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The present invention relates to drafting ma-
chines and more particularly to drafting ma-
chines of the wheel and band type wherein the

parallel motion mechanism or arm comprises a

& plurality of parallelograms comprising wheels
held in spaced relation by struts and operatively
connected together by flexible bands.

An object of the present invention is to provide
a novel and improved drafting machine of the

10 type referred to which will be light in: weight and
embody the desired characteristics of stiffness
and flexibility, and in which the wheels of the
parallelograms are held in spaced relation by
struts or strut frames which wholly. enclose the

153 wheels and the bands encircling the same.-
Another object of the present invention is to
provide a novel and improved drafting machine
of the type referred to in which the struts or
strut frames entirely enclose the wheels and

20 bands, and include parallel tubes through which
the bands extend but which will permit the bands
{0 be readily assembled or removed, and “tuned.”

Another object of the present invention is to
‘provide a novel and improved drafting machine

25 of the type referred to wherein the struts or strut
- frames comprise parallel tubes through which
the bands extend and removable covers for the

wheels and that part of the band adjaoent the_

latter.

Another object of the prmnt invention is to
provide a novel and improved drafting machine
of the type referred to having a parallel motion
mechanism comprising two pivoted unltary sec-
tions oonnected together at the center of the
wheels.

Another obJect ot the present invention is to'

provide a novel and improved drafting machine of
the type referred to wherein the protractor is
concentric with the wheel at the protractor end
of the parallel motion mechanism or arm, and
comprising an offset anchor so as to extend the
-range of unobstructed operation of the machine
_ “at the left part of the board.

- . Another object of the present lnvention is to
m'ovide a novel and improved drafting machine
of the type referred to including struts or strut
frames comprising paralle] tubes through which
. the bands extend wherein the paraliel tubes are
rotatably connected to the end members or yokes
of the struts so as to impart desired fiexible char-
acteristics to the drafting machine. -
~ Another object of the present invention is to

provide a novel and improved drafting machine

of the type referred to comprising struts or strut

40
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ufnmes including_peranel tubes through.w'ihlch'

(CL. 33—179)

the bands extend and wherein the tension of the
bands can be adjusted by means of nuts threaded
onto the tubes and engaging against the end
members or yokes.

Another object of the present invention is to -

provide a novel and improved drafting machine
of the type referred to comprising struts or strut
frames for maintaining the wheels in spaced rela-
tion including parallel tubes through which the
bands extend and end members so consiructed
and reenforced as to obtain maximum strength
with minimum weight.

- Another object of the present invention is to
provide a novel and improved drafting machine
of the type referred to comprising a counterpoise
for each arm including means for adjusting the
tension of the counterpoise springs.

Another object of the present invention is to

‘provide a novel and improved drafting machine of -

the character referred to comprising a spring
counterpoise and an offset anchor forming a cover

- or housing for the counterpoise spring.

Another object of the present invention is to
provide a novel and improved drafting machine
" of the type referred to comprising a flexible band
encircling the wheels thereof the cross-sectional

area of which band is increased in the portion

thereof intermediate the wheels.
Another object of the present invention is to
provide a novel and improved protractor assembly
. for a drafting machine including a spring-pressed

" pawl or detent cooperating with an mtemally

notched plate.

The present inventlon resides in cerl:a.in novel
details of construction, and combinations and
arrangements of -parts, and further objects and

-advantages will be apparent to those skilled in
the art to which the invention relates from the
following description of the preferred embodi-
ments thereof described with reference to the
accompanying drawings forming & part of this
specification in which similar reference characters
designate corresponding perts, and in which:

‘Fig. 1is a plan viewof a drafting machine em-
bodying the present invention;

Fig. 2 is an enlarged plan view of & portion of
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the anchor end of the drafting machine shown

in Fig. 1;

Fig. 3 is a section with portions in elevatlon on

‘the line 3—3 of Fig. 2;

-Fig. 4 is an enlarged plan view of the elbow por-
tion of the parallel motion mechanism or arm
of the drafting machine shown in Fig. 1; -

Fig. b is a section with portions in elevation
taken on the line §—8 of Fig. 4;
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Fig. 6 is an enlarged plan view of the protractor
end of the drafting machine shown in Fig. 1;

Pig. 7 is & section on the line 7—7 of Fig. 6;

Fig. 8 Is an enlarged view of a portion of Fig. 6
with. parts broken away;

Pig. 9 is a perspective view of the protractor
assembly shown in Fig. 6; S

Fig. 10 is a section on the line 10—(0 of Figs. 6
and 8; :

Fig. 11 is & section on the line ({—I{ of Figs. 6
and 8; .

Fig. 12 is a section on the line 12—{2 of Fig.

"Fig. 13 is an enlarged perspective view of the
upper end member or yoke of the strut for the

- anchor parallelogram;

=

14—14 of Fig, 13;
Fig. 15 is a perspective view of the cover mem-
ber for the yoke shown in Fig. 13; : )
_Fig. 16 is a perspective view of the cdver for
that part of the band which extends around the
wheel of the protractor assembly;
Fig. 17 is a section on the line 1T—I7T of Fig.
16- : .

. Fig. 18 is a section on the line 18—18
16; ’
Fig. 19 is a plan view of the anchor shown in
Fig. 1 with portions thereof broken away;
Fig. 20 is a section on the line 20—20 of Fig. 19
with portions in elevation;
Fig. 21 is a plan view of the anchor end of a

Fig. 14 is a sectlon approximately on the line

.. drafting machirie of modified construction em-

35
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" allelograms, the upper end of which arm is con- -
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bodying the present invention; and .
Fig. 22 is a section on the line 22—22 of Fig. 21
with portions in elevation. .
Referring to the drawings, the drafting ma-
chine shown therein comprises a parallel motion
mechanism or arm of the wheel and band type,
Including two angularly movable sections or par-

nected to the drafting board A through the me-
dium of an anchor assembly desighated in gen-
era] by the reference character B, while the low-
er end thereof is provided with a protractor as-
sembly, designated generally by the reference
character C, which protractor assembly includes
& ruler assembly D. Generally speaking, each of
the sections or parallelograms of the parallel mo-
tion mechanism or arm comprises a pair of wheels
of equal diameter encircled by a flexible band and
held in spaced relation by struts or strut frames.
In the present instance, the struts or strut frames

. are so constructed and arranged that they com-

pletely encircle the bands and wheels, thereby

., Producing a neat appearance and protecting the

60

70

prises the wheels 10 and {1,

operator from any possible injury in the event
that a band should break during operation, or
the like. The construction is also such that dirt,

vetc.,, is excluded from the bearings.

