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used in connection ~w1th ‘axonometric: d..r_awmgs

It is one -object. of this-invention to-provide a
protractor which enables-the user to-gauge and.to
plot.angles directly in:the:magnitudes which:ap-
ply to the various:projections -occurring ;in:axo-
nometric drawings:where dimensions.as:well as
angles of the original.object-represented are:dis-
torted or modified due to:said:projection.

It is another object of this-invention:to-pro-
vide an axonometric protractor which through its
shape and the arrangement of.the:reference .or
zero lines -of ‘the -angular. graduation. or :gradu-
ations facilitates- its use ‘due:to ;the fact that a
correct position of the protractor with respect to
the axes of the particular:axonometric: drawing:is
automatically obtained.

A further object of the invention.consists in
providing, on one protractor haoth & regular-angu-
lar graduation and one or-more axonometric:or
modified graduations so-that-the.modified angle
required to represent-in-the axonometric.drawing

certain angle occurring on the represented:qb-
ject may be read directly from the protractor, and
vice versa.

Still-a further opject of this-invention -is:to
provide an axonometric protractor which is: pro-
vided with means permitting to:gauge and, plot-so-
called “non-axonometric” lines:in- ,cpm:eqt—l,ength
that may be foreshortened or lengthened:with re-
spect to the length -of -the original line on:the
represented -object, -depending .upon the:angle
which that particular-line;includes:with: one-of
the axes of the particular-axonometric system.

Another object of the invention consists-in-de-
vising an axonometric protractor of the type de-
scribed in the preceding paragraph: but provided
with means :that would permit to:use the:pro-
tractor independently of: the actual drawing as a
computing device similarly as a slide rule for
converting actual angles:into: the.corresponding
modified or-projected angles; and vice vexrsa, and
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for converting actual dimensions into .the.corre- -

sponding modified: or projected. dimensions, and
vice: versa.

More objects of the present: invention.will be-
come: evident from: the following: description;:by
way. .of example,.of: a: number.of .preferred.em-
hodiments of the invention; reference:being:had
to the accompanying:drawings in which

Figs. 1;-2.and 3.are diagrams. intended. to-illus-
trate 'the specific features.of axonometric sys-
tems referred-to:in:this:description;.and:-more

particularly. those of:isometric, dimetric.and:tri- -

metric .systems; respectively;

Fig: 4 .is.a.plan view of a full:circle protractor
provided with an:isometric. graduation.and.a.ro-
tatable: indexing: member;in.apolygenal frame,
but in. addition provided withuan index:curve.on
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the-frame, and-with a special graduation on the
indexing member permitiing to determine the.ra-
tio-of-foreshortening or lengthening of actual di-
mensiens in-consequence of the isometric-projec-~
tion, depending ypon the angular direction of the
particular dimension;

Fig: 5 is-a-vertical cross section, not-to scale,
taken:along-line-V—V of Fig. 4.

Fig.-6:is a plan view of -another version .of a
protractor as shownhy Fig. 4, the index curve:be-
ing constructed:cn the basis of logarithmiec values
representing: the above -mentioned ratios, -and-the
indexing member being provided also Wlth 2 shde
rule arrangement;

~Fig. 7 is a vertical -cross-section through -the
rotatable index- -member:-along line VII—VII of
Fig. 6.

~Pig.-8 is.a fragmentary plan view and. Fig. 9
is-a-corresponding cross-sectional elevation show-
ing = modification of the construction illustrated
by Figs. 6 and 7.

~In-the following description-isometric, dimetric
and ftrimetric systems. and drawings are referred
to. :In:order to avoid: misunderstandings and to
shorten -the -explanations, the following state-
ments and -definitions_are to be applied to this
specification and to the claims.

-As-Fig. 1 implies, in_an isometric drawing.or
system the three.axes A, B.and.C are offset against
each: other equally by 120° each and therefore the
scales-applying to each of these axes are.equal
to-each other and so are the angles of projection
that apply to-the planes contained.between each
pair of axes.

In a dimetric system or drawing as symbolized
by Fig, 2,.only two of the angles between the.axes
are equal. “In the present case the. actual angles
between the axes and-the corresponding angles of
projection have:been chosen in such a way that
the scales along-the axes A and C are equal and
twice as:large as:the scale applied to. axisB.

