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. PROVISIONAL SPECIFICATION

" Linkage for the Gesieration of Involute-like Curves

" 1, Epmund Rausay Wicaxn, a British
‘Subject, of 35, Montague Road, “South-
bourne, Bournemouth, “Hampshire,- do
ereby declare the nature: ‘of this inven-

., tion to be as follows:— - -

©  ¢rue involute, over the initial part of -the-

“This invention relates to.a very simple

«nkage which is capable -of Aracing
gurves which _approximate so “closely-to'a

arc, that they-can be substituted, with-
out serious error, for true involute curves

in the -draughting ~of drawings of

involute-type spur-gear teeth. . - -

By. obvious. substitutions

15 V'l,inkage may be e@nplojreﬂ as an involute-

20

checking or gatging mechanism.. -
The closeness with which the. gengerated

curves approximate a- true- involute can
be varied to “some extent so- that, if the
tooth is very short, in proportion. to-the
wheel radius, a very close approximation
can be maintained for its full-length or,

. again, if:the tooth is relatively Tong,. the

' {llustrated by an example:—Let O.be the

30

35

40 ends-of these lines (designated &1, t2, 3,

45

T draw a series-of lines all of length PT,

approximation can be made less perfect
“pear the origin but exact at a point 3t or.

near the tipof the tooth. = - - ==
The basic. geometrical -principle is best

centre -of  the involute “base-girele - ‘of

the- :'s,éiﬁ;'e';

~ tabulation - that (if -we write Tt/R=z,

~ and if we write KR as the radius of the -
~inner circle), then, with K=0.810 - the 60
- approximation is perfect at the point on

" the curve at which o= 0.150, and at any
~intermediate point the deviations of the

- points t1, 12, .13, ete., from the true .
_involute originating at T do not exceed 66
“thirty parts in a‘million of the radius R.
““TFor longer teeth the choice of K=
-0.815 gives perfect fif “when 2=0.2
approx., with a: maximum error of less

R about halfway along the tooth..
“The calculation of the errors for the

‘cases in which the geometrical conditions
“are not_exactly as laid down above is
extreniely tedious and exact figures cannot 65
be given. But graphical tests show that,
“for teeth in ‘which @ considerably exceeds
" 0.2, it is possible to get close approxima-

- “tion up to the tip‘of the tooth by applying
* glight modifications to the-geometric-con-
struetion. S PR

= -* For instance; let-a point §-be chosen
-~ some 10 or 20 degs. fo the left of the
" “tooth-origin Tand - on the base-circle.

Tmaginé a piece of metal cut to the shape
. -of the triangle PST; call the apices of

radius B. . Let T ‘be the -point on -the ““this metal piece P1, 81, T1. Then, if as.

base-cirele at which :the  tooth_ p__r;b’ﬁle is-

required to originate.. Draw a-circle-of
centre O-and radins 0.810.R. _ Produce
TO to cut this circle at-P. ~Now through

originating. from points PL, P2, etc., on
the civcumference of the inner circle and
inclined at a variety of angles -0 the line
POT and on. one -side of it  Then the

etc.), lying outside the base-circle,. will

el

lie on a curve which, near its origin, isa

very close approximatiol to an_involute - -

of origin T and base-circle radius R. =

approximation 1s extremely tedious, but:

it can be shown by “straight-forward
- [Price®] o oo

"The calculation -of - the degrée --of.

Pl ‘moves round the funer--circle to the
~Teft of P1, the side P1.S1 of this triangle
“is made ‘always fo-intersect point S on
- the base-circle, them the apex T1 will

“~trace out the approximate involute curve.
" “Values of K lying’ between 0.8 and 0.9
“appear to give the closest approximation . -
. fo a true involute (when # is greater than-
--0.2) and when § lies some 10 or 20" degs.
away from T o T
“:There ~would ~appear :to be some
<-theoretical advantage in placing the point
 not on the: basecircle but “glightly
inside it, say at 0.9R.” In practice how-
‘ever this would add_another adjustment
o a draughting machine based upon this
- geometry, the complication of ‘which

“than 100 parts ina million of the radius 60 -
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. would possibly not j;lstigr its inclusion. -
The application of these geometric

prineiplés to a draughting machine leads

to a generic descripfion as follows:—
& Means for tracing a curve approximately
representing the profile of an involufe
spur-gear tooth comprising a first rigid
member pivoted on a support locafed over
the centre of the involute base-cirele,