The . anchor section or parallelogram com-

atively connected to the wheels in a manner
hereinafter referred to, and a band designated
generally by the reference character F encircling
the wheels. The upper wheel 10, which in. some
respects forms a part of the anchor mechanism,

.1s connected to a bracket member or casting 12

which forms the anchor proper and constitutes
& housing for a counterpoise mechanism herein-
after referred to, through the medium of g hub

13 formed integral with the wheel 10. The low- .

er end. 14 of the hub 13 is reduced and threaded
into a t?;pped aperture in the top of a boss 1§
formed integral with the member {2. The up-

of Fig. .

“friction bearing 25.

the strut E oper--

2,228,140

per side of the wheel 10 is provided with a plu-
rality of apertures 16 for the reception of a span-
ner wrench used in securing the wheel to the
member (2. The hub i3 of the wheel I8 and
the boss (5 of the member 12 are concentric
with and form a support for the inside race 1
of an anti-friction bearing 18, the outside race
19 of which is fixed in the upper end member
or yoke 20 of the strut E. 'The inside race (71 of
the anti-friction. bearing (8 is securely clamped
between the wheel 10 and & shoulder formed on
the member 12 by the boss 15, and the wheel (0
is held fixed to the member 12 of the- anchor
through the medium of friction alone.

The lower wheel Il of the anchor parallelo-
gram or sectlon of the arm is held in spaced re-
lation with respect to wheel 10 through the me-
dium of the strut or strut frame E consisting in
general of parallel tubes 2{ through which the

- straight portions of the band F extend, and up-

Per and lower end members or yokes 20 and 22.
The upper ends of the tubes 21 extend into suit-
able cylindrical sleeves formed in the yoke 20
and are held therein and adapted to be adjusted
longitudinally of the yoke member through the
medium of nuts 23 threaded on the ends of the
tubes and engaged within suitable slots 24 in the
yoke 20. ‘The lower ends of the tubes 21 extend
into suitable cylindrical apertures in the lower
end member or yoke 22. As previously stated,
the upper end member or yoke 20 is rotatably
supported ‘coaxially with the upper -wheel - 10
through the medium of the anti-friction bearing
18 and the lower wheel {1 is rotatably supported
in the yoke 22 through the medium of an anti-

The wheels are operatively connected together

by the band F which, as previously stated, ex-

tends through the tubes 21. In the embodiment
of the invention shown, the band F consists of

10

25
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two flexible flat steel sections 27 and 28 encircling -

the wheels 10 and i,

creased cross-section. The rods 29 form those
parts of the band which are not required to bend

respectively, and opera- -
‘tively connected by sections or rods 29 of in-

45

about the wheels, and the flexible flat steel bands

are connected thereto by connectors 30, see Pig. 4,
located at opposite ends of the rod sections 29
and having threaded engagement therewith. The
threads at opposite ends of the rod sections 29
are right-hand and left-hand, on the order of a.

50

turnbuckle, and function in a similar manner, -

Holes 3{ at opposite ends of the rods 29 facilitate
the manipulation of the rods. The flat steel sec-
tions of the bands are lorig enough to permit the
wheels to rotate through at least about 270°. In

55

other words, they should not be less than about -

one and one-quarter times the circumference of
the wheels. In the embodiment of the invention
shown, the wheels are three and one-half inches
in diameter, the flat sections of band are one-
quarter of an inch wide and twenty-thousa,ndths

60

of an inch thick, and the cross-sectional ares of .

the rods is about three times as great as that of
the flat sections of the band. :
According to the provisions of the present in-,
vention, the struts or strut frames and covers
entirely enclose the wheels and bands. As pre-
viously stated, the straight sections of the band
F extend through the parallel tubes 21, and in
order to enclose the wheels 10 and 11 and the fiat
parts 27 and 28 of the band which encircles the
wheels, the yoke members 20 and 22 are provided
with removable covers 32 and 33, respectively.
Enlarged detail views of the yoke member 20 and

65

70
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the cover 32 therefor are shown in Figs. 13, 14,

and 15. As shown in Pigs. 13 and 14, the upper
yoke member 20 comprises two offset sections
26 and 34, the former of which is comparatively
heavy and offset vertically about the lower thin-
ner. section 34. The latter section 34 has the
hub 38 formed integral therewith, projecting
above and below the plane thereof within which
hub the outside race I8 of the anti-friction bear-

.ing 18 is fixed. 'The upper heavy section 26 of

the yoke member extends toward the left as
viewed in Figs. 3 and 13 to closely adjacent the
wheel 10, and conforms with the circumference

thereof. That part of the lower thinner section

34 immediately inside of the wheel [0 and be-
tween the wheel {0 and the hub 35 in line with
the longitudinal axis of the strut frame is re-
enforced with an enlargement or projection 36
formeq integral with the yoke member, .

What would otherwise be a relatively thin sec-

" tion between the part 26 of the yoke member and

the reenforcing projection 86 is strengthened and
reenforced by a projection or pad 37 cast inte-

" gral with the yoke member on-the under side

25
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thereof as viewed in the drawings. The side of
the -member 37 adjacent the hub 35 is curved

‘about the hub in a8 manner similar to that in

which the end of the member 38 remote from the
hub is shaped, but the two reenforcing members
overlap, see Fig. 3. The cup-shaped wheel 10 is
as shown in Fig. 3 and the projection 36 extends
closely adjacent the inside edge of the wheel and
conforms thereto. The construction is such as to
produce a uniformly strong section, to the right
of the hub 35, as viewed in Fig. 13, even though
the upper part of the yoke member has what re-
sembles a cut-out portion 38 to accommodate the
rim of the wheel I0. A section similar to that
shown in Fig. 14 will embrace the ends of the

section 26 and of the reenforcing member 37.

while still including the reenforcing member 386.
The particular yoke shown is made of cast alumi-
num and the shape of the reenforcing members

or gections formed integral therewith is clearly-
. shown in the drawings.