~In a:trimetric system.or- drawing.the. angles
between .the three axes. are different from.each
other.and :so; are-the ;angles ef projection.and
the seales-applying to.the three axes. - 'The ansgles
between the axes-A, B and C shown in:Fig: 3 are
calculated -on-the permissible assumption that
the scales-are: 1:1 on axis A, .9:1 on axis B, and
M5:1, on axis C.
ieus graduations :shown in-the:draw-
_mgs .arebased on the abave, but. may be varied
in-s thei dimetric: and- trimetric . systems. as they

-are given-only. by ‘way.of example.

_~Ttis well: known that. in axonometric. systems

-when: the angles between ‘the three.axes.are de-

termined there: is.still .room  for :different..ar-
rangements of these.axes.with regard to-each

:other and in relation to the actual drawing. . For
instance;.any. one .of the:three. axes may be-ar-
ranged in -vertical direction .on the drawing and
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the seguence or consecutive order of the axes A,
B, C may be clockwise or anti-clockwise, what-
ever the particular cass may call for. Only for
simplifying the matter, in the following descrip-
tion and in the drawings uniformly that case
has been elected in which the axis A is vertical
and the consecutive order of A, B and C is anti-
clockwise.

Since any embodiment of this invention re-

quires a solid body or frame adapted to be used 1

on 2 drawing board like any other drawing in-
strument, repeatedly certain.edges of such &
frame are referred to. The term “edges” is not
to be taken literally. If in the particular case
that “edge” is used only for lining up or posi-
tioning the instrument on the drawing either by
lining up the “edge” with a given line ¢f the
drawing or with an edge of another drawing in-
strument as for instance T-sguares, straight-

edges, triangles or blades of drafting machines ¢

then other means that are not exactly an edge
would be equivalent. For instance a line or a
number of peoints in straight alignment marked
on a frame inside its contour would serve the
same purpose. Or for instance, the edge of the
instrument might be notched out and may have
only a number of projections that may be placed
against. a straightedge or the like so that the
imaginary line connecting these projections

would serve for positioning the instrument and 2

therefore would be again equivalent to a real
edge. o

Figs. 4 to 9 illustrate a number of embodi-
ments of this invention which have the common
feature that the protractors are provided with
a rotatable index member or arm which is
adapted to be set arbitrarily with respect to the
angular graduations in such a way that in any
chosen position an edge or index line of that
rotatable member indicates a chosen angle
against the center-zero line of the particular
instrument. Although the addition of a rotary
member makes the instrument more expensive
it certainly is of great advantage as angular lines
can he drawn directly along the proper edge of
that rotatable member while in any other case
a point opposite one particular graduation mark
would have to be marked on the paper and then
connected separately with the particular central
point.

Moreover, the protractors illustrated by Figs.
4 to 9 have the common feature of the frame be-
ing more or less polygonal or at least having edges
that run at certain angles against the center-
zero line of the particular gradustions. This
provision is of advantage because thereby the
frame of the instrument can be very conveniently
positioned so that the particular center-zero line
is parallel with one of the axes of the pertaining
plane of the particular axonometric projection.

The protractor according to Fig. 4 contains
along the edge 69 of a circular opening 10 in a
polygonal frame Ti, a regular 360° graduation
12 and a concentric isometric graduation 73.
Both graduations are composed of two 180° grad-
uations, one of them running clockwise and the
other one anti-clockwise, the center-zero line be~
ing common to all of them. The lower part of
the polygonal frame Ti has three edges 14, 15 and
16, each being at 120° relative to the adjoining
edge. The center-zero line of the graduations is
at 30° relative to the base edge 715. Therefore,
by placing any one of the edges 14, 15 or 18
against a T-square the center-zero line and the
90° mark of graduation T3 will always be posi-
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tioned correctly so that the isometric graduation
can be used properly in the corresponding planes
AL, AB or BC, respectively, as indicated by the
axis symbols arranged hiear every one, and rela-
tive to every one, of the said edges.

