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2,747,469 
CUTTERPOSITION COMPENSATING MECHANISM 

FOR PROFING MACHINES 

Hans Ernst, Cincinnati, and Hans Fritschi, Anaberley Wi 
lage, Ohio, assignors to The Cincinnati Miiiling Machine 
Co., Cincinnati, Ohio, a corporation of Ohio 

Application May 10, 1954, Serial No. 428,752 
17 Claims. (Cl. 90-13) 

This invention relates to automatic profiling machines 
and more particularly to a new and improved mech 
anism for compensating the position of the cutter in 
accordance with deflective movements of the tracer finger 
whereby the cutter and tracer finger will more nearly 
contact corresponding points on the work and pattern 
throughout a profiling operation. 

In modern practice the desire for higher feed rates in 
profiling operations has led to greater inaccuracies in 
reproduction because the cutter is in fixed relation with 
respect to the tracer support, while the end of the de 
flective tracer finger has a degree of movement relative 
to the end of the cutter, with the result that the two 
do not stay exactly in contact with corresponding points 
on the work and pattern at all times throughout a pro 
filing operation. Furthermore, this degree of relative 
movement is necessarily increased with increases in the 
feed rate. A particularly undesirable situation arises in 
internal profiling operations when the tracer finger en 
ters a square corner and hits a wall at right angles to 
its direction of feed. The pattern engaging end of the 
tracer finger is naturally stopped by the wall, while its 
support continues to move in the feed direction carrying 
the cutter with it. Before the corrective deflection can 
be imparted to the tracer to institute a change in the 
direction of feed, the cutter has over-traveled and re 
moved more material than it should. The faster the 
feed rate, the greater the inertia to be overcome, re 
sulting in greater overrun and greater damage, as well 
as inaccuracy. 
One of the objects of this invention therefore is to 

provide an adjustable mounting for the cutter spindle 
similar to the adjustable mounting of the tracer finger 
and automatically impart compensating movements to 
the cutter in conformity with deflective movements of 
the tracer finger so as to more nearly maintain the finger 
and cutter in contact with corresponding points on the 
pattern and work throughout a tracing operation. 

Another object of this invention is to provide auto 
matic tracer control of the cutter compensating move 
ents. 
A further object of this invention is to provide in 

conjunction with a rotary tracer head having an ec 
centric tracer finger, a rotary control head for an ec 
centric cutter spindle coupled for simultaneous rotation 
with the tracer head to maintain orientation of both 
members in the plane of feed regardless of variations 
in direction of said plane as actuated by the pattern. 

Still another object of this invention is to provide new 
and improved mechanism for a profiling machine in 
which the cutter as well as the tracer finger are eccell 
trically positioned with respect to their normal fixed axes 
on a common support, and to automatically rotate the 
tracer finger and the cutter about these fixed axes to 
maintain them oriented in the direction of feed, and 
to automatically reduce the eccentricity of the cutter 
whenever the eccentricity of the tracer is automatically 
reduced by the pattern. 
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Other objects and advantages of the present invention 

should be readily apparent by reference to the follow 
ing specification, considered in conjunction with the ac 
companying drawings forming a part thereof, and it is 
to be understood that any modifications may be made 
in the exact structural details there shown and described, 
within the scope of the appended claims, without de 
parting from or exceeding the spirit of the invention. 

Referring to the drawings in which like reference nu 
merals indicate like or similar parts: 

Figure 1 is a front elevation of a profiling machine 
embodying the principles of this invention. 

Figure 2 is a plan view of the machine shown in Fig 
lure 1. 

Figure 3 is a view on the line 3-3 of Figure 2 show 
ing the complete tracer controlled mechanism. 

Figure 4 is a section on the line 4-4 of Figure 3. 
Figure 5 is a section on the line 5-5 of Figure 3. 
Figure 6 is a section on the line 6-6 of Figure 5. 
Figure 7 is a section on the line 7-7 of Figure 3. 
Figure 8 is a section on the line 8-8 of Figure 7. 
Figure 9 is a section on the line 9-9 of Figure 8. 
Figure 10 is a section on the line 10-10 of Figure 1. 
Figure 11 is a section on the line 11-11 of Figure 1. 
Figure 12 is a section on the line 12-12 of Figure 10. 
Figure 13 is a section on the line 13-13 of Figure 10. 
Figure 14 is a section on the line 4-14 of Figure 3. 
Figure 15 is a view of the mechanism shown in Figure 

14 as viewed from the right of that figure. 
Figure 16 is a fragmentary section on the line i6-6 

of Figure 12. 
Figure 17 is a fragmentary section on the line 17-17 

of Figure 13. 
Figure 18 is a diagrammatic view of the hydraulic 

control circuit. 
Figure 19 is a detail view of the hand wheel as viewed 

on the line 19-19 of Figure 1. 
Figure 20 is a detail section on the line 20-20 of 

Figure 19. 
Figure 21 is a diagram of the eccentric shifting of 

the spindle in one direction by the eccentric shown in 
Figure 4. 

Figure 22 is a diagram of the eccentric shifting of 
the spindle in a second direction by the eccentric shown 
in Figure 5. 

Figure 23 is a diagram of the resultant shifting effected 
by both eccentrics. 

In Figures 1 and 2 of the drawings there is shown a 
profiling machine embodying the principles of this in 
vention, and its general construction consists of a bed 
or support 10 to which is secured a pattern 11 and a 
work piece 12 by any suitable well-known means. The 
bed 10 has a longitudinal guideway 13 formed along 
one side, and a second longitudinal guideway 14 formed 
along the other side for receiving slidable upright mem 
bers 15 and 16 respectively. These uprights are suit 
ably tied together by a cross rail 17 which extends cross 
wise of the bed at a suitable distance above it, and which 
may be made integral with the uprights. The cross rail 
has a motor 18 attached thereto for effecting reciproca 
tion of the uprights longitudinally of the bed, and the 
motion transmitting mechanism for this purpose com 
prises a pair of bevel gears 20, one of which is driven 
by the motor 18 and the other of which is attached to 
a drive shaft 21. The drive shaft is supported on and 
extends parallel to the cross rail and has beveled gears 
22 and 23 suitably secured to opposite ends thereof. 
The gear 22 drives, through a bevel gear 23, a verti 

cal shaft 24, journaled in the upright 15 and terminating 
in a spur gear 25 which meshes with rack teeth 26 formed 
on the guide 13. Similarly, the gear 23 meshes with 
a bevel gear 28 secured to the end of vertical shaft 29 



3 
journaled in the upright 16 and terminating in a spur 
gear 30 which meshes with a rack 31 formed on the 
guide 14. It will now be seen that rotation of the 
motor 13 will effect a feeding movement of the uprights 
and cross rail longitudinally of the bed 19 relative to 
the pattern and work. 

