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T h e  C o n - T r o l - P a t h  i s  u s u a l l y  i n s t a l l e d
o n  v e r t i c a l  m i l l i n g  m a c h i n e s  f o r  c o n -
tou r  m i l l i ng  o f  a  wo rkp iece  as  a .one - to -
one  dup l i ca t i on  o f  t he  pa t te rn .  I t  may
b e  c o n t r o l l e d  e i t h e r  a s  a  p e n c i l - t y p e
t r a c e r  w i t h  t h e  o p e r a t o r  g u i d i n g  t h e  s t y -
l us  by  hand  to  do  two  o r  t h ree  d imen  -
s i ona l  wo rk ,  o r  as  an  au toma t i c  t r ace r
f o r  t w o  d i m e n s i o n a l  ( 3 6 0 )  t r a c i n g  i n  a
h o r i z o n t a l  p l a n e .

GENERAL

T h e  p u r p o s e  o f  t h i s  B u l l e t i n  i s  t o  g i v e
techn i ca l  i n fo rma t i on  on  the  p roduc t
g r o u p  t h a t  i s  m o r e  c o r n p r e h e n s i v e  i n
na tu re  t han  tha t  i nc luded  i n  t he  sa les
l i t e r a t u r e .  T h e  t h e o r y  o f  o p e r a t i o n
o f  t he  Con t ro lpa th  T race r  Va l ve  Se r i es
i s  c o v e r e d  i n  t h i s  b u l l e t i n .  S u m m a r i z  -
ed  spec i f i ca t i ons  o f  t he  va r i ous  mode l
va l ves  i n  t h i s  g roup  a re  g i ven  on  the
M o d e l  S h e e t s .  S e p a r a t e  d i m e n s i o n a l
da ta  i n fo rma t i on  i s  ava i l ab le  bv  d raw-
ing  numbe  r "

Th i s  bu l l e t i n  w i l l  t ouch  on  app l i ca t i ons  and  cons t ruc t i on  i n  a  gene ra l  na tu re
on l y .  De ta i l ed  f unc t i ona l  t heo ry  w iL l  be  g i ven  on :

Servo  Va lve  Opera t ions .

Opera t ion  o f  the  Tracer  Va lve  Sp ind le .

S ty lus  to  Too l  Re la t ionsh ip .

Feed Rate  Cont ro l .

Descr ip t ion  o f  Ac t ion  When Trac ing  a  Contour  Manua l ly .

Descr ip t ion  o f  Ac t ion  When Trac ing  a  Contour  Autorna t ica l l y .

A  bas ic  schemat ic  i s  a lso  shown o f  a  typ ica l  Cont ro lpa th  cont ro l  sys tem in  the
back  o f  th is  bu l le t in .
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Con-Trol-Path
Con-Trol-Scan

AUTOMATIC TRACER CONTROL SYSTEM
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Adjustments
CONTENTS

This section is perhaps most important to the serviceman and the repairman for making

adjustments in the Tracer Valve. It has detailed information on 9Oo/o of. the adjustments

that are made on these Tracer Valves by our field service engineers.

It is an important part of the manual in that by following these simple instructions, your

Tracer Valve may be kept in peak operating condition. This will enable you to have a

trouble-free running machine. This section covers the following adjustments:

Section Five
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1. Replacing the Drive Belt . .
2. Adjusting the Drive Belt for Proper Tension

3. Replacing Seals in Regulators

4. Replacing the Valve Core in Air On-Off Valves

5. Rating in the Spools

6. Balancing the X and Y Sectors

7. Removing the Spindle From the Tracer Valve .

8. Adjusting the Spindle Ball Within the Spool

9. Readjusting the Vertical Rate Control to Null

10. Removing the Conuol Slide Assembly and Spools

11. Removing the Flexible Shaft Assembly . . .

12. Disassembly of the Shutoff Valve .

13. Reassembling the Servovalve Spool

14. Adjusting the Servovalve Spring

15. Vertical Feed Rate Resuictor

16. Adjusting the Safery Air Release Rocker Plate .

77. Replacing the Air Valve Core
18. Disassembly and Adjustment of Check Valve .

t9. Replacing the Selector Piston

20. Disassembling the Bias Housing . . .
21. Removing the Air Signal Rate Cone
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REPLACING THE DRIVE BELT

To replace the drive belt (140), tJre access cover
(68) together with the escutcheon plate (67) has
to first be removed. To do that, proceed as
follows:

1. Unscrew the lever (152) out of the Servo-

valve Assembly. Then remove the lever nut (6)

and shutoff valve lever (7). Figs. 1 and 3.

2. Next, using an Allen wrench, remove the

Allen nut (132) from inside the bias knob (134)

as shown in Fig. 2. This will release the bias knob

together with the lockwasher (133) and will allow

you to remove the cover plate (135) from under-

neath the Servovalve AssemblY.

3. Now remove the five button-head screws (87)

and the escutcheon cover. Fig. 4 shows the es-

cutcheon cover removed exposing the Feed Direc-

tion Servovalve Assembly (lal) together with the

drive belt (140) and pulley (137).

4. To get to the drive belt (140), you now have
to remove the Air Bias Housing Assembly (I29),

which is held by three 8-32 socket head screws
(131). When removing the housing assembly, care
should be taken nor to drop the naro steel balls
(155). This may be done by placing your small
finger into the opening of the housing assembly
as shown in Fig. 5. This action will prevent the
steel balls from falling out while you are remov-
ing the housing assembly from the Tracer Valve.

NOTE: Later models have rwo roll pins for locat-
ing bias housing to nose assembly for close register.

.J--t-
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Replacing the drive belt (cont)

5. Before replacing the new drive belt (140), it

is advisable to remove the steel balls (155) from

the Air Bias Housing Assembly and to inspect

them for dirt or any foreign matter that might be

sruck to them. The removal of these steel balls

may be done by looking into the opening and

turning the housing assembly in such a way as to

allow the balls to fall out, one at a time. After

cleaning the balls and blowing out inside the hous-

ing assembly, replace the balls by rolling them back

into the opening with the ball location rotated to

the bottom part of the housing assembly as you

pre placing them into the hole. After the new

drive belt is on and in position, proceed to re-

assemble the Tracer Valve in a reverse sequence as

shown in the preceding illusrrations. The drive

belt may be placed in position on the motor pulley

(I37) by sltding the bias knob (134) onto the

spline shaft of the motor. With the help of the

thumb of one hand, push the drive belt and nryist

the bias knob at the same time, as shown in Fig. 7.

This action will assist in getting the belt into

position.

6. Before the access cover (68) is replaced, the

tension of the new drive belt should be checked.

It is possible that the drive belt may be too tight

or too loose and may need adjustment. For ad-

justing the drive belt, see information in this

section.

7. After the drive belt (140) is on the pulley,

the bias knob (134) may be removed and the es-

cutcheon cover replaced. Here again the reassem-

bly of the escutcheon cover is done in reverse

sequence of the disassembly as shciwn in the previ-

ous illustrations. For conect sequence of the

assembly of parts, see exploded view in Parts lden-

tification List section of this manual and Bulletin

D-665.
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Replacing the drive belt (cont)

ADIUSTING THE DRIVE BELT FOR PROPER

TENSION

The Feed Direction Servovalve Assembly is held in

position by mro6-32 socket head screws (69) as

shown in Fig. 8. These screws have to first be

loosened before any belt adjustment is attempted.

Loosening of these screws should be limited to

moving of the assembly only. After the two hold-

ing socket head screws are loose, the whole assem-

bly may be adjusted by inserting an Allen wrench

as shown in Fig. 9 into the openings provided for

this purpose. There are two 1G32 setscrews (82)

for this adjustrnent.

A good guide to follow in adjusting the belt is the

slot between the Feed Direction Servovalve Assem-

bly and the body proper of the Tracer Valve itself.

Again in Fig. 9, this slot is shown as not being

parallel. To correct this condition, the setscrews
(82) have to be repositioned rotationally.

In Fig. 9, the left side of the slot is wider than the

right side. Consequently, the upper setscrew

would have to be backed out and the lower set-

screw would have to be advanced, in order to cor-

rect this condition.

