100,,
deep). Stylus wil l only contact template on largest
d iameter ,  i f  a t  a l l .

Cont inue tak ing roughing cuts wi th cross_sl ide
in .100" incremenfs. Stylus wil l progressively contact
smaller-diameter portions of template with each cut. Stop
carriage feed on each cut as soon as tool reaches previous cut.

9' Before full lengfh of taper has been traced, measure one of the rarge
be about l/8" above finish size. Adiust template sride if necessarv
allowance on diameter.

d iameters,  which should now
to provide this | /8" f inishing

l0' continue rouohing cufs unti l stylus contacts full iempleie contoui-. Fi; i iher eross-siicie movement
now has no effect on workpiece size, since stylus againsr template causes tracer slide to retract
as cross-slide is moved forward. However, cross-slide should be advanced an additional I /g,(approx') to prevent boftoming of tracer slide in forward position. CAUTIoN: lf advanced too far,
remaining tracer retract stroke might not be adequare for largest diameter.

I l '  Measure one diameter to delermine finish cut reguirement. Diameter wil l be about . 125,, loo
large, so adiust template slide fo remove about half this amount by rurning adiustment knob .030,,
c lockwise.  Also adiust  s l ides lengthwise to take about .0 l5"  f in ish cuts on shoulders and endface' Change spindle speed and feed and take semi-finish cut to provide a smooth Tinish for ac-
curare rneasurement .  Measure one d iameter  and adiust  template s l ide for  f ina l  cut .  Make surecross-slide setfing prevents bottoming of tracer slide.

NorE: As this template was not made precisely, part dimensions may differ slightly from those noted
on page I  l .

12' The above steps cover the normal set-up and first piece procedure on a producfion run. Foreach subsequent part, the template is turned back about .02.O,, to provide a finish cut allowance,
and the cross'slide is retracted to the first rough-cut position. The only crit ical setting is that madeon the template slide for the finish diameter on each part. To eliminate errors due to incorrect
settings or tool wear, a pre'set tool can be used for the finish cut in place of the roughing tool.(With proper care the toolholder wil l reposirion within .0OOl-).

_  t 3  _



TRCDUBLE SH('CDTTNG GHART

TROUBTE CAUSE REMEDY

I .  V IBRAI ICN
Occurring when rtylus feeds into
templ.fc or m€cis profile change.

(a)

(b)

Infccd rate too high.

A i r  in  hydrau l i c  ay i tem.

(c) Hydraulic preisur. too high.

(d) Stylur pre3turc too high or too
low.

(c) Mcchanical loosenits.

(f) Lathc Vibrarion.

Reduca by rdiusring infeed rate knob.

Cycle slidc full stroke. Check for
leakage at valve and 'ank fitlings.
Check for 'adcquatc o i l  level  in tank.
Elecd oil filter on t.nk.

Reduce to 175 psi or lcss. Check for
frulty prarsurc Aaugc.

Adiust (see Prge 9).

Chcck mounting bolts, lathe compound
end crors-slide, toolholdcr .nd tcmplarc
bracket for tightness. Tighten traccr
slide gib if nccessary.

Eliminctc.

2.  MARKS ON WORKPIECE (a) Vibration in traccr systcm.

(b) Tcmplarc edgc not rmooih.

(c) Incorrec? tool grind.

(d)

(c)

Mechanical loorcncss.

Loogcness or vibrafion in lathe.

(0 Air in hydraulic syrtem.

(g) Sticky tracer valvc.

(h) Excersiva rfylut prcasur..

(D Un€ven fraccr slidc movemenr.

(i l  Loorc pi:ton rod connection.

See l .

F i le  o r  Po l i sh .

Chcck for adequata clearance and
corrcct rakc and rclicf angler.

Scc I (c).

Chcck for spindlc runout. Check for
loosc carriage or cross-rl idc with di6l
indicator. Takc rtraight cuf with tracer
inopcrativc and check for similar marks.

Scc I (b).

Sec 5 (0.

Reducc.

Reduce prcrrurc to 50 psi and chcck
for uniform slida movcmcnt, Adiusl
gib if ncccrsary. Chcck for binding
dua fo dirt or disiortion and for adc-
quate lubricrl ion. lf tracing finc taper

incrqllc slide englc to provide frrter
traccr slidc movcmgnf.

