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20 Claims:

The mechanism of my invention will. support
o tool of the like for straight line motion toward
and away from a reference point,  The tool or
other reciprocating element is carried by the
free end of a dog-leg linkage supported in canti-
lever fashion by the other end, and the relative
movement of the links is positively controlled to
compel the tool to trace a linear locus.

Supports for lineally reciprocating tools and
similar elements heretofore have generally em-
ployed guideways extending parallel to and over
the length of path travelled. .The space occupied
by the work being operated upon is usudlly ob-

scured to a greater or less degree by such guide-

ways in every position.of extension or retraction ’

of the tool. With my mechanism the space over
the work may be cleared entirely by retraction of
the tool. ‘ ) . .

My tool support consists primarily of a dog-leg
type linkage, that is, one composed of two. links
which ‘are pivotally connected end to end. .The
other end of the inner or supporting link is piv-
oted to a mounting bracket, while the opposite end
of the supported link carries the tool, which may
ke a trim saw, or any other desired element.
The pivoted end of the guter or supported arm
is controlled from such mounting bracket so that
its angular departure from a given reference di-
rection, such as vertical, will bear a predeter-
mined relationship to the departure of the sup-
porting arm from the.same reference direction.
To express this relationship in another way,
movement of the arms is controlled and coordi-
nated so that the angular velocity of the sup-
porting arm bears a predetermined and substan-
tially constant relationship to the angular ve-
locity of the supported arm. I have found that
linear movement of the free end of the supported
arm may be maintained within very close limits
for any given relative arm lengths, if the proper
constant angular velocity ratio of the arms for
such arm lengths is maintained. For a reason-
able angular departure from the reference direc-
tion, provided that the difference in arm lengths
of the dog-leg linkage is not too 'ngeat, linear
motion of. the free end of the supported arm
may be maintained within the limitations of the
mechanism employed, such-as the rigidity -of the
arms under load, the accuracy of pivot pin fit,
and the play and strain of the arm control mech-
anism, ' o o _

Not only can the free end of the supported
link be restricted to linear motion, but the tool
pivoted on such arm end may be controlled from
the supporting arm so that it will always remain
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in ‘a’predetermined attitude, such as vertical,
with respect to the reference direction. This
result. is produced by regulating the angular
velocities or.relative-angular departures from the
reference direction of the supported arm and tool
head, so that a constant ratio again is present.
Similarly, while maintenance of an exact attitude
may not quite be achieved theoretically, for all
practical purposes the change of attitude is in-
consequential. . - . . B
‘The controlling mechanism for .the linkage
which insures maintenance of the desired: ratio
of angular movement may. take various forms,
but I haye found that chain. and sprocket con-
nections are simple and effective. Correct rela-
tive.arm movement.for linear. traverse .of the
linkage end may be obtained by interconnecting
a sprocket fixed to the linkage support with a
sprocket rigid with the pivoted end of the .sup-
ported .arm. - The attitude of the tool may be
maintained  constant - by interconnection of -2
sprocket-integral with it and a second sprocket
rigid with the outer end of the inner or support-
ing arm. In each case; of course, the sprocket
ratio selected will be determined by the relative
lengths of the arms constituting the linkage.
. It will be evident that my linkage mechanism
may be made in a wide variety of sizes and forms
according to.the particular use for which it is
intended. 'Thus it may support the pen .of a
recording machine, in. which case the. structure
will be very small and light, or the same prin-
ciple may be utilized in a lifeboat davit, for
example, requiring heavy construction. In fact,
my mechanism is applicable to any use in which
pivotal or .rotary motion is to be transformed
into linear motion. A particularly useful appli-
cation is for a bench trim saw support, which
has been . illustrated in .detail in the  drawings,
and is specifically described hereafter. = . .

A primary purpose of my invention, therefore,
is to support an element in cantilever fashion
and guide it for linear reciprocation without
work-obscuring guide mechanism, suich as ways
and the like. This operation I accomplish by the
use.of simple mechanical parts, various types of
machine elements being available for accomplish-
ing the desired controlled movement of the link-
age, those selected being dictated by the purpose
for which the mechanism is to be used and the

-preference of the individual designer.