The adjustment of the drive belt (140) has to be

kept in mind at the same time. When the belt is

in correct adjustment, there should be 1/8-inch

play berween the time that you touch the belt

with the scale and when you depress it. The ten-

sion should be 1 to 718 of. an inch, leaving a play

of l/8 inch as shown in Fies. 10 and 11.
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REPLACING THE SEAL IN ONE OF THE THREE

REGULAJORS (i.e., Srylus Pressure Regulator,

360 Auto, Vertical Stylus Pressure Regulator, or

Steering Air Regulator 360 Auto)

In the event of an air leak, it may be necessary to

replace one of the seals (O-ring) in one of the regu-

lators (106). To remove one of the regulators, it

is necessary to first remove the cover (98) which

is held down by fle 6-32 button-head screws (87).

l. Before attempting to remove the cover (99),

the three knurled aluminum lock nuts shown in

Fig. 12 have to be taken off to allow the escutch-

eon plate to come off.

Fig. 11 shows the knurled aluminum lock nuts

removed.

2. To remove one of the regulator assemblies
(106), simply unscrew the three 6-32 socket head

screws (107) holding each one of them. This will

expose the two O-rings (101 and 103) as shown in

Fig. 15.

To replace the regulator assembly (106), simply

reverse the procedure in steps I and 2. In this

case, as in all cases, when reassembling parts, make

pertain that there is no dirt or lint evident before
"buttoning-up" that area. Also make certain that

all bolts and screws are secure.

F..\o
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REPLACING THE VALVE CORE IN THI,

VERTICAL AIR ONOFF VALVE OR THE

AUTO 3'60 AIR ON{FF VALVE

When replacing the valve core (83), remove the

air shutoff valve housing (108) by unscrewing the

wto 6-32 socket head screws (109). Fig. 16 shows

the housing removed and the valve core exposed

in the center opening.

To remove the valve core (83), a regular automo-

bile tire valve core tool may be used as shown in

Fig. 16. Simply back out the valve core and re-

move it with a pair of tweezers or similar tool as

shown in Fig. 17. After the valve core is removed,

replace with a new valve core and reverse the pro-

cedure in replacing the housing (108). Before

replacing the cover (98), make certain that all the

screws are secure and all housings in proper posi-

tion and alignment. To replace the cover (98),

simply reverse the procedure indicated in the

beginning of this section. After the cover is re-

placed, screw the knurled aluminurnlock nuts

back on each regulator.
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RATING IN THE SPOOLS

At certain times it may be necessary to adjust and

egualize the speed of either the Cross or Longi-

tudinal sector of the machine tool. This is called
"rating in the spools." When this adjustment is

necessary, proceed as follows'

a. Remove the access cover (21) from the face

of the Tracer Valve.

b. Adjust one sector at a time. Start with either

the Longitudinal or the Cross sector. When adjust-

ing one sector, turn off the shutoff valve of the

opposing section.

c. With a screwdriver, turn adjusting screw (51)

clockwise while deflecting spindle back and forth,

until a slight drag is felt at the yoke. Then turn

adjusting screw counterclockwise slightly until

yoke moves freely without mechanical drag.

Tighten setscrew (48) snugly.

Mechanical clearance at yoke may be checked with

a dial indicator, as shown in Fig. 18. Holding

spindle with one hand (in extreme left or right

position), move control slide (50) right and left

with other hand to determine clearance. Maximum

desirable clearance shall be one ten-thousandth of

an inch (0.0001).

d. Repeat step c for second axis, being sure to

adjust both axes equally.

NOTE: If the yoke is removed from the Tracer

Valve for cleaning, be sure threaded half-nuts (49)

located under setscrew (48) are installed, so as to

prevent cross-threading of adjusting screw (5 1).

e. Set the 360 Feed Rate Control (H) to maxi-

mum open position (Fig. 18). Loosen setscrew
(48) about l/8 of. a turn, just enough to break the

hold. With a small tool, screwdriver or Allen wrench

for leverage, apply a gentle tapping action on the

lugged adjusting washer ( 3 3 ) at the front of the

spool, thereby rotating the lugged washer a few

thousandths of an inch at one time (Fig. 19).

\r

F i9 .20

H e r e  t h e  S p o o l ,  i s  o f I  c e n t e r  t o w a r d  t h e  C o n t r o l  s l i d e .

L f  t h e  M a c h i n e  T o o I  S l i d e  i n v o l , v e d  i s  a t t a c h e d  t o  t h e

P i s t o n  R o d  { t h e  C y l i n d e r  b e i n g  s t a t i o n a r y t  t h e  S l i d e

w i l l  m o v e  s l o w e r  t o  t h e  l e f t  a n d  f a s t e r  t o  t h e  r i g h t .

T h i s  w i l i  b e  m o r e  e v i d e n t  i n  t h e  l o w e r  f e e d  r a t e s '

T o  c o r r e c t  t b i s  c o n d i t i o n ,  m o v e  t h e  S p o o l  a w a y  f r o m

( o u t  o f )  t h e  C o n t r o l  S l i d e  a s  i r d i c a t e d  b y  t h e  a r r o w ,

c o u n t e  r c l o c k w i s e .

C Y L L \ D E R  S T A T I O N A R Y

F i 9 . 2 l
R O D  S T A T I O N A R Y

H e r e  t h e  S p o o l  i s  o f f  c e n t e r  a r v a v  f r o m  t h e  C o n r r o l .
S l i d e .  I f  t h e  M a c b i n e  T o o l  S l i d e  i n v o l v e d  i s  a t t a c h e d
t o  t h e  C y l i n d e r  ( t h e  P i s t o n  R o d  b e i n g  s t a t i o n a r y )
the Sl ide wi l , l .  move s lowe r to rhe Lef r  ud fas te r  to
t h e  r i g h t ,  T h i s  w i i l  b e  m o r e  e v i d e n t  i n  t h e  l o r v e r
f e e d  r a t e 9 .  T o  c o r r e c t  t h t s  c o n d i t i o n ,  m o v e  t h e
S p o o l  t o w a r d  ( i n t o )  i b e  C o n t r o L  S l i d e  a s  i n d i c a t e d  b y
t h e  a r r o w ,  c l o c k w i s e .
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Rating in the spools (cont)

This may have to be done in both directions (i.e.,

clockwise or counterciockwise), depending on the

direction in which the Longitudinal or Cross mem-

ber is moving faster. If after rotating the lugged

adjusting washer (33) the Longitudinal or Cross

sector becomes more out of adjustment than be-

fore, then you will have to turn the lugged washer

in the opposite direction. (See illustration, Figs.

20 and2l.)

f. After an even adjustrnent is obtained of the

same speed in both directions, the setscrew (48)

should be tightened and slide speed rechecked.

g. A check should be made once more on this

sector to be sure that the adjusunent is correct.

The opposing sector is done in exacdy the same

manner. The shutoff valve should be open in the

sector that is being worked on, and the shutoff

valve of the opposing sector should be closed.

REFERENCE NOTE: A rotation of one degree of

the spool moves the linear position of the spool

approximately 0.0001 inch. The width of one lug

on the adjusting washer is'equal to ll24 of the

total circumference, or 15 degrees. Therefore, by

rotating the lugged washer the distance of one lug

width, the spool movement will be approximately

0.002 inch.

BALANCING THE X AND Y SECTORS

After the spools have been rated in, it will be neces-

sary to balance the X and Y sectors so that they

will be moving at the same speed in all four direc-

tions clockwise and counterclockwise, i.e., in con-

ventional and in climb; for this PurPose, a square

template is necessary.

L. Loosen the 360 Feed Rate Control knob (H)

by unscrewing setscrew (61) as shown in Fig. 22.

b. Remove both setscrews (46) on the flexible

drive shaft (47). These setscrews are removed be-

cause they may not be in the same position after

adjusrment, and may not be accessible when tight-

ening is necessary.
r -a ' -

]NAE.INAEE



Page 8

Balancing the X and Y secors (cont)

c. Rotate the larger hex of the flexible drive
shaft (47, Fig. 24) until you get a minimum feed
of approximately 1/4 inch a minute (0.250 inch).

NOTE: A clockwise rorarion of the right-hand
side hex will decrease the feed rate. Conversely, a
counterclockwise rotation will increase the feed
rate.

d. After the necessary speed is attained, ser rhe
Feed Rate Control knob (H) to zero and lock the
setscrew (61).

It will now be necessary to match the opposing
sector to the one on the right.

e. Using t'wo wrenches as shown in Fig. 25,
rotate the larger hex to match the feed rate to the
right-hand side of the sector.

f . After the necessary feed rate is attained, it
will be necessary to balance all four directions of
the feed rate in the automatic mode. To accom-
plish this, a square template is needed, approxi-
mately 6 by 6 inches. The setup for this adjust-
ment is shown in Fig. 26.