Parallel to the cross rail 17 is a slide 32 supported 
on vertical guideways 33 and 34 formed on the up 
rights 15 and 16. This slide is vertically adjustable 
by a handwheel 34a on the end of shaft 34b journaled 
in slide 32, which carries a pinion 34d meshing with 
a rack 34c fixed on the upright 15. Mounted on the 
slide 32 is a saddle 35 mounted on guides 35a and 35b 
formed on slide 32. It is driven by a motor 35c which 
has a gear 36 meshing with rack teeth 37 formed on 
the slide 32 whereby rotation of the motor will feed 
the saddle 35 relative to the slide 32 and laterally across 
the bed 10. The saddle 35 has a pair of longitudinally 
extending guideways 38 and 39 upon which are adjust 
ably mounted a tracer head mechanism 40 and a spindle 
carrier mechanism 41. Thus a tracer and cutter on 
these mechanisms are movable longitudinally of the pat 
tern and work by the motor 18, and crosswise by the 
motor 35c. 

For accuracy of reproduction it will be understood that 
the spacing 42 between the axis 43 of the rotary tracer 
head of mechanism 40, and the axis 44 of the cutter spin 
dle of mechanism 41 should be equal to the spacing 45 
between the axis 46 of the pattern , and the axis 47 of 
the work piece 12; and that the diameter of the tracer 
finger 48 should preferably be equal to the diameter of 
the cutter 49. When these relationships exist, it can be 
said that the tracer and cutter engage corresponding points 
on the pattern and work respectively. 
As shown in Figure 2, the axes 43 and 44 lie in a verti 

cal plane passing through the axis 50 which is parallel to 
the direction of cross movement of the saddle 35. There 
fore, in view of this relationship, the tracer mechanism 
40 and the cutter spindle mechanism 4.1 may be manually 
adjusted on the guideways 38 and 39 and secured thereto 
to establish the spacing 42 equal to the spacing 45. Thus, 
the mechanisms and the saddle 35 are capable of move 
ment in a unit crosswise of the pattern and work, and 
since all of these are carried by the uprights, they are also 
movable as a unit longitudinally of the pattern and work. 

In order to facilitate the tracer action for high speed 
tracing, the tracer finger 48, shown in Figure 1, is not sup 
ported co-axially with the tracer head axis 43 shown in 
Figure 2, but is advanced relative thereto in the direction 
of feed having an eccentric adjustment. Due to the nature 
and construction of the tracer mechanism utilized herein, 
an external profiling operation is effected by feeding the 
tracer relative to the pattern in a clockwise direction 
around the pattern. In other words, the tracer finger 
follows around the outside of a pattern in a clockwise 
direction, whereas in internal profiling operations the tracer 
follows around the pattern in a counterclockwise direction. 
Since the pattern 1 requires an external profiling opera 
tion, the direction of feed is in the direction of the arrow 
indicated by the reference numeral 51 in Figure 2, and 
therefore the tracer finger 48 is adjusted relative to the 
center or axis 33 of the tracer head in the direction of 
the arrow 51 a predetermined amount, such as to the posi 
tion indicated by the reference numeral 52. The amount 
of this adjustment is represented by the reference numeral 
53 and is greatly exaggerated for easy understanding. It 
will be obvious that when this adjustment has been made, 
the cutter 49 no longer contacts a point on the work cor. 
responding to the point of contact of the tracer with the 
pattern. 

Therefore, by means of this invention, the cutter 49 is 
also advanced in the same direction and to the same extent, 
Such as to the position 54. From then on, any change in 
the direction of feed, or in the distance 53 due to the back 
ward deflection of the tracer finger, is automatically com 
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pensated for by a similar change in the position of the 
cutter relative to its normal fixed axis represented by the 
axis 44. In order to further understand this invention, it 
is necessary first to describe the construction of the tracer 
head. The rotary tracer head shown herein has the same 
basic principle of tracer action as that shown in our pend 
ing application, Serial No. 288,806, now Patent No. 
2,730,129, granted January 10, 1956, filed in the United 
States Patent Office on May 20, 1952. 
The tracer head mechanism 40 comprises a box-like 

frame 55 which is secured to the guideways 38 and 39 as 
shown in Figure 3. Fixed on the frame 55 is a cylindri 
cal housing 56 having an upward extension 57 forming a 
tracer valve housing, and a lower cylindrical extension 58 
housing a rotary tracer head 59. The rotary head 59 is 
journaled in anti-friction bearings 69 and 61 in its hous 
ing, and at the upper end carries a bevel gear 62 meshing 
with a bevel gear 63 which is driven by a hydraulic motor 
64. Rotation of the hydraulic motor is controlled by a 
tracer valve mounted in the housing 57. It comprises a 
valve plunger 65 reciprocable in the valve sleeve 66 in 
which is formed a plurality of control parts for controlling 
reversible rotation of the motor 64. 
The rotary head 59 has an eccentric shaft 67 journaled 

therein parallel to the axis of rotation of the head as shown 
in Figure 10 of the drawings. A crank arm 69, Figures 3 
and 11, is secured to the lower end of the shaft 67, and a 
second crank arm 70 is secured to the upper end of the 
shaft. The lower crank arm 69 carries means for support 
ing the tracer finger 48, while the upper crank arm 70 is 
operatively connected for controlling the shifting of the 
tracer valve plunger 65. Thus, any lateral movement of 
the tracer finger 43 will transmit motion to the valve 
plunger 65 through rotation of the shaft 67 relative to the 
rotary tracer head. 
The lower crank 69 is keyed to the shaft 67 and held 

thereon by a nut 79' threaded on the end of the shaft, as 
shown in Figure 3. The crank 69, Figure 11, has a pair 
of spaced depending ears 71 which are connected to op 
posite sides of block 72, pivotally supporting it by means 
of a cross pin 73 extending at right angles to the shaft 67. 
The tracer finger 48 is provided with an integral flange 
74 which is bolted to the block 72 by raeans of clamping 
screws 75 which pass through enlarged holes 76 in the 
flange 74 whereby the axis of the tracer finger may be ec 
centrically adjusted with respect to the axis of the tracer 
head. This adjustment may be effected by a pair of Sct 
screws 77 and 78 threaded in the biock 72 and engaging 
a square projection 79 formed on the upper end of the 
tracer finger 48. By means of this adjustinent, the axis 
80 of the tracer finger may be shifted relative to the axis 
43 of the tracer head and normal to the axis of pin 73 a 
predetermined amount indicated by the reference numeral 
82 and in the direction of feed. This is the eccentric ad 
justment previously referred to and is of a prescribed 
amount to which the cutter will also be adjusted as cx 
plained hereafter. A compression spring 83 is mounted in 
sockets 84 and 85 formed respectively in the block 72 and 
the crank arm 69 for effecting a clockwise rotational urgc 
on the block 72 and tracer finger abouts its pivoted pin 73. 
This movement is limited by the following means which 
acts as a positive stop to hold the tracer finger vertical. - 
The block 72 is provided with a laterally projecting arm 

