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G R N DING MACHINE. 

SPECIFICATION forming part of Letters Patent No. 644,445, dated February 27, 1900. 
Application filed December 29, 1897, Serial No. 664,311 (No model.) 

To all tufton, it in Gulf conceriu: 
Beit known that I, FIDELISNERZ, engineer, 

a subject of the King of Bavaria, residing at 
Landgrafensstrasse, Nuremberg, in the King. 
dom of Bavaria, German Empire, have in 
vented a new and useful invention in Grind 
ing-Machines for Parabolic Surfaces, of which 
the following is a specification. 
The invention relates to apparatus for pro 

ducing parabolic surfaces generated by the 
revolution of a parabola, and especially to 
that class of machines where the grinding 
tool passes along the path of a parabola, while 
the material to be acted upon is rapidly ro 
tated upon its own axis. 
The invention particularly consists in ar 

ranging a sliding guide for the tool which 
Whatever position the tool may assume is tan 
gent to the surface to be generated, thus secur 
ing the most advantageous position thereof. 

Figure 1 illustrates by a geometrical dia 
gram the principle of the machine. Fig. 2 is 
another mathematical figure for special geo 
metrical conditions. Figs. 3, 4, 5, and 6 show 
kinematical sketches of the mechanism used 
to produce a parabolic guide. Figs. 7 and 8 
give a kinematical diagram and correspond 
ing mechanism for a modification. Figs. 9 and 
10 show complete machines corresponding to 
Figs. 4 and 5. -- 
In order to have the invention fully under 

stood, a few general geometrical principles 
may be explained, with reference to the ac 
companying drawings, before the apparatus 
which embodies the invention will be de 
scribed. 
When two straight lines a and b, Fig. 1 of 

the drawings, respectively turn upon points 
A and B in such a way that their angular 
velocities are in a constant proportion to each 
other-as, for instance, one is to two-and, 
further, a system of any number of parallel 
lines did did dds are projected through the 
lines C. C. C. Cls C, as upon their intersecting 
points with a fixed line C C, then the cutting 
points of this system with the corresponding 
lines bb, b, babbs produce a parabola E. E. 
E. E. E. E. Both the turning lines a, and b 
are hereinafter termed “connecting-rods’ a. 
and b, respectively. 
As the focus of the parabolic surface or 

shell to be ground must be known, the fol 

lowing suppositions are made for the geomet 
rical construction which determine the posi 
tion of the focus and the directrix-namely, 
first, that the third line C c, Fig. 2, is perpen 
dicular to the connecting-line of both turning 
points A and B, and, second, that at the be 
ginning of the movement both connecting 
rods and the connecting-line just mentioned 
cover each other. It results from Well-known 
geometrical principles that when these sup 
positions are made, E, Fig. 2, is a point of the 
parabola, and E N a tangent thereof, as will 
be seen from the following explanations. 

Referring to Fig. 2, the straight lines H. J. 
and D G are perpendicular to the connecting 
line B GJ, the lines GJ = B G = AB = BF 
being equal to the radius r. By drawing a 
straight line B H through the center B and a 
perpendicular line HD from H, if the points. A 
and D be united, it gives the point of inter 
section in F the circle described from center 
B, with the radius B. G. The straightline B 
FE cuts off the point E on the perpendicular 
HD E. This point belongs to a parabola hav 
ing its focus in B and its vertex in G. The 
angles A F B and D FE are equal, as well as 
the angles B A F and E D F. Therefore the 
triangles ABF and DEF must be similar to 
each other. Thence it follows that EF = DE, 
since AB = B F, and that B E = E H, as the 
line D H has been made equal to B. F. It is ob 
vious that the point E, because it is equidis 
tant between the points B and H, belongs to 
a parabola having its directrix cc, its vertex 
G, and focus B. Supposing G M = a be the 
abscissa and E M = y the ordinate, if a per 
pendicular line is drawn through point E on 
the straight line B H-viz., E KN-the lat 
ter halves the line B Has well as D G, so that 
we have B K = H K and DK = G. K. Owing 
to the fact that the triangles MEN and GKN 
are similar to each other, whence it follows 
that EM - D G - 2 GK, it is evident that 
the relation. MIN = 2 G M - 2 ac must exist. 
M N is therefore the subtangent to the pa 
rabola-point E, and E N the tangent of the 
same, according to well-known geometrical 
principles. 

In Figs. 3, 4, 5, 6, and 7 are shown the kine 
matic systems which result in producing the 
forms of mechanism involved in the machines 
shown in Figs. 9 and 10. 
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The reference - letters apply uniformly same remark applies to the more detailed ar 
throughout. 

Referring to Fig. 3, the points A and B are 
the turning-points of the connecting-rods 
a and b, shown as forked. D corresponds 
to the parallel system in Fig. 1, which is to 
be understood as a cross-piece capable of 
movement along a straight bed or rail parallel 
to itself. In order to obtain the desired pro 
portion of the angular Velocities-as, for in 
stance, 1:2-a pin F is fixed iu the connect 
ing-rod l, so that it describes a circle, while 
the forked connecting-rod a slides upon this 
pin, as in Fig. 3. Under these conditions, as 
the one connecting-rod moves upon an angle 
drawn from the periphery and the other upon 
an angle drawn from the center of the same 
circle, then the proportion of the angular ve 
locities must be constant-namely, in this 
case as one is to two-and consequently the 
point E describes a parabola. 
A modification of the latter mechanism is 