A stopwatch is necessary for this purpose. To
make this adjustment, proceed as follows:

a. Start by adjusting one secror at a time. In
automatic mode, lead the srylus to the square
template. Srarting with the right-hand spool,
clock the length of time it takes for the Tracer ro
go along a straight edge of the template from the
time it rounds corner number 1 to the time it
rounds corner number 2 and again on the opposite
side. Note the amount of seconds. As soon as the
Tracer rounds corner number 3 of the opposite
side of the template, starr clocking again and note
the time it takes until it rounds corner number 4.

b. Compare the time element against both sides;
if one side is slower or faster to a given speed,
match it to the side closest to the desired speed by
adjusting as described previously in this secrion.
For example, if one side takes 30 seconds and the
opposing side takes 20 seconds (Fig. 26), then you

Y  A X I S

30 SeconCs *
;

I

i
X

A X I S

Fig .26

I

I
i

I

I

x
AXIS
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Y  A X I S
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shculd try to have both sides adjusted to travel25

seconds each way.

c. When one sector is balanced out, tighten the

sercrews (48) and proceed to a{just the opposing

spool in the same manner as stated previously in

this section. (Fig.27)

When matching the sides of the opposing sector,

adjust them to within 2 seconds of the same feed

rate as you had on the first side. After adjusting

the second sector, make the check one more time;

the Tracer should go around the template on each

side with not more than 2 seconds' variance be-

tween them.

REMOVING THE SPINDLE FROM THE

TRACER VALVE

The initial steps for removing the spindle from the

Tracer Valve are identical to the section on Replac-

ing the Drive Belt.

After the nose assembly is off (Fig. 28), remove

the Allen screw (117) that holds the Vertical Rate

Conuol Lever (F). After the lever is off, the ring

closure (I24) may be shifted in a rotarv direction

to make access possible to the setscrews (I25).

These setscrews are approximately at right angles

to each other. By moving the ring closure to the

right and to the left, these two setscrews may be

loosened (Fig.29). After the setscrews are loose,
the spindle assembly, together with the vertical

rate control sleeve (126), may be unscrewed

counterclockwise and dropped out of the Tracer

Valve (Fig. 30).

CAUTION: Observe care in removing spindle

assembly to prevent three ball bearings (118)

from falling out.

NOTE: There are three sers of holes in the vertical
rate control ring (127). Note which ser you were
using, as on reassembly you will have to replace
the control lever (115) in the same location.

. f - - t -
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ADJUSTING THE SPINDLE BALL WITHIN
THE SPOOL

After the spindle assembly is out of the Tracer
Valve, it may be disassembled in the following
manner:

a. Hold the spool and spindle assembly by the
spool in one hand and hook a Spanner Wrench on
the lock nut (122) as shown in the illusaation
(F ig .  31) .

b. Holding the whole assembly over a work-
bench, position the Spanner so that the handle of
the Spanner is horizontal to the plane of the
workbench.

In that position, give a light blow with a hammer
to the end of the Spanner Wrench, forcing a
counterclockwise action. This may have to be
done several times in order to break the hold be-
tween the lock nut and the spool assembly.

After the lock nut (122) is removed, this will ex-
pose the lower pivot bearing (121) and the spacer
(120) (Fig. 32). Examine the bearing surface of
these parts; make certain that there are no burrs
or nicks either on the lower pivot bearing, on the
spacer, or the lock nut where they mate. Before
you assemble, rnake certain that all parts are clean
and free from lint. To tighten the lock nut back
on the spool, reverse the action as shown in the
illustration.

After the assembly of the spindle and spool, grasp
the spindle and spool as shown in Fig. 3 3 and
check for any looseness. The spindle should be
free within the spool body, but at.the same time
there should be no endplay, either sideways or up
and down. The spindle action within the spool
has to be free-moving but firm. (Best check is
made on a surface plate with a V-block and a dial
indicator.) Total tolerable play must not exceed
one ten-thousandth of an inch (0.0001).

Page 10
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8 7 5 O  E o l l  B e o r i n g  m d y  b e  u s e d
F ig .  34  cs  o  subs t i tu ie  fo r  the  too l

If after assembly and snugging of the lock nut
(122) you find that the spindle ball is loose and

has endplay, you rvill have to disassemble the

parts, remove the spacer (i20), and lap it on a

surface plate which, in turn, will tighten the

spindle ball.

If, however, you find that after cleaning and re-

assembly the spindle ball is too tight and cannot
be rotated freely within the spool body, you will
have to again disassemble the parts and lap the
ball seat of the lower pivot bearing (121) (Fig. 3a).
To do this, you have to have a tool which for all
practical purposes is an identical size ball as the
spindle ball (Fig. 3-t).

1- To tighten the ball, lap the spacer.
2. To loosen the ball, lap the lower pivot bearing.

Thoroughly wash all parts before reassembling the

#
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Adjusting the spindle ball within the spool (cont)

spool and spindle ball back into the body of the
Tracer.

After the desirable adjustment of the spindle ball
is artained, you are now ready to reassemble the
spool back into the sleeve of the Tracer Valve.
Before attempting to slide the spool assembly back
into the sleeve, make certain that the anti-rotation
pin (119), shown in Fig. 35, is back in its proper
place. There is a slot in the spindle ball, and this
pin must fit into that slot before the spool is put
back into the sleeve of the Tracer Valve.

z. Make certain all parts are clean. Do so before
reassembly. Flood the spool with oil, the same
kind of oil that is used in the power unit. Hold the
spool perpendicular and in line with the sleeve of
the nose, then slide it up gently as shown in Fig. 36.
If the spool refuses to fall in place, back off; do not
force the spool into the sleeve. These parts are very
closely fitted and will have to be in perfect align-
ment before they will assemble together. Make
sure that the three ball bearings (1i8) which regis-
ter in the indentations of the spool lock nvt (I22)
are either in the holes of the nose assembly or on
the lock nut. When replacing the spool back into
the sleeve, hold the spool and not the spindle of
the assembl/; this will give you a better feel and
make it a little easier to line up the two parts.

b. After the spool is in position, hold the spindle
up with one hand and with the other hand slip the
vertical rate control sleeve (126) over rhe spindle.
As shown in Fig. 37, there is a notch in the lock
nut (122) and a rise to fit that notch in the vertical
rate control sleeve. Line these two up as you are
sliding the spool into the sleeve of rhe nose (Fig.
37). When the spool bottoms out and is all the way
up, start turning the spindle by the knurled end and
at the same time hold the vertical rate control
sleeve against the vertical rate control ring (127) as
shown in Fig. 38. After the threads catch, you may
screw the lock nut all the way until it bottoms out
and then back it off one-half turn. You may now
replace the nose and drive belt assembly back onto
the Tracer. To do this. refer to front of this section.

Fis. 38
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READJUSTING THE VERTICAL RATE

CONTROL TO NULL

After the Tracer is reassembled and all bolts and
screws are secure, the Vertical Rare Control (F)

may be adjusted so thar the zero mark on the
vertical rate control dial will keep the Tracer from
drifting up or down.

To do this, proceed as follows'

a.. Before starting this adjustment, drop the knee

all the way down by bottoming out the vertical

rylinder.

b. Turn off the Pressure Shutoff Valve (A). This
will keep the X and Y sectors from drifting in any

direction while you are making the adjustment.
With the aid of a dial indicator, as shown in Fig.41,
proceed as follows'

The two setscrews (125) must be loose at this time,
and the Vertical Sector Shutoff Valve (D) should
be open when making this adjpstment.

c. Holding the Vertical Rate Control (F) with
one hand, rotate the spindle (123) counterclock-
wise until the knee starts to rise. You can get im-
mediate evidence of this by watching the face of
the dial indicator.

d. As soon as the knee starts to rise, start rotat-
ing the spindle in the opposite direction or coun-
terclockwise until no movement is evident. You
can check this with the help of the dial indicator.

e. After movement stops and you are satisfied
that the verticd sector is not moying, you can re-
move the control level (115) and rotate the ring

closure (124) first to the right and tighten the set-
screw (125), and then rotate the ring closure to rhe
left until you locate the other setscrew (125) and

lock it also. After the setscrews are secure, replace

the control lever and tighten the 8-32 socket head
screw (1 17).

f. Again with the help of the dial indicator,

position the Vertical Rate Control lever (F) to the
zero mark and check if there is any vertical move-
ment by watching the face of the dial indicator.
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Readjusting the vertical rate control to null (cont)

If the Vertical Rate Control lever (F115) has to be
positioned at other than the zero mark, then you
will have to loosen the setscrews (125) and repeat

steps d, e, and f.