Tightcn nur (Scc Pagc 20).

3. EXCESSIVE VARIATION EETWEEN
TEMPLATE ANO WORKPIECE

(a) Iool nof on ccntar.

(b )  fampla tc  no t  a l igned w i rh  la the
axis.

(c) Vari.t ion ;n cutting load ovcr
lcngth of parr.

(d) Inco.ract tracer rl idc anglc.

(e) Incorrcct rool grind.

(0  In<or rec t  too l .s ty lus  re la r ion :h ip .

(S) Excsrr ivc r fy lur  def lcct ion.
(Can crusc bunrpr at  rharp
corncrl).

Curting point should bc exactly on
canlct.

Chcck with dial indicator and adiusr,

Prov ide  un i fo rm a l lowrncc  fo r  f in ish
cv l  ovcr  fu i l  con tour .

Rc3" t  lo  cnrurc  fu l l  con tour  covaraga.

See 2 (c).

Too l  cu t r ing  po in t  and r fy lu3  conta( t
adge must  havc  ramc pro f i l c  and bc
proper ly  a l igned.  S l igh t  compcn3af ion
may bc nccdcd to !iz. of rtylur radiur.
(Scc Pagc l8).

Rcduc:  in fecd  r r te  to  15 .20  ;pm.  S€f
s ty lu !  p rc t ru r?  ner r  mid .po in t .
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TROUBTE CAUSE REMEDY

(h) Mcchanical looscncss.

(D Sticky tracer valve'

(D Unavcn tr.cer slide movcmenl.

(k) Exccscivc machinc faad (or insuf-

ficient traccr infeed).

Sec I (c) rnd 2 (e).

See 5 (f).

See 2 (i).

Reduce machlnc fced, increasc fracer

in feed or  change s l ide  ang le  so  s ty lus
wi l l  fo l low conrour  w i thour  f loa t ing

off template or over-deflec?in9. (See

3 (e).

4. VARIATION FROM PART.TO.PART. (a) Variation in cull ing load from

Prrt-to.p..t.

(b) Excersive tool wcar.

(c) Inaccurttc operafor iettings.

(d) Mcchanical loosene:s.

(h) Sticky lr.cer v.lvc.

(D Unavcn lncer rl idc movement.

0 Exccrsivc varistion in oil tempera-
turc.

(k)  Air  in hydraul ic  syr tcm.

See 3 (c).

Change or grind rool more frequcntly.

Use separate tool for f inish cuts.

Use pre-set tools, overlay fempl.tes,

etc., to elimina?c operalor sclt ings
whcrevcr possible.

Sec I (e) and 2 (e).

Scc 5 (0.

See 2 (i).

Le t  o i l  warm up bc fore  t rac ing .  Cyc le
s l ide  f reguent ly .  Ins ta l l  o i l  coo lc r  i f
ambien i  tempefa furc  i s  excess ive .
(Contac t  MIMIK fo r  dc ta i l s ) .

See | (b).

SI.IDE WILL NOI FEED FORWARD
WITH VALVE SET TO INFEED and
STYLUS OFF TEMPLAIE-OR SLIDE
CONTINUES TO RETRACT WHEN
STYLUS MEETS A REDUCED SLOPE.

(a) Infecd rare knob in retract range.

(b) Stide at cnd of strokc.

(c) Prelsurc dnd rcturn lincr crossed.

(d) No oil flow from pump.

Sl idc  hang-up.

Valvc hrng-up.

(c)

(0

Turn fully clockwisc, then turn clock-
wire to dcsired infecd rate (See pagc

I 0).

Advance crors-slidc fo rcarin 3trokc,

Connecl tsnk hoscs corrcctly.

Chcck  fo r  loo3e motor .pump coup l ing .
burnl out motor, broken lincs inside
tank ,  fau l ry  re l i c f  va lve ,  p lugged f i l te r .

Sca 2  ( i ) .

See below,

CAUsEs OF
VATVE HANG-UP CORRECTIVE ACTION

l .  Inrufficient ttylu: prcrsure.

2. 0irrorrion from ovcr tighr f ining3.