‘Furthermore the accuracy. of ‘operation of my
controlled linkage may be checked readily, and
if not proper it may be adjusted quickly and with
little difficulty, - i
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Especially when applied to a bench trim saw
or the like, it is an object to afford universal
movement for the saw, so that it may be swung
bodily for reciprocation along any line of cut,
with the saw blade either parallel to the plane of
the supporting linkage, or making an angle rela-
tive thereto such as for chamfering or bevel cut-
ting edges. For ripping purposes, whether the
saw is vertical or inclined, the tool head may be
swingable with respect to the free end of the
supported arm which carries the:saw. Moreover
the saw-may be vertically adjustable ‘with-respect
to the free end of the supported arm, or the en-
tire linkage may be movable vertically, to enable
the depth of cut made by the saw or other toal
to be varied as desired. :

The bench trim saw shown in «the drawings
represents a typical example of .o, Jpractical em-
bodiment of my invention, but the principles em-
ployed, by which linear movement of a teel:sup-
port, while maintained in a constant attitude is
obtained, may be utilized in devices of widely di-
vergent nature. )

Figure 1 is a front elevation view of ‘my .inven-
tion embodied ‘in-a bench trim saw, while Figure
2 is -a section through such trim saw ‘along line
2—2 of Figure -3, showing the supporting linkage,
and Figure 3 is a section ‘through Figure 2 along
line 3—3, showing portions of the linkage in side

elevation. Figure 4 is-a section on Tine 4—#4 of
Figure 3, of a portion of the tool unit itsslf.

Figure 5 is a diagrammatic view of ‘mechanism
utilizing links of different lengths, and indicat-
ing in exaggerated fashion the deviation from
linear ‘movement occasioned ‘by a large angle of
departure of the arms from vertical. Figure 6
Is a -diagrammatic view similar ‘to Figure 5, in
which-the arms of the linikage are ‘equal inlength.

Figure 7isa -‘diagrammatic pPlan view of ‘bench
saw-mechanism showing how both square and n-
clined angle cuts may be made. Figure 8 is a
diagrammatic side elevation view of the table
trim saw mechanism, set for a lengthwise or rip
inclined cut. Pigure'd isa view similar to Figure
8 with the saw positioned for a- vertieal rip cut.

Figure ‘10 is a diagrammatic plan ‘view of my
dog-leg linkage <in genersl illustrating g pre-
ferred type of interconnection of the arms and
control mechanism, and showing the Tinkage in
fully expanded condition, so that the. arms appesr
full length. .

Flgure 11 is a graph indicating the relsfive
angular departures of the Tinkage arms which
must ‘be maintained to produce substantially
straight-line motion of the free .end. of the sup-
ported arm when differént arm lengths are em-
bloyed. Figure 12 is another graph showing the
inter-relationship bhetween the arm length ratio
and- the relative diameters of the arm control
sprockets, one curve 'designating the relationship
which must be maintained to secure substantially
straight-line movement of the free end of the
supported link, and the other curve that neces-
sary. to preserve in all extended positions of the
linkage -a constant aftitude of the tool mount-
ing or equivalent element.

My too] support consists principally of a dog-
leg linkage, that is,.one composed of a supporting
link 1, having ene end pivoted to a bracket 10
by pins I, and its ofher end pivoted by a pin 12
to one end of a supported link 2. Without fthe
provision of control mechanism the free end of
the supported link 2 could be moved universally
within g cirele having a radius.-equal fo the
combined length of arms [ and 2 when extended
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in alignment, except as such movement might be
prevented near the center of the circle by the
relative lengths of arms | and 2, or by inter-
ference of the supporting base. The links 1 and
2 need not be of equal length, but if supported
link 2 is longer than supporting link { the free
end of the former could not be moved closer to
the pivot if than the difference in length of the
two arms.

Universal movement of a tool or other element
Tas ‘been permiitted by wsing :such ‘a :dog-leg or
‘two-arm ‘linkage as a ‘support. The problem
which I have solved by the present invention was
to restrict movement of the free end of the link-
age-to substantially linear or straight-line move-
ment. Moreover, such solution enables arms of
different Tengths to be employed, the supported
arm. 2 usually being longer than the supporting
arm 1{ in such installations. No control mecha-
nism ‘has ‘been proposed for such linkages hereto-
fore which would restrict movemens -of the free
end of the supported link to linear or substan-
tiglly linear motion.

