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(C. 90-13.5) O Claims. 

The invention relates to a tracer control for 
machine tools, and especially for material re 
moving machine tools. More particularly, the 
irVention relates to a tracer control provided 
with a nozzle boiometer as disclosed in the U. S. 
Patent 2,046,03 to Rudolf Bingel et al., and to 
an improvenient therein. The tracer of a con 
trol device of this type is combined with a nozzle 
bolometer for controlling the operation of the 
Ozzie ware thereof and distinguishes from that 

disclosed in U. S. Patent 1,683,851 to Shaw in 
which the tracer effects the operation of control 
contacts by mechanical means. 
The feeding movements are controlled inter 

mittently, for example, through magnetic 
clutches, resulting in a 'step-like working path 
in which the height of the individual steps and 
the accuracy of working are dependent on the 
separation of the contacts controlled by the 
tracer. The greater the accuracy required, the 
Smaller should be the distance between the con 
tacts. The possibility of performing this method 
is, however, inited inasmuch as the Smaller the 
distance is between the contacts, the larger will 
be the frequency of the controlling movements 
and the demand on the control relays. The ac 
tual working time also decreases by the operat 
ing time of the control relays. 
the working time and the controlling time be 
comes the more Ensatisfactory the more the fre 
quency of the controlling movements increases. 
Also, at a certain minimum distance between the 
contacts, hunting occurs in the operating move 
ments when the travel excess of the driven parts 
of the machine is larger than the distance be 
tween the contacts of the tracer. On the other 
hand, the tooling periods may occur in which 
Small distances between the contacts are unde 
sirable, for example, in rough-planing where at 
a lesser degree of accuracy large amounts of ma 
terial are to be removed as quickly as possible. 
In passing over from rough-planing to smooth 
planing it was previously necessary to exchange 
the tracers since the readjustment of the con 
tact space required too much time and also the 
services of an experienced mechanic which are 
not always available. . 

It is one of the objects of the present invention 
to overcome the disadvantages of the prior art 
as pointed out above, and to provide a bolometer 
control which fulfills the requirements as to the 
speed and accuracy of working at any time. 

The ratio between 
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movements of the machine by varying the elec 
trical values of the bolometer control. 

Further objects, features and advantages of the 
invention will appear in detail from the follow 
ing description and the accompanying drawing, 
in which 
'Fig. 1 shows a diagram of connections of an 
embodiment of the invention, and 
... Fig. 2 a working diagram of the mechanism 
according to Fig. 1. 
As shown diagrammatically in Fig. 1, a tracer 

Tof the bolometer (disclosed in detail in the U.S. 
Patent 2,046,013) is provided with a vane W of, 
for example, trapezoidal shape which is noved 
over two air outlet ports or nozzles Of and O2 SO 
as to close one or the other of them to effect a 
continuous control of the bolometer relay by 
cooling the two heated resistance branches W. 
and W2 of a Wheatstone bridge differently from 
One another. Due to the action of a Spring Sp, 
as long as the tracer T is not in contact with 
the template or pattern, the air outlet port 
O2 for the heated bolometer resistance W2 
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It is another object of the invention to pro 
vide a mechanism for adjusting the controlling 55 

is covered by the vane W, while the air outlet 
port, O for the resistance W is still open. 
If a pressure now bears upon the tracer T, 
the Vane is thereby moved so that the re 
sistance W is covered to a lesser degree and 
the resistance W2 to a higher degree. In the 
extreme case, the air outlet port O for the 
resistance W will be covered completely and the 
port O2 for the resistance W.2 will be fully open. 
Thus, when the bolometer vane is noved in either 
direction, the polarized relay RH of the bolometer 
is Supplied with a voltage the size of which Waries 
in accordance with the movement of the boom 
eter vane, as illustrated in Fig. 2, in which the 
abscissa D indicates the deviation of the vane 
and the ordinate W indicates the Woltage Sup 
plied to the polarized bolometer relay R.H. The 
Operating voltage of the bolometer relay RH may 
be adjusted by the variable resistance EW so as 
to operate at the points and III of the curve, 
whereas the relay BR is intended to operate at 
the point II of the curve, that is, with a fixed 
Operating voltage determined by the bridge con 
nection, 
The Operation of the tracer in inward and out 

ward direction, i. e., toward and away from the 
pattern, is controlled by a further relay RHA and 
the contacts 4 and 5 of the relay BR, whereas the 
movement of the tracer in a transverse direction 
is controlled by the open circuit contact of the 
relay R.H. The magnetic clutches and the de 
tails of their connection are only diagrammat 
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ically illustrated in the drawing since such con 
trols are generally known and disclosed, for ex 
ample, in the U. S. Patent 1683,581 to Shaw. 
The operation of the system is as follows: 
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1. In a tracer control device for tool machines 
Or the like, the combination of a tracer bar dis 
posed to follow a given template, with a nozzle , 