The removable cover 32 which cooperates with
the yoke 28 to form an enclosure for the wheel
18 has peripheral flanges 48 and 4 thereon, the
former of which is adapted to engage a shoulder

" 42 about the periphery of the section 34 of the

yoke 28 while the latter engages within a_groove
43 formed in the section 26 of the yoke. The
construction is such that the yoke 28 together
with the cover 32 form a complete cover for the

wheel (8 and that part of the band enecircled .
Ahereby. : The under part .44 of the hub of the

yoke member and the adiacent part 45 of the
member {2 are so constructed and arranged that
the opening or clearance therebetween forms an

irregular path or labyrinth, as shown in Fig. 3, .
which prevents the entrance of dirt, etc.; into the

. 'The lower end member or yoke 22 of the an-
chor parallelogram is similar in construction to
the upper yoke member 28 just described, with
the exception that the lower ends of the parallel
rods 21 merely abut against shoulders in the ends
of the apertures or sleeves in the yoke member
within which they are positioned instead of in-
corporating adjusting means, and the section 4¢
which corresponds to the section 28 of the yoke
member 28 is not quite as thick as the section 26
_because this: yoke member is not required to

carry the same weight nor is it subjected to as.
greata.strainastheyokememberat the anchor,

3

end of the arm. The wheel {1 and the section
of flexible band 28 extending about the periphery
thereof is enclosed by a cover 33 similar to the
cover 32 previously referred to and detachably

connected to the yoke member 22in a hke man- .

ner.
The left-hand wheel 48 of the protractor sece

tion or parallelogram and the wheel 11 of the

anchor parallelogram are similar in construction -

and non-rotatably secured together, through the
medium of threaded reduced sections 49 and 50

10

formed integral with the hubs 5/ and 52 of the

wheels Il and 48, respectively. The threaded
portions 49 and 50 are threaded into opposite
ends of a suitably tapped aperture in a spacer
member 53 interposed between the wheels.. Both
wheels {1 and 48 are provided with apertures
similar to the apertures 16 in the wheel (0, adapt-
ed to receive spanner wrenches through the
medium of which the wheels may be relatively
rotated to assemble and disassemble the same
with the space member 53. The construction is
such that the wheels are held in fixed relation,
with reference to the spacer member 53 and each

_other, by friction only.

The wheel {1 of the anchor section or parallel-

.ogram is rotatably supporied in the strut E
‘through the medium of the anti-friction bear-

N~

15

20

25

ing 28, previously referred to, the inside race 54. °

‘of which is fixed on the hub 51 of the wheel I}

while the outside race 55 thereof is fixed within
the hub 56 of the yoke membeir 22.- The left-
hand end of yoke member 51 of the protractor
strut or strut frame G, and in turn the strut
frame, is rotatably supported coaxial with the

30

35

'wheel 48 of the protractor section or parallelo- -

gram through the medium of an anti-friction
bearing 58, the inside race 59 of which is fixed to
the hub 52 of the wheel 48, while the outside race
60 thereof is fixed within the hub 61 of the yoke
§1. Adjacent parts of the spacer member 53, the
yokes 22 and 57 are so constructed that the clear-
ance therebetween is in the form of an irregular
path or labyrinth, as clearly shown in Fig. 5, so
as to prevent the entrance of dirt into the bear-
ings. Washers 62 and 63 interposed between the
spacer member- 53 and the bearings 25 and 58,
respectively, assist in preventing the entrance of
dirt, etc. into the bearings.

The band operatively connecting the wheel 48
of the protractor parallelogram at the elbow of

the arm and the wheel 64 at the protractor end .
of the arm s similar in construction to the band.
F already described, and will not be referred to

in detail. Suffice it to say that the correspond-
ing parts thereof are designated by similar ref-
erence characters.

The strut frame G of the protractor parallelo-
gram Is similar. in construction to that of the
anchor parallelogram and comprises parallel rods
68 similar to the rods 2! through which, the

straight sections of the band extend. . The left-

hand ends of the rods 65 are connected to'the
yoke member 87 in 8 manner similar to that in

which the upper ends of the rods 21 are con- .

nected to the yoke member 20. . In other words,
the same provision is made for adjusting the
rods relative to the yoke members in the protrac-
tor parallelogram as has been heretofore de-
scribed with reference to the anchor parallelo-
gram. ‘The right-hand ends of the rods 65 pro-
ject into suitable apertures formed in the yoke
member §8 in a manner similar to that in which
the lower ends of the rods 21 project into similar-

40

50

55

60

70

aperturulntheyokememberﬂ Inorderto"

’
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enclose the wheel 48 and the thin flexible part of
the band encircling the same, while permitting

‘access thereto for the purpose -of assembly, re-

placement, tuning, etc., the yoke member §7 is
provided with a detachable cover &1 similar to
the covers 32 and 33 heretofore referred to.

" The wheel 64 of the protractor parallelogram

10

15

which: forms a part of the protractor assembly

is rotatably supported in the yoke 66 at the -

free end of the strut G through the medium of
antifriction bearings 68, the inside race 69 of
which is secured on the hub 10 of the wheel 64 by

a flanged nut 71 threaded onto the lower end of:

the hub, The outside race 72 is fixed in the right-
hand yoke member §6 of the protractor strut G,
which yoke member 66 is similar in construc-

tion to the other yoke members previously de-

scribed but, in view of the fact that it is at the

. free end of the arm where it is not subjected

20

25

w

50

to as much strain, it is not necessary to make
the same quite as heavy or as strong as the
other yoke members. The cover for the yoke
member 86 is necessarily different from the
other covers referred to, since the wheel 64 forms
& part of the protractor assembly, as will be here-
Inatter apparent. Both the nut 7§ and the wheel
84 _are provided with suitable apertures for the
reception of spanner wrenches to facilitate tight-
ening the nut 74, and the construction is such

that the wheel 64 is fixed to the inside race 69
The adjacent parts -of the -
‘nut 11 and the yoke 66 are so constructed and

by friction alone.

