J00=100 | viVSS HEFERENCE  SFARCH ROOM

May 19, 1953 C. W. KEUFFEL ETAL 2,638,675
DRAFTING MACHINE
Filed March 25, 1947 6 Sheets—Sheet 1

INVENTORSEL
CARL W. KEUFF
OLllietic  (butior

BY

S‘WM%E



2,638,675

C. W. KEUFFEL ETAL

May 19, 1953

DRAFTING MACHINE

Filed March 25, 1947

6 Sheets-Sheet 2

%N/ QN\

N\\

Feled

\\\\\ \»\\_\\\_\\v\

Jus . =
#01 "
on \,W.Qv\..
so/
&l

all [y &l o
b/4 ol 99

o4
\ 9z

& o9
8.

T 614
I ¥ W 9% 26 or
mu R og \@. 0g1/90! 8¢
_ (N ﬁﬁv/w Il.ml
! b/ //
Z o — bl
N b Hhm;"!|||||l
PN T . -
AR
. 44 J
; b 2z
4
P .0 A by
k 2 80l 0!
26 9g/ 13, mww
z9 |\ 9¢ -
o =
.QQ\\.M /i 90/

INVENTORS
CARL W. l&EUFFEL

BY

R

o\ el
el Oc/



2,638,675

C. W. KEUFFEL ETAL

May 19, 1953

DRAFTING MACHINE

6 Sheets-Sheet 3

Filed March 25, 1947

[Fwgp 96— AIY4 Ol &2
CES S S EETTTIR
GLIAL ) % £f 1, oz
Vm. 3 ; i
6 /201 00/ 10 &l
O 2 \ 199) s
b
m,w mw
1 ,_ A
o]
7)
[e]
8
9z

IIT 014
oz “ AT Z
o o6
b V// . L&
20/~ _ YU 9
E ot S 3
@ N @ /
/@&Nuk.ﬁ N //
"o 108N\
gy 0
s S @
/7 O : &
\ \ s, ] @
oil @ S| [
/ / @ :
X ©/ 9 mm. o4/
//Mlnbillll%uqill - \\
@ 2 \\ cs
97 Vi €
62 23

UFFEL

Z R4k,

INVEK} TORS

| CARL W
%ﬁ@«wﬂ)

v8

98



May 19, 1953 C. W. KEUFFEL ET AL 2,638,675
DRAFTING MACHINE

~ Filed March 25, 1947 » 6 Sheets-Sheet 4
l , 260
258 Fig. XIIT
259
256
B> 2R
257

T
T

25] 252 253 254

Fig YT
0 10 203040 5060 /30

i bbb bl

I o) - 358
178
|

Fig XIV
INVENTORS

CARL W. KEUFFEL

B bt e



May 19, 1953

C. W. KEUFFEL ETAL

2,638,675

DRAFTING MACHINE

Filed March 25, 1947

6 Sheets-Sheet 5

Fig. YIIT

]

/g2

Fig IX

|23 l/:l

INVENTORS
* CARL W. K;UFFEL
aeli i

e



May 19, 1953 C. W. KEUFFEL ETAL 2,638,675
| DRAFTING MACHINE
Filed March 25, 1947 6 Sheets-Sheet 6

/ X% 2I0
T, 293 % i
201 (A =R
204'%’% A 205
P
206 208 2(1,7
& 223
22\4 25{2/ Py Fig X1

INVENTORS
CARL W. KEUFFEL

et G



Patented May 19, 1953

2,638,675

UNITED STATES PATENT OFFICE

2,638,675
DRAFTING MACHINE

Carl W. Keuffel, Bernardsville, and Allister L.
Baker, Jersey City, N. J., assignors to Keuffel &
Esser Company, Hoboken, N. J., 2 corporation

of New Jersey

Application March 25, 1947, Serial No. 737,050
(CL 33—79)

9 Claims.
1

This invention relates to drafting machines,
various forms of which are well known in the
art. The usual type comprises a fixed member
clamped to & drawing board, a first movable arm
pivoted at one end to the fixed member, a second
movable arm pivoted at one end to the moving
end of the first arm, and a drafting head carried
at the free end of the second movable arm and
movable over the drawing board. The drafting
head includes a protractor and a protractor arm,
with means for holding one or more scales, rulers
or straight edges, which can be rotated about
the protractor. As the drafting head is moved
over the drawing board, crientation of the pro-
tractor is held constant either by some combina-
tion of pulleys and bands or by some combination
of paralle] arms. The present invention relates
only to the drafting head and it should be under-
stood that the form of the other parts of the
machine in no way affects the invention.

Specifically, the invention relates to an im-
proved type of drafting head which may be com-
bined in any suitable manner, known in the art,
with other parts necessary to make a drafting
machine.

In using a drafting machine, it is sometimes
necessary to turn the protractor arm which holds
the straight edges to some desired angle  indi-
-cated by the protractor, to set the arm accurately
at said desired angle and to hold it at said desired
angle as long as desired. The present invention
provides optical means to aid in reading the pro-
tractor so that the setting of the protractor arm
is facilitated, Thus one object of the invention
is to provide an optical system to facilitate the
setting of the protractor arm.

By means of the optical system used, it is
possible to magnify the protractor scale so that
its setting relative to an index may be made to
greater accuracy. Hence, another object of the
invention is to provide a drafting head in which
the protractor arm can be set with greater
aceuracy. ‘

Another object of the invention is to provide
an enclosed protractor, thus protecting this ac-
curately graduated member making it possible to
use a glass protractor if desired and thereby al-
lowing the manufacturer to take advantage ‘of
known methods for producing sharp accurate
graduations on glass in making protractors.