Before attempting to use the Tracer in a standard
production run, make certain that all bolts and

screws are secure and that all controls are working
properly.

REMOVING THE CONTROL SLIDE
ASSEMBLIES AND SPOOLS

In the event that it may be necessary to remove
either of the control slides (50) from the Tracer,
the nose assembly will have to be removed in order
to disengage the spindle from the interior of rhe
control slides. To remove the conuol slides. pro-

ceed as follows,

a. Remove the button-head screw (87) holding
leaf spring (86) in position under adjusting leaf
spring screw (88) as shown in Fig. 43. Now re-
move the three screws (139) that secure the nose
assembly to the bottom of the Tracer and drop
nose assembly out of Tracer.

b. Remove the four /+-20 button-head screws (2)

from the back of the Tracer as shown in Fig. 44.
This will release the spool cover (1). After that
cover is off, you may remove the rate control
pinion cover (3) by first removing the four 8-32
button-head screws (a). (Fig. aa)

c. The removal of the two covers will expose
two gears, the spool gear (37) and the spur gear
(41). Before proceeding any further with the dis-
assembly of the valve, mark the two gears with a
scribe, as shown in Fig. 45. This will assure your
matching the gears to the same location on
reassembly.a

F.
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Removing the conuol slide assemblies and spools (cont)

Also, it would help to mark the lugged washer (33)

with some nail polish or some other permanent

paint opposite the setscrew (48). With this precau-

tion, you should be well assured to match the spool

to the matching control slide in the same location

when reassembling the Tracer.

d. To remove the control slide assembly, the

slides (50) must first be separated from the spools.

Loosen the setscrew (48) with an Allen wrench

and rotate the lug washer ( 3 3 ) clockwise. This

may be done with the same Allen wrench or a

screwdriver as shown in Fig. 46. When doing this,

the setscrews (46) on the feed rate shaft must be

loose. Continue to rotate the lug washer until the

bottom slide of the slide assembly is separated

from the spool shaft (34).

e. When the spool shaft is unscrewed all the way

out of the slide, the spool may then be pulled out

as shown in Fig. 47.

Next, the bortom part of the slide assembly may

be slipped out as shown in Fig. 48.

f. If it is necessary to remove the other control

slide at this time, loosen the setscrew (48) and

rotate the lugged washer (33) clockwise with an

Allen wrench or screwdriver as shown in Fig. 49.

NOTE: It may not be necessary to remove the

other control slide unless a completely new con-

aol slide assembly is going to be fitted to a new

spindle (123).

6
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REMOVING THE FLEXIBLE SHAFT ASSEMBLY

It is possible to remove the flexible shaft assembly
(47) out of the Tracer Valve without removing the

spool on the left-hand side of the tracer body.

However, putting one back in without removing

the spool may turn out to be quite difficult. Also,

there is a possibility of damage to the cable be-

cause of the severe bend that has to be applied to

the cable when reinserting one side of it back into

the feed rate shaft (45). Consequendy, it is recom-

mended that the feed rate shaft, together with the

bearing tube spacer (42) and spur gear(41), be re-

moved or at least backed out enough to facilitate

access to the flexible shaft assembly (+7).

As stated before, to remove the flexible shaft

assembly (47), the left-hand side spool must first

be backed out as shown inFig.47.

a. The setscrews (46) have to be removed before

attempting to pull the flexible shaft assemb$ G7)
from the feed rate shaft (45) as shown in Fig. 51.

b. Loosen the setscrew (24) using an Allen

wrench, as shown in Fig. 50.

c. Then, holding the flexible shaft assembly (47)

with one hand, apply pressure on it so as to relieve

the spring tension bearing on the feed rate shaft
(45) as shown in Fig. 52.

d. With the other hand, pull on the spur gear
(41) which is attached to the feed rate shaft (45)

together with the bearing tube spacer (42). Pull

it out far enough to remove one end of the flexible

shaft assembly.

To remove the flexible shaft assembly (47) from

the other side of the feed rate shaft, simply re-

move setscrews (46) and pull the flexible shaft

assembly out, as shown in Fig. 5 3. To replace the

flexible shaft assembly, reverse the procedure and

reinstall all setscrews.

Before resuming normal operation of the Tracer

Valve, make certain all parts are secured and all

setscrews and bolts are tisht.
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DISASSEMBLY OF THE SHUTOFF VALVE

It may sometimes be necessary to replace the
O-rings or the nylon seat in one of the Shutoff
Valves.

In order to remove the valve stem (14) and valve

cage assembly (23), it is necessary to have to spe-

cial tools. Tool number 17278 (Fig. 5a) is a spe-
cial Spanner wrench, and tool number 17277
(Fig. 55) is an ejector for the valve cage.

All four Shutoff Valves are identical in parts and
assembly except for the Pressure Shutoff Valve
(A). The only difference is the spacer (17) which
makes up for the longer stem (19). With those

two exceptions, the remainder of the assembly
and disassembly of para of all the Shutoff Valves

is identical.

To disassemble a Shutoff Valve '

a. Remove the lever nut (6), as shown in Fig. 56,

by applying a counterclockwise pressure. This will

usually come off finger tight. If, however, the
lever nut does not come off by hand, put a cloth

around the nut and, using channel locks, break the

hold.

After the lever nut (6) is unscrewed, the valve
lever (7) slips right off the valve lever hub (9) to
expose the lock nut (8), as shown in Fig. 57.

b. To get to the valve stem (14), the valve lever
hub (9) has to be removed first, which is direcdy
in front of the cage retainer (1 1). In order to un-
screw the lock nut (8), the valve stem has to be
held from rotation by inserting a small tool like an
Allen wrench into the valve stem (Fig. 57). This
is done through the opening in the valve lever hub.
Using a box wrench or a similar tool, rotate the
valve stem until the two holes line up as shown in
the illustration. Insert the Allen wrench into the

opening of the valve lever hub and on down to the

valve stem hole provided for this purpose.

Fig .  55
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Disassembiy of the shutoff valve (cont)

c. After having inserted the Allen wrench into

the valve stem hole, the lock nut (8) may now be

removed. This will allow you to slip off the valve

lever hub (9),which should pull right out. (Fig. 58)

d. The next piece to be moved is the cage re-

tainer ( 1 1). This requires a special tool, number

17278, which is a small Spanner wrench. (Fig. 59)

Insert tool 17278 into the opening and line up the

rwo pins to fit into the t'wo holes in the cage re-

tainer (1 1). By using a box wrench or a crescent

wrench, apply a counterclockwise pressure on the

tool to break the hold of the cage retainer.

e. With the cage retainer (11) out, gasp the

valve stem (la) by the threaded end and pull out.

(Fig. 60) If the valve stem refuses to come out,

apply a slight rocking circular motion; this should

break the hold. No pliers or tools should be used

here, because the only thing that is holding the

valve stem is the contact of the O-ring seals.

f. With the valve stem (14) removed, it is now

necessary to use the other special tool, number

17277 , to remove the valve cage (23) together with

the valve seat (26). With the expander knob

pushed all the way against the tool handle, insert

the tool into the opening and on down through

the valve cage until the tool bottoms out.

At this point, the end of the tool with the prongs

closed should be through the valve seat (26),

bottomed against the body of the Tracer.

g. The tool is now ready to have is prongs catch

around the inside periphery of the nylon valve

seat (26). Pull back and lift up on the tool so that

you can feel the prongs catch on thb inside of the

valve seat. (Fig. 61)

After you feel the tool catch, pull on the expander

knob (about t/+ inch) to make sure that you have a

good hold on the valve seat (26). (Fig. 61)
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Disassembly of the shutoff valve (cont)

At this point, you can start pulling on the tool

handle and the valve cage (23) should come, with

a steady tug. (Fig. 62)

h. After the valve cage (23) is out, remove the

tool by pushing the expander knob in. This will

collapse the prongs on the tool and allow you to

remove it from inside the valve cage.

j To separate the valve seat (26) from the valve

cage (23), insert the valve stem (14) back into the

valve cage so that the large end of the valve stem

is bearing on the inside of the nylon seat (Fig. 63).

Position the valve stem with its threaded end on a

soft surface or place a cloth under it. Grasp the

valve cage and apply a downward pressure on it,

thereby pushing the valve seat out enough to break

the hold. (Fig. 6a) You may now remove the

valve seat with your fingers.