arranged that the clearance therebetween fs
in the form of an irregular path or labyrinth, see
Fig. 7, which prevents the entrance of dirt, etc.,
into the bearing.’ ‘

The protractor in the present instance com-
prises a disk 73 rotatably supported on an inter-
mediate member or ring 74, which ring 74 is in
turn rotatably supported on the upper side of an
annular flange 15 formed integral with the wheel
64, which flange is hereinafter referred to as the
holding ‘plate 75. The ring 74 has a projec-
tion 716 formed integral therewith, to the upper
side of which is secured a member 17 upon which
the dead line 18 is formed, and g pair of lugs 19
projecting from opposite sides thereof spaced 90°

from the dead line 78. The ring member 74 is

adapted to be adjusted angularly about the axis
of the wheel 64, and clamped in any desired
position by & pair of clamp members 80 carried
by screws 81, the shanks of which project upward

" 'through the lugs or projections 78 where they

55
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65.

- plate 18. .

70

are provided with knurled thumb nuts 82, The
radial inner edges of the clamp members 80 are

adapted to engage over an annular flange formed -

on the periphery of the holding plate 15 and the

radial outer ends of the clamp members have
slight projections or ridges- 83 adapted to en-

gage the under surface of the projections 19 and
about which the clamp members fulcrum. An
annular tongue and groove connection 84 be-
tween the holding plate 75 and the ring mem-
ber T4 assists in holding these members in their
proper position while permitting rotatable adjust-
ment of the member 14 relative to the holding

The protractor plate 13 of the ruler assembly
D is rotatably supported coaxial with the wheel
64. through the medium of a bolt 85 having an
enlarged head 86 and a knurled cylindrical sec-
tion 87 below the head 86. 'The bolt 88 is rotat-

- ably supported in the wheel 84 through the me-

s

dium of an anti-friction bearing 88, the inside

race of which surrounds the shank of the holt
88 directly above the head 86 while the outside
race thereof is fixed in the hub 70 of the wheel
64. A washer 89 located directly above the bear-
ing 88 prevents the entrance of dirt into the
bearing. The hub of the protractor plate 13 is
clamped between the washer 89 and a member 90
located directly above the protractor plate by a
nut 84 threaded onto the upper end of the bolt
85. The ruler plate 82, which carries the hori-
zontal and vertical rulers. 93 and 94, consists of
& flat plate secured to the knurled part 87 of
the bolt 85, and ‘comprises horizontal and vertical
arms 85 and 86. The under sides of the rulers
93 and 94 are provided with tapered dovetailed
grooves 87 into which similarly shaped ends of
the arms 85 and 88 project, see Fig. 12. The

construction is stich that the rulers can be readily

chucked to or removed from the ruler arms.
The ruler assembly D includes the usual hand
grasp-98 which, in the present instance, is con-
nected to the stud 85 through the medium of the
member 80 secured under the nut 94 and having
upturned ends 89 to which the hand grasp is con-
nected by screws 108. To facilitate the setting
of the ruler assembly to the angles of the pro-
tractor most commonly used, that is, 0°, 30°, 45°,
60°, and 90°, the ruler assembly D in the present
instance Includes a spring-pressed pawl desig-
nated generally by the reference character H
which cooperates. with suitable notches 106
formed in the ring member 74.  In the present

- instance the ruler assembly is adapted to be ro-

tated through 360°, and the notches 106 are

‘formed Jn each of the four quadrants of the pro-

tractor.” The pawl H comprises two plates 107
and 108 suitably secured together as by rivets 109,
The Jower plate 108 is slidably supporied on the
upper surface of the protractor piate 13 and
has a tongue or projection (1I formed integral
therewith which extends down through a sultable
aperture 112 in the protractor plate where it is
provided with a reduced end 113 adapted to en-
gage within the notches 1086, The lower end .of
the plate 108, as viewed in Fig. 8, is provided
with a thumb grasp 114 secured thereto by a
screw 115. The upper plate 107 is pivotally con-
nected to a member 118 through the medium of
a ball pivot 117. The plates 107 and 116 are
preferably made of hardened steel 50 as to rediice
the wear in the pivot to a minimum. The plate

- 118 is shaped: as shown in Fig. 8 and has se-

cured to the upper side thereof a similarly shaped
plate 118, the lower right-hand end !9 of which
is offset and projects above the plate 107, thus se-
curely holding the pivot assembled. The pawl H
is continuously urged in a counterclockwise di-
rection about the pivot (47, as viewed in Fig. 8,
by & tension spring 120, one end of which is
connected to a projection 2! formed integral
with the plate 108 while the other end is con-
nected to a projection §22 formed integral with
the member 80. . o h :

At times it is desirable to secure the pawl H
in an inoperative position, thus leaving the ruler
assembly free to be rotated without the necessity
of manually holding the pawl in a position to
clear the notches 108, and, for this purpose, the
present protractor assembly is provided with a
latch member 128 pivotally supported on the up-

-per side of the protractor plate 13.. The left-

hand end of the latch member 128, as viewed in
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Fig. 8, is adapted to-be engaged behind a pro--

Jection 127 on the plate 108. The right-hand end

%
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of the latch is provided with a raised part 128

-adapted to be engaged by the thumb of the op-

erator when it is desired to rotate the latch so
as to engage the opposite end thereof behind the
projection 121. When the operator desires to
lock the pawl H in an inoperative position, he
presses the thumb grasp 114 and. then draws

- his thumb downwardly as viewed in Figs. 8 and 9,
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wiping the projection 128 with the lower part of
his thumb, thus rotating the latch 125 into en-
gaging position while maintaining the paw] H
in its inoperative or retracted position at the
same time.