These and other objects of the invention and
the means for their attainment will be more
apparent from the following detailed description
taken in connection with the accompanying
drawings illustrating several embodiments by
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which the invention may be realized, and in
which:

Figure I is a view in plan of a drafting machine
provided with the new drafting head.

Figure IT is a vertical section taken along the
lines IT—II of Fig. I and looking in the direction
of the arrows.

Figure IIT is a view in horizonta] section taken
along the line IIT—IIT of Fig. IT and locking in
the direction of the arrows.

Figure IV is g view in enlarged vertical section
taken along the line IV—IV of Fig. IT and look-
ing in the direction of the arrows, showing the
pin clamp.

Figure V is a view in enlarged vertical section
taken along the line V-—V of Fig. IT and looking
in the direction. of the arrows, showing the clamp
and tangent screw assembly.

Figure VI is a view showing the superimposed
protractor and micrometer scales, the portion
within the circle being that seen through the
eyepiece when used with an optical system such
as shown in Fig. IT.

Figure VII is a diagrammatic view in vertical
section showing an alternative optical system
which could be used to read a transparent
protractor. .

Figure VIII is a diagrammatic view of another
optical system for reading a transparent pro-
tractor.

Figure IX is a diagrammatic view of an optical
system similar to that of Fig. VII but showing
an opaque protractor.

Figure X is a diagrammatic view of an optical
system for reading a transparent protractor in
an averaging manner.

Figure XI is a diagrammatic view of an optical
system for reading the protractor including a
modified micrometer arrangement. :

Figure XIT is a diagrammatic view -in vertical
section of an element of transparent material
for transmitting concentrated light into the
instrument. : :

Figure XIIT is a diagrammatic view showing an
alternative arrangement for illuminating the
protractor. :

Figure XIV is a view similar to Fig, VI showing
a special protractor scale superimposed on two
micrometer scales, the portion within the circle
being that seen through the eyepiece when used
with an optical system such as shown in Figs.
II and VII. ‘

In Figure I, the fixed member or anchor 2 is
shown with means for clamping it to the draw-~
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ing board. The first movable arm 4 is pivoted
to this member on its one end and to the second
movable arm 8 on its other end. The drafting
head 8 is at the free end of the second movable
arm 6.

In Figures II and III, the band {2 passes
around the drafting head pulley {9 to maintain
it in orientation on the drafting board in known
manner. Fitted closely over the bottom of this
pulley is the protractor holding plate 14.
plate is carried by the drafting head pulley.and
held in position thereon by the spring washer 1§
and the retaining plate 18, which plate {8 is
screwed onto the drafting head pulley. The pro-

tractor 28, which in this embodiment is of a. ]

transparent material such as glass is cemented
to the protractor holding plate (4. A hall bear-
ing 22 is between the head bracket 7 of the second

movable arm 6 and the drafting head pulley i§.

or member maintained in orientation so that the
arm -may rotate with respect to the pulley which
is held in orientation by the band 2. The nut
24 holds this bal bearing onto the drafting head
pulley.

The center tube 2§ is free to turn ingide the
drafting head pulley {8. On its lower end it is
fastened to the protractor arm 28, as by means
of screws 21. The protractor arm 28 as shown in
Fig. IIT may -be provided with chucks or other
means to receive one or more rulers, scales or
straight-edges 28. In some cases provision may
be made for conly a single straightedge. The
bottom cover plate 2@, the housing 32 carrying
the batteries 34 and 36 and the light bulb 38, as

well as the illuminating rod 48 and the pin clamp 3

&4- are all attached to. the protractor arm and
rotate with it.

The battery caps 8§ and 371 hold the batteries
34 and 36 in proper position in the housing 32 so
that the necessary electrical contacts are made.
The battery caps 5 and 37 are attached so that
they may be easily removed to permit changing
of the bhatieries when necessary. The batbtery
cap 37 contains an extra light bulb 42 which can
be used to replace the light bulb 38 when neces-
sary.

The bottom button 31! is screwed into the bot-
tom cover plate 30 and is centered at the bottom
of -the drafting head: The entire head rests by
means-of this button against the drafting board.
In moving the drvafting head over the drafting
board the head: slides on-the bottom button 3t.

The objective bracket £§-is a right angle part
which is tubular on both ends. 1Its vertical tubu-
lar portion fits inside the center tube 26 :and is
fastened as by a screw.47 to it. The horizontal
tubular portion of objective bracket 48 carries the
refiector cell 48, to which iz fastened the pro-
tractor reflector 52, and the ebiective. cell 59 in
which is mounted the objective §4. The. center
reflector B3 is fastened at the corner of the objec-
tive bracket 46. Since the objective bracket 46
is fastened to.the center tube 26 it rotates with it
and therefore it also rotates with the protractor
arm.

The. reticle. cell 58 bears the reticle 58 and is
fastened as by screw 57 inside the upper-end of
the center tube 26.. The extreme upper end of
the center tube 26 is threaded on the. outside angd
the eyepiece focusing tube 68 is screwed over. it.
The eyepiece mount 62 bearing: the eyepiece 64 i
fitted over the eyepiece focusing. tube 83. Thus
the light bulb 38, the illuminating rod 48, the
refiector 52, the objective 54, the reflector 53, the
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the center tube 26 and the protractor arm 28 and
maintain their relative positions in so doing.

The knob 66 fits over the cutside of the center
tube 26. The knob screw 68 joins it to the switch
sleeve 16 through a vertical slot in the center
tube 26. The compression spring 72 acts between
the kneb 85 and the spring thrust ring 4. Since
the spring thrust ring is fastened over the outside
of the center tube and cannot move vertically, the
compression spring T2 holds the knob 66 up so
that the knob screw 88 touches the upper end
of the slot in the center tube 28.