"While T 'have illustrated my. invention as in-
corporated in a support for a bench trim saw, it
is to'be understood that the same operating prin-
ciples are applicable to similar mechanism used
s 2 support for any tool or element which is to
have straight-line motion.

I have found ‘that movement of such dog-leg
linkage ‘may be governed to afford substantially
linear reciprocation of ‘its free .end even though
the arms are of different lengths, as shown in
Figure 5, “The method of. obtainitg such moticn
1s ‘to -control relative angular departure of the
‘two ‘arms from a given reference direction in the
manner determined by the relative arm Jlengths,
If the linkaze is mounted for extension and col-
lapse in a vertical plane, and horizontal ‘traverse
of its free end is desired, the reference direction
will be vertical. In any case the reference di-
rection, from “which ‘the rélative ahgular depar-
ture of the arms is measured, ‘will be ‘perpen-
dicular to the linear locus or path o be traveled
by ‘the free end of the linkace.

InFigure 5 a representative diggram of linkage
having arms of unequal length is shown, while in
Figure & ‘the special case in which the srms are
of equal length is illustrated. For purpdses of
general discussion the ‘supporting arm is desig-
nated A and the arm supported thereby is indi-
cated at B. In order to obtain straight-line me-
‘tion a ‘predetermined, constant relationship be-
tween the angular movement of arms A and B
must be maintained. As indicated in Figure 5,
the angular deéparture of arm A from vertical is
the angle a, whereas the corresponding angular
departure from vertical of arm B is the angle b.
II the relationship of angle ¢ to-angle b is main-
tdined a constant, properly selected aceording to
therelative lehgths of arms A and B, substantially
straight-line movement of the free end of arm B
will be maintained within reasonable limits of
angles .@ and b.

In order to determine the conditions for linear
movement of the free end of arm B the following
equation must aiways be satisfied.

B-cosine b2 ¢dsine == 8 constant

‘The limiting position of the arms will, of course,
be when they are in alignment, overlapping .each
other, such as both vertical, in which case the
angles o ahd b become zero. Since the above
equation must be true in this special situation,
as.in others, the difference in arm length, or B
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minus. A, must be the equation .constant for
straight-line movement, both angles ¢ and b in
such case being zero, and their cosines equal to 1.
We may thus write the equation as follows: .
B cos b—A cos a=B—A - - -
Transposing
B cos b=A cos a—A+B
or o .
008 b=A(cos aB—-l) +B=‘

A(cos,a"—«—l) _coé d—,lm
5 +1= B +1

A

We now have an expression in which a function
of the angular departure of arm A, @, is modified
by the relative lengths of the arms,

B

A

which arm length ratio for any given linkage
is necessarily constant.

From this equation, selecting .arms of equal
length, we can plot the line shown in Figure 11
designated '

Z-!

which is a straight line,  indicating that when
the arms A and B are equal in length the arms’
angular departures, angles ¢ and b, must also
be equal. Plotting the lines represented by the
above equation when the several arm ratios of
15, 2, 3, and 4 are used, we obtain the lines

-§=1.5, B_,,
respectively,
drawn from 0 degrees to

B ... . B_
Z—?;,and-z-—‘l

of Figure 11, The broken . lines
60 degrees departure of

i
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arm A, namely, angle «, alongside each of the .

curves _
B :
5=15,2and 3 ,
and from 0 degrees to 50 degrees for the curve
B ‘
2=t

are straight lines, and -the distances of these
lines from the solid lines plotted from the above
equation for the several arm length ratios is &
measure of the deviation from linear motion of
the free end of the linkage throughout an angular
departure of 60 degrees for arm A when the
angular velocities or relative angular displace-
ments of arms A and B are in direct proportion,
that is, when a/b is of constant value.

