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Published May 4, 1943

Serial No. 335,780

ALIEN PROPERTY CUSTODIAN

TRACER CONTROL FOR MACHINE TOOLS

Paul

Volk, Berlin-Charlottenburg,

Germany;

vested in ithe Alien Property Custodiam
Application filed May 17, 1940

This.invention relates to an electric tracer con-
trol for machine tools.

When controlling the feed motion of the tool or
‘work of @ machine tool by means of a tracer the
metion between the tool and the work takes place,
as a rule, in two coordinate directions, i. ¢. In the
direction of the guide feed and in the direction of
‘the tracing feed. By tracing feed is understood
the feed motion which must take place towards or
away from the work depending upon the inclina-
tion of the curve, since this feed motion causes a
tracing to be effected according to the pattern,
and by guide feed Is understood the feed motion,
the direction of which depends upon the direc-
tion in which the tracer or the tool moves along
the curve. These machine tools coperate, as a
rule, in the manner that the tracing feed motion
takes place perpendicularly to the guide feed mo-
tion. From the nature of the surfaces to be ma-
chined it results that the gulide feed retalns, in
general, its direction, whereas the tracing feed
takes place partly in the direction towards the
work and partly in the direction away from the
‘wolk, in which case when ‘machining the work
step by step there are working periods during
which the fracing feed or the guide feed is dis-
connected. The design of the control drive must
meet exactineg requirements in regard to the con-
siderable frequency of swit¢ching operation neces-
sary to attain a sensitive tracing of the work, for
it ts only to be expected that the work corresponds
-exactly to the pattern if the drive follows the<con-
trol as accurately as possible. Long control paths
‘on the tracer and long running down paths of the
drive lead to Insccuracies. Consequently, the
tracer as well as the drive must be designed In a
particular manner as to fulflll certain conditions.
The present Invention refers to the drive.

“The usual form of drive is a drive through re-
volving electro-magnetic couplings, one of which
is employed for each motlon direction. When
considering three coordinate directions, three
palrs of electro-magnetic couplings, 1. e. six cou-
plings are therefore necessary, since each co-
ordinate must be considered in both directions.
Another type of drive is effected with the aid of
reversible motors without the need of employing
electro-magnetic couplings. Furthermore, it has
already been proposed to connect mechanical cou-
plings by the electro-magnetic method. As a
matter of fact, all these drives may be utilized in
practice on machine tools. It seems, however,
desirable to improve these drives both from the
constructional and operative point of view in
order to elther reduce the number of the machine
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parts or to enhance the accuracy of the parts
machined. The present invention consists in
solving this problem. It relates to a tracer-con-
trolled machine tool of the known type, for in-
stance, to a copying milling machine, copying
lathe, a tracer-controlled slotting machine and
the like, in which the tool moves relatively to the
work in two coordinate directions, i. e. a tracing
feed motion and a guide feed motion. Here it
may be pointed out that it is quite indifferent
whsather the work and the pattern are stationary
and the tracer and tool effect feed motlons or
whether the reverse is the case. The invention
consists in the fact that at least in one of the
two directions of feed, the feed motion is derived
frem a mechanic-electric sum gearing.

For a better understanding of the invention
reference may be had to Fig. 1 in which is shown
siich a sum gearing. The shaft F is to be driven
which is, for instance, connected to the tocl sup-
port. In a common housing E gre arranged two
moter part gears conslsting of the inducing part
D and B respectively and of the induced part A
and C respectively.