10
ber (both members being adjustable in

length to suit the base-circle radius),-a

device, adapted to hold a pen or pencil,

secured to the second member and means
15 secured to the drawing surface provided

with a pivoted guide-piece engaging with

the second member, the proportions and
- dispositions’ of the parts being such that
when the first member is Totated about its
fixed support the pencil-carriage traces an
arc ‘closely approximating to the initial
part of an involute curve. - ~ - -
 One form of such a dfaughting machine
-would consist of a plate provided with
cross-wires or other means of locating its
centre over the centre, O, of the base-
circle, and carrying the first member
mounted upon a suitable pivot or bear-
ing. The said member would be provided
with an adjustable clamp to which the
second member would be secured by a
pin, or the like, to form a freely turning
hinge, the distance of the hinge from the
fixed bearing being -indicated- on some
kind of scale of inches, centimeters, ete.,
associated with the first member: =~ =

The second member would be held,

20
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‘near ‘one end, in the said adjustable-

clamp, and the other end would pass
40 through a pivoted guide-piece turning in
a frame secured to.the drawing surface
(by "drawing* pins or the fingers of the
user, for instance), at the ‘point on the
‘drawing - required to conformm to the
geometrical principles set out ahove: for
instance, in the simple case, when S and
T coincide, so that the pivot of the guide
piece was centred over the origin, T, of
the required tooth-profile. o
The pen- or pencil-carriage would, pre-
ferably, be secured to the second member
in such a way that, while being rigidly
restrained against motion in the plane of
the paper, it would be free fo mave
vertically under the influence” of - a
spring-like “member which would press

the pencil onto the paper. -

45

60

55

The way in which the mechanism is set -

up for use is illustrated below by
description of the pracedure suitable for
the case in which the points T and -8
coincide. ~ Modifications applicable to
other geometric conditions are obvious

from the details set out above.
The cross-wires. on the main bearing

60

85

coupled by a pivot to a second rigid mem- -

- placed on the mark T. The clamp is

“plate is located over the centre of the-

base-circle. The point of origin, T, of
the required tooth-profile is marked om
the drawing. The first and second mem-~
bers are aligned-so as to-lie along the 70
diameter of the base-circle passing
through T. The frame carrying the .
second member guide-piece ig adjusted so
that the centre of the pivot lies ‘exactly
over T (fo ensure this the pivots might be -75
removed and the pivot-holes used as a-
sighting-line)..~ The adjustable clamp
associated with the first and second mem- -
ber is released and the pencil-point is
80

adjusted so that the pivot of the clamp
lies at the correct radius (K times the =
base-citcle radius), -along the first mems=
ber; and then locked. Rotation of the
first member will then cause the pencil to 85
trace ouf, the .required curve: either of -
the two involutes arising' at T can” be
approximated by the choice of either I..H.
or R.H. direction of rotation of the first .
member about the primary fixed pivot.— 90
‘When, the linkage is set up correctly -
the curves traced deviate very slightly -~
from the true involute to an extent
invisible to the naked eye when the wheel
radius is small ‘and the teeth short, yet, 95
in drawing -long - teeth -on large- spur-
wheels, visible errors ‘may occur unless
additional adjustments are made to the
linkage: ~These errors tend either to
increase steadily as the first member is 10
rotated; or fo inerease to a maximum, fall-

to zero " and then” -pass:.to steadily

increasing magnitudes of reversed sign.
In the case-of S and T coinciding, for
example, the first type of error occurs if 10§
K is less than 0.800 approx:, and the -
latter if K is of the order 0.8-t0-1.0." Tt

is obvious that the substitution of an
eccentrically “mounted ‘pivot in place of =
the guidepiece controlling the motion of 110
the second member will, with the proper -

‘degtee and -alignment of the eccentricity,

be “capable "of correcting errors- of both

» types; alternatively the pin coupling the

first -and” -second members may, by 115
-additional members added to the linkage, -
be caused to change its position on the -
first member; the radius from the point O .
might be varied as ratation increases: or

the pin might be mounted eccentrically 120
on a part of the member which -rotated - -
relative’ to -the main member when the
latter was rotated-about its primary fixed
pivot.” The most promising of these fine -

‘adjustments-to the linkage would appear 125
“to” be one “assoeiated “with- the second -

member- “guide-piece, since this piece
rotates as the second member .slidés.
through it and therefore thé means, Jack-
ing in the other methods, for causing 180
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relative rotation of .a pivot is to hand.

