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[57] ABSTRACT

A six-bar linkage which has an angular displacement
curve between 6 and ¢ where 6 is the angle of rotation
of a driving link and ¢ is the angle of rotation of a
driven link for producing a rectilinear motion of one
point of the six-bar linkage without guide means when
the driving link rotates.

5 Claims, 5 Drawing Figures
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SIX-BAR LINKAGE HAVING SYMMETRICAL
DISPLACEMENT CURVE

BACKGROUND OF THE INVENTION

This-is a continuation-in-part of our earlier filed co-
pending U.S. Pat. application Ser. No. 23,073 filed
Mar. 26, 1970, now abandoned. This invention relates
to a six-bar linkage having a symmetrical displacement
curve.

The six-bar linkage herein referred to is a locked
chain linkage with six links which are connected to
each other in a selected manner to have a predeter-
mined degree of freedom. .

To satisfy the condition of the degree of freedom
with respect to the six-bar linkage comprising pivoting
connections for all links, as disclosed in the present in-
vention, two links out of the six bar linkage should be
ternary links or three-sided links, and the remaining
four should be binary links. Thus it is seen that the
number of connections must amount to seven and num-
ber of sides must amount to ten, in total.

It is also known that when calssifying all the possible
six-bar links which will satisfy the requirements as de-
scribed above, the following two fundamental types can
be enumerated. That is;

i. The one wherein two ternary links have one com-

mon connection to each other

ii. The one wherein two ternary links do not have one

common connection

Further classification of these links enables them to
be classified into five types from A through E as shown
in FIG. 1 in Bulletion of JSME Vol.5, No. 19 (1962) by
K. Ogawa, in accordance with how to select the fixed
pivot in the coordinated linkage, namely, as to which
link should be selected as a driving link and -which
should be selected as a driven link.

By maintaining the characteristics of each type of
linkages which belong to each classification, numerous
" combinations can be produced in accordance with the

variation of lengths of each side.

However, it is generally not known as to what kind of
functions will be obtained from what kind of combina-
tions that are constructed wnth respect to the different
lengths.

Accordingly, when a linkage having a specified func-
tion is required, even if the skilled ifi the art could sur-
mise that the requirement would be satisfied by use of
the six-bar linkage, no means for realizing it theorecti-
cally have been disclosed heretofore.

It had been impossible to provide a link mechanism
which makes a rectilinear -motion unless it includes
more than seven links. In a most simplified link mecha-
nism or four-bar linkage, there has not been established
a method of computation for moving-a point on a cou-
pler link along a straight line, and the sameis true for

_ a six-bar linkage. That is, in the conventional method

_for designing a four-bar or six-bar linkage capable of
rectilinear motion, various hypotheses must be estab-
lished as to the lengths of the links and the distances be-
tween the fixed pivots, and the tremendous amount of
computations, which seems almost impossible, must be
carried out in-a trial-and-error manner.

However, without the necessity. to take into consider-
ation the motion of a point on a coupler link, there has
been proposed a computation. method for designing a
four-bar or six-bar linkage which satisfies any arbitrary
angular relation between the drlvmg .and driven links
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(which will be referred to as “‘displacement curve”
hereinafter). Therefore, a relationship between the rec-
tilinear motion of the point on the coupler link, hith-
erto impossible by the conventional six-bar linkage,
and more particularly a planar six-bar linkage, has es-
tablished one point which may make a rectilinear mo-
tion when one link rotates about a fixed pivot.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic diagram illustrating a general
form of a type of a six bar linkage;

FIG. 2 is a graph illustrating one example of a sym-
metrical displacement curve;

FIG. 3 is a diagram illustrating the relation between
the rectilinear motion and an angular displacement of
one link of the mechanism shown in FIG. 1;

FIG. 4 is a diagram illustrating that some of the links
of the mechanism shown in FIG. 1 constitute a four-bar
linkage; and ‘

FIG. 5 is a diagram of one example of a six-bar link-
age which satisfies the symmetrlcal displacement curve
shown in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

The primary object of the present invention is to pro-
vide a novel six bar linkage or six link mechanism capa-
ble of rectilinear motion which has a clarified displace-
ment curve whereby, the rectilinear motion of the one
point may be analyzed or synthesized by in an estab-
lished method through the displacement curve.