C is directly mounted on the shaft F, whereas
B is arranged within a casing (¢ which is con-
nected through the hollow shaft K with A and
is rotatably mounted on the shaft . The part
gears of this mechanic-electric sum gearing are
designed in the form of three-phase current mo-
tors and it is assumed that the two part gears
represent six-pole machines, The electrical di-
rection of rotation of the fleld B is opposite to
the mechanical direction of rotation of G. If the
sum gearing is switched in the circuit, A runs at
a speed of 1000 r. p. m. and therefore G at a speed
nf 1000 r. p. m. Since as already assumed the
direction of rotation of the field of B is opposite
%o the mecharnical direction 'of rotation, part C
theréfere rotates with respect to B at a speed of
—1e0-r. p. m. Viewed with respect to the space
the shaft P is =t rest. If now the part A-D Is
changed over from 6 poles to 4 poles it rotates
at the speed of 1500 r. p. m. Since from an elec-
trieal point of view nothing has been changed in
the part drive B—C, the speed of C remains equal
tc —1000 r. p..m. The sum of the mechanical
and electrical speed of the icft-hand part gear
therefore amounts in this case to +500 r. p. m.
If now the part A—D Is again changed over to
six poles, whereas the part B—C is changed over
to four poles, the mechanical speed of G amounts
agaln to 1000 r. p. m., whereas the electrical field
speed to —1500r, p. m. The sum of the electrical
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and mechanical speed amounts in this case to
—500 r. p. m,

The same absolute values of the speed of C
may be attalned if B Is not designed as a pole
changing part, whereas the part A—D is 50 de-
slgned as to be capable of being changed over
to four poles, six poles and twelve poles, For
the sake of clearness these conditions are glven
in tables 1 and 2.
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The same arrangement may also be employed
for direct current. The conditions are particu-
larly simple if only the part A—D 1is designed in
the form of & direct-current motor, whereas the
part B—C is designed as three-phase current
motor. For this particular case the conditions
are given in table 3, the uniform or gradual pas-
sage from one speed to another being Indicated
by the arrows.

Table 3
+1000 H"Eﬂ% |} 0
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Here, in contradlstinction to the tables 1 and 2
no change over 1s effected to three speeds but to
a plurality of speeds whose magnitude depends
upon the possibility of controlling the direct-cur-
rent machine. A uniform passage 1s attalned if
the direct-current part is operated according to
the Ward-Leonard control.

After having explained the mechanic-electric
sum gearing, the essential advantages of this ar-
rangement will presently be explained. As above
mentioned, the type of control drive hitherto
usual is by means of electro-magnetic couplings;
that is the driving sequence is: Driving motor—
controlled electro-magnetic couplings—tool sup-
port. The Invention from & constructional point
of view presents a great advantage over this ar-
rangement, insofar as the intermediate member
between the drive and tool support is omitted.
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The mechanic-electric sum gearing is itself the
motor drive so that special couplings are not nec-
essary. Also from an operative point of view the
novel arrangement presents an advantage over
the electro-magnetic coupling, insofar as it 1s not
dependent upon the state of the coupling surfaces
which are subjected to wear and tear,

The present invention presents a great advan-
tage over the arrangement operatlng with re-
versible motors in that the mass forces are re-
duced. If reversible motors are employed the mo-
tor must first be braked from its operating speed
till it stops and then accelerated again to the
operating speed In the opposite working direc-
tion, if the movement of the tool towards the
work is to be changed into a movement away from
the work. In this case the trouble caused by the
undue heating of the motor Is not so serfous as the

. relatively long time which iz necessary in revers-
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ing the direction of rotation of the motor. This
time determines the running down path so that
difficulties will be expected, if the object to be
machined is to be extremely accurate. Additional
brakes of the mechanical or electrical type must,
as a rule, be employed to shorten the reversal.
However, such measures entall the use of more
devices and at the same time increase the sources
of trouble. An essentlal feature of the invention
i5 the fact that a reversal of the direction of ro-
tation of the shaft F' as will be apparent from the
above tables may be effected without changing the
direction of rotation of the motor part gears, 1. e.,
the part A and the part B maintain thelr direc-
tion of rotation and are not reversed throughout
the entire working process, even when the shaft
P iz ai rest. That which occurs during the con-
trolling process is merely an acceleration or re-
tardation within a given range of speed, but not
& stoppage of the machine or even a reversal of
the direction of movement. Consequently, these
mags forces are considerably reduced owing to
this characteristic of the gearing.