3 .  Hydrau l i<  lock  in  va lvc .  (Crn  caus
d i r t inc t  i lugg i3hncrs  in  v l l vc
ac t ion) .

4 .  O in  o r  gummy o i l  dopo: i t r  in  va lvc .

5 .  Wrong hydnu l ic  o i l .

Incrcase s?ylur prctturc slightly and .ctu.tc stylus by hand. lf tracer docr not
bcain lo infccd immcdiarcly, hang-up may bc duc to dirt. Further incraase in

ltylu3 prasrurc could then damagc thc valve.

Eack off Trv-Sralt. maka turc fitt ingr arc iusi f inger.righr, and :nug up Tru-Scalr

9enilY.

Cyclc traccr full ctrokc rcvcrll f imc: by rctuaring stylus.

Flurh complcra ryrtarn rnd rcplaca hydraulic oil and fi l tcr (Sec pagc l9)-

Rcplacc wirh rccommendcd rypc.

l f  va lvc  con l inu . r  lo  h rng  up ,  con t rc t  M imik  fo r  a r l i s tancG.



GENERAL INFCDRIUIATIOT

TEMPLATE DETAITS

The choice of template material and method of production depends on such things as accuracy reguired,number of parts to be fraced, future repeat runs, size of part, equipment available, etc. Regardlbssof material or method, ail temprates shourd have these common features:
(a)  Contour  musl  be an exact  dupl icare of  the desi red f in ished shape wi th in iess than hal f  the drawingtolerances on diameters.

(b) Both ends should have a run-off ro guide the roor on and off the work.
(c) Both the rear edge and a portion of the profi led edge should be parallel or normal to the work-piece center l ine' rhese act as a dimensional reference, and provide a rneans of checking paral-

l e l i sm .

(d) The rear portion of the template should be wide enough ro allow rigid clamping.

For  smal l ,  low-volume par ts ,  s teel ,  brass,  or  a luminum sheet ,  p lex io las,  mas4nire,  or .  .00.3, ,  s fee!  sh im_stock sandwiched between two pieces of stiffening material ".e often suitable. For large parrs, highvolume runs' or where tolerances are close, 1/8" iteel gage stock is preferred. For simple parts tem-plates can often be made by clamping thin sections of f lat rnetal strips to provide shoulders, diameters,tapers, or radii.

sawing and f i l ing to layout  l ines is  of ten acceptable,  a l though mi l l ing,  gr inding or  pol ish ing may beneeded in sorne cases' The contoured edge should be .f,r"re to the surface, and must be free ofn icks and burrs '  Remember fhat  an error  in  template d imensions can be doubled when t rac ing adiameter  I

small turned parts can also be used as tracing masters. lf made expressly for rhis purpose, a run-offshould be provided at both ends. Mounting brackets for round masters are described on page 6.
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otM€NStONS tOENTtCAt rO woRxpt€cE

RUN.OFF IO R€IRACT
IOOI AI END OF CUI

TYPICAI WORKPTECE CONVENTIONAI. TEMPI.ATE
PROOUCED 8Y SAWING, FIIING, MITIING,

cRINDING and POI|SHING

sAIAPI.E PART USED A5 TEMPI,ATE
(Notc radiur rcsiridion)

FI.AT TEMPI,ATE TURNED ON MANDREL

5HIM TTOCK TEMPTATE
SANDWICHED BETWECN STIFFENERS

CTAMP€D OVERTAY TEMPTATE
FOR SIMPTE CONTOURS

- 1 7 -



CUTTING TOOT REQUIREMENTS
A sharp tool should always be used, and the cutfing point should be set exactly on center to avoid
errors on changing diamelers. Clearance angles of at least 3o should be provided between the edges
of the tool and workpiece surfaces. Nose radius should be as small as possible without sacrif icing
tool l i fe, and must be less lhan the srnallest radius to be traced. Relief and rake angles should be based
on cut t ing condi t ions as in  normal  la the work,  a l though posi t ive rake is  recommended when t rac ing,
to min imize cut t ing loads.