The rotary index member consists of a straight
strip 771 extending over the graduations 72 and
78 and provided with two opposite guides 78 that
have the shape each of a circular segment. As
shown more clearly in Fig. 5 the segments or
guides T8 engage by means of projecting tongues
18 a corresponding circular groove 88 provided in
edge £3. Thereby a correct rotary movement of
member 17 around the center §! of the opening
70 and of the conceniric graduations 12, 73 is as-
sured. - The indexing edge 82 of member T7 ex-
tends through that central peint 8{. The pro-
vision of the rotary member 17 in this embodi-
maent of the invention has the effect that edge 82
serves not only for drawing and gauging angular
lines in any position of strip 771 relative to the
center-zero line, but the outer extension of edge
82 at the end of strip 17 overlapping the gradua-
tions 12 and 13 is useful for determining the re-
lation . between isometric angles and regular
angles, and vice versa.

PFig. 4 shows that concentric to the center 81
an index curve 83 is provided on the frame 71 be-
tween the central opening 10 and the graduation
¥3. This index curve 83 iy designed in such a way
that the radial distance of every point of its
perimeter from the center 81 is equal to a con-
stant multiplied by the ratio of foreshortening or
lengthening affecting, through the isometric pro-
jection, a given distance extending at the corre-
sponding angle confained between the center-
zero line and the radius through the particular
point. In the present instance, the curve 83 is
an isometric ellipse. In line with the basic prin-
ciples of the isometric system, the radial dis-
tances to the points of the curve that are sit-
uated in direction to the zero, $0° and 180° marks
of the graduation, are equal to the chosen con-
stant since in these selected directions there is
neither foreshortening nor lengthening. The in-
dexing edge 82 of the rotary member 17 is pro-
vided with one, or preferably two identical, grad-
uationg 84 which, in the present case, is a linear
scale representing the above mentioned ratio on
the same basis which underlies the construction
of curve 83. Therefore, in any position of mem-
ber 17, the actual ratio applying to that particu-
lar angular direction indicated on scale 13 may
be read directly on graduation 84 at the point of
intersection belween the curve 83 and the index
edge 82.

It is evident that the just desecribed feature is
of great value. Up to now the so-called non-
axonometric lines, i. e. lines extending in direc-
tions not parallel with any one of the axono-
metric axes, could not be drawn to a definite scale
nor scaled from a given axonometric drawing.
Their length had to be determined indirectly by
plotting or scaling their axonometric coordinates
which is a very cumbersome and time-consum-
ing operation. INow by means of the said index
curve and the graduation on the index member
the ratio in any ansular direction within an
axonometric plane can be quickly and correctly
determined and the length at the scale of the
drawing calculated by simple multiplication.

It is to be understood that the polar eoordi-
nates of the individual points of the index curve
need not be determined by the product of a con-
stant and the particular ratios, but instead of
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that constant a function may be used with the
effect that then of course the graduation 84 is
not of lihear nature. This may be useful in the
case of applying the same principle to dlmetrlc
or trimetric systems in which cases the curve, if
designed by using a constant as ba51s, would
become very oblong, but could be shortened by
ugsing a certain function.

In any case of a protractor that is provided
with a rotary index member, it is advisable to ar-
range, along the index edge of such member,
linear graduation in units of length at the scale
at which the particular drawing is to be drawn.
Such s graduation has to extend only over that
portion of said index edge which spans the open-
ing in the frame of the protractor. In order to
simplify the drawings such graduations are not
shown in the figures described so far, but is
shown. in Fig. 6 which is deseribed further below.

While the examples described with reference. to
Figs. 4, 6 and 8 are designed to deal with iso-
metric problems only, it is obvious that they
could as well be adapted analogously to dimetric
and trimetric conditions. Such adaptations may
either take care, by providing only one axono-
metric graduation and one index curve, of one of
the various projections occurring in dimetric and
trimetric systems, or they might comprise g num-
ber of different axonometric graduaticns and a
corresponding number of index curves,

Fig. 6 illustrates a modified version of the pro- }

tractor shown in Fig. 4. As stated above, in the
case of certain dimetric or trimetric projections
the shape of an index curve based on the use of

a, constant may become very inconveniently ob-

long. Instead of substituting a certain function
for the constant, the index curve may be con-
structed in such a way that the radial distance
of any one of its points is equal to the product
of a constant and the logarithm of the ratio of
foreshortening or lengthening occurring in the
angular direction of that particular point.