mven for this large departure angle of 60 de-
grees it will be seen that the deviation from a/b
being constant is extremely small, and consider-
ing possible deflection of the arms under load,
looseness of the pin joints, and play and-strain
in the arm interconnecting mechanism, for prac-
tical purposes the motion of the free end of the
linkage is linear. The deviation will, of course,
be substantially decredsed for smaller -angles
of departure of arm A, and cannot be noticed
at all by a graphic comparison for values of a
up to 20 desgrees. Beyond this point the amount
of deviation gradually increases, but it would
seldom be necessary in most installations to use
an angular deflection of arm A greater than 60
degrees, represented by broken lines in Fﬁgure
5, although with arms of equal length prec1se1y
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straight-line movement is preserved for any angle
of deflection, as shown by the broken line posi-
tion which the equal arm linkage of Figure 6 may
assume. :

Having now proven that substantially linear
movement may be obtained with such a dog-
leg linkage whether the arms are of equal length
or not, and throughout reasonable angles of
arm departure from mutual registry, merely by
effécting proportionate relative angular move-
ment of the arms, it merely remains to devise
mechanism to produce relative movement of this
type, and to determine what angular ratio of arm
swing is necessary to obtain such linear motion
with linkages of various arm length ratios.
Such control of the two arms may be attained
by reaction on arm B from the linkage support
to which arm A is pivoted. Suitable mechanism
is diagrammatically represented in Figure 10, in
which a sprocket, for example, designated.-AX,
is held rigid with the support S, so that its ef-
fective Totation relative to arm A will be angle
a. To this sprocket is connected, by a chain or
the like, a second sprocket BX, which is fixed
to-arm B in registry with its pivot and in: align- .
ment with sprocket AX. : e RS

Because arm B is supported from arm A, when
arm A swings about its pivot through angle @
arm B must swing about its pivot, and relative to
arm A, through angle a+b to attain a departure
from the reference. direction, such as vertical, of
angle b. To effect such relative arm movements
the working or root diameters of sprockets AX
and BX must be inversely proportional to the ac-
tual pivotal motions of arms A and B through
angles @' and’ a--b, respectively. The diameter
ratio of sprockets AX and BX would therefore be

BX_ o
. AX Tatb :

A curve of arm swing sprocket diameter ratio may
now be plotted, as shown in Figure 12, designated
arm swing, coordinating sprocket diameter ratio
with arm length ratio, the values for a and b
being selected: at «==60 degrees for each arm
Jength ratio curve of Figure 11. T

The arm swing curve of Figure 12 thus furnishes
a definite relationship between the pivotal move-
ments or control sprocket ratios of arms Aand B
and their relative lengths. From. this curve we
seethat for an-arm length ratio of :

1 N

v L A~
the arm pivot or sprocket ratio,
| BX
i N P AX~
is .50; for .
R B
Z=1'5
for .
BX.
ax= 55
for
B "BX
2=2 Zx=%
for '
B_, BX_
2= Zx—%
for
B, BX_
By, J3=07




i

From these valtes we may determine that the
equation for this arm swing curve of the catenary

tybe is

IR {hg;(—gf——j):g_»z(%)_g .26
'I’—hérefore . ) :

\ . ‘5

B__ 3_1;‘0:4'2(21_’25)

o AT TIR
Transposing ‘
: 7 BX)

: 47182
j»'The proper arm lepgth ratio
A

to obtain linear movement of the free end of the

linkage for any selected sprocket diameter ratio
BX

may thus be determined either by solution of this

equation or from the arm swing curve of Figure

12, Comversely, any desired arm length ratio

4
may be selected, and the ahove-equation solved to
find the required sprocket diameter ratio -
T ’ ’ BX

: L AX
far .such reciprocation, or such ratio may be de-
termined graphically from the arm swing curve of
Figure 12.

Extending the problem somewhat farther, the
tool or equivalent element may not only be re-
ciprocated lineally, but may be retained in a con-~
stant attitude during such reciprocation. It will
be evident that such element, if fixed to arm B,
would: be deflected with it through the angle b
from the reference direction. Constant attitude
control may be exercised, however, if the tool
holder is:swung through the angle b with respect
to arm B for a departure of the latter through
angle b from the reference direction, such asver-