86 which, as shown in Figure 19, has a roller 87 attached 
thereto, and which engages a locating surface 88 formed 
on the underside of the hand wheel 39 which is secured 
to the bottom of the rotary tracer head 59. Thus, it vil 
be seen that the spring $3 holds the parts in a definite rota 
tional position about the pin 73 against the stop surface 
88. The parts are so arranged that this locates the tracer 
finger 48 in a vertical position with its axis parallel to the 
axis of rotation of the tracer head and the axis of reta 
tion of the cutter. 
The purpose of this oscillatable construction of block 

72 is to cause operation of a control valve to effect com 
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pensation in the position of the cutter in the event that 
the tracer finger should meet a positive abutment that 
would cause backward deflection of the tracer finger, that 
is, rotation of the tracer finger 48 opposite to the direc 
tion of feed about the pivot pin 73 in a counterclockwise 
direction as viewed in Figure 11. 

This control valve is indicated generally by the reference 
numeral 90, in Figure 11, and comprises a valve plunger 
91 which is pivotally connected at 92 to the end of a lever 
93 which serves to support the valve plunger and cause 
movement thereof. The lever 93 is pivotally connected 
at 94 to a projecting boss 95 formed on the inside of the 
rotary tracer head 59. A connecting lever 96 is pivotally 
connected at 97 to the lever 93 at a point approximately 
midway between the ends thereof, and the other end is 
pivotally connected at 98 to a stud 99 projecting from the 
top of the block 72 and anchored therein by a set screw 
100. It will now be seen that when the tracer finger 48 is 
vertically positioned by the stop means just described that 
the valve plunger 91 will assume a definite position in its 
valve sleeve 101 and its ports formed therein and that 
when the tracer finger is backwardly deflected, the valve 
will move down. The operation of this valve will be de 
scribed in connection with the cutter spindle compensating 
mechanism. 
As shown in Figures 14 and 15, the tracer valve oper 

ating crank arm 70, which is secured to the upper end of 
the eccentric shaft 67, as shown in Figure 3, is provided 
with a roller 02 which engages a roller 103 formed in 
a depending arm of a bell crank 104 which is pivotally 
Supported on a pin 105 mounted in a boss 106 formed 
on the tracer head 59. The bell crank 104 has a second 
roller 07 secured to its other arm 108 and positioned to 
engage the lower end of the tracer valve plunger 65. It 
will now be seen that lateral movement of the crank arm 
70, as viewed in Figure 14, will cause rotation of the bell 
crank 04 and cause axial movement of the tracer valve 
plunger 65 which is held in engagement with the roller 
107 by means of a spring 109 shown in Figure 3. 
Another spring 116 is connected at one end to a de 

pendent arm 111 of the bell crank 104 and at the other 
end to a pin 112 fixed in the tracer head 59. The object 
of this spring is to cause rotation of the crank 70 and 
thereby of the shaft 67 and lower crank 69 in a clockwise 
direction as viewed in plan to continually urge the tracer 
finger 48 into engagement with the pattern and maintain 
engagement therewith during the tracing operation. 
The operation of the tracer mechanism during a tracing 

operation can be more clearly understood from the dia 
grain in Figure 23, where the axis 43 of the tracer head 
forms a reference point for explanation of the relationship 
of the parts. With respect to the surface of the pattern 
11 to be followed, it will be noted that the tracer finger 
48 is on one side of the pattern line, while the axis of 
the shaft 67 is on the other side of the pattern line. 
Thus, a line connecting axis 43 with the axis of shaft 67 
is at an angle to the direction of feed 51, preferably about 
45 degrees. With the parts in this relation, the tracer 
valve is held in a central or neutral position, so that any 
lateral movement of the tracer finger 48 to the right or 
left of the axis of feed will open the tracer valve, either 
above or below its neutral position, and cause rotation. 
of the hydraulic motor 64 in one direction or the other 
and thereby corresponding rotation of the tracer head. 

It will be noted, however, that the rotation of the tracer 
head is about the axis 43, whereby the tracer finger and 
the shaft 67 will be moved clockwise or counterclockwise 
about said axis as a center and reposition the tracer finger 
So that it always points in the direction of feed from the 
axis 43 and parallel to a tangent at the point of contact 
with the pattern. 

This tracer action is independent of the other tracer 
action, wherein the tracer is deflected backward about 
pivot 73 by a pattern wall, such as one at right angles to 
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6 
the direction of feed. This causes operation of valve 
plunger 91. 
The tracer thus has two actions, one of which causes 

rotation of the tracer head to change the direction of feed 
in accordance with changes in the pattern, and the other, 
operation of the compensating control valve plunger 91. 
Both of these actions are transmitted to the cutter spindle 
mechanism to effect certain adjustments in the position 
of the cutter relative to its main support. 
The hydraulic motor 64, besides causing a rotation of 

the rotary tracer head, also causes rotation of the spindle 
head, and is connected by a telescoping shaft connection 
64, as shown in Figure I to a rotary servo-valve 113, 
which is hydraulically connected to cause rotation of a 
hydraulic motor 114 coupled in feed-back relation to the 
servo-valve 113. The motor 114 drives through bevel 
gears 15 and 116, Figure 3, a second rotary head 117 
which is journaled in a fixed part of the framework 41. 
Since the tracer finger is laterally adjustable in a horizon 
tal plane with respect to the axis of the tracer head, the 
same kind of adjustment must be imparted to the cutter 
in order to maintain the cutter in positional correspond 
ence with the tracer. The rotary head 117 operates to 
maintain this adjustment. 
The cutter 49 is attached to the end of a cutter spindle 