Another important advantage of the novel ar-
rangement will be explained by reference to Fig.
2 which schematically shows the conditions of
If a curve, for simplicity & circular arc
is scanned, the working direction (Flg. 3) varies
with the inclination of the curve,

The vector of the working directlon is indicat-
ed by the tangent of the curve. In point a (Fig, 3)
tangent is perpendicular., The angle of the vec-
tors b, ¢ decreases with the progressive move-
ment along the curve until the vector & is hori-
zontal. Assuming that the guide feed and the
tracing feed are derived from two motors which
are operated according to the Ward-Leonard
control, the component & (Fig. 2) of motion may
evidently be obtalned ag a resultant of a vertical
component b and a horizontal component b’’.
The component ¢ is obtained by the geometric
addition of the two components ¢’ and ¢’’. This
geometric addition to the corresponding motion
vector is limited by the possible range which when
using the usual control means amounts approxi-
mately to 1:10, 1. e, the greatest vector 0 1s the
resultant of the greatest vertical component o’
and of the smallest horizontal component o’* and
the preatest vector P is the resultant of the
smallest vertical component p* and of the greatest
horlzontal component p’*. The greatest working
range of such a control is therefore determined
by the angle «. Inclinations within the angles g
and v can no longer be easlly brought about with
the aid of the controls hitherto known, but require
particular control means which naturally render
the construction considerably complicated. How-
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ever, as will be seen from tables 1 to 3, the novel
arrangement permits 1n both coordinate direc-
tions the adjustment of the zero speed. Conse-
quently, the guide feed may be disconnected and
the full tracing feed connected and vice versa,
without disconnecting one of the motors. This
implles a conslderable Increase of the working
range of such a control.

The mechanic-electric sum gearing may be
constructed in varlous manners. The construc-
tion of the two motor part gears in the form of a
self-contained unit shown in Fig, 1 1s undoubtedly
the most suitable,

However, the two machines may be separately
arranged. In this case it depends upon the work-
ing conditions of the control as to whether the
direct coupling of the parts A and B Is to be
retalned or whether they are coupled through
a reduction gear. It is also concelvable to cause
the change of the drive of the part B to be ef-
fected In a mechanic gear which may be designed
in the form of a step gear or of a unlformly con-
trollable gear. The control may also be readlly
employed if the control movements are not ef-
fected by an automatic tracer but as is well known
with the aid of a hand control in which the con-
trol impulses are transmiited to the sum gear
by g lever serving to bring about a resultant
movement or by means of varlous levers for the
motion components. .

In Figs. 4 and 5 are illustrated some possi-
bilities of control which will hereafter be briefly
dealt with.

Flg. 4 shows a connectlon in which the me-
chanic-electric sum gearing operates partly with
three-phase current and partly with direct cur-
rent. In this case the tracer is of the bolometric
type. However, the design of the tracer does not
form an essentlal feature of the invention. As
shown In Fig. 4a a normal contact tracer or any
other tracer may be employed in the same man-
ner. | i3 the bolometer vane, 2 and 8 are bolom-
eter resistances which as is well known are in-
serted in a bridge and which control the bolo-
metric relay 4 which serves to actuate the contacts
6 and 6. If the bolometer vane I Is In the central
posltion the bolometer relay 4 s deenergized and
the movable contact 1 Is midway between the
contacts 5 and 6. 8 and 9 are auxiliary relays;
10 and (1 the control relays proper. 12 is &
schematical representation of the sum gearing
for the guide feed and (3 the sum gearing for the
tracing feed. The Inducing part of the two gear-
ings is energized by three-phase current. 1£ and
IS are the gear parts corresponding to the motor
part gears A—D of Pig. 1 and which are operated
with the driving motors 18 and 19 and the motors
are fed by the generators 18 and IT In Ward-
Leonard connectlon. The energization of the
two generators 1s regulated through the resist-
ances 20 and 21 which are adjusted by the motor
22, The speed of the motors 14 and 16 may be
adjusted by the regulators 23 and 24,