The present invention is characterized in that the re-
lation between the linear motion and the displacement
curve is clarified in the six bar linkage, whose general
form is illustrated in FIG. 1.

The linkage shown in FIG. 1, which belongs to type
A in the classification mentioned above, comprises six
links a, b, c, d, e, and f. The link a is a fixed link having
three connections, which is fixed in a coordinate sys-
tem at rest; the link b rotates about a fixed pivot J;
and the link f rocks about a fixed pivot J,. The links ¢
and 4 are called coupler links and connected to each
other at a pivot J 4, and the first coupler link ¢ is con-
nected to the link b at a pivot I, while the second cou-
pler link d is connected to the link f at a pivot J4» The
second coupler link d having three connections is con-
nected to the fixed link a through a link e. Thus the six
bar linkage is a locked chain.

For simplifying the explanation of the six bar linkage
described above, it is divided into two sections, one
section consisting of the links b and ¢ and the other
links a, b, e, and f.

Referring to FIG. 3, one end of the driving link b
which rotates about the pivot J,; is connected to one
end of the link c at the pivot J,.. The other end of the

-link c is designated by P. The reference Ine J;,0 is a line

arbitrarily drawn to pass through the pivot Jg;, and an
angle @ is defined an angle between the reference line
J O and the link b. When the link b coincides with the
reference line J,,0, the angle @ is 0° and when the link
b concides with an opposite extension of the reference
line J4;0, the angle 6 = 180°,

Next we consider the conditions under which the
other end P of the link ¢ occupies position P, which is
reached when the link b rotates symmetrically from the
reference line J,,0, through an angle 6, in the counter-
clockwise direction or through an angle of 8, in the
clockwise direction. The positions of the pivot J,. are
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designated by B and B, respectively, and Iola = IB,I.
By drawing circles with the positions B and B, as the
centers and with radius equal to the length of the link
¢, the intersection of these two circles is the position P.

Since the corresponding three sides of the triangles
AJ,,BP, and AJ,,B,P, are equal respectively, these two
triangles are congruent. Hence

< BJabPI = <Ba-]abPl

Therefore, the straight line J,,P, coincides with the ref-
erence line J 0. In other words, the point P, is located
on the extension of the reference line J,,O. Since 6,
may be an arbitrary angle, it may be generally stated
that whatever the value of angle 8 may be, the point or
position P is always found on the extension of the refer-
ence line J,,O as far as the angle 6, is equal to the angle
6,,- Accordingly, Bl,, is symmetrical to ByJas with re-
spect to the reference line OJg,. In other words, the
point P will move along one straight line as the angle
@ varies from 0° to 360°. However, the condition ¢>b
must be satisfied so that the link b may rotate about the
" pivot J,, through 360°.

As is clear from FIG. 3, the length of J,,P becomes
maximum when 8 is equal to-0° and is equal to (¢ + b),
and minimum when 6 is equal to 180° and is equal to
(¢ — b). Therefore the stroke or displacement L of the
point P is given by

L=(b+c)—(c—b)=2b.

The mechanism shown in FIG. 4 constitutes a locked
chain and this is a four bar linkage. This mechanism is
considered as an independent four-bar linkage in the
following discussion. The link fis a driving link which
rotates through 360°, and the displacement angle of the
link ffrom a reference line is ¢. When the link frotates,
a point Q on the coupler link 4 moves generally along
a closed curve. There is only one-to-one correspon-
dence between a point on the closed curve and the dis-
placement ¢ of the link f. In other words, with respect
to a point on the closed curve, only one displacement
angle ¢ exists.

However, when the driving link f does not rotate
through 360°, but rocks through an angle, the point Q
on the coupler link reciprocates along a part of the
closed curve. :

If in FIG. 4 a link ¢ were provided connecting pivot
Ja» with the unconnected end of link d, this connection
would then become I 4 and locate point P as in FIG. 1,
and if the point Q on the coupler link of the four-bar
linkage is connected to the other end P of the link c at
the pivot J.4, then the six-bar linkage as shown in FIG.
1 is obtained. In this case, when the lengths of the four-
bar linkage shown in FIG. 4 are predetermined the
point Q on the coupler link d will not always make a
rectilinear motion. Therefore, the driving and driven
links are first determined, and then the lengths of the
links are left as unknown values to be computed.