If g downward pressure is applied to the knob
66 by the hand;, the compression spring 12 is

further compressed until the knob screw 68

touches the lower end of the slot in the center
tube. The switch sleeve 78 is also moved down-
wardly with the knob causing the contact strip
76, which it carries and which passes through a
slot in the upper sleeve of the objective bracket
48, to make contact with the switch contact 8.
When such contact is inade one pole of the bat-

tery 36 is grounded to the head, through the clip

88, the wire 82, the switch contact 78 and the
contact strip 76. The other pole of the battery
36 is connected to one side of the light bulb 38
by the wire 84. The pole of opposite polarity of
the battery 34 is connected to the other side of
the light bulb 38 by the wire 88. The other pole
of the battery 24 is grounded to the head, to com-
piete a series electrical circuit having the light
bulb connected bhetween the two batteries.

The pin clamp 84 for rotating the protractor
with respect to the pulley and thereby to establish
a new base line, is shown in detail in Fig. IV. In
order to clamp the protractor to the protractor
arm the trigger 88 is pressed down turning it
apout the pivet pin §2 and allowing the locking
piece 98 to be turned upward around its pivot pin
92 by the action of the compression spring 94.
The locking piece %8 holds the trigger 88 in the
position shown by dotted lines. In this position,
the trigger pushes the clamp pin $8 up against
the action of the compression spring 98 causing it

. to clamp the circle holding plate 180 against the

pin clamp body §02.

The circle holding plate {89 may be released by
pushing down on the locking piece 26 compressing
the compression spring 94 and allowing the trig-
ger 88 to come up under the action of the com-
pression spring 98, which zlso lowers the clamp
pin 96 freeing the circle holding plate (80.

The circle holding plate 140 is fastened to the
protractor holding plate {4 by a ring (01 and
screws 183 so that when the pin clamp is closed to
grip the circle holding plate 108, it, the protractor
holding plate {4, and the pretractor 28 cemented
thereio, will all turn with the protractor arm and
the protractor holding plate {4 will slide under
the spring washer {6.

The clamp and tangent screw arrangement {05
shown toward the right of Fig. II and in greater
detail in Fig. V, can be described as follows:

The locking lever 184, seen best in Fig. II, is
provided with a female thread which engages
with the elamp screw {85, so that when the lock-
ing lever is pushed back it rises upwardly on the
clamp screw pushing the clamp washer 108 up
against the clamp plate | {8 which in turn pushes
up the tangent clamp plate {15 squeezing the fric-
tion washer. {12 between the tangent clamp plate
{16 and the tangent arm ! {4 which is held down
by the head of the clamp screw 106. The clamp
screw 185, the tangent arm {14 -and the clamp
plate. 116 -are .pinned together by the set serew
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‘118, in order to prevent the clamp 'sérew 106.dnd
the clamp plate 110 from turning by friction
when the locking lever 104 is actuated. The head
of the clamp screw 106 is provided with several
holes spaced equally in a circle. The set screw
148 will fit each of these holes so that in the event
that the clamping action becomes loose it may be
tightened by turning the clamp. screw- 106 to
tighten it and using the set screw (18 in another
hole.

Through the above means the tangent clamp
plate 116 is clamped to the tangent arm {14 when
the locking lever is pushed back but the tangent
clamp plate 116 is fastened as by screws 1T to
the drafting head pulley [0-'so that the net result
is to clamp the tangent clamp plate 116 as. well
as the clamp plate 110 to the drafting head pulley
{0. When not clamped to the tangent clamp
plate 116 the tangent arm (14 is free to turn by
sliding over it while carrying the clamp screw
106, the clamp plate 18, the friction washer {2
and the locking lever 104 with it.

The. tangent screw bracket {20 is fastened by
screws 121 to the protractor arm 28. On the left
side of the tangent screw bracket, as shown in
Pig. V, a threaded section is provided in which the
tangent screw 122 turns. The tangent screw acts
against the clamp plate 110.  On the right side
of the tangent screw bracket, as shown in Fig. V,
a hole is provided in which the spring plunger 124
slides under the action of the compression spring
128 which is constrained on its other end by the
spring cap 128. The spring plunger 124 acts on
the opposite side of the clamp plate 1 (0 from the
tangent screw 122 but in line with it. .

The tangent screw {22 and the spring cap 128
hold the clamp plate 110 between them. When
the protractor arm 28 is rotated about the center
tube 26, it carries the clamp plate 119, ete. along
with it. The tangent arm 114 being joined to the
clamp plate [0 also rotates with it. When the
tangent clamp plate is clamped by means of the
locking lever 104, the protractor arm is in effect
clamped to the drafting head pulley 10. Then
the tangent screw arrangement 105 provides a
fine adjustment for rotating the protractor arm
by turning the tangent serew 122.-

The protractor 20 shown in enlarged form in
Fig. IV and which in this embodiment is made
'of glass is provided with graduations 21 and num-
bers 23 on its lower surface, which fogether will
be called the protractor scale (30. The upper
surface 25 of the protractor 20 is provided with-a
diffuse surface as would result by grinding or
etching the glass and is coated with a reflecting
material such as aluminum or silver to form an
internal diffuse reflecting surface.

When the knob 66 is pushed down, the light
bulb 38 is lighted and the illuminating rod 46 di-
‘rects this light onto the glass protractor 20 to
illuminate the protractor scale by internal reflec-
tion from the upper surface 25 of protractor 20.