Inspect the valve seat (26), especially the mating

area where the seat meets the valve stem (14).

Look for nicks or imbedded dirt or chips. Replace

the seat if necessary, and reassemble all parts.

CAUTION: When replacing the vzlve cage (23)

back into the body (using tool 17278, Fig. 59),

care should be used not to overtighten. A torque

of approximately 7 5 inch-pounds should be used.

More torque than this will distort the valve cage

and cause leakage.

NOTE: A tool kit, Model 3O59-O3 with the spe-

cial tools, is available if desired. The kit consists

of the following:

1. Seat Exuacting Tool, Part Number 17277

2. Spanner Wrench, Part Number 77278

\o
00
\o
:r
f r



Page 19

r\co
Y

REASSEMBLING THE SERVOVALVE SPOOL

IN THE FEED DIRECTION SERVOVALVE

ASSEMBLY

If it should become necessary to replace some of

the seals or O-rings in the feed direction servovalve

assembly, proceed as follows, The first three steps

are identical to those shown in this section, page 1,

steps 1. through 3. (replacing the drive belt).

1. After the access cover and escutcheon plate

have been removed, the servovalve spring adjust-

ment housing (190) is now exposed. This housing

is held in place by a retaining ring (189). To get

at the spool, it is necessary to first remove the

retaining ring (189). This may be done by insert-

ing a screwdriver or a similar tool, as shown in

Fig. 65, and springing it toward the center. One

end of the retaining ring has a small "notch" in it

which is there for the purpose of being able to

catch the ring in that area and removing it from

its locking position.

2. After the servovalve spring adjustment hous-

ing is removed, remove the spring (192) and O-ring

(193) which seat inside the opening of the servo-

valve spool. With the aid of a small screwdriver,

you may be able to pull the spool out of the servo-

valve body (194) if necessary. (Fig. 66) On replac-

ing the spool back into the servovalve body, you

will note that one end of the spool has a threaded

hole, as shown in Fig. 67. This threaded hole goes

opposite the spring end. (Except for the spring,

the opposite side is identical.)

3. On reassembly, make certain that all parts

are clean and free of any foreign matter. Before

inserting the servovalve spool back into the servo-

valve body (194), flood the spool with oil, the

same oil that is being used in the power unit.

NOTE: It is important that the spool go back into

the servovalve body in the same position that it

came out. That is, with the hole in the servovalve

pointing away from you on reassembly. F is  68
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ADJUSTING THE SERVOVALVE SPRING

ADJUSTMENT MECHANISM

If it should become necessary to adjust the servo-

valve spring adjusunent mechanism, proceed as

follows,

1. In order to adjust the servovalve, the starting

position of the spring adjustment screw (188)

should be with the adjusunent screw extended

approximately ll8 inch from the outer surface of

the servovalve spring adjustrnent housing (190).

NOTE: Before attempting to turn the adjustment

screw (188), make sure that the locking setscrew
(60) is backed off. (Fig. 69)

2. Set the deflection adjusunent to 0.005 inch and the Feed Rate Control to approximately 30%. With

the stylus tracing a template, turn the adjustrnent screw (188) in (clockwise) until a strong dither (pulse)

is felt at the steering motor drive shaft (lower left side of the Tracer Valve). Move the Feed Rate Connol

dial through its full range. The dither should not change.

Open the deflection adjustment to 0.015 inch and readjust the steering air regulator to obtain the cirrrect

bias position. Repeat the procedure of moving the Feed Rate Control dial through its full range. If the

intensiry of the dither has changed from the 0.00S-inch deflection setting, turn the adjustrnent screw (188)

in (clockwise) until a good dither is obtained.

NOTE: Each time that the adjustment screw (188) is changed, the bias position will need to be readjusted,

using the Steering Air Regulator.

3. Open the deflection adjustrnent to 0.020 inch, and then to maximum position. Repeat the previous

procedure at each point until a good dither can be obtained throughout both the deflection and the feed
rate ranges.

When the final adjustment has been made, the setscrew (60) and locking plug (169) should be snugged
against the adjustrnent screw (188).

NOTE: Do not overtighten setscrew.
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VERTICAL FEED RATE RESTRICTOR

The Vertical Feed Rate Restrictor (P) conuols the

vertical feed rate of the machine when an upward

pressure is applied to the stylus. This control does

not regulate the doward or seeking qpeed of the

vertical member; it conuols only the upward speed.

There is aLeaf Spring (86) coupled to the adjust-

ing knob (89). The adjusting leaf spring screw (88)

has a flat at the bottom half and a 6-32 screw (87)

alongside of it to keep it from rotating when the

adjusting leaf spring knob is rotated clockwise or

counterclockwise. (Fig. 70)

The adjusting leaf spring screw (88) is a right-hand thread; consequentlY, when you rotate the adjusting

knob (89) counterclockwise, you are bringing the adjusting leaf spring screw, together with the leaf spring,

downward, restricting the upward motion of the spool.

This resuiction can always be overridden when tracing; simply exert a little more pressure beyond the

spring restricrion and the vertical member will move as fast as its capacity will permit. 
I

To increase the vertical speed when tracing, simply rotate the adjusting knob (89) clockwise; this will move

the adjusting leaf spring screw (88) upward, thereby allowing the screw to move farther out and thereby

opening the oil flow to a greater volume.
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ADJUSTING THE SAFETY AIR RELEASE

ROCKER PLATE

The Safery Air Release works in conjunction with

the True-Trace Safety Diversion Valve, 41 1 1-01'

For a complete description of the Diversion Valve

and all its advantages, ask for Bulletin 5-900-

Before aftempting to adjust the Safety Air Release,

check out the "Null" position of the Vertical Rate

Control Lever (F). (Fig. 71) A complete descrip-

don of this adjustment is given previously in this

section.

You should be able to acilate the Safety Air Re-

lease with a very slight upward movement of the

spindle when the Vertical Rate Control Lever

(F115) is at full retract position (all the way to

the right). An upward thrust of 0.003 inch to

0.005 inch should actuate the Safery Air Release.

If you cannot hear air escaping when you actuate

the stylus upward, the Safery is not functioning

properly.

To adjust the Safety Air Release, proceed as

follows'

1. Position the Venical Rate Control Lever

(115) all the way to the right "Reuact" (this may

be done with hydraulic power off but with air on).

2. With Allen Driver, turn setscrew (82) clock-

wise until you can hear air escaping.

3. As soon as air starts to escaPe, back off the

setscrerv (82) out of the safety air release rocker

plate (85) until air stops escaping. (Fig. 72)

+. Move the Vertical Rate Control Lever (F 1 15 ) all the way to the left " Seek" and then back all the

way to the right,,Retracr." (Fig. 73) The Safery Air Release Rocker Plate (85) should get actuated with

approximately 0.003 inch to 0.005 inch upward pressure on the stylus or spindle (123). You can check

this out with the aid of a dial indicator if necessary.

5. Replace the access plate (21) after making certain that the Safety Air Release is working properly.

Before resuming normal production, make sure that all bolts and lines are secure and Tracer is in operating

condition.
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REPLACING THE AIR VALVE CORE IN
THE PILOT CHECK VALVE

To replace the valve core (83), you have to first
remove the pilot check valve housing (75), to-
gether with the pilot check valve cover (72).
(Fig.74) Loosen the rwo 6-32 cap screws (69).
This will expose the opening that houses the air
valve core (83). If it is necessary to replace the
O-ring in the pilot check piston, then you will
have to remove the other 6-32 cap screws (70) to
separate the pilot check cover (22) from the pilot
check valve housing (75).

For proper sequence of reassembly, see the parts

List.

To remove the valve core, use a regular tire valve
core tool for this purpose. After unscrewing the
valve core, it may be removed with a pair of
tweezers or a pair of long-nosed pliers.

On reassembly, make certain the pilot check valve
housing (75) is positioned.to line up with the air
passage of the Tracer Valve body which is in the
lower right-hand corner of tlr hole pattern of the
Tracer.

Before "buttoning-up," make certain that all the
O-rings have been replaced and all screws are righr.
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DISASSEMBLY AND ADJUSTMENT OF

CHECK VALVE (in back of Tracer Valve)

Page 24
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To remove the check valve assembly, unscrew the

boss hex nut (94) and remove it from the opening

as shown in Figs. 78 znd79.

To remove the cartridge-type insert (92), use

either a small screwdriver or a pair of tweezers.

Using the inside hole of the cartridge, draw it out

of the opening by applying a slight side pressure.