in Fig. 6 a profractor is shown which is zen-
erally similar to the one illustrated by Fig. 4.
Therefore the same numerals are applied to like
parts. Resides an isometric graduation 13 the
frame 71 is provided with a regular graduation
T2, both concentric to the circular opening 78.
A logarithmic index curve 164 is arranged con-
centric with and between graduations 72 and 183.
The rotary index member 105 has an indexing
edge 88 extending through the center 187 of ro-
tation. This edge 188 is provided, in this exam-
ple, with a regular inch graduation {§8. In ad-
dition the index member 1085 is. provided with
means resembling a slide rule. A movable strip
189 is slidably guided between two.narrow strips
113 and {11 that are attached to the member
185 parallel with edge i68. 'The cross-section
Fig. 5 shows the details of this arrangement. The
movable strip 188 has an extension 112 towards
one side which is provided with an indexing edge
113.of sufficient length to overlap the graduation
13 no matter how far the strip (92 is moved: one
way or the other within the range of this in-
strument. Besides the edge 113 always forms an
extension of, or is in- alignment with, the edge
{86. On account of this, the member 105 may
be set with its edge 105 in any angular posmon
with respect to graduation 713 or 72. With ref-
erence to graduation 12 zero marks or index hnes

18- are provided in line with edge. 106, on the.

member 185, If desired o vernier !15 may be
added to one of the marks (14.
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The strip 1i0 is provided along its inner edge 75
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with & logarithmic graduation {16 based on the
same constant or scale on which the curve 104
is constructed. This means that if, for instance,
a unit of length “A” has been chosen to repre-
sent the logarithm of an actual dimension
R=10"" on member (88 (seale {17) then the in-
dex curve {84 must be constructed so that, along
its perimeter the radial center distance of every
one of its points represents the logarithm of those
coefficients which indicate the percentage of fore-
shortening or lengthening of the actual dimen-
sions of lines at the particular angular position,
said logarithms being plotted at the same scale
which results in representing the logarithm of
R=10" by the chosen unit of length “A.” It is.
advisable to extend fhe scale 116 downward be-
yond the value “1” and upward beyond the value
“10” which latter, in fact, is used in the well
known way alsc as “1.” The strip {89 is pro-
vided along its edge facing the strip 118, with a
logarithmic graduation {i71 constructed on ex-
actly the same scale as 116 so that these two
graduations or scales may be used like an ordi-
nary slide rule. The edge 118 of the slide ex-
tension. {12 Is provided with an. index mark 118
in such' a position that when the rotary mem-
ber {85 is set toc the angular position zero or 99°
on scale 73, and when the two logarithmic grad-
uations ({8 and {47 are brought into complete
glignment, the index 11§ lines up exactly with
the curve {64 at its point of intersection with
edge 113,

In practice, the rotary member {85 may be set
to ahy desired angular position and, in such po-
sition, the index 118 may be brought into regis-
ter with the corresponding point of the curve 104
Then, except for the above-mentioned selected
positions, the marks “1” of graduation 17 will
indicate on the opposite scale {i§ the ratio of
foreshortening- or lengthening, as the case may
be, that applies to lines in the particular angular
direction. Iowever, this ratio need not be read.
In the example illustrated the angular position is
45° on the isometric scale 72, therefore the ratio.
is 1.225. Suppose, however, a dimension of 3’/ is
to be plotted along edge 18§ in that direction,
the user will read opposite the mark “3” of grad-
uation (17 the value 3.675 on graduation [16.
This would then be, in inches, the length of a
line to be drawn along edge {88 by means of
graduation 108 in order to represent. correctly
the dimension 3’/ af the given angle. The anal-
ogous procedure applies in reverse if the. length.
of a non-isometric line in an isometric. drawing
is to be gauged or scaled. 'The slide member (6%
is held and guided by bevel and/or groove en-
gagement with strip 185 and another hacking
strip { {{ attached thereto.