The objective 54 and the reflectors 52 and 53
then image a portion of the iluminated protractor
scale 130 onto the lower surface of the reticle 58.
This surface is provided with-a micrometer scale
on which the image of the protractor scale is
superimposed. The superimposed scales -are
viewed through the eyepiece 64.

The appearance of the superimposed scales to
the eye is shown in Fig. VI. The protractor scale
130 has one degree divisions and is numbered
from 0 to 359 degrees. The micrometer scale 132,
the zero_line of which may be considered an in-
dex mark, is divided into 5 minute divisions and
is numbered every 10.minutes.. The degree read-

10

15

20

25

30

35

40

45

50

55

60

65

70

75

6
ing is read from the number of the protractor
scale division which intersects the micrometer
scale. ' The minute reading is then read from the
place at which this protractor scale division in-
tersects the micrometer scale. This reading can
readily be made to one minute by estimation.

The arrangement and number of graduations
making up the protractor scale as well as the ar-
rangement and number of graduations making up
the micrometer scale may be varied as desired
and need not necessarily ke as shown in Fig.
VI. In fact, if the accuracy required is not great,
the protractor scale may be divided finely enough
so that a micrometer scale would be unnecessary,
and only an index mark would be necessary. The
index mark could take the form of a line, a pair
of parallel lines, an X or a centered dot in which
case the protractor scale would be read by esti-
mating the place at which the index mark lies on
the superimposed protractor scale. Also the pro-
tractor scale may be divided in quadrants instead
of in a complete circle depending on the use to
which the instrument is to be put.

Having described the interrelation of the
various parts of the invention in detail, some of
the ways in which the new drafting head may be
used will now be described. :

A line may be drawn to any angle with re-
spect to the base line to which the protractor has
been set as follows. Both clamps 44 angd 185 be-
ing open, the protractor arm 28 is turned to find
the desired angle while the operator Icoks through
the eyepiece 64 and holds the knob 66 down.
Then, in order to set accurately. to this angle,
the locking lever {04 is pushed back to clamp
the clamp plate {108 to the drafting head pulley
10 and the protractor arm is adjusted by means
of the tangent screw 122 accurately to the desired
angle as seen through the eyepiece. Having thus
set the protractor arm to the desired angle, the
drafting head 8 may be moved over the drafting
board. 'The combination of bands and pulleys
majintain the orientation. When the straight
edge attached to the protractor arm passes
through a desired point, the line is then drawn .
at the selected angle through this and any other
points. Lines may be so drawn through any de-
sired points at any desired angle to the same
base line by resetting the protractor arm in the
manner described.

If it is desired to change to another base or
reference line and make the zero setting of the
protractor correspond to this line on the draft-
ing board, this may be accomplished as follows.
With both clamps 44 and 105 open, the protrac-
tor arm is rotated while the operator looks
through the eyepiece and holds the knob 86 down
until the protractor reading is close to zero. Then
the locking lever 104 is pushed back to clamp
the clamp plate 110 to the drafting head pulley
and the protractor arm is adjusted by means of
the tangent screw {22 until the protractor read-
ing is exactly zero as seen through the eyepiece.

The pin clamp 44 is then closed by pushing
down on the trigger 88. This fixes the protractor
20 to the protractor arm 28. The other clamp
105 is opened by means. of the locking lever 104.
The protractor arm carrying the protractor with
it against the action of the spring washer (6
and maintaining the zero reading, can now be ro-
tated until the straight edge 29 is parallel to the
desired reference line. If the locking lever 04
is again turned to operate the tangent clamp 105
the clamp plate 110 is clamped.to the pulley 10
and the protractor arm 28 still carrying the pro-
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tractor 29 can be given a fine adjustment. by
means of the tangent screw {22, to set-the straight
edge .exactly on or parallel to the desired refer-
ence line. The pin clamp is-then released by
pushing down the locking piece 80. 'This re~
leases the protractor 20 from the protractor arm
28 ‘and therefore it is maintained in orientation
by the pulley 10 with which it is.in frictichal en-
gagement. The tangent clamp (05 is. released
from pulley {0 by releasing locking lever 104 and
the machine is ready for laying off' angles from
the new reference line.

Both the pin clamp and tangent clamp de-
scribed with reference to Figs. II, III, IV-and V
provide novel means for clamping -together the
fundamental members of a drafting head with-
out danger of turning the members by friction
when actuating the clamps. Clamps of this type
could also be used in drafting machines not pro-
vided with an optical system for reading the pro-
tractor but in machines having optical means for
reading the protractor, they are more desirable
because of the high accuracy which is made pos-
sible.

The use of the tangent screw arrangement as
described above and as shown in the drawing,
provides a novel method for fine setting of the
protractor arm in a drafting machine. It should
be understood that the tangent screw can be used
between other members of a drafting head for
purposes of fine adjustment within the scope of
the invention. For example the tangent screw
could be made to operate between the protractor
arm and the protractor instead of between the

protractor arm and the drafting head pulley as 3

shown in Fig. IT. The use of tangent screw or
other fine adjustment need not necessarily be
used in a drafting head having optical means for
reading the protractor as shown in Fig. II but the
high precision of such an instrument makes this
feature desirable. In some cases it may be de-
sirable to use two tangent screws between dif-
ferent pairs of members in the drafting head or
it may be desirable to use a tangent screw in
combination with a different type of clamp from
that shown in Fig, IT. All such modifications are
within the scope of the invention.

