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ABSTRACT OF THE DISCLOSURE

A method of embossing scales upon a thermally soften-
able surface of a slide rule or the like in ‘which the die
is subjected to multiple heat treatments to relax the
internal stress, is precision engraved with the pattern to
be embossed at the embossing temperature and is there-
after milled at ordinary temperatures with optical con-
trol of the milling operation to define a deep relief
pattern equivalent to that to be formed in the rule
face.

(1) FIELD OF THE INVENTION

The invention relates to a method for directly manu-
facturing precise dies for stamping graduated scales on
the celluloid of slide-rules and technical rules.

(2) BACKGROUND OF THE INVENTION

The realization of graduated scales on slide-rules and
technical rules by photographing on their milk-white
celluloid, with a sensitive layer, has been abandoned,
because the obtained divisions were rapidly erased.

In the last decades these graduated scales 'were realized
with brazen dies, having the divisions in relief, by cameo
printing. On the rules which were to be printed, which
already have celluloid sheets applied thereto or are
completely of plastic, impression of the divisions and
marks is done in a flat electro-pneumatical press by
limited impressing, with progressive pressure at a tem-
perature of 80 to 90° C.

The necessary impressing dies are manufactured out
of soft brass with divisions in relief, being obtained by
cold stamping with impact on a steel patrice, having
the divisions and the marks engraved. These patrices,
deeply engraved, are obtained by milling with a panto-
graph machine a flat steel plate, which is afterwards
quench hardened.

The known method results in dies of soft metal which
rapidly wear out; special implements are necessary and
the process requires much manual labor. The resulting
impressions have dimension differences, partly due to
the insufficient precision of the milling pantograph, to
the deformation during quenching and to the loss of
precision when stamped. These differences amount to 0.2
to 0.3 mm., the rule with 250 mm. of divided length; they
do harm to the measuring and reduction scales of the
rules for technical use; when stamping the divisions on
slide-rules some variations occur, which are different
along the scale, a fact which damages exactitude of the
calculation.

(3) OBJECT OF THE INVENTION

The invention has as its object the provision of a
method of manufacturing precise dies for stamping gradu-
dted scales on slide-rules and rules for the technical
uses, which does away with the drawbacks of the known
methods.
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(4) SUMMARY OF THE INVENTION

With the method according to invention, the die is

directly realized, with the divisions and different marks
in high relief in a hard-rolled brazen plate.
- The brazen plate is previously subjected to a heat
treatment in order to emsure dimensional stability, with
the aim to eliminate inner stresses, the existence of
which is inherent in a rolled brazen plate. This distress-
ing thermal treatment, cyclically repeated, with ageing of
the brass consists of many heatings in the furnace up to
a temperature of about 550° C., followed by slow cooling
of the brass plate.

This treatment eliminates the developing in the die,
when heated for stamping, of remanent deformations,
variable along the various scales, which reduce the exact-
ness of the calculations with the slide-rule, respectively
of the measurements, in case of measuring scales. It
is sufficient to show that on the exponential scale LLj;
of a 10 cm. pocket slide-rule, at the right end of the
scale, a difference equal to the thickness of a division
represents numerically the value of 1,500.

On the thermally-treated metallic plate for ensuring
dimensional-stability a fine previous tracing of the divi-
sions of the scale is produced, so that these divisions
are visible with a measuring microscope. This previous
tracing, having a thousandth-millimetre precision is per-
formed with a length dividing machine, compared with
the less precise mechanical milling pantograph with a
precision only a tenth of a millimetre.

Besides this, the pretracing of the different scales on
the treated metalli¢ plate is performed in a uniform ex-
panded state, at the temperature which it will have when
used for stamping; if celluloid, at 86° C.; for other
plates, at a corresponding temperature. For this pur-
pose, the metallic plate is expanded, when pretracing,
by putting it on the table of the dividing machine over
a flat metallic housing with internal electrical resistances,
thermally insulated against the plate of the dividing
machine, so as not to disturb its working precision.