Provision is made for securely locking the ruler
assembly D relative to the protractor plate 13 in
the form of a stud 130, the head 13! of which
is provided with a groove 132 adapted to engage

‘over the radially inward edge of the ring mem-
ber 14, The shank of the stud 138 which pro- -

jects upwardly through suitable apertures formed
in the plates 116 and {18 is provided with a wing
nut 133 which, upon being tightened, securely
clamps.the protractor plate 13 to the ring mem-
ber 74. The protractor plate 13 is cut out as in-
dicated at 134 to permit free vertical movement
of the head 131 of the stud 130, The head §3f
of the stud 130 is elongated as shown in Fig. 8,
and the groove 132 therein is formed on a radius,
as clearly shown in the aforesaid figure, which
radius is less than the radius of the inside diam-
eter of the ring member 74 and permits the head
181 to pass over the notches {06 without engag-
ing therein, thus permitting free rotation of the
ruler assembly D. From the foregoing construc-
tion it will be apparent that by loosening the
knurled nuts 82 the dead line 18 may be moved
or set to any desired angle, after which the
knurled nuts 82 are tightened, whereupon the
protractor readings are reckoned from a new
base line of any desired angularity. Also the

. notches will read from the new base line.

The wheel 64 at the protractor end of the arm
and the band adjacent to and engaging the wheel
are enclosed within the yoke 66 and a cover 135.
The cover (35 is in the form of -a band located
radially of the wheel proper and adapted to be
clipped or otherwise detachably connected to
flanges 136 on the yoke 66 adjacent the cylindri-
cal portions thereof which receive the rods 65
through the medium of reversely bent flanges
137 adapted to engage over the flanges (36. 'The
yoke 66 has a small ridge or tongue (38 formed

about the periphery thereof which fits info a .

groove formed on the cover 135. A small clear-
ance is provided between the upper edge of the

cover 135 and the under side of the holding plate

15. The particular construction of the cover (35
referred to is clearly shown in Figs. 16, 17, and
18.

The preferred embodiment of the. invention’

shown includes counterpoise mechanism for both

. the anchor and the protractor sections or par-
. allelograms of the arm, For the most part, this

63
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78

mechanism Is enclosed within the-member 12 of
the anchor and only a small part thereof is ordi-
narily visible. The member 12 which forms the
anchor proper is clamped to the upper edge of

_the drawing board A in any desired position by

clamp ' screws: 140 threaded . through suitable
bosses formed on the lower ends of dependlng
projections 142 formed integral with the hous-
ing 12. The counterpoise mechanism for the an-
chor : parallelogram of the arm comprises two
tension springs 146 the left-hand ends of which,
as shown in Figs. 19 and 20, are connected

through the medium of a connector (46 and a
member 147 to the upper yoke member 20 of the
strut E. The connector {48 is pivotally secured
to the lower end of the member 141 by a shoul-
dered screw 148 and the upper end of the member §

14T is secured to the under side of a ring-like

member 149 by a screw 150. The upper side of
the ring-like member {48 conforms to the shape
of the under side of the yoke, surrounds the un-
der part 44 of the hub, and is fixed to the yoke 10
20 by screws 161. The under side of the member -

-149 is flat and, in addition to forming a support

for the member 141, forms a support for a plu-
rality of rollers 152 hereinafter referred to. The
member (41 to which the springs 145 are at- 15 .
tached is located to the left and slightly below
the axis about which the upper end of the strut

or strut frame E is rotatably supported when the
anchor strut is in a vertical position. As the
strut frame is rotated during operation, the ten- 20
slon of the spring is increased or decreased as
the case might be, the required amount to coun-
terbalance the weight of the arm.,

The counterpoise mechanism for the protrac-
tor parallelogram comprises the tension springs 25
{83, the left-hand ends of which are connected
to a wheel 154 through a connector 165 pivotally
connected to the end of a crank member or lever
166 which in turn is pivotally connected to a boss
157 formed on the under side of the wheel 154 30.
by a shouldered screw 158. The boss 1587 is lo-
cated at one side of the axis about which the
wheel i54 rotates so as to effect a crank-action.
The wheel 164 is rotatably connected to the un-
der side of the member 12 by a stud 189 thread- 35

" ed into a suitable aperture in the member (2 and

provided with a jam nut 160 threaded thereon
below the wheel (54, A spacer collar {61 about -
which the wheel I54 rotates permits free move- -
ment of the wheel.  The wheel 154 is operatively 4q
connected to the strut or strut frame G of the ..

‘protractor parallelogram by & cable 162 one end

of which is secured to the under side of the wheel
{54 in any convenient manner. From the wheel
{54 the cable 162 extends toward the left, see 45
Figs. 1 and 19, passes around a wheel 183 and
extends down ‘toward the elbow of the arm un-
derneath the right-hand tube 24, The whee] 163

is equal in diameter to the wheel 10 and is car-
ried by three spaced.rollers 152 secured to the jg
under side of the member {49 by shouldered

" screws 164, The rollers i52 engage within a

groove 165 formed in the wheel 168 which con-
struction holds the parts assembled while per-
mitting free rotation of the wheel 163. The low- g5
er end of the cable 162 is wrapped about and
then secured to a& wheel 166 located at the elbow .
of the arm and fixed to the upper-side of the yoke
1 of the protractor parallelogram by screws 167.
The wheels (83 and 166 are of equal diameter.  ¢o
The member 156 is cut out, as shown in Fig. 19,

~and engages a ‘projection 168 formed integral

with the stud 159 upon being rotated in a clock-
wise direction as viewed in Fig. 19. The- con-
struction is such that the tension of the springs 65
153 will not decrease as the pivot for the mem-
ber 156 passes over dead center upon rotation of

the wheel 154 by movement of the parallel mo-

tion .arm. TUnless this were done, the tension
of the springs 153 would be released when pivot 70
158 passes dead center. In order to permit the
device to be adjusted, the under side of the
wheel 154 is provided with a plurality of bosses
similar to the boss l51

The right hand ends of the springs ‘185 and 5
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153 are connected to opposite ends of a lever (18
pivotally connected to a flat rectangular end {71
of a threaded rod (72, The lever {16 comprises
upper and lower plates 173 and {14 one above
and the other below the flattened end 171 of the
member 172. The members 173 and 174 are piv-
otally connected to the end 17 of the member
1712 by means of a shouldered screw (15 which
permits free rotation of the levers relative to the
member (12, The springs {45 are connected to
the under side of the lever 170 by connector 1716
and the springs 153 are connected to the upper
side of the opposite end of the lever 110 by con-
nectors 1711. The fulcrum or pivot for the lever