When replacing the cartridge-type insert (92),

note the direction of the arrow; the arrow must

be pointing inside the hole with the beveled edge

of the canridge facing you, as shown in Fig. 80.

On reassembly, make certain that the spacer (93)

is not omitted. For the proper sequence of re-

assembly, see the Parts List.

If you are replacing parts or O-rings, you must

readjust the setscrew (97) and jam nut (96). On

reassembly of the setscrew, jam nut, and boss hex

plug (94), loosen the jam nut and back the set-

screw out of the boss hex plug several turns. After

reassembling the spacer (93) and cartridge-rype

insert (92), replace the hex plug, tighten it, and

then turn the semcrew until you feel it bottoming

out. Do not apply much pressure after you feel

the resistance of the spacer (93). When you have

made contact with the spacer, tighten the jam nut.

You should now have the check valve assembly in

proper adjustrnent.
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REPLACING THE SELECTOR PISTON IN THE

FEED DIRECTION SERVOVALVE ASSEMBLY

In the event it becomes necessary to replace the

selector piston (186) or associated O-ring (187),

proceed as follows,

1. Remove the lever ( 182) out of the shear seal

housing (183).

2. Remove the four 6-32 button-head screws.

This will expose the selector piston (186). (Fig. 82)

To remove the selector piston (186), simply pull it

out with your fingers or with the aid of a screw-

driver.

3. When you remove the selector Piston (186)

and if, after inspection, you find that there is a

need to replace it because of nicks or chips in-

dented into the teflon portion of the piston, you

will have to replace the selector piston. Install the

new selector piston in precisely the same position

as the one you take out.

4. You may also wish to examine the O-ring.

Check if it has any nicks or cuts. If there has been

no oil leakage prior to your disassembly of the

selector piston, then there should be no need to

replace the O-ring. However, if the Tracer Valve

has been in hard service for a long time, it would

be advisable to replace the O-ring at this time

while you have the feed direction servovalve apart.

5. Before reassembly, make certain that there

are no chips of any kind in any part of the selector

piston. It is advisable to blow off all parts with a

suong culrent of air before reassembly.

On reassembly, reverse the procedure described in

steps 1 and2. Before resuming normal oPeration,

make certain that all bolts and nuts are tight and

all lines secure.
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DISASSEMBLING THE BIAS HOUSING
ASSEMBLY

It may be necessary to replace or check the split
ball bearings (752) or to dean the steel ball bear-
ings (155) in the Bias Housing Assembly. To do
this, proceed as follows:

1. Remove the rwo *4O cap screws (171) as
shown in Fig. 84.

2. With the two cap screws removed, you will
be able to lift out the bias index plate (145).

Under the bias index plate you will find the hous-
ing pulley (146) and the pulley flange (147) as
shown in Fig. 85.

3. Next remove the three 4-40 socket head
screws (38). After you remove these screws and
lift out the bearing retainer (148), you will be able
to see the top of the bias spool (154) as shown in
Fig. 86.

4. You will note that there are some shim wash-
ers (149, 150, and 151) between the top split ball
bearing (152) of the bias spool and the bearing
retainer (148). These shim washers together form
a precise thickness which is necessary for preload-
ing these bearings.

If you are replacing the same bearings onto the bias
spool (154) after disassembly, then you can replace
the shim washers you just took out which form a
1/1000 preload between the bearings (152) and the
bearing retainer (148). However, if you are put-
ting a new set of bearings or bearing into the
assembly, then you have to depth mike the dis-
tance of the recess in the bearing retainer and the
step that is formed between the air bias housing
assembly and the outer race of the bearing itself.

The shim washers come in three different thick-
nesses: 0.001 inch (I+9),0.005 inch (150),  and
0.010 inch (151). If you do not have the faciliry
in your shop to cut out these shim washers, you

Page 26
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Disassembling the bias housing assembly (cont)

may send for the necessary items to True-Trace;

with the three different sizes, you can get any

combination you may need.

5. Having removed the bearing retainer (148),

you may now lift the bias spool (154) out of the

air bias housing assembly as shown in Fig. 87.

6. After the bias spool (154) is out, take care

not to drop the steel ball bearings (155) out of

the spool. You will note that there are two

notches in the spool at 180 degrees to each other

on either side of the spool where each bearing

comes into contact on the flat side of the spool.
(Fig. 88)

7. To remove a split ball bearing (152) from

either side of the bias spool (154), get two small

screwdrivers. Position them in the notches pro-

vided, Iift up and at the same time push into the

notches to lift the bearing off.

CAUTION: Do not - repeat, do not pry down

with your screwdrivers because of the thin wall

where the notches are formed. You may break

off a piece of the shoulder or land that forms the

groove for the nylon backup ring. When removing

the bearing, always lift up on the screwdrivers, at

least until you have a wide enough opening to bear

on the inside of the shoulder.

After you have lifted the bearing off slightly, in-

sert two larger screwdrivers between the bearing

and the bias spool. By twisting both screwdrivers

at the same time, the bearing should come off.

CAUTION: On reassembly, take care not to force

the bearings onto the spool. Make Sure bearing is

not cocked when attempting to slide it down on

the spool.

If it is necessary to remove the bearing on the

opposite side of the spool, proceed in the same

manner.
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Disassembling the bias housing assembly (cont)

To replace the backup rings (153), simply insert a

scribe or a small screwdriver in the area where the

split ring joins and lift it out as shown in Fig. 91.

On reassembly, make certain that the shim washers
(l+9,l5O, and 151) are located properly as shown

in Fig. 92. lf. the washers are not located properly,

there will not be the desired preload on the be?.r-

ings previously mentioned. This will make the air

bias housing assembly malfunction.

To reassemble the air bias housing assembly,

revers€ the procedures shown in steps 1 through 7.

Before starting machine, make certain that all

screws are secure and all nuts and bolts are in

proper adjustment.
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REMOVING THE AIR SIGNAL RATE CONE ASSEMBLY

I n  t h e  e v e n E  t h a t  t h e  R a t e  R i n g

s h o u l d  g e t  s t u c k  o r  c e a s e s  t o

b e  f r e e - m o v i n g ,  i t  i s  r e l a t i v e l Y

s i m p l e  t o  r e m o v e  i t  f r o m  t h e
T r a c e r  V a l v e ,  f o r  d i s a s s e m b l Y
i n s p e c t i o n  a n d  c l e a n i n g .  I n  o r d e r

t o  a c c o m p l i s h  t h i s  d i s a s s c u b l Y '
I T  I S  N O T  N E C E S S A R Y  t o  r e m o v e
t h e  c o m p l e t e  b i a s  h o u s i n g  a s s -

e m b l y  f r o m  t h e  n o s e  o f  t h e  T r a c e r

V a l v e .  ( F i g .  9 3 .  s h o w s  a  c o m p l e t e
p a r t s  b r e a k  d o w n  o f  t h e  a s s y . ) .

t r  T o  r e m o v e  t h e  R a t e  C o n e  a s s e m -

b l y ,  i t  i s  f i r s t  n e c e s s a r Y  t o
r e m o v e  t h e  r u b b e r  b o o t  ( 1 6 3 )  a n d

t h e  l o w e r  r e t a i n e x  ( L 6 4 )  w h i c h
a r e  a t t a c h e d  w i t h  t h r e e  s o c k e t
h e a d  s c r e r ^ r s  ( 1 6 6 )

T h e  R a t e  C o n e  a s s e m b l y  c o n s i s -
n g  o f  i t e m s  ( 1 5 0 )  '  ( 1 6 1 )  a n d

6 2 )  ,  i s  a t t a c h e d  t o  t h e  l o w e r
r f a c e  o f  t h e  d e f l e c t i o n  c o n t r o l

n g  ( 1 5 6 )  b y  t h e  u p p e r  r e t a i n e r
6 4 )  a n d  t h r e e  s o c k e t  h e a d
r e w s .  R e n o v i n g  t h e  t h r e e  s c r e w s
6 5 ) ,  w i l l  s e p a r a t e  t h e  a s s e m b l Y
o m  t h e  b i a s  h o u s i n g .

R e m o v e  t h e  t h r e e  s c r e w s  ( 3 8 )

l d i n g  t h e  R a t e  C o n e  a s s e m b l Y
g e t h e r .  I n s p e c t  e a c h  P i e c e  f o r
y  n i c k s ,  d i r t  o r  l i n t  t h a t  m a y

v e  l o d g e d  b e t w e e n  b e a r i n g  P l a t e
6 1 )  a n d  t h e  C o n e  ( 1 6 0 )  a n d / o r
e  r e r a i n e r  ( 1 6 2 )  ( F i g . 9 4 )  a l s o

e c k  f o r  a n y  v i s i b l e  w e a r  m a r k s

h i g h  s h i n y  s P o t s  w h i c h  m a y

u s e  p r o b l e m s .