As long as the tracer T is not in contact with 5 bolometer relay for controlling the tool move 
the pattern the air outlet port O. of the bolom 
eter cooperating with the resistance W remains 
uncovered by the bolometer vane. A bridge cur 
rent of Such a direction and size is therefore 
produced that at the point I of the curve shown 
in Fig. 2, the contact 2 of the polarized bolom 
eter relay R.H. will be closed. The auxiliary re 
lay RH is then energized so that the winding 
M of the magnetic clutch for actuating the 
"inward travel,' that is, the travel of the tracer 
toward the pattern, is likewise energized. As 
Soon as the tracer comes in contact with the pat 
tern, the bolometer vane deviates from its pre 
vious position. The value of the resistance W. 
is then increased and that of the resistance W2 
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is decreased, and therefore also the value of the 
voltage supplied to the polarized bolometer relay 
RH is decreased, so that this relay and also the 
relay RH are released, the contacts 8 and 9 are 
disconnected and the winding MA of the mag 
netic clutch for the inward travel of the tracer 
is deenergized. The contacts 6 and of the re 
lay RH are then closed and, depending on the 
position of the manually operated switch S, 
either the winding M2 or the winding M2” of the 
respective magnetic clutch will be energized so 
as to start the transverse travel of the tracer 
and the tool coupled therewith in one or the 
other direction. When the pressure acting on 
the tracer again decreases, the system returns 
to its original position so that the clutch M 
for the inward travel of the tracer is again oper 
ated until the tracer comes in contact with the pattern. 

If in the transverse travel, there is a still fur 
ther increase of pressure on the tracer, the bridge 
relay BR will be energized at the point II of the 
curve so that, aside from the transverse travel 
through the actuation of the clutch Mi2, the wind 
ing M3 of another magnetic clutch will be ener 
gized by the connection of the contacts 3 and 5 
So as to start the travel of the tracer also in a 
direction away from the pattern. A still fur 
ther increase of pressure on the tracer causes at 
the point II of the curve the polarized bolom 
eter relay RH again to be energized, the contact 
3 thereof to be closed and the relay RH2 to be 
energized. Since the contacts and of this 
relay are thus disconnected, the transverse travel 
of the tracer will be interrupted so that the lat 
ter only continues in its outward movement by 
the actuation of the magnetic clutch Mi3. 
The size of the working steps obtained by the 

apparatus according to the invention is indi 
cated by the distance between the points and 
III of the diagram, that is, by the distance D 
which the bolometer vane travels within the 
range of control. If the variable resistance EW 
is reduced, the bolometer relay RH may then 
be operated with a lower voltage, for example, 
at the points I" and II', whereby the range of 
Control of the vane is reduced accordingly. With 
a mechanical tracer according to the prior art, 
this would mean a reduction of the contact dis 
tance and an increase in the working accuracy. 
The formation of the working steps and the 
Working accuracy may be indicated by means of 
a voltmeter V which is preferably calibrated in 
milivolts, 
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ment of the tool machine, said bolometer having 
-a nozzle control vane for controlling the tem 
perature of the bolometer wires, said vane being 
operatively connected with said tracer bar to 
partake in the movements of the latter for con 
trolling the bolometer wire temperatures in ac 
cordance with said tracer movements, a polarized 
relay controlled by the bolometer for adjusting 
the tool movements of the tool inachine, and 
means for varying the potential for energizing 
said polarized relay. 