The principle of such a method of-
adjustment of .fhe curve traced can be

seen if we consider one particular arrange-
5 ment of the linkage in which the guide-
piece consists of a pin pierced with a hole

to “accept the - second member which

slides through this hole; suppose that,
without the assistance of any - eccentrlc,
10 the curve was, for a -particular con-
formation of the linkage, lying on the
innerside of the frue involute, then a
slight movement of the pivot of the
O*ulde-plece along the line OT would
15 bring curve and involute into coincidence
(at the one point).” Such a motion of this
pivot is readily derived by carrying the
plvot on a sub-plate eccentrlcally sup-

-units of
"that the diameter of the base-circle may

'ported on the frame carrying the ‘guide-

piece assembly.
Alternatively the second member may

“be constrained to slide over a smtably

curved surface rather than pass through -

a pivoted guide-piece as-described above.
The first member may have associated 25

with it a scale or scales marked off' in

““ K-inches,”” or ** K-cms.,”” so0

be used as the mark on this scale to which

the adjustable clamp is set; this relieves 30

the draughtsman of any calculation.

Alternatlvely the second member may be

marked off in (l plus K) lnches,” ‘or

- ems.; etd.

Dated this R6th day of December, 1947
-~ R RAMSAY WIGrAN

COMPLETE SPECIFICATION

Llnkage for the Generatlon of Involute-hke Curves

85 I, Epmunp Ramsay WIGAN a Brlhsh'

Sub]ect of 36, Montague Road South-
bourne, Bournemouth Hampshlre, do

hereby ‘declare the: nature of this inven-

tion and in what manzer the same is to
40 be performed to be particularly described

and aseertamed in-and by the followmg,

statement :— -
"~ This 1nvent1on relates o a very s1mple
linkage which is capable of tracing curves

45 which approximate so closely to a true

involite, over thé initial part of the. are,

that they. can. be substituted, without

serious error, for true involute curves in

the draughting of drawmgs of mvolute-
50 type spur-gear teeth.

- By dbvious substltutlons the same -
linkage may be employed as an involute-

checking or gauging mechanism.
The closeness with which the generated
5D curves approxnnate a true involute can
be vaned to some extent so that, if the
tooth is very short in proportmn 1o the
wheel radius, a very close approximation
can be maintained for its full length or,

80 again, if the tooth is relatively long, the

'apprommqtlon can be made less perfect
near the origin but exact at a pomt at or
near the tip of the tooth.

‘According to the present invention f1'

65 hnkage for ‘generating -a_ curve which
approximates to axn mvolute curve for a
spur-gear tooth comprises a “first™ arm

pivoted on a support adapted to be

located over the centre of the involute
770 base-circle, a second arm coupled to said
first arm by - pivot and adapted to carry
a tracing point and a pivoted guide-piece
‘adapted fo receive said second arm, the
propo‘rhons and dlSpOSltlons of the parts
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being such that when the sald ﬁrst arm 75
pivots on said support said tracing pom‘t
generates ‘the required curve. -

~The invention will be more easily
understood from the  following™ descrip-

‘tion made with reference. to the ‘aceom- 80
- panying ‘drawings of which:—

 Pig.'1 illustrates the basic geometry of

a linkage according to the invention} -
~Fig. 2 shows one embodlment of the

invention; - - 85
Fig. 8 111ustrates a modlﬁcatlon of the

invention and Fig. 4 shows a mechanism

embodying another modification. ,
"The basic geometrical principle of the

invention is -illustrated in Fig. 1 in 90

-which ‘O is fhe cenire of the involute

base-circle of radius B. T‘is a point on

. the base-circle at which-a tooth profile is

requireéd to originate.- Consider now an

‘inner circle -concentric with the base- 95

circle but of radius’ KR (where K is
about 0.8).” -* The straight line TO pro-
duced cuts thé inner circlé at P. From a
series of ‘points Py, P,, . . . a series of
lines Puty, Pots. . .-. all of length PT, 100
are drawn; then it can be shown that the -
ends (&, 4, . . :) of these lines lying out-

side the base-circle will lie on a curve

which, near thé origin, is a very close
approxnnatlon to an involute of origin T 10p

-and base-circle radius R.