shown in Fig. 4. The connecting-rod is re 
moved and replaced by an equivalent ele 
ment. IBelow the upper horizontal line c c is 
arranged a second One c, c, parallel thereto 
and equidistant between the upper line c c 
and the central point A. A grinding cross-bar 
is movable on the line C and also along the 
line of the connecting-rod a. It will be seen 
how this change is carried back to the first 
when it is considered that the right-angle tri 
angles D FE and EIFA are congruent, as 
ID F is equal to FA and E F is equal to it 
self. Consequently angle a=c /, but (as alter 
nate angles are equal) also equal to f-that 
is, the connecting-rod a has to move half of 
the angle /-H?i. This parabolic guide in Fig. 
4 may also be directly produced, exactly as 
the former, if the continuation of the con 
necting-rod (t, is removed, as shown in Fig. 5, 
and the horizontal movement of both D and 
Fis brought about by means of the two screw 
spindles C and c of equal pitch, c. making 
twice the revolutions of c, or both screw 
spindles having equal revolutions, but c hav 
ing double the pitch, so that the nut and pin 
D would move twice the distance of the nut 
and pin F. The employment of the bed or 
railf has a special advantage, inasmuch as if 
is a tangent to the parabola and grinding-tool. 
The latter works most advantageously in a 
normal or right-angle position to the surface 
to be ground and should be so placed. 
When the grinding-machine is used for 

grinding small objects, such as lenses, it may 
be advantageous to raise or lower the mate 
rial acted upon while the tool moves in a 
straight line. This leads to the construction 
shown in Fig. 6, wherein the raising and low 
ering are effected by a circular guide rod or 
arm , attached to the point H and movable 
vertically. In this and all other arrange 
ments shown it is to be understood that the 
parts indicated in the kinematic sketches 
must not interfere With each other in the 
planes of their respective motions, and the 

rangement shown. 
A further modification is shown in Fig. 7. 

The links m in and m in here form a rhom 
bus turnable upon the fixed point A, while 
the cross-piece is allowed to slide along the 
straight line c c, the diagonalf being forked, 
as before, to receive the pin E, which de 
scribes the parabola. 
The form of the mechanism illustrated by 

Fig. 8 embodies the system indicated by Fig. 7. 
In either form the constructional elements of 
the apparatus are of a simple nature and 
quite intelligible from the figure, so that they 
need not be specified. 

Fig. 9 shows a complete machine corre 
sponding to Fig. 4. 

Fig. 10 illustrates a modification corre 
sponding to Figs. 5 and 6. 

Referring to Fig. 9 of the drawings, on suit 
able standards S S two beds c care arranged, 
capable of being vertically displaced by means 
of screw-spindles r. The beds bear an arm 
e, ending in a pin A. The screw-spindle i, 
driven by a belt-pulley l, is connected to the 
guide g of the tool-holder d in such a man 
ner that by a suitable rotation of the spindle 
a horizontal displacement of the guide g 

takes place. IIereby a sliding piece p, con 
nected to said guide g, is taken along by 
means of a suitable plate O, whereby a rota 
tion of the arm C. around the point Afollows. 
The latter movement causes a horizontal dis 
placement of the cross-piece f, sliding on the 
arm a, said cross-piece f being connected, by 
means of the pin F, to the slider lu, movable 
horizontally within the guides c. c. This 
movement further causes the slider q, mov 
able in a slot of the cross-piecef, and which 
by means of the pin E is connected to the 
tool-holder d, to be guided in such a way 
that the point E respectively, the toolt, rig 
idly connected to said point describes a par 
rabola, as has been explained with reference 
to the diagram shown in Fig. 4. 

In Fig. 10 of the drawings a modification 
of the machine is shown having two screw 
spindles, according to the diagram of Fig. 5 
combined with the disposition of Fig. 6, for 
raising the work-piece. The spindle c cserves 
for the horizontal movement of the slider g, 
carrying the tool-holder d, while the spindle 
c, c, by means of the levers Ct. and f, causes 
the raising and lowering of the work-table G, 
supporting the work-piece. To this end the 
latter is movably arranged by means of rods 
l, sliding within lateral guides at and coun 
terbalanced by means of a suitable counter 
weight 2'. The movement of the spindles c c 
and c, c is regulated in such manner with 
respect to one another that if both spindles 
have an equal number of revolutions the one 
spindle has double the pitch of the other, but 
if both spindles are of equal pitch the num 
ber of revolutions is as one to two. The 
working of the machine described will be 
clearly understood without further explana 
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tion, considering what has been explained with 
reference to Figs. 5 and 6. 
Having thus described my invention, what 

I claim, and desire to secure by Letters Patent 
of the United States, is 

1. In a grinding-machine for parabolic sur 
faces, a rotating support for the surface sus 
tained by a spindle and driven by a pulley, 
in combination with a grinding-tool opera 
tively connected to a sliding arm and to a 
second pivoted arm, together with a screw 
threaded shaft operatively connected to said 
arms and driven by a second pulley, all of 
said parts being so arranged that as the sur 
face is rotated the toolis given advance move 
ment thereover in such direction as to cutor 
grind a perfect paraboloidal surface, substan 
tially as described. 

2. In a grinding-machine for parabolic sur 

faces, a rotating support for the surface sus 
tained by a spindle and driven by a pulley, 
in combination with a grinding-tool opera 
tively connected to a sliding arm and to a 
second pivoted arm, together with means op 
eratively connected to said arms and driven 
by a second pulley, all of said parts being so 
arranged that as the surface is rotated the 
tool is given advance movement thereover in 
such direction as to cutor grinda perfect para 
boloidal surface, substantially as described. 

25 

In testimony whereof I have hereunto set . 
my hand in the presence of two subscribing 
witnesses. 

FIDELIS NERZ. 
Witnesses: 

ALOIS GOBANZ, 
OSCAR BOCK. 

  