STYTUS REQUIREMENTS
The stylus contact edge should also be ground to a
radius less than the smallest one to be traced, and
for general use it should be approximately the same
as the tool radius. The stylus supplied with rhe
tracer is satisfactory for most applications, although
when the smal lest  inc luded angle on a workpiece is  less
than 55o a special one may be needed for adequate
clearanee.  l ts  shank d iameter .  should be held to the
tolerance noted on the sketch.

sTYIUs COMPENSATION
On some contours where job tolerances require exlreme accuracy, a more definite relation may be
needed beiween tool and stylus radii to compensate for slight changes in tool-stylus relationship. These
changes occur as the amount and direction of stylus deflection vary over the template contour.

Compensation is usually made by providing a slightly greater radius on the stylus than on the tool. The
exact amount depends on such things as template contour, infeed rate setting, machine feed, and tracer
slide angle, and cannof be pre-determined. lf part inspection shows that dimensions are correct on
the two maior axes and out of tolerance on intermediate slopes, a change in stylus radius is indicafed.

When the correct compensation has been determined, the maior variables noted above which affect this
rype of error should not be changed.

In extreme cases, it may be necessary lo make a slight compensation to the template coniour. This
requirement is guite rare, and even the need for stylus compensation occurs only infrequently.

CARE AND NAAINTENANCE
Unl ike normal  machine s l ides,  a t racer  s l ide must  accept  the st resses of  vary ing cut t ing loads whi le
consiant ly  changing i ts  rate and d i rect ion of  movement.  To ensure h igh accuracy under these con-
di t ions a l l  MIMIK t racer  s l ide ways are f  i t ted to c lose to lerances and equipped wi th specia l  lubr icat ion
syslems.

fhe performance of your lracer depends on your mainfaining this precision fit. You can best assure
th is  by:

l. Keeping the tapered gib properly adiusted.

\ " /
.cA
\y

Ttt, " l l l
r LL

', 'o-J F
9rJ

t l
t t

'r 'rJ fl

Standcrd Stylus I  Alrcrn.re Typc

2 r ' T r  n"" ' " l l
t l
t l
t l
t l
l '  , l

t l
| l
U
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2.  Provid ing an adequate supply of  the proper grade of  way lubr icant .  (Use Sunoco Waylube 90 or
equ iva ient . )

Preventing the entry of foreign particles or coolant which can cause undue wear or scored ways.

Avoid ing excessive cut t ing loads and uneven mounf ing sur faces which can cause s l ide d is tor t ion.

Smooth oPerat ion of  the t racer  valve is  equal ly  importanr ,  and the fo l lowing ru les should be observed:

I .  Don' t  a t tempt to d ismant le or  tamper wi th rhe valve.

2.  When removing hoses f rom valve or  tank,  cap or  p lug f i t t ings and hose coupl ings immediate ly .

3.  Do not  a l low coolant  to  splash valve.

4' Do not t ighfen valve fitt ings with a wrench. Turn. them in finger-right only and use a wrench to
snug up the Tru-Seal locknuts.

5 '  Keep hydraul ic  o i l  c lean.  Replace rank o i l  and f i l ter  regular ly  wi th approved makes.  (See f lushing
procedure below.)

6' Actuate the stylus several t imes when starting tracer, and avoid long idle periods which allow oil
to gum up inside the valve. This may cause spool hang-up, in which case the tracer wil l refuse to feed
in ioward the template or continue to retract after leaving the template. See Page l5 for cor-
rective action.

REGUTAR MAINTENANCE PROCEDURES
The fo l lowing schedules are based on normal  machine
severe, maintenance should be more frequent.

shop condi t ions.  l f  dust ,  d i r t ,  or  humidi ty  are

EVERY lO0O HOURS (6 monrhs of one shifr per doy)
Flush complete system and replace hydraulic oil and fi l ter.

FIUSHING PROCEDURE
l '  Before emplying out old hydraulic oil or changing the oil f i l ter cartridge, disconnect the pressure

and return hoses from the valve. lnsert the loose end of the pressure hose into the oil f i l ler open-
ing of the tank- Start the pump and flush the pressure hose for one minute. Stop pump, remove
Pressure hose from manifold, and connecl return hose to pressure fitt ing. Flush return hose in the
same manner for one rninute.

2 '  Empty o i l  out  of  tank.  Remove o i l  f i l ter  car t r idge.  Wash out  supply tank and f i l ter  housing wi th
Varsol  and wipe c lean.