118 which is journaled in a conventional manner in the 
cutter spindle quill or housing 19, and attached to the 
upper part of this housing is an electric motor 20 for 
driving said spindle. The parts 119 and 120 constitute 
a unit provided with a flange 121 by which the unit is 
secured to an anti-frictionally supported slide 122, shown 
in Figure 4, by suitable screws or bolts 23. 
As shown in Figure 4, the slide 122 is supported by 

anti-friction means 124 in a second slide 125, which is 
supported by anti-friction means 126 in a fixed part 127 
of the frame 41 as shown in Figure 5. It will thus be 
apparent that movement of slide 22 will effect one linear 
direction of movement of the cutter spindle, and move 
ment of the slide 125 will effect a second direction of 
movement normal to the first direction of movement. It 
will also be apparent that by simultaneous movement of 
both slides, at the same rate or at different rates, will 
effect angular movement of the cutter spindle in any di 
rection in a horizontal plane with respect to the fixed axis 
44, and thereby renders the cutter adjustable in the same 
manner as the tracer. 
The slide 122 is operatively connected to a yoke mem 

ber 128, which has oppositely extending supporting arms 
129 journaled in bearing block 130, and 131 journaled 
in bearing block 132. The arm 31 is connected by a 
pin 33 to a block 34 which is slidable in a recess 35 
formed in the slide i22 and held therein by guide mem 
bers 136 and 137. It will be noted that there is clearance 
space 138 on opposite sides of the block 134 which per 
mits the slide 122 to be moved laterally by the slide 125 
which is necessary because the block 34 is held against 
movement in that direction by the bearing blocks i30 and 
132. The yoke member 28 is moved axially by an ec 
centric cam 139 journaled in a sliding block 140 mounted 
in the yoke 28. It will be noted that there is a clearance 
14 at opposite ends of the member 49 whereby rotation 
of the eccentric Will only cause axial movement of the 
arms 29 and 131, movement in the other direction 
amounting to merely lost motion. 
The slide 125 is provided with a rack 142, Figure 5, 

which meshes with a pivoted gear member 43 that has 
gear teeth 144 meshing with a rack bar 145 on a slide 
146 supported by anti-frictional means 147 in the frame 
127. A cam block 148 is suitably guided at 149, whereby 
the block 148 has lost motion movement, as shown in 
Figure 5, in a direction from left to right, but movement 
of the block 148 at right angles to this direction will 
cause movement of the rack bar 145 and thereby, through 
the intermediate gear member 143, movement of the slide 
125 toward the top or bottom of the drawing. 
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The block 148 has an eccentric cam 150 journaled 
therein whereby rotation of the cam will produce a de 
sired movement in one direction, and a lost motion move 
ment in a direction at right angles thereto. The cams 
239 and 150 are formed on a common member, but in 
180 degree phase relation as shown in Figure 6, although 
they could be made separately. This member, indicated 
by the reference numeral 5i, is keyed at 152 to a sup 
porting member 153 and secured thereto by a bolt 154. 
The member 53 is confined between guideways 154' 
and 155 formed on the rotary head 27 whereby rotation 
of the head 117 will, through the member 153, cause ro 
tation of the cams 39 and 50. The member 53 is 
capable of sliding movement relative to the member 17, 
and it is to be noted that when the member 153 is in 
such position that the axis through the center of the cams 
139 and 150 is co-axially aligned with the axis of rotation 
of the head 17, no lateral displacement of the axis of 
the cutter spindle will be effected. 
The control member 153 is shifted by a piston 156 

which, as shown in Figure 3, is a differential piston having 
a large face. 157 and a smaller face 158 so related that 
when a given pump pressure is applied to the face 158 
and one-half of that pressure is applied to the face 157, 
the piston is in balance. The piston 156 has a piston 
rod 159 depending therefrom, and the lower end of this 
Iod has a square block 60 pinned thereto, Figure 9, in 
the opposite sides of which are formed camming grooves 
16i and 162 which extend at an angle of 45 degrees to 
the direction of axial movement of the piston rod as shown 
in Figure 8. The member 153 has a cross slot 162’ cut 
in the reduced upper portion thereof forming guide faces 
E63 and 64 which bear against the opposing faces of 
the square block 169. 

This cross slot forms bifurcations 65 and 166, as 
shown in Figures 7 and 9, and camming pins 167 and 68 
are driven into these bifurcations and extend into the 
cam groove 161 and 62. Thus, any axial movement of 
the piston rod 159 will cause the control member 153 
to be moved along its guideway and thereby shift the 
axis 69 of the cams 139 and 5 relative to the axis 
70 of the rotary head 17. The movement of the piston 
56 is controlled by the control valve 90 which, as 

previously described, is located in the tracer head as 
shown in Figure 11. The operation of this valve will now 
be explained. 

Referring to the hydraulic diagram in Figure 18, a 
Source of constant pressure, such as the pump 71 hav 
ing a relief valve 172, is connected through conduit 173 
and branch conduit 74 to pressure port 175 in valve 
sleeve. 76. This port is in constant communication with 
an annular groove 77 formed in the piston rod 159 
whereby pump pressure always exists in this groove. 
The conduit 174 has a branch connection 78 which 
communicates with the lower cylinder space 179 whereby 

- the pump pressure always exerts an upward force on the 
face 158 of piston 156. 
The piston rod 159 has a valve shoulder 180 which 

moves relative to a port 18 to variably restrict the flow 
of fluid from the annular groove 77 to channel 32. 
The resistance to flow at the port 18 constitutes a re 
sistance into the channel 82. The channel 182 termi 
nates in a port 133 of valve 90, the plunger of which 
has a shoulder 184 which is movable relative to the port 
183 to variably restrict the flow of fluid through that 
port into the annular groove 185 formed in the valve 
plunger 93, which groove is connected to reservoir by 
line 185. The resistance at port 183 constitutes a resist 
ance "out' of the channel 182, and according to the laws 
of hydraulics when the resistance "in,' such as at port 
181, is equal to the resistance "out,' such as the resistance 
at the port 183, the pressure in the intermediate space, 
which in this case is the channel 182, will be equal to 
one-half of the incoming pressure. Since the incoming 
pressure is the pressure of the pump which exists in the 
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8 
annular groove 177, the pressure in the channel 182 will 
be one-half of the pump pressure. 
The channel 182 is connected to the upper cylindrical 

space 186 and acts on the large face i57 of the piston 
356, while the full pump pressure acts on the small face 
158 of the piston and thereby holds the piston in balance. 
With the piston held in balance, any movement caused 
by the tracer of the shoulder 84 in valve 90 relative 
to its port 183 will change the resistance at that port 
and either increase or decrease the resistance dependent 
on the direction of movement. This produces a corre 
sponding pressure change in the channel 32, which is 
greater or less than the constant pump pressure acting 
on the other side of the piston 156 whereby the piston. 
56 will be moved. 
Therefore, if the tracer finger 43 should hit a positive 

abutment during its traversing movement and should be 
deflected backward to cause movement of the valve 
plunger 91, it will cause a corresponding change in pres 
sure on the piston 156 and cause the same to move in 
a direction to shift the cutter relative to its supporting 
frame. This will always be in the relationship that the 
cutter will be moved backward in a direction opposite to 
the direction of feed of its support, and the movement of 
one will in effect cancel the movement of the other in 
space, with the result that the cutter 49 will remain 
stationary and thereby no overrun to spoil the work. 