As shown by ¥igs. 8 and 9 in this embodiment
of the invention the logarithmic curve {84 may
be replaced by a groove 118 in which a guide pin
129 provided on the slide extension 1{2. instead
of the index {8 would be automatically giided
s0 as to control the lengthwise movement of slide
109 during a rotary movement of the member
165. Obviously, this version of the instrument
facilitates and speeds up the operstion and pre-
vents errors.

While I have described o number of selected
and preferred embodiments. of my invention, I
wish it to be understood that I.do not wish fo be
limited to the details thereof as many.variations.
and modiflcations, substifutions of equivalents
and combinations of the described features may
be found and used by those skilled in the art
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without departing from the gist and scope of the
present invention.

What I claim is:

1. A protractor comprising a frame, means on
the frame indicating a central point, an angular
scale arranged thereon related to said central
point adapted to indicate angles in such modi-
fled magnitudes as are determined by their pro-
jection in an axonometric system, said frame be-
ing provided, in addition to said angular scale,
with at least one index curve on said frame re-
lated to said angular scale, said index curve be-
ing determined at every point of its perimeter by
its being situated on a radial line from said cen-
tral point to a point of said angular seale and
at a radial distance from said central point equal
to a constant multiplied by the ratio of fore-
shortening or lengthening affecting through the
particular projection a given distance extending
at the corresponding angle, with the protractor
in a position predetermined for one plane of the
projected object, said frame being provided with
an indexing member adapted to be rotated with
respect to said frame and in a plane parallel
with that of the frame, the center of rotation
coinciding with said central point of said angu-
lar scale, said member being provided with an in-
dex having at least one extended portion related
to the center of rotation and to said scale so as
to be adapted to measure and indicate angles one
leg of which is a line from said central point
to a point of said scale; said rotatable member
being also provided, along its index, with a grad-
uation adapted to intersect, during the rotation
of said member, with said index curve and to in-
dicate, in any angular position the ratio of fore-
shortening or lengthening applying to that an-
gular position.

2. A protractor comprising a frame, means on
the frame indicating a central point, an angular
scale arranged thereon related to said central
point adapted to indicate angles in such modi-
fied magnitudes as are determined by their pro-
jection in an axonometric system, said frame be-
ing provided, in addition to said angular scale,
with at least one index curve on said frame re-
lated to said angular scale, said index curve be-
ing determined, at every point of its perimeter,
by its being situated on a radial line from said
central point to a point of said angular scale and
at a radial distance from said central point equal
to a constant multiplied by the logarithm of the
ratio of foreshortening or lengthening affecting
through the particular projection a given dis~
tance exending at the corresponding anegle, with
the protractor in a position predetermined for
one plane of the projected object, said frame be-
ing provided with an indexing member adapted
to be rotated with respect to said frame and in
a plane parallel with that of said frame, the cen-
ter of rotation coinciding with said central point
of said scale, said member being provided with
an index portion related to the center of rotation
and to said scale so as to be adapted to measure
and to indicate angles one leg of which is a line
from said central point to a point of said scale,
and the said index portion of said rotatable mem-
ber being provided with a graduation in units
of length; said rotatable member being also pro-
vided with a fixed logarithmic graduation and
with a sliding member provided with a logarith-
mic graduation to the same scale, both loga-
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rithmie graduations being parallel with the said
unit of length graduation, said sliding member
being provided with an index mark adapted to
be brought into coincidence with the intersec-
tion of said ecurve with the line connecting the
said central point with the corresponding point
of the said related modified angular graduation,
g0 that in any angular position of the said rotat-
able member the index of the slide member may
be aligned with the pertaining point of said in-
dex curve in order to set thereby the slide mem-
her and thus its logarithmic graduation, with re-
spect to the fixed logarithmic graduation, to the
ratio between original lengths and their counter-
parts in the pertaining projection, whereby the
projected length may be read from the fixed log-
arithmic graduation.

3. A protractor as specified in claim 2, in which
the index line in the form of a logarithmic curve
is an edge. of any kind including that of a groove
provided on said frame, and the index mark on
the slide member comprises means adapted to be
guided along said edge on a path equivalent to
and conforming with said logarithmie curve while
said rotatable member is brought into various
angular positions with respect to said frame.

PAUL F. BCEHM.
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