C l e a n  a l l  p a r t s  t h o r o u g h l Y  a n d

n e c e s s a r y ,  s t o n e  e a c h  m a t i n g

r f a c e  w i t h  a  h a r d  A r k a n s a s
o n e .

O n  r e a s s e m b l y ,  m a k e  c e r t a i n
a t  n o  f o r e i g n  m a E . t e r  i s  P r e s e n t

a n y  o f  t . h e  r n a t i n g  p i e c e s .

Fig .94
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R e n o v i n g  E h e  A i r  S i g n a l  R a t e  C o n t r o l

L ! _ l  B e f o r e  t h e  u P P e r  r e t a i n e r
( L 6 4 )  i s  l o c k e d  d o w n ,  m a k e  s u r e

t h a E  t h e  b e a r i n g  P l a E e  ( 1 6 1 )  i s

c e n t e r e d  o n  t h e  o u t s i d e  o f  t h e

d e f l e c i i o n  c o n t r o l  r i n g  (  1 5 6 )  .

T h e  b o o t  a n d  l o w e r  r e t a i n e r s  m a y

n o w  b e  r e i n s t a l l e d .

A t  t h i s  p o i n t  i t ,  i s  b e s t  t o  r e s e t

o r  c h e c k  t h e  d e f l e c t i o n  s e t t i n g

c a l i b r a t i o n . -  T h e  f o l l o w i n g  P r o -
c e d u r e  w i l l  a c c o m P l i s h  t h i s :

t r  L o o s e n  t h e  t w o  s e t s c r e l { s  (  1 5 9  )
o n  d i a l  r i n g  (  1 5 8 )  .  R o E a t e  t h e

d e f l e c t j - o n  c o n t i : o l  r i n g  ( 1 5 6 )  i n

a  c l o c k w i s e  d i r e c t i o n  u n t i l  n o

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

s p i n d l e .  ( F i e .  9 5 ) .

t r  P o s i t i o n  t h e  d i a l  r i n g  ( 1 5 8 )

t o  t h e  . 0 0 5  d e f l e c t i o n  P o s i t i o n
a n d  s e c u r e  t h e  s e t s c r e w s  (  1 5 9 )  '
( F i e .  9 7 ) .

E  R o t a t e  t h e  d i a l  ( 1 5 8 )  t o g e E h e r

r i t t t  t h e  d e f l e c t i o n  r i n g  ( 1 5 6 )  t o

t h e  . 0 i 0  d e f l e c t i o r r  P o s i E i o n
o p p c s i t e  t h e  s t o P  (  1 6 8 )

' 3  d e f l e c t i o n  r i n gt l l  i l o I c l  1ng  En (
(  1 5 6 )  s t a t i o n a r Y ,  l o o s e n  t h e  s e t -

s c r e w s  (  1 5 9 )  a n d  P o s i t i . o n  t h e

d i a l  r i n g  b a c k  t o  t h e  . 0 0 5
p o s i t i o n , -  S e c u r e  t h e  s e t s c r e w s .
( F i e .  9 8 ) .

B e f o r e  r e s u m i n g  n o r m a l  o p e r a t i o n '
m a k e  c e r t a i n  t h a t  a l l  s c r e w s  a n d

b o l t s  a r e  s e c u r e  o n  E . h e  T r a c e r

V a  l v e  .

A s s e m b l y ( c o n t )
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BULLETIN I{0. 0.682

Feedrate and Accuracr Chart
for

Con-Trol-Path and Con'Irol'S can
Hydraulic T racing Systems

This chart shows the feedrate and accuracy which can be expect-
ed with the Con-Trol-Path (Model 1110) and the Con-Trol 'Scan
(Model 1115) tracer valves when used on a small knee type verti-
cal  mi l l ing machine.

JULY L982

cE. 2520 Pacilic Park Drive
Whittier. Calilornia 9060'l

Phone (213) 6C2-1225

Division of lndustries. Inc.
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ACCURACY rne degree of  accuracy which can be obta ined f ron any par t icu lar
Eracer  contro l  system is  not  dependent  upon any one sys lem component ,  but  the
conbiuat ion,  compat ib i l i ty ,  condi t ion and adjustment  of  both the t racer  and the
machine tool  upon which i t  is  insta l led.  In  order  to obEain the opt imum accuracy
from a system, the machine tool  and t racer  valve must  be in  thei r  opt imuul
cond i t i ons .

Di f ferent  types of  t racers (manual  360/3D, Con-Trol -Path,  Con-Trol -Scan,  Synchro-
T race ,  e te . )  w i l l  each  p roduce  sepa ra te  resu l t s .  These  resu l t s  may  va ry  f r om one
machine to another ,  even on machines of  the same s ize,  type,  s ty le,  brand,  etc .

In the case of  the manual ly  operated valve or  manual  mode of  operat ion wi th in an
automat ic  vaIve,  a very sk i l led operator  wi l l  be able to obta in a h igher  degree
of  accuracy than a lesser  sk i i led operator  us ing the same machine.  Di f ferent
degrees of  accuracy are a lso obta ined f rom the automat ic  modes of  operat ion be-
cause of  minor  adjustroent  methods or  procedures used by var ious operators which
may use the same machine.  Accuracy is  broken into tvro separaEe categor ies:

(1) PART-TO-TEMPLATE - This is defined as the difference between a dimension of
the ternplate and the corresponding d imension of  a par t  cut  f rom the template.

(2)  pAAT-TO-PART -  This is  def ined as the d i f ference between a d imension of  one
part  and the corresponding d imension of  another  par t  cut  f rom the same Eemplat-e
on the same setup.  This is  referred to as REPEATABILiTY.

In the case of  the manual  360/3D, Con-Trol -Path,  and Con-Trol -Scan t racer  valves,
test  cuts are made by cut t ing approximately  4 inch d iameter  d iscs.  The accuracy
of these test cuts are measured against a 'IPART T0 TEI"IPLATE" accuracy stapdard
as shown on the char t .

SPECIFICATIONS The sur face f in ish which can be procluced by a t racer  system is
dependent  upon the condi- t ions and adjustrnents of  the machine s l ides,  actuators
(cy l i nde rs  o r  f l u i d  mo to rs ) ,  t he  mach ine  sp ind le / s ,  t he  m i l l i ng  cu t te r / s ,  t he
template,  the sty lus,  the t racer  valve,  the tool ing and the general  hydraul ic
system ( inc luding the hydraul ic  hoses) .  fne average sur face f in ish normal ly
obta ined f rom a sura l l  ver t ica l  knee type machine in  good condi t ion is  approx-
imate ly  50 RI ' {S.  As the s ize of  the machine increases,  the RMS f igure a lso
inc reases .

The maximum feed rate that  can be obta ined f rom a par t icu lar  t rac ing system is
dependent  upon the d isplacernent  of  the pump and the horsepower of  the dr ive motor
used on the hydraul ic  power unj .E.  Another  factor  thac must  be taken into consi -
derat ion is  the pressure drops wi th in the system. At  each point  that  a pressure
d rop  occu rs ,  a  l oss  o f  f l ow  a l so  occu rs .  The  s i ze  o f  t he  hyd rau l i c  l i nes  (hoses
or tubes) ,  the s ize,  type and quant i ty  of  f i t t ings and the f r icr ional  load on the
ac tua to rs  ( cy l i nde r  o r  f l u i d  mo to r )  a l l  con t r i bu te  t o  t he  t o ta l  p ressu re  d rop
wi th in the systern.  The reduct ion of  these pressure drops and f r ic t ions wi l l
increase the ef f ic iency of  the overal l  systern and at  the same c ime provide a
greater  maximum feed rate.

FEEDRATE ACCURACY Chart  Each increase in the def lect ion set t ing wi l l  pro-
duce  a  h ighe r  f eed  ra te  bu t  as  t he  de f l ec t i on  i nc reases ,  t he  obca inab le  t o l e rance
also increases.  As shor .m by the char t ,  the h ighest  degree of  accuracy is  obta ined
in the lower DEFLECTION range.  In order  to obta in the best  accuracy for  a par t i -
cu lar  feed rate,  a lways use the min imum DEFLECTION ser t ing that  can produce the
des i red  feed  ra t . e .