In the description of Figure 11, it was pointed out that 
the tracer finger has an eccentric adjustment, represented 
by the reference numeral 82. Since it is desired that the 
cutter engage a corresponding point on the work, it is 
necessary that the cutter have the same eccentric adjust 
ment relative to its normal position represented by the 
axis 44. Therefore, the valve 90 is so set in the construc 
tion of the device that the neutral position or balanced 
condition of piston 156 is such that the cutter has this 
initial eccentric relation with respect to the axis 44. 

In the operation of the machine the tracer is held in 
engagement with the pattern by a spring and when the 
tracer arm is at an angle to the pattern surface, such as 
at an angle of 45 degrees which has been found very 
satisfactory, the tracer valve is in a neutral or stop posi 
tion. 

Referring again to the hydraulic diagram, Figure 18, 
the tracer valve has the source of pressure, pump. 71, 
connected to its pressure port 187, and there are two ex 
haust ports 188 and 189 which are connected by channel 
190 to reservoir 191" from which the pump withdraws 
its fluid. There are two motor ports 190 and 191 in 
the valve, and these are connected by channels 92 and 
193 to the motor 64 through automatic throttle valves 
194 and 195. These valves operate in the same mainter; 
therefore, description of one should suffice for both. 
Valve 194, for instance, has the channel 92 connected 

to an end port 196 whereby when fluid pressure enters 
the valve housing it will shift the valve plunger 97 to 
the right, as viewed in Figure 18, and uncover port 93. 
The fluid pressure will then continue through line 399 and 
check valve 200 to port 20 located in the opposite end 
of valve 94 to thereby urge the valve plunger to the 
left. This action will be aided by the spring 252 which 
will cause closure of the port 198. As port 98 closes 
it creates a resistance to flow in the line 199 and there 
by causes a drop in pressure on the right hand end of the 
plunger. It will be seen from this action that the pres 
sure in the opposite ends of the valve will automatically 
balance and thereby stabilize the position of the plunger. 

If the channel 192 is connected to exhaust, the pressure 
of the spring will be greater than the pressure in the left 
end and the port 198 would be closed. However, it is 
better that the plunger be in such position that the port 
is just cracked open. To this end the plunger has a re 
duced end 203 which will abut the end of the valve hous 
ing to limit the movement of the plunger to this particular 
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position. This maintains the lines full of oil and ready 
for operation. 
The oil passing through the ports 198 and 98' will 

pass through lines 204 and 205 respectively to ports 206 
and 207 of a manual selector valve 208. This valve has 
a plunger 209 which is normally in a downward position, 
as shown, by which the port 206 is connected to port 210, 
and port 207 is connected to port 211. These ports are 
connected by channels 212 and 213 to the hydraulic 
motor 64. If the channels were all full of oil it will 
now be seen than any movement of the tracer valve 
plunger 65 to either side of its central position will un 
balance the pressure in lines 212 and 213 and cause rota 
tion of the hydraulic motor 64 in one or the other direc 
tion and thereby rotation of the tracer head. 

Should it be desirable to rotate the tracer head man 
ually as by means of the hand wheel 89, the valve 
plunger 209 is moved upward, thereby short-circuiting 
port 211 with port 210 by means of annular groove 2 i4, 
interdrilled passage 215 in valve plunger 299 and annular i 
groove 216. It will be understood that the grooves 214 
and 216 will be opposite ports 211 and 210 at this time. 
The hydraulic motor 64 is operatively connected to the 

rotary servo-valve 113 by means of the telescoping shaft 
64'. The rotary servo-valve is connected by hydraulic 
channels 217 and 213 to the rotary hydraulic motor 114. 
This combination of rotary servo-valve and rotary motor 
is known in the art and may be the same as that shown 
in United States Letters Patent 2,349,641. Pressure to 
the servo-valve is derived from the pump 17, through 
line 173 and branch conduit 219, while the other side of 
the servo-valve is connected by branch line 220 to the 
common return line 190'. It will thus be seen that rota 
tion of the hydraulic motor 64 will automatically cause 
a similar amount of rotation of the hydraulic motor 14. 
The rotary spindle head 117 not only controls the posi 

tioning of the cutter spindle through the mechanism de 
scribed supra, but also directly controls the rate and direc 
tion of relative movement between the cutter and the 
work effected by motors 18 and 35c. Thus, these three 
functions are controlled directly by the rotary position of 
the single control member 117. To this end, the rotary 
head 117 has a cam 22 fixed thereto, which has a small 
radius 222, a large radius 223, and crossover points 224 
and 225. As shown in Figure 18, reversing valves 226 
and 227 have valve plungers 228 and 229 which are held 
in engagement with the cam 221 by springs 230. The 
valves are arranged 90 degrees apart, and the valve 226 
controls reversible operation of motor 18, while valve 227 
controls reversible operation of hydraulic motor 35c. 
When either of the valve plungers 228 or 229 are in en 

gagement with the crossover points on the cam 22, it is 
held in a central or neutral position; and when in engage 
ment with the small radius 222 it is positioned to one side 
of its neutral position; and when in engagement with the 
large radius 223 it is positioned to the other side of its 
neutral position. The valve 226 has motor ports 231 
and 232 which are connected by channels 233 and 234 
to the hydraulic motor i8, and the valve 227 has motor 
ports 235 and 236 which are connected by channels 237 
and 238 to motor 35c. The pressure ports of these valves 
are connected to the pump supply line 73, and the ex 
haust ports 239 and 240 respectively are connected by 
channels 241 and 242 to ports 243 and 244 of a balancing 
valve, indicated generally by the reference numeral 245. 
The port 243 is connectible by annular groove 246 in valve 
plunger 247 to port 248, and channel 249 to port 250 of a 
rate valve indicated generally by the reference nut 
meral 25. 

Similarly, the port 244 is connected by annular groove 
251, valve plunger 252, and channel 253 to port 254 of 
rate control valve 255. The valves 251 and 255 have 
variable throttle ports 256 and 257 which are connected 
to a common branch line 258 leading to the common re 
turn line 190'. The rate valve 251 has a valve plunger 
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259 on which is formed an annular groove 266 and a spoof 
261 which controls the flow from port 250 to port 256. 
A spring 262 holds this plunger in engagement with a rate 
control mechanism 263 which, as shown in Figure 3, is 
attached to the rotary member 117. 