If the machine is energlzed and the tracer does
not contact the pattern the movable contact T
of the bolometric relay is in the central position.
The auxiliary relays 6 and 9 are not energlzed,
the control relays 10 and 14 are released and the
energization of the generators I8 and IT is ad-
Justed in accordance with the adjustment of the
rheostats 21 and 20, 1. e,, a5 a rule, in such 8 man-
nter that the guide feed motion=0, whereas the
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tracing feed motlon has attained its maximum
speed value. If the tracer now contacts the pat-
tern, the bolometer vane | is deflected in such a
manner that the contacts § and 1 are closed by
the energization of the holometric relay 4. The
auxlliary relay 8 is thus energized and closes the
contact 25, thereby energizing the relay 10, thus
connecting the left~-hand terminal of the motor
to 4 and the right-hand terminal to —. The
motor 22 Is put into operatlon and adjusts the
rheostats 20 and 21 in the manner that the trac-
ing feed motion is retarded and the guide feed
motion Is switched in the circult and accelerated.
If the pressure s still exerted on the tracer, the
motor 22 remains energized and adjusts the rheo-
stats 20 and 21 to a further extent until the re-
sultant movement of the component movements
of the two sum gearings corresponds to the In-
clination of the curves to be scanned. If the
machining is continued heyond a maximum of
the curve, the bolometer vane | is deflected to the
other side, 1, e the contacts 6 and T are closed,
thus energizing the relay 9, thereby actuating the
control relay I to cause the motor 22 to rotate
in the opposite direction, i. e., the rheostats 20
and 21 are adjusted in the opposite direction,
thereby rotating the motion vector (Flg. 2).
The working process is therefore effected In a
uniform manner.

In the connection shown in Fig. 5 the known
intermittent control is employed. The volometric
arrangement 1tself is not shown. The polnts a
and b of Fig. 5 correspond to the points ¢ and b
of Fig. 4. In the central position of the bolom-
eter the auxiliary relays 9 and 9 are deenergized,
1. e. the resting contacts 26 and 27 are closed,
thus energizing the relay 28 for the tracing feed
and inserting the motor 29 In the circult so as
to cause the tracer to approach the work. If the
tracer contacts the pattern, the bolometric relay
1s actuated thus energizing, for Instance, the
auxillary relay 8 whose make contact 29 is there-
by closed. As long as the relay 8 was released,
the six-pole windings 31 and 33 of both elec-
trical part gears A—D and B—C were Inserted
in the elrcuit through the contacts 38 and 32 so
that the speed of the shaft F i5 zero as will be
apparent from table 1. Upon the energization
of the relay 10 its contacts 34 are closed and the
contacts 30 are opened so that the six-pole wind-
ing in the gear A—D is changed over to the four-
pole winding 38, 1. e, as results from table 1, the
speed of the shaft F for the gulde feed amounts
to 500 r. p. m., while at the same time upon the
disengagement of the contact 26 the relay 28 is
caused to be released and the motor 29 for the
tracing feed is disconnected. Consequently, the
tool carries out a slight transverse movement
which continues till the tracer comes out of en-
gagement wlth the pattern. The auxiliary relay
8 is then released again, the gear A—D is again
changed over to the slx-pole winding, the relay
28 is energized and therefore the working move-
ment Is again changed over from the gulde feed
to the tracing feed. As sooh as the maximum of
the curve Is exceeded the suxillary relay 9 Is ac-
tuated, 1. e., the speed of the shaft F varles now
from 0 to —500 r. p. m. The above-indicated
speeds are only illustrative and quite other values
may be chosen in practice.

PAUL VOLK.