The calcalation of the degree of
apprommatlon is extremely tedious, but

it ¢an be shown by straight-forward tabu-
* lation that, if we write T¢t/R=2, and if 110
‘we write KR as the radius of the inner
_circle, thén, with K:=0:810, the approxi-
'matlon is perfect at the pomt on the curve

at Whlch 2=0.150, and at ‘any mter-

— et .:;‘,“-’-"' - """,v - <“.:
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- :, 40 points 0, P, and T correspond Wlth -the’
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_mediate pomt the devmtmns of the pomts
Tty ts, ty, etc., from the true involute
originating at T do not exceed thn'ty
'parts in a million of the radius R.
For longer teeth the choice of K—=0. 81)
- gives perfect fit when 2=0.2 approx.,
. with a ‘maximum error of less than 100
© parts in a-million of the radius R -about -
. ’halfway along the tooth.- The calcula--
10 tion of the errors for the cases in which -
~ the geometrical conditions are not exactly -
as laid down above is extremely -tedious
~ and exact figures cannot be given. But
graphical tests show that, for teeth in
which # considerably exceeds 0. 2, 1t 18~
~ possible to get close a,pprommatlon up to-
the tip of the tooth by applying slight -
"~ meodifications  to the g'eometne construc—
20 tion.

illustrated in Figure 2 of the drawings. .
This - embodiment comprises a- plate
member 1 having. an aperture 2 in which
‘there -is wrra,nged cross-wires -3.-
plate 1 carries a first arm 4 mounted to
~ rotate about a centre O. which is the

intersection of the cross-wires 8." The

arm is slofted and calibrated as shown

- and carries an adgustable pivot 6 to which -
30 a second arm 6:-is secured in-such a way. .

that the -arm 6. 1is free to pivot with -

“ respect to the arm ‘4 about a pivot P

“which may be fixed at a distance KR (read
' off the .calibrated scale) from the centre
-5 0. The arm 6 also passes through ‘a.
pivoted guide-piece 7 turning in a frame
18 arranged so that the axis of the arm
always passes through- a point over the
point T at a distance R from O (the
the

slmllarly mdlca,ted ~points - 1n

theoretical diagram, Fig. 1). -

"~ The arm 6 carries at the end remofe -

~ from the clamp b a tracing point 8 which -
45 generates the required involute curve as’
- the arm 4 rotates about the -point 0. .~

‘When the mechanism  is used as a -

‘drawing ‘machine the fracing point may
" ‘be a -pen’or pencil and would, preferably,
5Q be secired to. the second member in  such -
_ a way that, while being rigidly restrained -
’ 'agfunst motion ix the plane of the paper,

" it would be free to move vertically under -

.- the influence of a spring-like member. -

55 -which-. Would press the penell on t() the
" paper.

© " In use, the oross-'mres 8- are loeated

over O the ce‘n’(re of the base-circle and

"~ the point of origin T, of the required

60 tooth-proﬁle is marLed on- the drawing.

- The arms 4 and 6 are then- aligned so as .

to be along the diameter of the base-cn‘cle

passing throuwh T. The frame 18 is

adJusted so that the centre of the plvoted

65 guide-piece 7 11es exa,ctly over 'D (to

Az - embodiment of the 1nvent1on is

The -

~to ‘zero. and then -pass

_eircle.

" the lett of P, the side P;S; of thiy tri-
Cangle is made always fo intersect point-S 105 -

- trace out the approximate involute-eurve:

- éngure ‘b]ns the plece 7 mlght be I:emoved-
and the jplva’c-lmles used as a gighting - -
line). “The clamp 5 is. released and” R
adjusted so. that the tracing point is on
T and the pivoting point of the arm 6 70 - -
about the arm 4 Ties at the correct radius. -~ =
(K times the base-circle radius) and then - -
the clamp 5 is locked. - Rotation of ‘the -

“arm 4 will then cause the tracing point

to generate the requu'ed curve; either of- 75
" the two involutes- arising at T can be
generated by the. choice of either- left-
hand or rlght-hand rotaﬁmn of the arm. 4
about. 0. - .