The pretracing on the heated plate at the stamping
temperature directly places these divisions at the loca-
tions accordingly to their calculation tables with an error
of a thousandth of a millimeter calculated correspond-
ingly for the respective logarithmic scales, for the tech-
nical temperature of the stamping stage, without the use
of corrections. With dies having the divisions cold milled
in this manner and contracted corresponding to the future
thermal elongation caused by expansion, the divisions
are impressed hot upon the celluloid of the various
rules, which divisions correspond at the surrounding tem-
perature to the correct places, with the superior precision
offered by the length-dividing machine.

A simple calculation shows that, for scales with a
divided length of 250 mm., in this manner, with brazen
dies an error of about --0.3 mm. is corrected; for a
steel die the error is about 0.25 mm. These differences
are not admissible for the millimetric measuring scales
and for the slide-rules,

In order to manufacture directly the dies according
to this invention, auxiliary metallic patterns are needed,
which comprise in high relief the divisions of the gradu-
ated scales and the marks of the slide rules. These pat-
terns are manufactured at an enlarged scale, at a normal
temperature of 24° C., milling the divisions in relief
with aid of a pantograph with a working precision of a
tenth of a millimeter. The auxiliary patterns of the scales
of the rules can be realized with rolled aluminum at
an enlargement scale of one to 3 to one to 10 accord-
ing to the scale to be stamped. They can be executed
in several parts containing the scales in continuation.



3,625,092

3

The execution according to the invention of the divi-
sions in high relief of the graduated scale on the stress
relaxed plate and with the divisions previously hot traced,
with the precise dividing machine is performed by milling
at the normal surrounding temperature. First, a gross
milling of the scale divisions is performed with aid of
the mechanical milling pantograph, which follows suc-
cessively with the following head the divisions of the
auxiliary patterns on the parts and which control, with
the other head, at a corresponding reduced scale a ver-
tical miniature milling machine, which reproduces the
divisions in relief on the plate of the die in execution.
Then, continuing, the precision milling is performed for
placing and for the precise width of ‘each division in
relief, milling the two sides of the division in the prox-
imity of the previously traced division and symmetrically
to it. This precise milling of the divisions of the die is
watched by the pantographist in the view-field of a
measuring microscope and is manually corrected in
accordance with the previously traced divisions.

The various marks of the scale, i.e.—figures and
letters, etc.—found on the patterns are milled in relief
with the mechanical pantograph in the known manner;
they do not require the precise milling watched by
microscope.

By gross milling with the pattern, cutting of the princi-
pal metal mass and the tracing of the divisions in relief,
the precision of a tenth of a millimeter allowed for the
mechanical pantograph is realized. The fine precise mill-
ing watched with the measuring microscope allows the
precise finishing of the division reliefs upon the fine
previously traced division lines.

The method allows direct milling of the dies with divi-
sions in relief, with a mechanical pantograph, with a
superior precision to that realized only by the length di-
viding machine using milling with precision correction
obtained by watching by microscope.

The wear resistance of the brazen die, realized accord-
ing to this invention, can be increased by hard chrome
plating. The usual layer of such plating has a thick-
ness which cannot be used as it would widen the divisions
of the scales and would reduce the precision of calcula-
tions with the slide rule. It has been observed that when
hot stamping is used, if in the mass of the plastic there is a
layer of hard chrome of only 1 to 2 microns, the wear
resistance increases about four times. Wear resistance is
obtained also chemically. When stamping on hot celluloid,
nitrogen oxides are emitted, the corrosion of which affects
hard chrome less than the brass of nonchrome plated
brass of the die.

(5) DESCRIPTION OF THE DRAWING

The drawing illustrates the method as applied for stamp-
ing the face of a slide-rule with a divided length of 250
mm.