Similarly, the valve 255 has a plunger 264 on which is 
formed an annular groove 265 and a spool. 266 which con 
trols the flow from port 254 to the port 257. This plunger 
is held by a spring 267 in engagement with the rate con 
trol mechanism 263. These valves are arranged 90 
degrees apart, and the rate control mechanism comprises 
two rollers 268 and 269 arranged side by side whereby, 
as the member 117 rotates, one of the plungers moves in 
ward while the other moves outward. When the valve 
plunger 259 is in engagement with both rollers, as shown 
in Figure 18, the port 256 is closed, while the plunger 
264, being in engagement with only one roller, the port 
257 is open. 

It will now be seen that the rate and direction of rota 
tion of the hydraulic motor 18 is controlled by the valves 
226 and 251 and that they operate upon the return flow 
from the motors. In other words, the valve 226 deter 
mines the direction of rotation of the motor 18 like any 
other reversing valve, and the flow from this valve passes 
through line 241 and valve 245 in line 249 to the throttle 
valve 251 whereby the variable throttling of the port 256 
controls the rate. Likewise, the valve 227 determines the 
direction of rotation of the motor 35c and the valve 255 
determines the rate of operation of the motor through 
variable throttling of port 257. 
The resultant feed rate, which is the combined effect of 

motors 18 and 35c, is controlled by the position of the 
plungers in valve 245 which is determined by the hydraulic 
pressure in the chamber 270, located between the ends of 
the plungers 247 and 252. Pressure is supplied to this 
chamber by pump 171. However, this pressure is a func 
tion of the rate of flow to the tracer head hydraulic motor 
64, and the valves 194 and 195 are the means for deriving 
this function. As previously described, the valve 194 has 
its end portion serially connected in line 212 going to one 
side of the hydraulic motor 64, and the valve 195 has a 
portion serially connected with line 213 going to the 
other side of the hydraulic motor. Thus, regardless of 
which line is delivering fluid to the hydraulic motor, there 
is a valve responsive to that flow. 

Both of these valves have another portion which is 
Serially connected between the pump and the hydraulic 
chamber 270, and their function is to reduce the flow to 
the chamber 270 when the flow to the hydraulic motor 
64 is increased. Since there cannot be flow to the motor 
64 through both lines 212 and 213 at the same time, one 
of the valve ports 198, 198' will be closed and the other 
open, which means one valve plunger will be in its left 
hand position and the other plunger shifted to the right. 
ASSume, therefore, that the plunger 197 is shifted to the 
right, as shown, due to flow in line 192 to the motor 64, 
the other plunger 271 is to the left, closing port 198, 
whereby the return flow from the motor passes through the 
check valve 272 to line 193 which at this time would be 
connected to reservoir by the tracer valve. 
The pump 171 is connected to port 273 of valve 194, 

and the plunger 197 has a tapered spool 274 in position 
to restrict the flow to port 275, thus causing a drop in 
pressure which is reflected in chamber 270, causing 
plungers 247 and 252 to move toward one another, and 
thereby restrict flow through the valve 245 and thus slow 
the feed rate. 
The port 275 is connected by channel 276 to port 277 

of valve 195, and plunger 271 of this valve has a tapered 
spool, controlling port 278, but since the plunger is to the 
left, there is free flow through port 278 and line 279 
to throttle valve 280, which is adjustable to set the original 
pressure in chamber 270 and thereby determine the normal 
feed rate. Fluid passes from throttle valve 280, through 
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line 281, chamber 270, line 282, to resistance 283 which 
is connected to the reservoir line 190'. 

Since the throttle valve 280 constitutes a resistance 'in'' 
to chamber 270, and the resistance 283 constitutes a re 
sistance “out' of chamber 270, it becomes possible to vary 
the pressure in chamber 270, either by varying the setting 
of the throttle valve, or causing a prior drop in pressure to 
the fluid supplied to the throttle valve as by means of 
valves 94 and 195. 

It is to be noted that if the spool. 274 closes port 275, 
the fluid will be caused to flow through the resistance 284, 
thereby insuring that there is always a flow through the 
chamber 270 so as to maintain some degree of pressure 
therein. . . . - - 

When valve 194 is to the left and the valve 195 opens 
to permit flow to the hydraulic motor 64, it will be ob 
vious that the valve 195 functions to restrict the flow to 
chamber 27) and valve 94 permits free flow therethrough. 
It will now be seen that each time the tracer valve opens 
that there is an automatic reduction in feed rate, and that 
there is an auomatic repositioning of the cutter spindle 
with respect to its normal axis 44 so that it is oriented the 
same as the tracer, and in the direction of feed. 

It will now be evident that there is a tracer mechanism 
of a type in which the tracer finger is adjustably set ahead 
in the direction of feed with respect to the axis of rotation 
of the tracer head as a reference point, but which is actu 
ally pivotally connected to the tracer head on the opposite 
side of its axis with respect to the tracer finger. This 
pivotal connection is also normally on the opposite side 
of the profile line of the pattern with respect to the tracer 
finger. The object of rotating the tracer head is to main 
tain the imaginary radial line from the axis of the tracer 
head through the axis of the tracer finger always parallel 
to the pattern, or more precisely, parallel to a tangent 
of the pattern at the point of contact of the pattern with 
the tracer. Although this is a very efficient form of 
tracer from a tracing action standpoint, it will be noted 
that the tracer finger would not contact a point on the 
pattern corresponding to the same point on the work, if 
the cutter spindle axis was in its normal position, that is, 
Spaced from the axis of the tracer head equal to the spac 
ing of corresponding points on the pattern and work. 
Therefore, by means of this invention the cutter axis is 
positioned ahead of its normal position in the same man 
ner as the tracer finger by the means shown in Figures 
21 and 22, so that its actual position is oriented with re 
Spect to its normal position as a reference point. Then 
the imaginary radius connecting these two axes will point 
in the direction of feed. Once this is established, then the 
spindle head is rotated simultaneously with the tracer head 
to keep the radii always parallel. 