The optical system shown in Fig. IT represents
only one form which this invention may take.
Many variations in the optical system are pos-
sible depending on the use to which the drafting
machine is to be put, the accuracy desired and
other factors. For example, the system shown
schematically in Fig., VII may be used. In this
system the reflector (Ti reflects light from a
lamp if one is provided or from some external
source through the glass protractor 172; illumi-
nating the protractor scale 176 thereon. The
objective 1713 images part of this scale (in mag-
nified form if desired) to a focal plane whiech co-
incides with the surface of the reticle 177 -on
which a mmicrometer scale 174 -is provided. The
superimposed scales are viewed through the eye-
piece 175. In this embodiment of the invention
the parts 17, (13, 11T and 1715 must be fixed -to
the protractor arm and rotate with it.

In a drafting head made according to Fig.
VII, when the protractor arm is rotated about the
head .center, it will pass through seme positions
in which the eyepiece 115 will be situated under
some portion of the secondg movable arm of the
drafting machine (part 6 in Fig. 1) or the-rota-
tion-of the protractor arm will be limited by in-
terference between the mechanical part holding
Ihe eyepiece and some portion-of the second mov.
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able arm of:the drafting machine. Thus, this
type of drafting head should be used for instru-
ments where only limited angular measurements
are encountered. Where the protractor must be
read through a full 360° the construction shown
in Pigs. II and III should be used, wherein the
eyepiece is sifuated -at a point over the center of
the protractor.

It is possible;, within the scope of the inven-
tion to modify considerably the details of the
straight line optical system of Fig. VII. For
example, it would be. possible in a drafting head
provided with an enclosed protractor to provide
means for iluminating the protractor and a mi~
crometer or vernier scale held above, below or to
the side of it and to provide an ocular or micro-
scope for reading the protractor.

Another modification is-illustrated in Fig. VIII
in which: Light is directed to pass through a
reticle 184 illuminating & micrometer scale. {87
provided on one of its surfaces. The microm-
eter scale is imaged: by the reflector 181 and
the lens {83 onto the surface of the protractor
182, carrying the protractor scale (8§8. The
superimposed seales are then both imaged by
the objective. {85 to the focal plane {88, from
which they are viewed through the eyepiece {89.

The objective 185 and the focal plane 188
could be omitted and the superimposed scales
viewed directly at 186 through an eyepiece.

It would be possible also to utilize a scheme
similar to that shown in Fig. VIII in which a
micrometer scale is imaged on the protractor
scale in a drafting head, and the superimposed
scales by suitable optical means- are brought
along -an optical path, following the axis passing
through the -center of the protractor. An eye-
pieee- may be provided above the center of the
protractor, thus making it possible to turn the
protractor arm through a full 360° and still read
the protractor.

Another possibility -based on the embodiment
shown in Fig. VIII would be to €liminate the ob-
jective 185, the focal plane {88 and the eyepiece
189-and reverse the direction of light by illumi-
nating the protractor 182 from above, imaging
a portion of the protractor scale 186 onto the
reticle 184 by means of lens 183 and reflector 181
to superimpose it-on the micrometer scale 187.
An eyepiece could then be provided for viewing
the superimposed scales from the side-and if de-
desired another reflector- or prism could be pro-
vided to make the direction of viewing more
convenient. Such-a reflector or prism could be
adjustable for changing the direction of viewing
at will.

Instead of imaging one set of graduations on
the other they may be combined for the first
time. at a focal plane separate from either. set
of graduations. )

In Fig. IX an optical system for reading an
opague protractor. is illustrated. The reflector
184 directs light onto the opaque. protractor {92
lluminating. the. protractor scale. 186 thereon.
The objective {93 images a portion of the pro-
tractor scale onto the .reticle (97 superimposing
it on the micrometer scale 134, The superim-
posed scales are viewed through the eyepiece 195.

This- system for -reading an opague protrac-
tor may also be modified in many ways: For ex-
ample, means could be provided to bring the
eyepiece over the.center of the protractor for
reasons already explained .or modifications simi-
lar to those discussed in conneection  with Fig.
VIIT:could. be used:with an. opaque protractor,
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The opaque protractor could be either enclosed
or open as could also the transparent protrac-
tors illustrated in Figs. VII and VIIL . The illumi-
nation of the protractor might be somewhat sim-
plified if it is open. :

However, theve is also a grewt advantage in
enclosing the protractor in order to protect this
precision element and the accurately divided
graduations with which it is provided. If the
protractor is made of glass its enclosure is even
more important in order to prevent breakage.

Fig. X shows an embodiment of the invention,
in diagrammatic form, in which an averaging

system is used. for reading the protractor, there-’

by eliminating any errors which might be intro-
duced .due to eccentric mounting of the circle,
and thus providing a modification which is use-
ful where extreme accuracy is desired.

Referring to Fig. X, light from the light bulb
201 or other source is carried by the illuminating
rod 202 to the non-graduated side of the trans-
parent_glass protractor 203 passing through it
to illuminate the first portion of the protractor
scale 284. The ifirst portion of the protractor
scale 284 is imaged onto the second portion of
the protractor scale 285, which is '180° distant
by means of the 1st and 2nd reflectors 206 and
287 and the lens 208. The superimposed por-
tions of the protractor scale are then imaged
on the reticle 208 by means of the 3rd and 4th
reflectors 216 and 241 and the objective 212. A
micrometer scale 2{3 is provided on the reticle
209 upon which the combined images of the two
portions of the protractor scale are superimposed.
The images are all viewed together through the
eyepiece 2{4. In reading the protractor by means
of the micrometer scale on the reticle, a line from
each portion of the protractor scale is used. If
these lines are imaged parallel, the space be-
tween them may be used for reading, or if the
lines of the protractor scale are non-radial and
are imaged as an X, the point at which. they
cross may be used for reading. In any event two
lines 180° apart are involved. in the reading in
an averaging manner thereby eliminating errors
due to eccentric mounting of the scale.