When the point P makes the rectilinear motion ex-
plained for FIGS. 1 and 3, two symmetrical angles of 8
with respect to the reference line J,0 are determined
while only one angle ¢ is determined in correspon-
dence with each position of the point P. Therefore, the
displacement curve is symmetrical with respect to § =
0°. Since the link b coincides with the extension of the
reference line J,O when @ is equal to 180°, the dis-
placement curve is also symmetrical with respect to 8
whice is equal to 180° when 0° = @ = 360° There-
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fore, the displacement curve is drawn as symmetrical
with respect to 180° of 8 as shown in FIG. 2 which rep-
resents the angular relation between the angles ¢ and
0. Some values of the displacement curve shown in
FIG. 2 are shown below:

270°
42°

360°
0°

180°
71°31°

90°
42°

(] 0°
¢ 0°

Each pair of the angles 8 and ¢ having a predetermined
relation or predetermined values is called ‘‘precision
point.” An equation satisfying these values may be ob-
tained by use of Newton’s interpolation as is fully dis-
cussed in the papers distributed in the 46th meeting of
The Japan Society of Mechanical Engineers in Tokyo.
The equation is
¢ = 0.46666660 — 0.044150760 (0 — 7/2)
— 0.034937040 (6 — 7/2) (0 — )
+0.011120816 (6— w/2)(§ — ) (8 — 3 7/2).

All angles shown above are represented to radians for
computation. Further reference is made to “Re-
searches on the Synthesis of the Six-Bar Linkage™ by K.
Ogawa, The Japan Society of Mechanical Engineers,
Vol. 39, No. 205, pp. 2,084-2,089, published in June
1963. As to the selection of the “precision points”
which minimize the deviation from the continuous dis-
placement curve, reference is made as *“Chebyshev
Spacing” in “Kinematic Synthesis of Linkages,” by
R.S. Hartenberg, McGraw-Hill, 1964.

Employing these computation methods, the six-bar
linkage which satisfies .the above displacement curve
may be obtained. Only one point P corresponds to one
angle ¢, and two symmetrical angles @ correspond to
this point P with respect to the reference line 6 which
is equal to 180°.

Therefore, it is seen that when the link b, rotates
about the pivot J,;, the point P reciprocates along the
extension of a reference line with the stroke which is
equal to 2b. It is to be understoad that the stroke L as
herein employed is the stroke length, in other words,
the length of the path of rectilinear displacement
through which the point P passes during a full cycle of
rotary movement of the driving link.

From the foregoing description it is clarified that
when a six-bar linkage is desired, in which a point P on
one coupler link thereof reciprocates along a straight
line with a specific stroke, it may be obtained by pro-
viding a desired symmetrical displacement curve and
determining the length of the driving link as b which is
equal to one-half of the stroke.

Example

The example is illustrated in FIG. 5, in which the
point P reciprocates along the straight line AB with a
stroke L which is equal to 25 mm. The length of the
driving link is b which is equal to L/2 or 12.5 mm; and
the distance from the point A to the fixed pivot Jg is
1 which is equal to 12.3 mm, so that, the length of the
first coupler link ¢ is equal to b +1 or 24.8 mm. It is as-
sumed that the linkage shown here satisfies the dis-
placement curve shown in FIG. 2. However, any other
displacement curve may be employed as far it is sym-
metrical, but the design factors will be different from
those explained with reference to FIG. 5. It was con-
firmed by simulation of an analog computer and by a
fabricated model of the linkage that the point P of the
six-bar linkage illustrated in FIG. 5 reciprocates along
the straight line AB.
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When the links b and ¢ are removed from the six-bar
linkage shown in FIG. 5, the links a, d, e and f constitute
a four-bar linkage as has been explained previously
with reference to FIG. 4. It is readily seen that even
with this four-bar linkage the point P reciprocates
along the straight line when the link f is rocked or
swung within a range of ¢ which is equal to
(0°~71°31"). That is, it is very difficult to design di-
rectly a four-bar linkage which makes a rectilinear mo-
tion, but if a six-bar linkage of the type described here-
inabove is designed, the desired four-bar linkage may
be easily designed by removing the driving link and the
first coupler link of the six-bar linkage. The links of
other links can be calculated by the calculation method
as described above.