170 is not midway between the ends thereof but.

is closer to the end connected to the springs (45,
as shown in Fig. 19, so as to balance the springs
in the desired manner. _

The right-hand threaded end of the member
172 projects through suitable apertures 178 and
179, the former of which is formed in a member
180 carried by a-lever. 181 fixed to the member
The member 172 is adapted to be moved
parallel with the top edge of the board A to ad-
just the tension of the springs (45 and 153
through the medium of a gear 182 rotatably sup-

.ported thereby and interposed between the mem-

ber 180 and the right-hand end of the member
f2. Wear plates 183 and 184 are interposed be-

tween the gear 182 and the members 180 and (2

o

respectively.

The right-hand threaded end of the member
1712 is enclosed within a tubular projection (8%
formed integral with the anchor member 12.
The gear 182 is adapted to be rotated in either
direction to adjust the tension of the springs de-
pending upon the angle of the drawing board,
etc., by a second gear 186 continuously in mesh
with the gear 182 and fixed to the lower end of a
shaft 187 rotatably supported in a suitable aper-
ture formed in member (2. A crank 188 fixed to
the upper end of the shaft 187 above the mem-
ber 12 and rotatable in a plane parallel to the
working surface of the drawing board praovides

means for rotating the gears 182 and 188. Rota.-’

tion of the member #72 relative to the member
12 is prevented by cross arm {90 secured to the
left-hand end of the member 1712, which cross
arm is adapted to engage spaced members 184
fixed to the under side of the member 2. The
construction is such that the cross member 190
is free to slide underneath the members 181
while preventing rotation of the member (12 rel-
ative to the member {2,

In some instances, particularly where the in-
strument is to be used on a drafting board or
table having comparatively little inclination, the
counterpoise may be omitted altogether, or may
be applied to only one of the sections or paral-
lelograms of the arm. Figs. 21 and 22 show a

modification of the embodiment of the invention -

Just described wherein the counterpoise is applied
only to the anchor section or parallelogram of
the arm. The drafting machine shown in these
figures is for the most part similar to that pre-
viously described and the -corresponding - parts

are designated by the same reference characters )
with a prime mark afixed thereto. As shown in

these figures, the counterpoise comprises a sin-
gle spring 195 the left-hand end of which is con-

- nected through the medium of a connector 188

75

to the free end of the lever 197 fixedly secured to

-the under side of the yoke member 20’ by screws

198. - The right-hand end of the spring 198 is
pivotally secured to the lower end of a- member

2,228,140

199 through the medium of the connector 208 by
a shouldered screw 281. The member (98 is
slidably supported in a slot 282 formed in the
upper side of the anchor bracket 12’ and adapted
to be clamped in any adjusted position by means
of a knurled nut 203. -

In order to facilitate adjustment of the mem-
ber 199 along the slot 202, the member has formed
integral therewith a projection 204 extending up-
wardly through the slot 202 which projection is
adapted to be engaged by the operator in ad-
Jjusting the fension of the spring 195. The lever

197 is so constructed that when the anchor sec- -
‘tion of the arm is in & horizontal position, that

is, in a position parallel with the upper edge of
the board, the pivot for the connector 1968 will
be above the axis of rotation of the strut, see
Fig. 21. But when the anchor section or parallel-
ogram of the arm is in a vertical position, that
is, in a position normal to the upper edge of the
board, the pivot for the connector 196 will be in
alignment with the axis of rotation of the strut
and no force will be exerted tending to rotate the
arm about its connection with the anchor. As
movement of the arm in a counter-clockwise di-

rection, as viewed in Fig. 21, is continued, the .

pivot for the connector 186 will move below the

.axis of rotation of the strut and a counterpoxse

action will be again effected.
- In both embodiments of the invention shown,

- the connection between the parallel motion arm

and the anchor is offset to the left a considerable

distance from the point at which the anchor

bracket is connected to the board, leaving a clear-
ance for the vertical scale underneath the anchor,
as clearly shown in Figs. 20 and 22. This, to-
gether with the fact that the protractor is ooaxxal
with the wheel 64 at the free end of the arm,
greatly extends the most convenient range of
operation of the drafting machine, that is, at
the left end of the board. .

The springs are employed in pal.ts in the pre-
ferred embodiment of the invention so that, in
the event one should break while the instru-
ment is being used on a substantially vertical
board, the arm will not fall free but will be par-
tially held by the second spring. It will be ap-
parent that two springs may be employed in the
embodiment shown in Figs. 21 and 22 if desired.
- From the foregoing description of the preferred
embodiments of the invention it will be apparent
that the objects heretofore enumerated and

others have been accomplished and that a new .

and improved drafting machine has been pro-
vided. The fact that each section is a unit fa-
cllitates assembly, and enclosing the wheels,
bands, bearings, ete. produces a neat appearance
and .excludes dirt, etc. from the operating parts.
The use of anti-friction bearings permits the use
of bands of greater cross-sectional area, thus
greatly increasing the stability of the rulers. The
fact that the side rods of the struts are rotatably
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connected to the end members or yokes produces

flexibility normal to the working surface of the

‘board, with the result that the rulers always lie

flat and the protractor can be lifted without in-
Jury to the arm. The central connection at the
elbow of the arm permits the arm to be swung
through 360°, if desired. The counterpolse
springs for both sections of the arin can be si-
multaneously adjusted and very little, if any, of
the counterpoise mechanism is ordinarily visible.
‘While the preferred embodiments of the inven-
tion herein shown have been described in consid-
erable detaﬂ it is to be understood that the in-

10
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vention is not llmited to the particula.r construe- -

tions shown which may be varied within the scope
of this invention. It is our intention to cover
hereby all adaptations, modifications, and vari-
ations of the aforesaid constructions which come
within the practice of those skilled in the art to
which the invention relates, and we particularly
point out and claim as our invention the follow-
ing:

1. A drafting machine having a parallel mo-
tion mechanism "including & pair of wheels ab
least one of which has an axially extending an-
nular flange, an endless band extending about
the same, and a pivoted strut between the wheels
for holding them in spaced relation with the band
under tension, said strut comprising a reenforced
end member or yoke adjacent one of said wheels

_and having an arcuate groove therein adapted to
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receive the annular flange of the wheel and a
reenforcing portion opposite said groove.
2. A drafting machine having a parallel .motion

mechanism including a palr of wheels, & band

extending about the same, and & strut between
the wheels for holding them in spaced relation
with the band under tension, the strut of one sec-
tion. being composed of end members and band

- encasing side members, said end members hav- -

ing arcuately shaped channels on one side for the
reception of the wheels, and reenforcing means
directly opposite said channels.