It will now be evident that there is a tracer mechanism 
of a type in which the tracer finger is adjustably set 
ahead in the direction of feed with respect to the axis 
of rotation of the tracer head. This setting ahead is 
necessary to obtain efficient tracer action, because un 
like universally mounted tracers, this tracer is connected 
to a rotatable shaft and acts like a crank to rotate the 
shaft and operate the tracer valve. Therefore, the tracer 
moves in an arc normal to the pattern surface in its nor 
mal tracing action which it will be noted is crosswise of 
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the direction of feed. Therefore, since the tracer is set 
ahead, by means of this invention, the cutter is set ahead 

- to compensate its position as shown in Figures 21 and 22. 
Attention is invited to the fact, which by now should 

be obvious, that in order to change the direction of feed, 
a lateral movement must be imparted to the tracer in 
order to actuate the tracer valve to effect the direction 
change. It will be noted, however, that when the tracer 
meets a wall, such as in a right angle corner, the tracer 
is simply moved backward about the pivot pin 73. This 
does not cause lateral movement of the tracer finger, 
and the feed direction would not change, and thus the 
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tracer would stall in the corner. To overcome this 
trouble, as shown in Figures 19 and 20, the arm 86 is 
provided with another roller 285 which as shown in Fig 
ure 20 rests on an inclined surface 286, formed on the 
underside of the handwheel 89. Thus, whenever the 
tracer finger 48 is moved backward, that is to the right 
as viewed in Figure 19 about pin 73, the inclined surface 
286 acting on roller 285 will cause arm 86 to swing and 
cause rotation of the block 72 and shaft 67, as shown 
in Figure 11, to actuate the tracer valve and change the 
feed direction. 

There has thus been provided a new and improved 
construction whereby a cutter and a deflectible tracer 
finger may be maintained more nearly in contact with 
corresponding points on the pattern and work throughout 
a profiling operation regardless of variations in the de 
flection or orientation of the tracer finger whereby faster 
and more accurate profiling operations may be obtained. 
What is claimed is: 
1. In a profiling machine having a rotary tracer head 

and a cutter spindle supported on the machine with their 
axes in parallel relation and normally spaced in accord 
ance with the spacing of a pattern and work piece to be 
engaged thereby, the combination of a tracer finger car 
rier by the tracer head in co-axial relation therewith, 
means to laterally adjust the tracer finger to offset its 
axis relative to the axis of the tracer head, and means 
supporting the cutter spindle for lateral movement rela 
tive to the axis of the tracer head whereby the cutter 
spindle may be laterally offset with respect to its said 
normal position an amount equal to said offset of the 
tracer finger. 

2. In a profiling machine having a rotary tracer head 
mounted thereon, the combination of a cutter spindle 
mounted on the machine with its axis parallel to the axis 
of the tracer head and normally spaced therefrom equal 
to the spacing of a pattern and work piece carried by 
the machine, a tracer finger supported by the tracer head 
coaxial with the axis of said head, means to adjust the 
tracer finger eccentrically to the axis of the tracer head 
a predetermined amount, and means to adjust the cutter 
spindle eccentrically to its said normal position the same 
predetermined amount. 

3. In a profiling machine having a rotary tracer head 
mounted thereon, the combination of a cutter spindle 
housing mounted on the machine with its spindle axis 
normally spaced from the axis of the tracer head a dis 
tance equal to the spacing of the pattern and work on 
the machine, a tracer finger supported by the tracer head 
in co-axial relation therewith, means to adjust the tracer 
finger radially of the axis of the tracer head a predeter 
mined amount, and means to adjust the cutter spindle 
housing radially of the said normal position of the spin 
dle the same predetermined amount. 

4. In a profiling machine having a rotary tracer head 
mounted thereon, the combination of a cutter spindle 
housing mounted on the machine with its spindle axis in 
a normal position spaced from the axis of said tracer 
head equal to the spacing of a pattern and work piece to 
be engaged, a tracer finger mounted on the tracer head 
with its axis radially adjusted with respect to the axis 
of the tracer head a predetermined amount, means to ad 
just the cutter spindle housing radially of said normal po 
sition of the spindle axis the same predetermined amount, 
and means to effect rotation of the tracer head and si 
multaneous rotation of the cutter spindle housing about 
the normal position of the spindle axis. 

5. In a profiling machine having a rotary tracer head 
mounted thereon, the combination of a tracer finger. 
mounted on said head with its longitudinal axis eccentric 
to the axis of rotation of the tracer head a predetermined 
amount in a radial direction, a cutter spindle housing 
containing a cutter spindle mounted on the machine with 
the axis of the cutter spindle spaced from the axis of the 
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tracer head in a normal position equal to the spacing of 
the pattern and work carried by the machine, means to 
radially adjust said spindle with respect to its normal po 
sition in a direction parallel to the radial plane of adjust 
ment of the tracer finger and the same predetermined 
anOut. 

6. In a profiling machine having a rotary tracer head 
mounted thereon and a tracer finger supported by the 
head with its longitudinal axis eccentrically located with 
respect to the axis of rotation of said head, the combina 
tion of means for supporting the tracer finger for oscil 
lation about an axis normal to its longitudinal axis and 
normal to the direction of feed, a cutter spindle Sup 
ported on the machine with its longitudinal axis in a 
normal position spaced from the axis of the tracer head 
equal to the spacing of the pattern and work carried by 
the machine, means to eccentrically adjust said spindle 
radially of its normal position equal to the eccentric ad 
justment of the tracer, and means to bodily shift the 
cutter spindle in the plane of feed approximately equal 
to the oscillatory movement of the end of the tracer finger. 

7. In a profiling machine having a rotary tracer head 
and a cutter spindle mounted on the machine in normal 
positions spaced apart equal to the spacing of a pattern 
and work piece mounted on the machine, the combina 
tion of a tracer finger supported on the tracer head, means 
to effect a relative feeding movement of the tracer finger 
and cutter relative to the patteern and work respective 
ly, means to eccentrically adjust the tracer finger with 
respect to the axis of the tracer head and the cutter 
spindle with respect to its said normal position in the di 
rection of the feeding movement, power operable means 
for rotating the tracer head in response to deflection of 
the tracer laterally of the direction of feed, and motion 
transmitting connections simultaneously operated by said 
power operable means to adjust the cutter spindle lat 
erally of the direction of feed to maintain the tracer 
and cutter in contact with corresponding points on the 
pattern and work. 

8. In a profiling machine having a rotary tracer head 
and power operable means for rotating said head, the 
combination of a cutter spindle, a housing supporting the 
cutter spindle, means supporting the housing in the ma 
chine for bodily rotary movement about an axis eccen 
tric to the axis of the spindle, and means connecting said 
power operable means to effect the rotary movement of 
said housing. 