It is apparent that an averaging scheme may
be used for reading the protractor whether the
eyepiece is placed above the center of the pro-
tractor as shown in Fig. X or placed in a direct
path above the second portion of the protractor
scale similar to the arrangement shown in Fig.
VII. It is also possible to image the micrometer
scale onto the first portion of the protractor
scale in a manner similar to that shown in Fig.
VIIL, then image the superimposed scales onto
the second portion of the protractor scale 180°
distent, viewing all three  superimposed scales
through an eyepiece or microscope which may or
may not be arranged to bring the eyelens above
the center of the protractor. It is also possible
to image the two portions of the protractor secale
180° apart and the micrometer scale to a common
focal plane without imsging any of the scales
directly on each other, or the two portions of the
protractor scale 180° apart, may be imaged to a
commoen focal plane without being imaged on
each other, said focal plane coinciding with a
surface of a reticle on which is provided a mi-
crometer scale. It is even possible to use an
averaging scheme with an opaque protractor if
the protractor is provided with a specular re-
flecting surface,” and many other variations and
micdifications are possmle within the scope of the
invention.
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It is also possible to use some form of movable
micrometer scale. An example of a system using
a movable micrometer scale is illustrated in Fig.
X1, in which: A glass plano-parallel plate 221 is
rotatable by means of the knob 224 around an
axis 225 perpendicular to the optical axis and
parallel to the protractor divisions. This rota-
tion of the plano parallel plate 221 moves the
image ‘'of the protractor scale on the reticle 223
in a direction perpendicular to the protractor
scale division.

In this manner the image of the nearest di-
vision of the protractor scale can be set on an
index line (or between two index lines, or some
other scheme) provided on the reticle, by turn-
ing the knob 224. A calibrated micrometer scale,
not shown, is also turned with the knob 224, the
readings of which indicate the subdivisions of
the protractor scale. If desired, the micrometer
scale may also be imaged on the reticle 223 and
viewed through the eyepiece.

It should be realized that other means of mov-
ing the image of the protractor scale are possible,
for example the objective or one of its elements
rmay be moved perpendicular to optical path. It
is also possible to move the reticle. Al such
schemes when combined with a calibrated mi-
crometer afford accurate methods of reading the
protractor scale within the scope of the inven-
tion.

Obviously, any of the reading schemes utiliz-
ing a movable micrometer scale can be combined
with any of the basic optical schemes already
described and illustrated in Figs. I¥, VII, VIII, IX
and X, to form an accurate method of reading
the protractor.

It is also possible to use anh averaging system
in which two portions of the protractor scale 180°
apart are imaged independently to a common
focal plane, each optical system containing a
planoparallel glass plate which can be caused to
rotate in opposite directions. The two portions
of the protractor scale will then appear to move
in 'opposite directions when the planoparallel
glass plates are rotated, so that two divisions of
the protractor scale exactly 180° apart can be
made to coincide or brought into line. The mi-
crometer scale is moved by the same means as
the planoparallel plates and is calibrated to read
subdivisions  of = the protractor scale. ‘'This
scheme could be modified to one having a mov-
able element in only one of the imaging systems
which could be used to bring oppos1te divisions
into coincidence.

The protractor instead of being planar could
he cylindrical. In such case the inside of the
cylinder might carry the graduations and num-
bers while the outside might be frosted and open
to external sources of light fto illuminate the
graduations and numbers.

The illumination of the protractor when en-
closed may be accomplished in many ways, one of
which uses an electric light bulb and is illus-
trated by the drafting head shown in Figs. IT and
HI. If an electric light bulb is used it need not
necessarily be used exactly in the manner shown
in Figs. II and IIT. PFor example, a reflector or
prism could be used in place of the illuminating
rod or the protractor could be illuminated di-
rectly from the light bulb. Also the light could
be directed through the protractor from the side
opposite the objective and reflectors which image
the protractor scale onto the reticle in the case
of 'a transparent protractor. If desired a lens
or lenses could be added or diffusing means could
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be added between the light bulb and the pro-
tractor.

It is also possible to illuminate the protractor
from sources external to the instrument or by
means of the ordinary. lighting present in the
drafting room. For exampile, this may be accom-
plished by using a reflector or combination of
reflectors or prisms for directing the light onto
the protractor. The light may or may not pass
through a window in the drafting head hut pref-
erably it should be passed through g -diffusing
surface or reflected from a diffusing surface in
order to minimize the effects due to the direc-
tion of light or any parallax which may be pres-
ent at the foeal plane of the reticle. If desired
one of the reflectors could be movable, in order
to adjust to the best lighting conditions for a
given drafting room or for a given setting of
the protractor arm. If desired a lens or com-
bination cf lenses could be included in the llumi-
nating systems in order to concentrate the light.

Instead of using reflectors or prisms an illumi-
nating red or rods could be used for directing
light into the drafting head and onto the pro-
tractor scale or any combination of reflectors,
prisms, illuminating rods and lenses, not neces-
sarily including all types cculd be used in the
illumination system. It would also be possible
to include an illuminating rod expanded into a
fan shape or the like at its receiving end in order
to pick up light from a wider angle in the éraft-
ing room.

However,; all the schemes mentioned so far will
only take in light from a limited angle around
the drafting room and if no good source of light
happens to be within the angle, illumination will
prokably be quite poor. Furthermore, the illu-
mination will change as the protractor arm is ro-
tated changing the angle from which light en-
ters the instrument. This may necessitate a re-
adjustment of the illuminating system every
time the position of the protractor arm is
changed.