3. A drafting machine having a parallel mo-
tion mechanism composed of two pivoted sec-

tions each including a pair of wheels, bands ex- -

tending about the wheels, struts between the

wheels for holding them in spaced relation with

the bands under tension, an internally nofched
member connected to the wheel at the protractor
end of the parallel motion mechanism. and lo-
cated above the same, a ruler assembly including
an angle indicating member located above the

“internally notched member and rotatably sup-

ported coaxially with the last mentioned wheel,
and a spring pressed pawl pivotally connected to
the upper side of the last mentioned member
and adapted to engage in the nobches in the in-
ternally notched member.

4. A drafting machine having a parallel mo-
tion mechanism composed of two pivoted sections
each including a pair of wheels, & band extend-
ing about the wheels, and a strut between the
wheels for holding them in spaced relation with
the band under tension; a plate rotatably sup-
ported by the wheel at the protractor end of the

. parallel motion mechanism and adjustable with-
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in a limit of 180 degrees or more, & pair of
clamps for clamping said plate to sald wheel, said
clamps being diametrically opposite each other,
a second plate rotatably supported coaxially with

said wheel, and means for clamping the plate to.

said first named plate, one of said plates having
a dead line and the other plate having & co-oper-
ating protractor scale.

5. A drafting machine having & parallel mo-
tion mechanism composed of two pivoted sec-

tions, a. protractor assembly including an inter-.

nally notched plate supported by the parallel mo-
tion mechanism, a second plate rotatably’ sup-
ported coaxially with the internally notched
plate, and a clamp carried by the second plate
for clamping the same to the internally notched
plate, said clamp having a slot therein adapted
to receive the. inside edge of the internally

notched plate, the radius of said slot being less °

than the internal radius of the notched plate.

' 6. A drafting machine having & parallel mo-

[

tion mechanism composed of two pivoted sections
each including & pair of wheels, bands extending
about the wheels, and struts between the wheels
for holding them in spaced relation with the
bands under tension, an infernally notched plate 8
rotatably supported by the wheel at the protrac-
tor end of the parallel motion mechanism, & pair
of clamps for clamping said plate {o sald wheel,
a protractor plate rotatably supported coaxially
with the wheel at the protractor end of the par- 10
allel motion mechanism, and a clamp carried by
said protractor plate for clamping the same io
the internally notched plate, said ¢lamp having -
a slot therein adapfed to receive the inside edge _
of the internally notched plate, the radius of 18
said slot being less than the internal radius of
the notched plate.

7. A counterpoise for a para.llel motion mecha-
nism of s drafting machine, said counterpoise

comprising a spring one end of which is adapted 20

to be operatively connected to the paraliel mo-
tion mechanism, 8 member attached o the other
end of the spring, and means for moving said
member relative to the bhoard to which the ma-

chine is attached, said last mentioned means 28

comprising a crank rotaiable in a plane substan-
tially parallel with the working surface of the
drawing board.

8. A counterpoise for a parallel motion mecha-
nism of a drafting machine, said counterpoise 30
comprising & spring one end of which is adapted -
to be operatively connected to the parallel motion
mechanism, a member attached to the other end
of the spring, and means for moving said mem- .
ber relative to the board to which the drafting 35
machine is attached, the last mentioned means
comprising a gear having threaded engagement

‘with said member and a crank rotatable in a

plane substantially parallel -with the working

surface of the board for rotating the gear. 40

9. A counterpoise for a parallel motion arm

- of a drafting machine composed of two pivoted

sections, said counterpoise comprising two springs,

‘means for connecting one end of one of the

springs to one of the sections, means for con- 45
necting the cther of said springs to the other
of the sections, a lever, means for connecting the
other ends of the springs to opposiie ends of
said lever, and means for moving said lever to
adjust the tension of the springs. 50

10. A counterpoise for a parallel motion arm
for a drafting machine composed of two pivoled
sections, said counterpoise comprising two springs,
means for connecting one end of one of the
springs to one ‘'of said sections, means for con- 55
necting one end of the other of the springs to the
other section, a member adapted to be detach-
ably connected to a drafting board or the Iike, -
a threaded rod carried by said member, a lever
pivotally connected to said rod, means for con- 60
necting the opposite-ends of the springs to oppo-
site ends of said lever, & gear having threaded
engagement with said rod, a second gear in mesh
with sald gear, and a crank rotatable in a plane
substantially parallel with the working surface 65
of the board for rotating said second gear.

11, A drafting machine having a. parallel mo-"
tion mechanism composed of two pivoted sections,

" an anchor to which the:parallel motion mech-
anism is attached, and a counterpoise for said 70

parallel motion mechanism sald counterpoise
comprising a spring located underneath the an-
chor and operatively connected with the Iower
side of one of said sectlons for eonnterbalandng

thesame _ ‘ (N
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" ‘mechanism, and a counterpoise for both of the

8

12, A drafting machine having a para.l.lel mo-
tion ziechanism composed of two pivoted sections
each including a pair of wheels, bands extending
about the same, and struts between the wheels

" for holding them in spaced relation with the bands

under tension, an offset anchor to which the
parallel motion mechanism is attached, and a
counterpoise for the parallel motion mechanism,
the counterpoise including a spring and the an-
chor forming a cover for.the counterpoise spring.
- 13. A drafting machine having a paralle]l mo-
tion mechanism composed of two pivoted sections
éach including a pair of wheels, bands extending
about the wheels, struts between the wheels for
holding them in spaced relation with the bands
under tension, a pulley rotatably supported ad-
jacent the anchor end of the parallel motion

sections, said counterpoise comprising a spring
connected to the lower section by a flexible cable
encircling said pulley at the anchor end of the
parallel motion mechanism.