In the drawing:

FIG. 1 is a perspective view of the electro-thermal de-
vice on the dividing machine for hot pretracing of the
divisions of the scale on the metallic plate prepared to
become a die;

FIG. 2 is a diagrammatic horizontal plan view for
milling with the mechanical pantograph, performed under
microscopic observation and correction of the precision
of the divisions of the graduated scale at the die with the
pretraced divisions at room temperature;

FIG. 3 is a view of the image in the field of the micro-
scope, during precise milling of the sides of a pretraced
division.

(6) SPECIFIC DESCRIPTION

For manufacturing a die, a metallic plate 1 of hard
rolled brass is used, with a high copper content (63%)
finely machined by planing to the final dimensions and
with its face to be traced plane grinded and mirror
polished.
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Before planing and grinding, the plate 1 has been ther-
mal-treated for stress relaxing and ageing of the material,
in order to ensure dimensional stability. This consisted of
introducing the plate into a furnace at about 550° C.
over 16 hours, followed by a slow cooling down to 20°
to 24° C. during eight hours. The operation is repeated
practically 15 to 20 times. A dilatometric test carried out
with a series of fine marks every 5 hours on a region of
the plate and in its length which will not have graduated
scales, must show that the plate, previously heated to the
pretracing conditions and air cooled 10 times, presents di-
mensional stability in its whole length: the distances -be-
tween the marks are maintained practically unchanged.
When so, the material of the plate has been stress-relaxed
and has become stable in length and apt to become a die;
this will no more suffer any remanent deformation dur-
ing heating for stamping, which would modify the dis-
tances between the divisions of its scales.

The metallic plate 1, prepared in this manner for ex-
ecution of the die is submitted to the fine pretracing of
the divisions of the various scales, at the right places, with
aid of. the tracing cutter 2, fixed upon the mobile arm 3
of the linear dividing machine with the precision of a
thousandth of a millimeter.

Prior to pretracing, the plate 1 was placed upon a heat-
ing metallic housing 4 which has inside electrical resist*
ances 5 of spiral wire uniformly distributed, insulated
from the housing 4, at the base, laterally and at the ends
with thermal insulating asbestos cardboard. The electrical
resistances are fed from the electric supply network by
means of the insulated electric cord 6. Another thermally
insulating layer of asbestos cardboard separates the base
of the metallic housing 4 from the mobile plate 7 of the
dividing machine, the advance motion of which is shown
by an arrow.

The metallic housing 4 is heated and maintained at 86°
C., permanently indicated by a thermometer 8. The elec-
tric heating device may be completed with known ther-
mostatic equipment. Tests with surface thermometers show
that the plate 1 is maintained in this way at 85 to 86° C
which is also the die temperature when the graduated
scales are stamped upon the celluloid milk-white shéets,
applied to the slide-rules prepared for impressing the
scales.

Therefore, pretracing of the divisions is performed on
the plate 1, fixed, as shown, onto the dividing machine and
heated at 86° C.

1t is understood that the thermal insulating plate 8 main-
tains the dividing machine at the normal working tem-
perature conditions so that the distances between the pre-
traced divisions correspond to the dividing with a dividing
machine at the normal surrounding operating tempera-
ture.

The precision of the pretraced divisions are controlled
in such a manner, that they may be visible through the
measuring microscope, with which the milling of the die
will be watched and corrected. v

The distances between the successive divisions of the
various scales of the slide-rule are those which corre-
spond to their calculating tables at the thousandth part
of a millimeter, corresponding to the respective calculat-
ing logarithmic scales.

The metallic plate 1 havmg pretraced the divisions of
all the scales which are to be impressed simultaneously on
the slide-rule, is passed to milling in high relief, at normal
surrounding temperature, in order to become a stamping
die. The mechanical milling pantograph 10 is used, which
has an operating precision of a tenth of a millimeter.