A device for receiving light from all angles
around the room and directing it on the pro-
tractor scale is shown in Fig. XII. Light enfers
the symmetrical illuminator 241 from all direc-
tions as shown by the arrows. The lluminator
collects and concentrates this light and sends
it forth in a more or less conical form. Then by
suitable reflectors or other means, it is ulti-
mately directed to illuminate the protractor scale
within the drafting head. The rays of light
ultimately return through the center of the sym-
metrical illuminator 244 for viewing through an
eyepiece such as 242,

A method of illumination is  illustrated dia-
grammatically in Fig. XIIT which has some ad-
vantages over the method of illumination: shown
in Fig, II. Light from the light bulb 251 is di-
rected by the illuminating rod Z82 to the back
side of the refiector 283. The reflector 253 is pro-
vided with a small central hole or at least a clear
spot is provided in the reflecting coating thereon.
The light passes through this clear spof. or hole
and is concentrated by a lens: 254 and refiected
hy the refiector 255 against the protractor 286 to
illuminate the profractor scale 257. The lens
284 and the reflectors 255 and 253 image a por-
tion of the protractor scale 257 onto the reticle
258 so as to superimpose.it on a micrometer
scale or index mark 259. The superimposed scales
are viewed through the eyepiece 260. The pro-
tractor 256 may or may not be provided with a
diffuse reflecting surface.
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One-of the principal advantages of this method
of illumination is that the light is directed against
the protractor in a perpendicular direction so
that a high percentage of it is reflected back
through the optical system to the eye. Ancther
advantage is that the light directed against the
protractor is concentrated by the lens 254.

~A special arrangement of the protractor scale
division used in conjunction with two microm-
eter scales is shown in Fig. XIV, which makes it
possible to read in quadrants as well as'in a com-~
plete .circle. ‘Referring to Fig. XIV, the num-
bering from 0° to 353° around the complete pro-
tractor scale is shown at the top of the field, the
numbering of the protractor scale in quadrants is
shown at the bottom of the field, i. e. from 6° to
90°: to 0° in either direction. Alternate quad-
rants of the circle are -divided with long and short
lines. The reticle is provided with two microm-
eter: scales nurabered in opposite directions as
shown. The upper micrometer scale intersects
all the protractor scale divisions. The lower mi-
crometer scale’ intersects only the long protrac-
tor scale divisions.

The upper micrometer scale is always used
when' reading ‘angles of the complete circle. It
is also used when reading angles by quadrants on
the short lines. The lower micrometer is used
when reading angles: by quadrants on the long
lines. The numbering by quadrants is displaced
by one degree in changing from the long to the
short lines in order.to compensate for the fact
that the two micrometer scales run in opposite
directions.

The invention has. been described as applied
to the art of drafting machines. ‘This dart, as is
understood, includes not only engineering or ar-
chitectural:drawing and the like but also mapping
orsurveying. In the latter fields a drafting ma-
chine or angle plotting machine of high accurscy
and ease of operation such as described herein
is of:special value.

Various modifications will occur to those skilled
in the art in the comiposition, conflguration and
disposition of the component elements going to
make up the invention as a whole, as well as in
the: selection and. combination of component ele-
ments to accomplish the results herein taught.

‘What: is claimed is:

-1..In a drafting machine, o drafting head com-
prising a protractor enclosed within said drafting
head, an element of transparent material sym-~
metrical about an axis passing through the cen-
ter-of the protractor-and perpendicular to it, said
element ‘having -an annular light transmitting
surface of relatively large surface area exposed to
light from outside said drafting head and an an-
nular light transmitting surface of relatively
small surface area to transmit concentrated light
into said drafting head, and means for directing
this light onto said pretractor in order to illumi-
nate it.

2. In an instrument for measuring and laying
out angles, & protractor provided with a protrac-
tor seale, said. protractor scale having long: and
short lines in adjacent guadrants but with one
end of all lines being at the same distance from
the eenter of the protractor, these ends of the
lines being numbered consecutively frora ¢ to
359 degrees and the other ends of the lines being
numbered in quadrants and having the number-
ing by quadrants displaced by one degree in
changing from the long to the short lines, a reti-
cle;'said: reticle being provided: with two microm-

75 -eter scales running in opposite directions, and
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said reticle being positioned with respect to the
protractor so that one of said micrometer scales
appears to intersect all the protractor scale di-
visions and the other appears to intersect only
the long protractor scale divisions and optical
means for imaging a portion of said protractor
scale onto sald reticle. ‘

3. In a drafting machine for use on a drafting
board, a parallel motion device, a drafting head
comprising a member maintained in orientation
by said parallel motion device, a protractor scale
rotatable with respect to said member maintained
in orientation, a protractor arm for carrying at
least one straightedge rotatable with respect to
said protractor scale, a reticle provided with an
index mark carried by said protractor arm, opti-
cal means including a lens carried by said pro-
tractor arm imaging a portion of said protractor
scale in magnified form onto said reticle and an
eyepiece lens for viewing said protractor scale
superimposed on said index mark to determine
the positicn of said protractor arm with respect
to said protractor scale.

4. In a drafting machine for use on a drafting
board, a drafting head comprising a member

‘maintained in orientation, a protractor scale ro-

tatable with respect to said member maintained
in orientation, a protractor arm for carrying at
least one straightedge rotatable with respect to
said protractor scale, a reticle provided with an
index mark mounted on a vertical axis passing
through the center of said protractor scale, a
reflector carried by said protractor arm directing
light from a portion of said protractor scale to-
ward the vertical axis, a second reflector direct-
ing light from said first reflector upward along
the vertical axis and through said reticle, at least
one lens along the optical path determined by
said first and second reflectors for imaging a por-
tion of said protractor scale in magnified form
onto said reticle and an eyepiece above said reti-
cle for viewing said profractor scale superimposed
on said index mark to determine the position of
said protractor arm with respect to said protrac-
tor.