14. A drafting machine having a parailel mo-

tion mechanism composed of two pivoted sections
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each including a pair of wheels, bands extending
about the wheels, struts between the wheels for
holding them. in spaced relation with the bands
under tension, a pulley rotatably supported ad-
jacent the anchor end of the parallel ‘motion
mechanism, a second pulley fixed to the upper
side of the strut of the lower seétion, and a

counterpoise for both of the sections, said coun- -

terpoise comprising a spring connected to the
pulley fixed to the lower section by a flexible
cable encircling the pulley at the anchor end of
the parallel motion mechanism.

15, A drafting machine for a parallel motion
mechanism composed of two pivoted sections each
including a pair of wheels, bands extending about

‘the wheels, struts between the wheels for holding

them in spaced relation with the bands under

tension, a counterpoise for both of the sections,

an anchor to which the parallel motion mech-

' . anism is connected, said counterpoise comprising

a pulley or wheel rotatably supported by the
anchor, a spring connected to the pulley or wheel
rotatably supported by the anchor to one side
of the axis of rotation thereof, a second wheel

fixed to the upper side of the strut of the lower
‘section, a third pulley or wheel rotatably sup-:

ported adjacent the anchor end of the parallel

motion mechanism, and a cable connected to the.
. first two mentioned pulleys or wheels and extend-

ing about the third mentioned pulley or wheel
at the upper end. of the parallel motion mech-
anism.

16. A drafting machine having a parallel mo- .

. tlon mechanism composed of two pivoted sections

each including a pair of wheels, bands extending
about the wheels, struts between the wheels for
holdinig them in spaced relation with the bands

. under tension, an offset anchor to which the par-

allel motion mechanism is connected ‘a pulley or

. wheel rotatably connected to the under side of

- 65

the anchor, a counterpoise for both of the sec-

tlons, the counterpoise including a spring con-
nected to the strut of the upper section at a
point located to one side of the pivot therefor,
a second spring connected to the pulley or wheel

- earried by the anchor, a pulley or wheel of uni-
‘ form diameter rotatably supported by a plurality

_ - of rollers adjacent the upper end of the parallel
~—motion.. mechanism, and & flexible cable encir-

cling the last mentioned wheel, one end of the
cable being connected to the pulley or wheel car-

- i
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ried by the anchor, the other end of the cable
being connected to the lower sectlon of the
parallel motion mechanism. .

17, A drafting machine having a parallel mo-
tion mechanism composed of two pivoted sections
each including a pair of wheels, bands extending
about the wheels, struts between the wheels for
holding them in spaced relation with the bands
under tension, an offset anchor to 'which the par-
allel motion mechanism is connected, a pulley or
wheel rotatably supported underneath the anchor,
a pin projecting to one side of said pulley or
wheel coaxial therewith, a counterpoise for both
of the sections, the cournterpoise\ including 2
spring connected to the strut of the upper section
at a point located to one side of the pivot there-
for, a second spring connected to the pulley or

wheel underneath the anchor, a wheel of uniform

diameter rotatably supported by a plurality of
rollers adjacent the upper end of the parallel
motion mechanism, a flexible cable encircling the

" last mentioned wheel, one end of the cable being

connected fo the wheel underneath the anchor,
the other end of the cable being connected to
the lower section of the parallel motion mecha-
nism, the connection between the second spring
and the pulley or wheel underneath the anchor
comptising a lever having a cutout portion adapt-
ed to engage sald pin so as to prevent the lever
from being carried past dead_center, arid means
for adjusting the connection of the lever with
the pulley or wheel. oo

18. In a protractor assembly for a drafting ma-
chine the combination of a ruler having a tapered
slot in the under side thereof opening into ome
end, and & ruler supporting arm or member hav-
ing a tapered end projecting into and engaging
the sides of the slot in' the ruler and lying wholIy

. within the confines of {he ruler.

19. In a drafting machine of the wheel and
band type the combingtion of: a pair of wheels;
& flexible band encircling said wheels and engag-
ing the same for maintaining them in- definite
angular relationship with respect to each other;
and a strut for maintaining said wheels in spaced
relation, said strut comprising end members or
yokes encasing the wheels and tubular side mem-
bers encasing the band and extending between
said end members for maintaining the same in
spaced relation, one of said end members having
means affording access to the band therein; said
end members and the ends of said tubular side
members being in telescopic relationship ahd hav-
ing abutting portions.

20. In a drafting machlne of the wheel and
band type the combination of: a pair of wheels,
a flexible band encircling said wheels and en-
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gaging the same for maintaining them in definite -

angular relationship with respect to each other;
and & strut for maintaining said wheels in spaced
relation, sald strut comprising end members or
yokes encasing the wheels and having portions
extending around the band engaging portions of
the wheels and spaced closely thereto, and tubular
side members encasing the portions of the band
between the wheels and extending between. the
end members so as to maintain them in spaced
relation, one of the end members having means
affording access to the band permitting its appli-
cation er removal, said end members - and the
ends of the tubular side members being in tele-

65
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scopic relationship and having abutting portions. -

21. In a drafting machine of the wheel and
band type the combination of: a palr of wheels;

>
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a fiexible band enciréling said wheels and engag-~
_ing the same for maintaining them In definite
-angular relationship with respect to each other;
. and a strut for maintaining said wheels in spaced
‘relation, said strut comprising end members or
yokes encasing the wheels and fubular side mem-
bers encasing the band and extending between
sald end members for maintaining the same in

spaced relation, 6ne of said end members having
means including a movable cover affording access

_to the band therein, sald end members and the

ends of said tubular side members being in tele-

scopic relationship and having abutting portions.. 5
CHARLES HENRY LITTLE.
CHARLES HUBBARD LITTLE:.