“tical, or for.a deflection of such .arm through
angle a+b with respect to arm ‘A, Controlied
swinging of the tool, designated T in Figure 10,
may be accomplished from arm A by means of a
sprocket BY rigid with the tool ‘carrier, and a
second sprocket AY aligned therewith and fixed
upon the end of arm A to which arm B is piv-
oted, coinciding with such pivot axis. As before,
the relative diameters of these sprockets would
be inversely proportional to the actual pivot move-
ment of the tool and arm A with respect to arm
B. Thus for a pivotal tool movement of b the
sprocket diameter ratio

s
N~

would be

42
o

Again for various arm length ratios of

[

S
o

the value of

.
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may be determined from the several curves -of
Figure 11 at 60 degrees departure of arm A, “These
values plotted against arm length ratio give the
tool trim curve of. Figure 12, by which the arm
length ratios,

B

4
and the tool trim sprocket ratios,
BY
AY

are coordinated. Selecting values from this curve
we find that for an arm length ratio of

B
the arms being of equal length, the sprocket Tatio,
By |
AY
is 2; for
B_ .. BY
-:4-=1 9, —“}7— 2r25
for
B BY
T=2 F7=2.45
for ]
B Y
T=3, ay= 2.78
and for
B BY -

—Z=4, m—,=3.05

The equation which may be derived for this curve,
also of the catenary type, is

log. (g) +1=3.3 log.(—g%’,
o(2)-(22)"
B_ 3.3
@&

Therefore

Transposing

From either this equation or the tool trim curve
of Fig. 12 either the proper arm length ratio, or
tool trim sprocket ratio, may be determined when
the other has been established.

For further convenience the two final equations
given above may be combined in the form

aol B BY\33
B 104'2(75’5) (Z‘f’
A= I t3=Tgg

from which we may determine any two of the
factors arm length ratio, arm swing sprocket
ratio, and tool trim sprocket ratio, by selecting a
desired or controlling value for the third.  Simi-
larly the curves of Figure 12 may be used con-
Jjointly for the same purpese, since if a point is
selected on either the arm swing curve or the tool
trim ‘curve Tor any one of the ratiog

BX BY
AX'AY
and
‘ B

. . . A <
the other two values required to obtain straight-
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line motion and constant tool attitude are thereby
established. o
While, as suggested, a chain and sprocket type
mechanism is quite suitable for controlling the
relative movements of the two arms A and B,
the linkage base or support § and the tool T,

it will be understood that any mechanism which .

will positively interconnect these various elements
to control their movement in the manner de-
seribed may be_remployed. For instance, a bevel
gear may be substituted for each of the sprockets
AX, BX, AY, and BY, such gears of each pair
having the same effective relative diameters as
the sprockets, determined as described ahove.
Movement of the gears BX and AX may be coor-
dinated by a shaft carried by arm A, having
on each end a bevel pinion, one meshing with
bevel gear AX and the other with bevel gear
BX, which pinions are of equal size. Such inter-
connected bevel gears, BX and AX, must be on
opposite sides of the shaft so that they will turn
in the same direction. Similarly a shaft would
be carried by arm B and provided with a pinion
on each end, of the same size, and meshing, re-
spectively, with bevel gears AY and BY, also
located on opposite sides of the pinion shaft.

~ Spur gears, on the other hand, might replace
the several sprockets, such spur gears being of
proportional size as in the case of the sprockets.
Such gears AX and BX might be interconnected
by & train of intermeshing idler gears carried

by arm A, provided that an odd number of idler

gears is used to establish relative rotation of

10

13

20

30

the control gears in the same sense. Similarly ..

gears AY and BY could be interconnected by a
row of intermeshing idler gears, again an odd
number of such gears being required. Instead
of interconnecting such spur gears by idler gears
reciprocating racks might be mounted one on
each arm A and B, which would mesh with the
gears AX, BX, and AY, BY, respectively, to
transmit motion from one gear to the other in
each case. Such gears might alternatively be in-

36

40

terconnected by a silent chain instead of using

idler gear or rack connections, i

A combination of such interconnecting mecha-
nisms might be employed. Two pairs of gears,
one to control arm swing and the other to con-
trol tool trim, the gears of each pair being of
the proper relative diameters and meshing direct-
1y, may be mounted with one gear-of each pair
aligned with a pivot ‘axis. The motion of-the
other gear of each pair, not in registry with a
pivet, may be transmitted to the pivot axis at
the more remote end of the arm by unit move-
ment ratio mechanism, such as a chain and
sprocket  arrangement employing sprockets of
-equal size, a bevel gear and pinion train employ-
ing pinions of equal size and gears of equal size,
or & rack and pinion connection having pinions
of equal size. Still other types of connection may
be preferable for certain installations.