9. In a profiling machine having a rotary tracer head 
and power operable means for rotating said head, the 
combination of a cutter spindle, a pair of superimposed 
slides supported in the machine for movement at right 
angles, a housing for the cutter spindle supported on 
one of said slides, and motion transmitting means con 
necting said power operable means to said slides in a 
manner to effect bodily, rotary movement of said hous 
ing about an axis eccentric to the axis of said spindle. 

10. In a profiling machine having a first rotary head, 
a tracer finger Supported on said head eccentric to the 
axis of rotation thereof for movement in a first circle, a 
cutter spindle supported in the machine for movement 
in a circle having a radius equal to the radius of said first 
circle, and a common power means for effecting circular 
movement of the tracer finger and the cutter spindle. 

1. In a profiling machine having a rotary tracer 
head and power operable means for rotating said head, the 
combination with a cutter spindle of a second rotary head 
coupled to said power means for simultaneous rotation 
with the tracer head, said second head having a slide 
movable diametrically of its axis of rotation, an eccen 
tric mechanism carried by said slide and movable there 
with to vary the degree of eccentricity of said mechanism, 
a cutter spindle Supported for universal movement in 
a plane at right angles to its axis including support mech 
anism, and means coupling said support mechanism to 
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said eccentric mechanism for controlling the position 
thereof. 

12. In a profiling machine having a rotary tracer 
head, power operable means for rotating said head, and 
a tracer finger supported by the head eccentric to the 
axis of rotation thereof, the combination of a second 
rotary head carrying a slide shiftable diametrically to its 
axis of rotation, an eccentric means carried by said slide 
for shifting thereby to various eccentric positions rela 
tive to the axis of rotation of said head, means support 
ing the tracer finger for oscillatory movement about an 
axis normal to the axis of rotation of the tracer head, and 
automatic servo-control power means responsive to oscil 
lation of the tracer to effect shifting of said slide. 

13. In a profiling machine having a tool and a work 
support, power operable means for effecting a relative 
feeding movement between said supports and a rotatable 
tracer head mounted on the tool support and having a 
prescribed radial plane, the rotatable position of which 
determines the direction of said feeding movement, the 
combination of a tracer finger lying in said plane parallel 
to the axis of said head, means eccentrically of the 
axis of said head for pivotally supporting said tracer 
finger for oscillation in said radial plane, a cutter spin 
dle lying parallel to said tracer finger and normally 
spaced therefrom a distance equal to the spacing of the 
pattern and work in the machine, means supporting the 
said cutter spindle for universal movement laterally of its 
axis in a plane normal to its axis, and power operable 
means responsive to oscillatory movement of the tracer 
finger in said radial plane for laterally moving the cutter 
spindle parallel to the plane of feed in amounts substan 
tially equal to the movement of the contacting end of 
the tracer. 

14. In a profiling machine having a tool and a work 
Support, power operable means for effecting a relative 
feeding movement between said supports and a rotatable 
tracer head mounted on the tool support and having a 
prescribed radial plane, the rotatable position of which 
determines the direction of said feeding movement, the 
combination of a tracer finger lying in said plane paral 
lel to the axis of said head, means eccentrically of the 
axis of said head for pivotally supporting said tracer finger 
for oscillation in said radial plane, a cutter spindle lying 
parallel to said tracer finger and normally spaced there 
from a distance equal to the spacing of the pattern 
and work in the machine, means supporting the said 
cutter spindle for universal movement laterally of its 
axis in a plane normal to its axis, and power operable 
means responsive to oscillatory movement of the tracer 
finger in said radial plane for laterally moving the cutter 
spindle parallel to the plane of feed in amounts substan 
tially equal to the movement of the contacting end of 
the tracer, said last-named power operable means com 
prising a servo-motor mounted on the tool support, and 
a servo-valve mounted in the tracer head and operatively 
connected to said tracer finger. 

15. In a profiling machine having tool and work sup 
ports, power operable means for effecting a relative feed 
ing movement between said supports and a rotatable 
tracer head mounted on the tool support for controlling 
the direction of said feeding movement effected by said 
power operable means, the direction of said feed lying in 
a prescribed radial plane of said tracer head, the combina 
tion of a tracer finger lying in said radial plane with its 
longitudinal axis parallel to that of the axis of the tracer 
head, means pivotally supporting the tracer finger for 
oscillation in said plane, said pivotal supporting means 
lying eccentric to the axis of the tracer head, a cutter 
spindle, a pair of Superimposed slides supporting said 
spindle on the tool support, said slides being movable 
normal to each other, a pintle pin carrying cams con 
nected to the respective slides, means supporting said 
pintle pin for rectilinear or circular movement, power 
means responsive to oscillation of said tracer finger in 
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said radial plane for effecting said rectilinear movement, 
and additional power operable means responsive to 
lateral movement of said tracer finger to effect rotation 
of said tracer head and circular movement of said pin. 

16. In a profiling machine having a tool and a work 
Support, power operable means for effecting a relative 
feeding movement between said supports and a rotatable 
tracer head mounted on the tool support and having a pre 
scribed radial plane, the rotatable position of which de 
termines the direction of said feeding movement, the 
combination of a tracer finger lying in said plane paral 
lel to the axis of said head, means eccentrically of the axis 
of said head for pivotally supporting said tracer finger 
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for oscillation in said radial plane, a cutter spindle lying 
parallel to said tracer finger and normally spaced there 
from a distance equal to the spacing of the pattern and 
work in the machine, means supporting the said cutter 
spindle for universal movement laterally of its axis in 
a plane normal to its axis, and power operable means 
responsive to oscillatory movement of the tracer finger 
in said radial plane for laterally moving the cutter spindle 
parallel to the plane of feed in amounts substantially 
equal to the movement of the contacting end of the 
tracer, said last-named power operable means comprising 
a rotatable head having a fluid reciprocable member op 
eratively connected for shifting said cutter spindle, and 
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a control valve in said tracer head operated by oscillation 
of said tracer in said radial plane for automatically con 
trolling the shifting of said fluid reciprocal member. 

17. In a profiling machine having a tool and work 
support, power operable means for effecting relative feed 
ing movement between said supports, and a rotary tracer 
head mounted on the tool support for controlling the direc 
tion of said feeding movement, the combination of a cut 
ter spindle, a pair of Superimposed slides. Supporting said 
cutter spindle on the tool support, a rotatable head 
having a radially movable member operatively connected 
to said slides, fiuid operable means for rotating said 
tracer head and said rotatable head, a first valve in said 
tracer head operated by lateral movement of said tracer 
finger for governing said fluid operable means, a second 
fluid operable means for shifting said radially movable 
member, and a second valve in said tracer head respon 
sive to oscillation radial of the tracer finger to control 
said second-named fluid operable means. 
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