3 '  Inser t  new f i l ter  car t r idge (See Replacement  Parts  L is t  on page 25) ,  and f i l l  supply rar ik  ro rhe proper
level with Sunoco Sunvis 747 or equivalent.

4 '  Re' f lush return hose wi th c lean o i l  as descr ibed under ' l ' .  Connect  return hose to return f i t t ing,
and pressure hose to Pressure fitt ing. Re-flush pressure hose as deiscribed under'1,.

5 '  Connect  pressure and return hoses lo  valve.  Star t  pump, b leed f i l ter  housing,  and st roke uni t
for  5 minutes by actuat ing sty lus.

?

4 .
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B. EVERY 2000 HOURS ( | 2 monfhs qr one shifr trer doy)

Remove fracer slide from tracer slide base and replace felts in way lubrication holes. (Felts are avait-
able from your MIMIK dealer).

l '  Remove tracer slide and base from mounting plate, and loosen tapered gib. Leave all hoses con-
nected.

2. Remove plug from access hole on front face of tracer slide.

3' Hold tracer slide fully retracted under hydraulic pressure to prevent piston rod rotation, and remove
piston rod anchor nut, using l/4" allen key inserted through access hole.

4' Feed tracer slide forward to clear piston rod. Remove anchor mounting screws and withdraw
anchor f rom bot lom of  s l ide,  us ing a 1/4"-2O scresT 65 a pul ler .

5. Replace felts in lubrication holes on bottom. face of tracer slide (2 per side) and re-assemble with ex-
treme care, making sure all way surfaces are free of dirt.

6. Re-adiust tapered gib sefing (See page 9).
IHIUST NUT

(Not R.mov..bl.)
PrsloN lOO

ACCESS HOt E
PISION ROO ANCHOF

PISTON ROO ANCHOR

;..2o wtrHoeAw.. ""L t- r.^".*. "o^.,,*J

11gE Guarantee and Repair Seraice {p
: C T N q
il 1l-:"Te"""nrs 

of rhe MtMtK ZO00 are guaranreed for one year 
H

F\ from date of purchase against faurty materiars and workrnanship. 
W

7(, 
Both Jracer valve and cylinder are factory-sealed, and any 

M
b\ attempt to dismanrre rhem can resurt in damage and wii l void the
?^ guaranree on these items. lf a claim is made against rhe guaran- H
S tee, the faulty component musr be returned to MIMIK for assess- ?dV{ menr. 

,\q
S  q h ^ . , I . J  , t ^ , t r  t r ^ ? a "  h a . ^ - o  J - - - ^ ^ - J  ^ -  : - - - - , - ^ :  -  - ,  

' h

FA Should your tracer become damaged or inoperafive at any fime, i!-ci

S 
'-t 

^:.^ :" 
repaired or replaced by MIMIK at reasonable cost. An 

P,
7A estimate can be obtained by contacting M|MIK directly (see page

b\ 25) and advising date of purchase, seriar number, and fuil par-
7A ficulars of the fracer's condition.
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CDPERATI]IG LIIuITATIG,TS
while an extremely versali le piece of equipment, the 7000 tracer does have some limitations. We willdiscuss them briefly and point out some ways to overcome them:

I .  I .ATHE SIZE
The 7000 is  designed pr imar i ly  for  l ight-duty la thes,  which are usual ly  in  rhe I  lo  5 H.p.  range,  wherethe t racer  wi l l  handle normal  cut t ing loads wi thout  d i f f icu l ty .  r t  may a lso be used on larger  or  morepowerful lathes, but its use shourd arways be restricted to righr-duty work.

2. CUTTING TOADS
Excessive cutting forces can cause binding in the tracer slide ways which may affect accuracy and
could even cause ser ious damage to the t racer .  l f  good machin ing pract ice is  used,  there is  l i r le
danger on smal l  la thes,  s ince the la the spindle wi l l  l ike lv  s ta l l  or  rhe rool  wi l l  break befor .e rhe t t .3cer  is
damaged'  on large la thes the chance of  darnage is  much h igher ,  and care must  be taken at  a l l
t imes' lf the cutting load exceeds the maximum tool force the tracer can dpply, the stylus wil l back offfrom the template and the tool wil l cut oversize. This may or may noi occur before the slide ways bind
or  become damaged,  so over loading should be avoided.