For purposes of villustra,tir;g further the capa-
pilities of my linear motion mechanism, in Fig-
ures 1 to 4, inclusive, I have shown it used as 2
bench trim saw support. Other devices in which
linkage of this type is useful, however, have
been mentioned above. ST o

The supporting link of the trim saw linkage
is composed of two arms in spaced, paraliel rela-
tionship, one being pivoted to each ‘bifurcation
of a yoke 10 by a pin (I. In operation these two
arms act in unison. This yoke, in’ turn, is
mounted to swivel on a fized base 3. Index
marks 30, cooperating between the yoke 10 and
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5
base 3, indicate the angular disposition of the
yoke, .and consequently of the vertical plane in
which the linkage swings. The yoke may be
clamped in any desired angular position by means
of the clamping screw and lever arrangement 31,
including a set screw which may be screwed in-
wardly to engage an extension i3 of yoke IO
projecting into base 3. Any other clamping
mechanism of suitable type may be used instead
of such a set screw device. ‘
““The supported end of link 2 is received be-
tween the arms i, and, as previously described,
these supported and supporting links, respective-
1y, aré intercorinected by a pivot pin 12 extend-
ing through a long bearing 20 integral with the
supported: end of link 2. The immediate saw-
supporting bracket 4 preferably is bifurcated Lo
form fingers 40 straddling the iree end of arm 2
and connected to it by a pivot pin 21. All of
the arms 1, 2,’and 4 should be ribbed, such as
of T-béam or cruciform section, so that they will
have great stiffness for their -weight, to reduce,
as far as possible, bending which would induce
departure of the pivet pin 21 ‘from linear niotion
during extension movement. of the likage.
“Conitrel of the felative angular departures of
the @rms is obtained in the manner previously
deseribed.” The spécific saw mechanism lirikage
illustrated has arms | and 2 of equal length, and
heriée sprocket 14 has an effective diameter twice
as great as sprocket 22. - Sprocket 14 corresponds
to member AX shown in the diagram of Figure
10, and is integral with pivot pin {1, which in
turn is secured in yoke 10 against rotation. Each
arm |, therefore, moves upon’ its pivot pin 11
and relative to both sprocket 14 and yoke 0.
Sprocket 22 -gorresponds -to element BX in’the
diagram of Figure 10, and is secured rigidly to
the bearing sleeve 20 of arm 2. Sprocket 15 is
secured ‘rigidly ‘to arm 1, and corresponds " to
element - AY shown diagrammatically in Figure
107 -Tts effective “diameter is one-half that of
sprocket 41, which is rigid with a bifurcation of
pracket 4, and corresponds. to” elemént BY "of
Figure 10, - -~ e

“A-chain 16 ‘interconnects sprockets (4 and 22,
and a-second chain 23 interconnects sprockets 15
and 41; sothat the cooperating sprockets will be
positively interconnected to control accurately
the relative’ angular velocities of the arms'| and
2,-and of the saw head.” TIr order to maintain
maximiim aceuracy, while enabling the control
mechanism “to~ be “assembled "easily, a tightener
11 s ‘pivoted on arm | for holding chain 16 tight,
and o’ similar “tightener 24,  pivoted on arm 2,
keeps chain 23 tight. “These tighteners-are urged
toward arms | and 2 by springs 18 and 25, re-
spectively; which'extend between each tightener
and its arm; ‘In order to’ enable the parts to be
adjusted-for éstablishing the proper initial rela-
tionship of ‘thé arms, the angular position: of
sprocket F4 ‘with respect to yoke 10 may bé varied
by slackening off the clamping nut of pivot pin
11 ‘to. which it is screwed; @nd then retightening
it, to secure it again against movenient with re-
spect to yoke 10; when the proper position of the
sprocket has been established. ~Similarly’ a set
screw 42 enables sprocket 41 to be'set in its proper
angular position with respect to yoke 40 of brack-
et 4, and then secured in such position. =