In the six-bar linkage in FIG. §, lengths of the links
are approximately as follows:

a, = 44.3 mm

a, =439 mm
a; = 13.8 mm
b=12.5 mm
¢=24.8 mm
d; = 44.3 mm
d, = 17.9 mm
d; = 34.1 mm
e=12.7 mm
f=19.0 mm

A linkage consisting of more than seven links has
been known in which a point on its mechanism moves
along a straight line when one link is rotated, but so far
it had been impossible to design a six-bar linkage which
makes a rectilinear motion in a predetermined arrange-
ment. However, according to the present invention,

20

25

from a symmetrical displacement curve a rectilinear |

motion mechanism is obtained which eliminates any

need for a guide for rectilinear mition. Thus the advan-

tages of the present invention is the reduction in num-
ber of machine elements, the simplification and com-
pactness of a hitherto complex machine.

What is claimed is:

1. A six-bar linkage for converting rotary motion of

a driving link to rectilinear motion of the pivot con-

necting a first intermediate link with a second interme-

diate link having a stroke length equal to a predeter-
mined segment of a line comprising
a driving link having a length equal to one-half of sald
stroke length;

- said driving link being connected to a fixed pivot
point, said fixed pivot point lying on an extension
line of said predetermined segment of line includ-
ing said stroke;

said first intermediate being a first coupler line con-
nected to said driving link and having a length
equal to the sum of the driving link and the dis-
tance between the fixed pivot point and the adja-
cent end of said segment of a line, and

said extension line provided as a reference for an an-
gular measure 6 of said driving link whereby a sym-
metrical displacement curve is provided.

2. Asix-bar linkage according to claim 1 wherein said

linkage comprises

first link means having a three-sided form with the

sides terminating in points and two of said points
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being fixed to be stationarily positioned;

said driving link provided as a second link means at-
tached to the said one of said fixed points;

third link means attached to the other of said fixed
points, said third link means being a driven link ro-
tatable through an angle ¢;

fourth link means having a three-sided form with the
sides terminating in points;

said coupler link provided as a fifth link means ex-
tending between a point of said fourth link means
to provide the rectilinear motion and a rotatable
end of said driving link;

sixth link means formed as a link extending between
an unfixed point of said first link means and a sec-
ond point of said fourth link means; and

a rotatble end of said third link means being attached
to a third point of said fourth link means whereby
rotation of said driving link through the angle
provides the symmetrical displacement curve de-
sired from back and forth angular rotation of said
third link means through said angle ¢ and the recti-
linear movement of said point on said fourth link
means.

3. A six-bar linkage according to.claim 2 wherein ro-

tation of said driving link and said link means provides
the following angular relationships:

0°

[} 90°
¢ 0°

42°

180°
71°31°

270°
42°

360°
0°

4. A six-bar linkage for converting rotary motion of
a driven link to rectilinear motion of a given point on
the linkage and having a given stroke length, compris-
ing first and second ternary links, driving and driven
links pivoted to separate points of said first ternary link,
and intermediate link pivoted to the other end of said
driving link, theother ends of said driven link and inter-
mediate link being pivoted to separate points of said
second ternary link whereby the pivot points between
said intermediate link and said second ternary link de-
fine said given point, and further link pivoted between
further points of said first and second ternary links, said
driving link having a length equal to half of the stroke
length, said intermediate link having a length equal to
the sum of said stroke length and the length of said
driving link, the angular displacement of said driven
link being symmetrical with respect to the angular dis-
placement of said driving link from a given angular po-
sition of the driving link, said rectilinear motion of said
given point extending along a straight line passing
through the pivotal connection between said driving
link and said first ternary link, which straight line corre-
sponds to said given angular position of said driving
link.

5. The six-bar linkage of claim 4, wherein the angular
displacement ¢ of the driven link is defined by the an-
gular displacement 6 of said driven link by the relation-
ship:

¢ = 0.46666666 — 0.044150760(0 — ©/2)

—0.034937040 (0 — 7 /2) (8 —m)
+0.011120810 (8 — /2) (8 — 37/2).

* * 0k 0k X
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