A more common problem can resul t  f rom var iat ions ( rather  than excesses)  in  cut t ing load var iables dur ing
a production run' lf cutting forces are allowed to change from one part to another or while a singlepart is being traced, the amount of spool groove opening wil l also change a slight amount. since spool
movement is accompanied by a change in stylus deflection, the relation between stylus and tool wil l
vary, and dimensional errors may result.

cut t ing load var iat ions can resul t  f rom the tool  becoming dul l ,  ghanges in the amount  of  mater ia l
being removed,.hard sPots in the workpiece, or changes in speeds and feeds. The tool should be kept
sharp at all t imes, and a uniform cut allowance should be provided over rhe full contour before taking
the finish tracing pass' lf tool wear occurs during roughing cuts, a separate tool should be used for
f in ish t rac ing.

Since tool bits used with the 7000 tracer are small,
tool overhang must be kept to a minimurn to avoid
deflection or breakage. Doubling the overhang in-
creases deflection g times). Where excessive over-
hang cannot be avoided, cuti ing speeds and machine
feeds should be reduced. For small precise boring
iobs.  a sol id  carb ide bor ing bar  wi l l  reduce def lec-
tion to about 40% of that of a steel-shanked bar.

rRY TO RESTRICI IOOI OVERHANG TO I"  MAXIMUM
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3. TRACING STROKE
Ful l  s t roke of  the t racer  s l ide is  l ' l /2" ,  but  the maximum traceable contour  var iat ion is  of ten less thanth is  because the t racer  s l ide is  se l  at  an angle.  (e.g.  max.  var iat ion at  45o s l ide set t ing is  .707 x l -1 /2, ,= l-1 i16")' where a contour requires more than the available srroke, these methods may be used:

(a) Interchange machine feeds between carriage
and cross-s l ide,  preferably at  shoulders.

(b) Move fhe unengaged machine slide away from
the work manually to regain lost tracer stroke
(Preferably at a shoulder o: after stopping the
other feed).

(c) Use the lathe's raper attachment to provide an
angutar  machine feed.

+ .cAtltace

t a s s  i , a N  ' , . -
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4. CONTOUR I.IMITATIONS
Because of  the l racer  valve 's  swash p late design i t  responds smoothly  to a i l  contour  angles.  However,
there ere some combinat ions of  contour  s lopes which cannot  be t raced at  one set t ing.  This is  not  due
lo any l imilation of the tracer, but io the fact that the tool path is the resultant of machine feed and
tracer slide movement. Since ihe direction and rate of machine feed must normally stay constant during
a cut ,  the resul tant  fool  path must  remain wi th in cer ta in angular  l imi ts  as def ined by the t racer  s l ide
angle.

ln this example, the tracer slide rnust be set at an angle to
produce the L.H. shoulder. Tool feed along the shoulder is
the resultant of machine feed and tracer feed, and with a
45o tracer angle it is equal in rate to the machine fee.d.

l f  the t racer  s l ide angle is
the shoulder becomes less

increased, tool feed r.ele along
than machine feed rate.

lf decreased, tool feed rate becomes greater than machine
feed rate. lt would be excessive if the slide angle were
too close lo zero.

l f  an opposing R.H.  shoulder  were added to rhe template,
fhe stylus would not touch it, since the resultant of machine
and tracer feeds would be an angular path.

This contour could only be traced at one setting if the
fracer slide were set at 90o to the feed direction, and the
machine feed were stopped and started at exactly the righl
t ime.  Such contro l  over  machine feeds is  impract ica l ,
however,  wi thout  specia l ized equipment  such as MIMIK
Dynafrace or  Automat ic  3600 contro l  systems.  The
best  method to produce ih is  contour  wirh a s l ide t racer
is  to t race one shoulder  wi th rhe r racer  s l ide at  an angle
and re<huck the par t  ro t race the opposing shoulder  at
fhe same s l ide angle.

/tiio,7/////i%/7,;/li,/,tZzT-

%.%

%t)
vi/t

rooL
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Where opposing contour  s lopes are not  para l le l ,  the pract ica l  l imi t  to  rhei r  min imum inc luded angle is
abou t  I  5o .