~ When- the linkage is set up correeﬂy
the- curves traced deviate very slightly
from -the true -involute to an extent R
invisible-to the naked.eye when the wheel =
radms is small and the teeth short, yet;- . -
in drawing long teeth. on large spur- 85 -
wheels, visible errors’may occur unless: - = -
-additional adjustments are made to the
linkage. These “errors tend either to .
increase steadll'y as the first member is -
rotated, or to increase toa: maxmmm, fall 90 -
steadlly L
increasing- magnitudes-of. reversed sign,
- The apparatus- may . be modified o -
reduce these errors still further and ome -
of these modifications will be explained 95 .
“with reference to Fig. 8.of the drawings. j S
In this diagram there is shown a point§ -
“chosen ‘some 10 to 20 degrees to the left-
of the tooth-origin T and on the base- -
Tmagine a piece of metal cit to 100 ,
the shape of the friangle PST; call the = -
apices of this metal piece Py, Sl, T,. Then
if as P; moves round the inner e‘rcle 40

80

-on the base-circle, then: the apex T, wilk

Values -of K lying between 0.8 and-0: 9
appear ‘to-give the closest. approxmaiaon

~ to a true involute:(when 2 is greater than- 110

0.2) and when:S lies some 10 or 20 degrees
away from T. = -

There-would appea,r to “be " some:
theoretlcftl ‘advantage . in placing’ ‘the
point S not on the base-circle but slightly- 115
inside it, say at0.9R. In practice how= -
ever- this would- add- another adjustment -
to a draughting machine hased-upon this -
_geometry, the complication of which-
would possibly not justify its inclusion. 120

The mechanical * realisation “of ‘this- -
modification is obvious, thus the arm 6 of -
Fig. 2 may be replaced by a triangular
member P, S, T; bent at-a right angle - -~ =
at S; and arranged to slide in-a"pivoted 1‘)5
O‘ulde-pmce gimilar to 7" in- Flg. 2 but -~ -
located at S which is some 104020
degrees away from the tooth origin T. Tn-
this case the part P,S, ‘corresponds: with - -
the arm. 6 and the tracmg pomt ig at ’I‘_l 130
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so that it is off-set from the axis of the
arm 6.
The mechanical embodiment of another

modification is illustrated in plan view in.

Fig. 4. In this drawing parts similar to
those in Fig. 2 are similarly numbered.
Tt will be seen that the guide-piece 7,
instead of being located exactly above the
tooth origin T, is mounted eccentrically
in a frame 9 which is free to pivot about
another point T, slightly to the right of T.
The positions of Ty and T and the dimen-
sions of the parts are such that in the
initial position (i.e., with the arms 4 and
6 in line and passing over the point O)
the tracing point is at T. As the arm 4
is then moved to the left the arm 6 slides
through the guide-piece 7 and at the same
time causes it and the frame 9 to pivot
about T,.

It is only in the case of teeth of
unusual length that the complications of
either of these modifications prove worth
while, and, even then, only when very
close approximation to a true involute is
essential. The simple mechanism of Fig.
9 will suffice for most work and sub-
sidiary parts, such as the eccentrically
mounted pivot 9; 7 in Fig. 4, would be
provided to be used only in exceptional
cases.

The arm 4 may conveniently be cali-
brated in ¢ E-inches ” or similar units to
relieve the draughtsman of any calcula-
tion: it is suggested that two scales, for
K —0.810 and K=0.815, be provided.

Having now particularly described and
ascerthined the nature of my said inven-
tion and in what manner the same is fo
be performed, I declare that what I claim
is:—

1. A linkage for generating a curve

which approximates to an involute curve
for a spur-gear tooth and comprising a
first arm pivoted on a support adapted fo 4H
be located over the centre of the involute
base-circle, a second arm, coupled to said
first arm by a pivot and adapted to carry
a tracing point (e.g., a pen or pencil) and
a pivoted guide-piece adapted to receive
said second arm, the proportions and dis-
positions of the parts being such that
when the said first arm pivots on said
support said tracing point generates the
required curve.

9. A linkage according to claim 1, and
in which the effective lengths of said
arms are adjustable, for example by
adjustment of the position of said pivot.

3. A linkage according to claim 1 or
2, and in which the said tracing point is
off-set from the axis of said second arm.

4. A linkage according to claim 1 or
2, and in which the said pivoted guide-
piece is itself mounted in a frame which 66
is arranged to pivot about a point near
the origin of said curve.

5. A linkage substantially as herein-
before described with reference to Figs. 1
and 2 of the accompanying drawings.

6. A linkage substantially as herein-
before described with reference to Figs.
1 and 2 but modified as described with
reference to Fig. 3 of the accompanying
drawings.

7. A linkage substantially as herein-
before described with reference to Figs.
1 and 2 but modified as described with
reference to Fig. 4 of the accompanying
drawings.

Dated this 11th day of March, 1949.
E. E. WRIGHT,
Agent for the Applicant.
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