The saw meéchanism and arms will have con-

siderablé weight, and hence counterbalances 1
may be secured tothe lower ends of arms {, which
will terid to equalize the turning moments of the
various parts of the arrangement about pivot {1,
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The saw mechanism itself is supported upon &

vertical spindle 5, which is snitgly Teceived in a
collar 43 formed by the outer end of bracket 4,
An annular recess 44 Is, cut in the top of this
collag to form & depressed shoulder 45 on which
seats a cross bar.50, serving as a support for spin-
~dle 5 and extending through. slots 51 in opposite
sides of the spindle. The center. of -cross bar 58
is bored and threaded, to receive a.-screw 52, ro-

tatable for vertical ‘adjustment of the spindle 5 1

by hand wheel 53, integral with the screw.
Pinned to screw 82, or secured in any. suitable
fashion, is a supporting bushing 54 which is en-
gaged beneath an end plate 55 integral with spin-
dle 5,

- A set collar may be clamped to the upper 1

end of bushing 54 to prevent lifting of the spin- -

dle under upward thrust created in making s, cut,

By this supporting arrangement the spindle 5
may. be rotated about a vertical axis to dispose
the saw in. position, for making a vertical cut

along any line, and the hand wheel 53, may be

turned to raise or lower the saw for any desired
depth of cub. After the saw’s angular position
has been. established by a proper setting. of .cross
bar 50: on. shoulder 45, it will not be t rned fur-
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ther as hand wheel 53, is revolved to raise or lower - -

the saw, because bushing 54 -has a rotative bugp
snug fit in plate.55: When both angular and ver-
tical adjustments have been completed, clamp 45
1s;sefb,- which, forces.an eccentric. disc: 47, .carried
by the clamp rod: between ears_ 48 of collar 43,
into. firm holding: engagement with spindle 5,

A bracket 58, integral with. the lower: end of
spindle_5; has a transverse aperture: 57. therein

to receive. the, cireular head 60, integral with: the 3

Af

Saw: bearing. sleeve 6, which receives arbor 6} of

saw 62.  Aperture 5%is flanged:af one end: to pre-
vent endwise movement: of. head 60 out of-such
aperture, and a thrust ring. 58, brojecting inward
beyond: its periphery, restricts the. opposite ‘end
of the aperture to engage: the, other end of head
60.. The.saw-may be rotated. by a motor, or.other
suitable:drive, connected to. end 63. of spindle 64
by & flexible connection, :

Aperture 67 may be formed as a split .riing;.'and

A, clamp,. 59. provided. to. constrict the ring - for
clamping: head 60 in_any rotative position: with
respect.to.the ring. A Iug 597 ‘may be carried.by
the.rodof this clamp, adapted to seat: in any.one
of the.notches 64 extending radially:inward from
the periphery of- head, 0. . These notches are
preferably spaced: 45 degrees; apart, so. that the
head.may be located readily in any:such position,
.and: correshond-severally. to. vertical disposition of
the saw 60, 45, degrees upswing, 45 degrees down.-
swing, and. 90; degrees. downswing. The .bar or
lug 59/ may be swung:out of the aperture:53.and
aligned: notch. 64: in. order. o allow the head 60
19 be:rotated: from one such position to another,
Purthermore, this bar may be left in such. out.
wardly: swung  position, in. which case head: 60
may.be.set: in any.angular. position intermediate
those. corresponding: to. such notches, and clamp
89; tightened: to. secure. the head in such. inter.
mediafe an tion. . Ring 58 and head 60
may. be.indexed; to. acilitate such settings. A.cut
with. any-degree of chamfer or, inclination. may
therefore he made. e :

- Pigures. 7, 8; and:9, as well as-Higure. 6, indicate
diagrammatically- various types of:cut:which may
he.made by, properly. adjusting. the mechanism
described. - In, Rigure:6: the.saw, is parallel to the
plane in. which. the. dog-leg. linkage . moves, and
sueh -plane. is perpendicular t6- the work-table,

The saw is.thus set.for a.shallow,’ straight:cross- !
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InFigure 7, in one instance a.vertical ¢
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cut, as indicated by one dotted line position, angd,