5. In a drafting machine for use on a drafting
board, a drafting head comprising a member
maintained in orientation, a protractor scale car-
ried by said member maintained in orientation,
a center tube free to turn within said member
maintained in orientation, a protractor arm for
carrying at least one straightedge secured to said
center tube for rotation with respect to said mem-
ber maintained in orientation and said protractor
scale, a reticle provided with an index mark
mounted in said center tube, a tubular bracket
secured to said center tube and extending ra-
dially therefrom, a.reflector at the free end of
said tubular bracket directing light from a por-
tion of said protractor scale toward said central
tube, a second reflector at the bottom of said
center tube directing light from said first re-
flector upward through said center tube and
through said reticle, at least one lens within said
tubular members for imaging a portion of said
protractor scale onto said reticle and an eyepiece
ahove said reticle for viewing said protractor scale
superimposed on said index mark to determine
the position of said protractor arm with respect
to said protractor.

6. In a drafting machine for use on a drafting
hoard, & drafting head comprising a member
maintained in orientation, a member carrying a
protractor scale having a surface in frictional
contact with a surface of said member main-
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tained in orientation, resilient means holding said
surfaces in frictional contact so that said pro-
tractor scale is carried by said member main-
tained in orientation, a center tube free to turn
within said member maintained in orientation, a
protractor arm for carrying at.least one straight-
edge secured to said center tube for rotation with
respect to said member maintained in orientation
and said protractor scale, clamp means for
clamping said protractor arm to said member
carrying said protractor scale to turn said pro-
tractor scale with said protractor arm against
friction, a reticle provided with an index mark
mounted in said center tube, a tubular bracket
secured to said center tube and extending radially
therefrom, a reflector at the free end of said
tubular bracket directing light from a portion of
said protractor scale toward said central tube, a
second reflector at the bottom of said center tube
directing light from said first reflector upward
through said center tube and through said reticle,
at least one lens within said tubular members for
imaging a portion of said protractor scale onto
said reticle and an eyepiece above said reticle for
viewing said protractor scale superimposed on
said index mark to determine the position of said
protractor arm with respect to said protractor.

7. In a drafting machine for use on a drafting
board, a drafting head comprising a member
maintained in orientation, a glass protractor
scale rotatable with respect to said member main-
tained in orientation, said glass protractor mem=
ber-being enclosed within the drafting head, a
protractor arm for carrying at least one straight-
edge rotatable with respect to said protractor
scale, 'a"reticle provided with an index mark
mounted on a vertical axis passing through the
center of said protractor scale, a reflector carried
by said protractor arm directing light from a por-
tion of said protractor scale toward the vertical
axis, a second reflector directing light from said
first reflector upward along the vertical axis and
through said reticle, at least one lens along the
optical path determined by said first and second
reflectors for imaging a portion of said protractor
scale in magnified form onto said reticle and an
eyepiece above said reticle for viewing said pro-
tractor scale superimposed on said index mark to
determine the position of said protractor arm
with respect to said protractor.

8. In a drafting machine for use on a drafting
head comprising a. member maintained in orien-
tation, a protractor scale rotatable with respect
to said member maintained in orientation, a pro-
tractor arm for carrying at least one straightedsge
rotatable with respect to said protractor scale,
a reticle provided with an index mark mounted
on a vertical axis passing through the center of
said protractor scale, a reflector carried by said
protractor arm directing light from a portion of
said protractor scale toward the vertical axis,
a second reflector directing light from said first
reflector upward along the vertical axis and
through said reticle, said second reflector having
a central light transmitting opening, means for
directing light through said light transmitting
opening toward said first reflector to illuminate a
portion of said protractor scale, at least one lens
along the optical path determined by said first
and second reflectors for imaging the illuminated
portion of said protractor scale in magnified form
onto said reticle and an eyepiece above said reti-
cle for viewing said protractor scale superim-
posed on said index mark to determine the po-
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sitionr of said protractor arm with respect to:said
protractor.

9.:In & drafting machine for use on.a drafting
board, 'a-drafting head comprising a member
maintained in orientation, a member carrying a
protractor scale having ~a -gurface in frictienal
contact ‘with a surface of said -member main-
tained in orientation, resilient means holding said
surfaces in frictional contact so that said pro-
tractor-scale- is carried by -said member main-
tained:in- orientation, -a center tube free-to turn
within -said member maintained:in orientation,
a - protractor -arm for carrying at least one
straightedge secured to:said center tube for ro-
tation with respect to said member maintained
in orientation and said protractor scale, elamp
means: for clamping said protractor-arm to said
member: carrying  said. protractor -scale: to- turn:
said protractor- seale - with -8aid protractor arm
against friction,: a second: clamp provided with
firie adjustment wieans for ‘clamping said pro-
tractor arm . to said member maintdined in ori-
entation and for adjusting sald.protractor arm
with respe¢t thereto, a:reticle. provided with an
index mark mounted in said center tube, a tubu-
lar bracket -secured to said ¢enter tube and ex-
tenditig- radially therefrom, g réeflector at the free
end'of said: tubular bracket directing light from
& portion of said protractor scale toward said cen~
tral tube, a second reflector at the bottom :of
said center tube dirécting light from "said first
reflector upward through said center tube and
threugh said reticle, st least one lens within said
tubular members for imaging a portion of said
protractor scale onto-said reticle and an eyepiece
above said reticle for viewing said protractor
scale superimposed on -said iridex mark to deter~
mine the position of said protractor:arm with re-
spect to said protractor.

CARL W. KEUFFEL.
ALLISTER L. BAKER.
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