For operating with the pantograph, the auxiliary metal-
lic die 11 of rolled aluminum is used, on which, in high
relief the graduated scales and the various supplementary
marks of the rule are realized, which are to be repro-
duced on the plate 1. The pattern 11 is formed at the
enlargement scale of 5:1. :
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For the 250 mm. long rule the pattern 11 is made in
six parts in continuation with some additional divisions at
the joining ends of the parts of the pattern.

The various marks, consisting of numbers and letters

belonging to the patterns, at the respective scales can be
realized out of a thermoplastic material as e.g. polyacrylic
by chill-casting in aluminum moulds. They are fixed at
the place of the divisions to be marked in the grooves of
the aluminum pattern milled for this purpose.

In order to mill the die 1, the reducing pantograph is
adjusted to the scale 1:5, the scale being corrected at the
arm of the pantograph, at the calculated value, taking into
account the contraction of the die with pretraced divi-
sions, from the temperature of 86° C. to the normal one
of 24° C. when milling.

With the following head 12 of the mechanical panto-
graph so adjusted, the gross milling in high relief is per-
formed, the first part of each scale of the die I using the
actuating of the second leg of the pantograph of the
milling head 13 of a form vertical milling machine, minia-
ture type, equipped with a corresponding milling cutter.
The various marks contained in the pattern are also milled
in high relief. Afterwards, the fine milling for the precise
execution of the divisions begins. The sides of each divi-
sion are milled with the milling head 13, guided by hand,
and the milling is watched optically by means of the
measuring microscope 14 with the enlargement 40, placed
upon a mobile support in front of the milling cutter. In
this way, a division (FIG. 3) is realized, having an estab-
lished width at the crest, its position being so corrected
that its sides are symmetrically disposed in regard of the
fine pretraced division b, ¢. One after the other the divi-
sions of the gross milled part are finely milled. By succes-
sive replacing of the pattern parts and corresponding dis-
placing of the die 1 all the divisions of the scale are finely
milled.

All divisions finished with high relief in this way are
placed at the positions of the fine divisions previously
traced with the precision of a thousandth of a millimeter
by means of the dividing machine.

After the fine milling of the whole die 1, it is hard
chrome plated in the known manner on the working sur-
face, with a chrome layer thickness of not more than 2
microns. This chrome plating increases the wear resistance
of the die 1 of hard rolled brass about 4 times compared
a nonchrome-plated die.

The chrome plated die is used for stamping slide-rules
on their milk-white celluloid sheets at a temperature of
86° C. For stamping, an electro-pneumatic press is used,
which impresses limitedly with a progressive pressure up
to 25 kp./cm2,
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1t is obvious that the impressing of the graduated scales
can be done upon another thermoplastic material at which
the best temperature and pressure corersponding operat-
ing conditions are taken into consideration, making sure
that the same heating temperature would be used also
when the divisicns of the die are pretraced.

We claim:

1. A method of applying a scale having a multiplicity
of divisions to a thermally softenable rule face, compris-
ing the steps of:

(a) engraving a flat die blank at an embossing tempera-~
ture of said face with a multiplicity of division marks
corresponding to the locations of the divisions of said
face upon contraction of said blank;

(b) milling said blank at a lower temperature to ex-
ecute said division marks in the form of high relief
on a relief die by optical alignment with successive di-
vision marks and the milling of said blank to form
reliefs of other division marks; and

(c) embossing said face at said embossing temperature
with the relief die formed in step (b).

2. A method defined in claim 1 wherein said blank is
composed of brass, further comprising the step of ther-
mally treating said plate in advance of step (a) by alter-
nately heating and cooling the blank to dimensional sta-
bility.

3. A method defined in claim 2, further comprising the
step (d) of finely milling said reliefs with mechanical con-
trol from the pattern of said division marks.

4, The method defined in claim 3 wherein additional
scale markings are formed in high relief on said blank by
milling with auxiliary-pattern control with a pantograph
ratio 3:1to 10:1.

5. The method defined in claim 4, further comprising
the step (e) of applying a hard-chromium plating to said
reliefs in a thickness of 1 to 2 microns.
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