-1'r
With the tracer set to bisect a l5o angle, rate of tool
feed along the rwo slopes is 2.6 times the machine feed.
A low feed rate would be needed to ensure an acceptable
surface finish, avoid tool breakage, and sray within
the l imits of tracer slide movement (about 50 ipm max.)

Where tool feed is excessive over part of a contour, il
can sornetimes be reduced by changing to the other
machine feed at  the cr i t ica l  por f ion.  This wi l l  a lso
increase fhe reguired tracer stroke, and may require
carefu l  p lanning.

UVHEN TCD TRACE
All machining iobs can be broken down into two sets of t ime elements-"cutting time", in which the
iool is removing metal and the operator may be idle, and "handling time", in which the tool is not
cutting and the operalor is positioning the machine slides for each change in contour, checking the part,
changing tools, loading and unloading, etc.

A tracer has l itt le effect on cutting time and none on loading and unloading time. lt can, however,
have a fremendous effecl on the remaining elements of handling time, since the tool need only be
positioned once for each tracing path, regardless of complexity. Furthermore, inspection is reduced
to a single dimension on each part (after full inspection of the first part) and tool changes are often not
needed at  a l l .

On a tracer'equipped lathe, the only iustif ication for conventional turning is when the cost of the
template exceeds the potent ia l  saving in  hondl ing t ime.  Even for  s imple par ts  or  shor t  runs,  i t  is
often better to leave the tracer in position than to replace it with a toolpost. For straight cuts
it should either be fully retracted or operated against a straight edge which .rcts as a temptate.

fhe fo l lowing condi t ions general ly  iust i fy  us ing the t racer :

\. Jobs which would normally take several hours to run, regardless ol run quantity. Where the tem-
plate is  s imple or  a l ready on hand,  the break-even point  may be as low as 2 or  3 hours.

2.  Par ts  which involve 2 or  more confour  changes in one p lane.

3.  Jobs in  which rnanual  e lemenfs (handl ing i ime) comr; . ise more rhan one-rh i rd of  the tota l  iob r ime.

REMEMBER: Extensive srudies have shown that on the
handl ing r ime and only 25% cur ing r ime.
verses lhese figures.

dverage,  manua l  mach in ing  invo lves  75%
whi le  cont ro l led  mach in ing  ( t racer  o r  NC)  re -
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ROSEBROOK TRACERS INC
3105 North Cascade #106
Colorado Springs, CO 80907
USA

TOLL FREE 800.265.3564
FAX 719.632.8894
rbtracer@ rosebrooktracer.com

HYDRAULIC OIL

illMlK recommends the use of detergentdispersant hydraulic oil for use in all our
tracing systems. The oil should also contain rust and oxidation inhibitors as well as
anti-wear foam depressant additives. The viscosity index should be around 100 or
higher. The viscosity of the oil at 1OOoF should be between 190 and 225 SSU for best
performance. Using a lower viscosity oil may cause the tracing unit to vibrate upon
infeeding into the template and cause more leakage in the pump and valves. lf the
above factors are taken into account, the oils of as low as 125 SSU at 100oF can
ire usecl.

The detergent oil is recommended to reduce the possibility of a filrn deposit building
up on critically litted components which in tum could cause malfunction of the valve.
Normally the disadvantage of using a dispersant type of oil is that it allows water to mix
with the oil but, in industrial tracer applications, this has not been found to be a problem.

Too much detergent in the oil (as in modem engine oils) can cause clogging of filters
prematurely and is not recommended for that reason. We require an oil that meets U.S.
military specifications MfL-L-2104B.. The oil should not exceed the detergent level
specified there.

Preferred Hvdraulic Oils

1. Erocon - Fleet HDX 10W
2. Gulf - Gulf Lube Motor Oil #10
3. Sunoco - Sunvis 747

fn general low detergent motor oils meeting MIL-L-21048 of SAE #10 grade.

Alternate Hvdraulic Oils

These oils are of the non-detergent type.

1- Atlantic Richfield - DURO AW S-215
2. Castrol Hyspin AWS 46
3. Ero<on Nuto H48
4. Gulf Harmony 48 AW
5. Mobil DTE 32
6. Shell Tellus 32
7. Texaco Rando oils HD 215