2. In a tracer control device for tool machines 
or the like, the combination of a tracer bar dis 
posed to follow a given template, with a nozzle. 
bolometer relay for controlling the tool move 
ment of the tool machine, said bolometer having 
a nozzle control vane for controlling the temper 
ature of the bolometer wires, said vane being 
operatively connected with said tracer bar toN 
partake in the movements of the latter for con 
trolling the bolometer wire temperature in ac 
cordance with said tracer movements, a polar 
ized relay controlled by the bolometer for ad 
justing the tool movements of the tool machine, 
and means for varying the potential for energiz 
ing said polarized relay, said means comprising 
a variable resistance in the circuit of the polar 
ized relay. 

3. A control circuit for a machine tool equipped 
with a tracer and a bolometer controlled there 
by, comprising a polarized relay Connected as 
the bridge element of the bolometer bridge cir 
cuit and adapted to operate upon a predetermined 
degree of unbalance of the bridge in either di 
rection, a marginal relay connected in parallel 
with one arm of said bridge circuit and adjusted 
to operate when the bridge is unbalanced in one 
direction, and feeding means controlled by Said 
relays for moving the tool in Coordinate direc 
tions. . 

4. A control circuit as set forth in claim 3, 
wherein means is provided for adjusting the sen 
sitivity of the polarized relay to render the same 
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operative responsive to a greater or lesser degree 
of unbalance of the bridge circuit. 

5. A control circuit for a machine tool equipped 
With a tracer and a bolometer controlled there 
by, comprising a polarized relay connected as 
the bridge element of the bolometer bridge cir 
cuit and adapted to operate upon a predeter 
mined degree of unbalance of the bridge in either 
direction, a marginal relay connected in par 
allel with one arm of said bridge circuit and ad 
justed to Operate when the bridge is unbalanced 
in One direction, inward and transverse feeding 
means controlled by said polarized relay, and 
Outward feeding means controlled by said margi 
nal relay. 

6. A control circuit for a machine tool equipped 
With a tracer and bolometer controlled thereby, 
comprising a polarized relay connected as the 
bridge element of the bolometer bridge circuit 
and adjusted to operate upon a predetermined 
degree of unbalance in either direction, inward 
feeler feeding means operated by said relay re 
sponsive to an unbalance of said bridge circuit 
in one direction, a marginal relay connected in 
parallel with one arm of said bridge circuit and 
adapted to operate when the bridge is balanced 
of urbalanced in the opposite direction, out 
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ward feeler feeding means operated by said mar 
ginal relay, and transverse feeding means con 
trolled by said polarized relay and operative only 
when the degree of unbalance is insufficient to 
Operatively energize said polarized relay. - 

7. A control circuit for a machine tool equipped 
with a tracer and bolometer controlled thereby, 
comprising a polarized relay connected as the 
bridge element of the bolometer bridge circuit 
and adjusted to operate upon a predetermined 
degree of unbalance in either direction, inward 
feeler feeding means Operated by said relay re 
sponsive to an unbalance of said bridge circuit 
in one direction, a marginal relay connected in 
parallel with one arm of said bridge, circuit and 
adapted to operate when the bridge is balanced 
or unbalanced in the opposite direction, outward 
feeler feeding means operated by said marginal 
relay, transverse feeding means and an operat 
ing circuit therefor, and means controlled by 
said polarized relay for opening said circuit re 
sponsive to energization of the polarized relay 
due to unbalance of the bridge circuit in either 
direction. 

8. In a control circuit for a machine tool 
equipped with a tracer and a bolometer con 
trolled thereby, a marginal relay connected in 
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parallel with one of the arms of the bolometer 
bridge circuit and adjusted to operate respon 
sive to a predetermined decrease in the resist 
ance of another arm of said circuit, and tool 
feeding means controlled by said relay. 

9. In a control circuit for a machine tool 
equipped with a tracer and a bolometer con 
trolled thereby, a marginal relay connected. in 
parallel with one of the arms of the bolometer 
bridge circuit and adjusted to operate respon 
sive to a predetermined decrease in the resist 
ance of another arm of said circuit, outward 
tool feeding means controlled by said relay, a 
polarized relay connected as the bridge element 
of said bridge circuit, and inward and trans 
verse tool feeding means controlled by said po 
larized relay. 

10. In a control circuit for a machine too 
equipped with a tracer and a bolometer controlled 
thereby, a relay constituting at least a part of 
one arm of the bolometer bridge circuit, said re 
lay being connected in series with another arm 
of the bridge which has its resistance varied by 
movement of the bolometer vane, and tool feed 
ing means controlled by said relay. 

PAUL VOLK. 