( 2 ) F 5 5 5 7



EXample A 25 IPM feed rate is  requi red for  a par t icu lar  job.  From the char t
i t  is  determined that  th is  feed rate can be obta ined at  a l l  def lect ion set t ings
o f . 0 0 7 5  o r  g r e a t e r ,  B y  c h o o s i n g  t h e . 0 0 7 5  d e f l e c t i o n  s e t t i n g  a n d  i n c r e a s i n g  t h e
feed  ra te  se t t i ng ,  an  accu racy  o f  1  . 0025  can  be  expec ted  bu t  i f  a  de f l ec t i on
qo r r i no  n f  say  . 015  were  chosen  and  the  feed  ra te  se t t i ng  dec reased ,  t he  bes t
accu racy  t . haE  can  expec ted  i s  app rox ima te l y  +  . 005 .

FEEDRATE SETTING (o/o ol  MAX.)

TTEDRATE / ACCURACY C[|ART

DEFLECTION

TOLERANCE (2)
/ D : r l -  + ^
\  t  s !  L

T e m p l a t e )

COI{MENDED
ERATING RANGE

eedra te  shown
n  r n c h e s  p e r

i n u t e )

N O T E S  ( 1 )  W h e n  u s i n g  a  f e e d  r a t e  s e t t i n g  o f  l e s s  t . h i l  5 t ,  a  s d c r i f i c e  i n
accuracy  may occur .

l 2 l  A  h i g h e r  d e g r e e  o f  a c c u r a c y  c a n  b e  o b c a i n e d  e i t h i n  a  p a r t i c u l a r
DEFLECTION range as  the  FEED R. ITE se t t ing  is  inc reased towards
i t s  n a x i m m  r e c o m e n d e d  1 i m i t . .

F 5 5 s 8  ( r )

o
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*La ter  vers ions  use  2  re ta iners
( I t e m  1 6 4 ) ,  o n e  o n  e a c h  s i d e  o f
the  boot  ( f tem 163)  .  The screws
( I tem 165)  a re  used to  a t tach  the
upper  re ta iner  and bear ing  p la te
( I tem 161)  to  the  hous ing /s leeve
a s s y . ,  ( I t e m  1 5 5 ) .  3  s c r e w s
( I t e m  1 6 6 )  a r e  u s e d  t o  a t t a c h
the  boot  ( r tem 163)  and the  low-
c r  r a i r  i  n a r
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-165

Air Bias Housing Assembly, Automatic Steering Section
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ITEM P/N OTY NAME DESCRIPTION/MFG'R NO.

I

145
't46

147

1 €

149

r50
15' l

152

153

1 g

155

156

157

158

r59

160

1 6 1

162

163

164

165

166

167

168

169

170

171

1 7695

1 7694

1 7685

1 7803

1 780401

1780/�02

1780403

16042

1 6041

17682

oo42057

16593

0048645

16049

0015329

r 6590

1 6591

1 6592

1 6594

1 6595

001491 1

0014909

0026803

1 6051

1 689804

001 535 1

001 4948
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A R

2

2

BIAS INDEX PLATE

PULLEY

FLANGE

RETAINER

SHlM.0.00 ' l  thk

sHtM, 0.005 thk
sHtM, 0.010 thk

BEARING, Split Ballbearing Co. No. TCR 21.28-U-(21 g5US-

BACKUP RING , 0 2o 6*P C4/fo/4
SPOOL

BALL, 0.5000 dia

HOUSING WSLEEVE
RETAIN ING R ING,  Sp i ro lox  RR- l75
D I A L

SETSCREW, Cup pt, 6-32 x 1/8 ts
RATE CONE

BEARING PI .ATE

RETAINER

BOOT

RETAINER

SCREW, Soc hd,  4-40 x% lg

SCREW. Soc hd, 4-40 x % ls

LOCK WASHER. No.  4

STOP

TEFLON ROD,  1 /8  d ia  x  1 /16

SETSCREW. Cup pt. 10-24 x 3116
SCREW, Soc hd. 4-4O x 7 /8 lg

*
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( R E F E R  T O  B U L L E T I N  D  6 6 6
F O R  R E T R O F I T  I N F O R M A T I O N )

Feed Direction Servovalve Assemblv

.tti

t 'l
' i r

t  
' q ?  

P
(v nl-- '' 

t::lloI I

I 2/in 'i ' , l i' l  i  I. t  i  I
i l i' - l l " l

'  ' 1  i q ,l r r " t l .

Jl; l i1n^'(v qP:q
in/

r(
t \ -
I -':' --
i  I  

- i -

. ! l

I  - - ' \ .

, . Q--.1 r.f \.r
)-t--\ o 'i

'  I  \ -e - .  \
.  '  \ - - . ' ' \
. 4 \ - r \  ' . '

' 
\ \ \l . i

- \ t n r \ l
,A Zgl--" 30 ,io'?.4 3l '^'-'
'  i  t t
r ?

@
t -
t . .

j l

I
I

210
2 l  I n

. \  . ,
I t n' i  

l ' '' i 
I,l-z'z
t _

t l  ;

r f l i  I
" l ^

t t  l f J
l /  i f i  r l'--r r w

t t
l r /

I

i

i"
t .

il-- .l:



(\t
o\
r

M f n  P r l e f
! r e Y . s ! r r u .

5 5 1 4 - 0 6
P S - 2 0 9

E l e m e n t

Page 9

n  ^ , , - ^
u o u Y E

1 8 - 0 1 3 - 2 0 9
P - 7  8 1 6  4 2

* In fo rmat ion  shown represents  tha t  cover i_ng
Cur ren t  vers ions  are  shown be low.

e a r l -  i e r  v e r s  i o n s  .

5 - M i c r o n  A i r
M F a  F i l t o r / P o n r r l a c o f

N o r g r e n  B I 2 - 2 2 1 - A l L A
P a r k e r - H a n n i f i n  0 7 E 1 5 B 1 B B B

? o o ? - n o

ITEM P/N OTY NAME DESCRIPT ION/MFG'R  NO.

SETSCREW, Flat pt. 8-32 x % tg
LABEL
SCREW
BALL, 0. ' t87 d ia
SCREW, But ton hd.6-32 x 3/8 ls
LOCK WASHER.  No .6
KNOB
LEVER
HOUSING
CAM
P I N
PISTON
O-Rl t ' lc ,  Parker  No.  2-11+N21970
SETSCR EW, Half dog pt, %-20 x 3/o tg
RETAIN ING R ING,  Sp i ro lox  UR- l00
HOUSING
WASHER. No.  8
SPRING
O-RlNG, Parker  No.  2-02GN21970
SERVOVALVE BODY
COVER
O-RlNG, Parker No. 2-028-N21970
HYD MOTOR
SCREW, Soc hd, '1G32 

x 2 ts
G I B
BUTTON PLUG,7,
JAM NUT, 7..20
SETSCR EW, Half dos pt, %-2O x 1 tg
SETSCREW, Hal f  dog pt ,%-2Ox%tg
R I D I N G  N U T
SCREW, Soc hd, '/z-20 x 7/8lg
MOUNTING PLATE
DOWEL Pf N, Std, 3/16 dia xYz ts
SCREW, Soc hd,  1A32 x% ts
PLUG, 9/16-18
PLUG,5 /16 .24

O-RlNG, Parker  No.  3-902-N507-90
TUBE K IT
F I LTE R-R EGU LATO R, Norgren No. 802-221 -At M.AU
MOUNTING KlT,  Norgren No.  18-001-052
FILTER KlT,5 micron,  Norgren No.  2992-04

|  175

I  rzo
| 177

I  rze
I rzs
|  180

I rar
| 182

I ras
I ra+
|  

185

|  
186

|  187

|  
188

|  189

I rso
|  ] 9 1

I rsz
I  1e3
|  1e4

|  
1e5

|  
1s6

|  1e7

| 1e8

J lee

| 200

| 
201
202
203
2M
205
2ffi
207
28
209
210
211
2 1 2

t213
+l zt t

. 2 1 5

0022531
17064
16023
o042047
0016813
00321 05
55834
16012
1601 0
171U
17 165
1 7886
001 7355
0 0 1 5 7 1 6
0048909
22571
001 6506
55412
0017320
8008601
22572
0017328
1 7550

001 4826
30024
003881 8
0019722
0015717
0015716
30028
001 5005
17049

001 9325
0014818
0027705
0027701
0025701
801 25
17237
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