-as indicated by the otheér dotted line position, the

saw. head may. be raised or lowered by means of
hand wheel .53 to, cut completely through the
work, or to, make a cut of any desired depth. It
yoke. 10 is swung and reclamped in. a new. position
by-clamp. 31 an angle cut may be made, ag shown
> . 1t at; gn
oblique angle of 60; degrees. being indicated. In
the. other instance of Figure 7, the head §0.is.also
rotated to swing the saw-down, through 45 degrees,
and the yoke 10 is swune in the. OpDposite direc-
tion. throigh an angle of 45 desrees from center,
to make a chamfer or bevel cut along an. opposite
oblique line. - L
Eifher a bevel, or a, vertical, Iip cut may also
be made, the saw, heing positioned ag shown in
Figures 8 and 9, respectively.  The saw is set- at
the. desired spacing from the bage 3 and the
lumber. moved past it in a direction perpendioular
ta. the plane of the linkage. The distance from
the. cut to. the base:may be varied, ang when the
broper distance. has been. establighed; handle 19
May be. rotated to. secure arm | against pivotal
movement, relative to. yoke 18, by lateral contact,
and henee further relative movement, of all. link.
2ge parts, both. exfension and, retraction, is pre.-
vented until after the cut has been completed,
. While.T have described in detail only: one; par-
ticular. embodiment; applications of the princi-
ples involved in my controiled linkage for use in
other mechanisms requiring, linear. mpvement,
such as-suggested above, may. readily. be devised.
~What I claim, as my invention is,
. 1. Supporting mechapism: fox a, tool.or the; lilke,
comprising: a base, dog-leg linkage, including a
supporting link: pivotally connected; to. said. bage,
and 2 supported. link pivotally. connected. o, said

supporting link at a logation remote from the
base: piyotal, connection, linkage control means
or coordinating the angular. movement, .of; said
Suppoxted; link and said base. relative to said sup.
borting link, a. tool carrier pivotally supported
RO the free end of said supported_ link, and
fool trim control means extending clasely
alongside. said. supported, link in all angular posi-
tHons. thereof reagting solely from said- support-
i k, and governed, by relative movement of
210 BKs to coordinate the angular movement
of: said tool carrier and said supporting link rela-
tive to: said supported link; for aintaining said
tool carrier in, substantially - constant angular
athitude. relative to. said base- for all extended
Dositions of said dog-leg. linkage. within, its. nog-~
mal working range, C o
2. Supporting: mechanism, for a, tool: or. the
like, comprising & base, dog-leg-linkage, inch d-
ing; @, supporting link, having one end: pivotaily
connected to said base, and:a supported link. piy-
otally. .connected. to. the other end. of said SUp=~
porting link; linkage control means for- coordinag-
ing the angular-movement of said: supperted.:link
and: said base relative: to. said supporting- link; a
tool carrier bivotally- supported upon the. free
end; of: said supported; link; and tool: trim con-
trol' means connected between said: other- end: of
said supporting link: and said tool: carrier; re-
acting solely from said supporting: link; and gov-
erned: by relative movement of said. links to co-
ordinate the angular mavement of: said. teol: car-
rier and said supporting link relative to saig SUD.
ported: link, for maintaining said- tool carriex in
substantially constant angular- attitude relagive
To. said base for all. extended- positions. of- said
dog-leg linkage: within its normal working range,
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. .3, Supporting mechanism for g lineally re-
ciprocable tool; comprising a base, dog-leg link«
age, including a supporting link pivotally con-
nected to said base, and a supported link piv-
otally. connected to said supporting link at a
location remote from the base pivotal connec-
tion, linkage control means interengaged between
said base and said linkage, and operable to guide
movement of said supported link for substantial-
ly linear reciprocation of its free end, a tool
carrier pivotally: supported upon the free end of
said supported link, and tool trim control means
interengaged between said linkage and said tool
carrier, reacting solely from said supporting link,
and governed by relative movement of said links
to.control angular movement of said tool carrier
relative to said supported link, for maintaining
said tool carrier in substantially constant angu-
jar attitude relative to said base for all- extended

positions of said dog-leg linkage within its nor- 2

mal working range.

‘4, Supporting mechanism for a lineally re-
ciprocable tool, comprising a base, dog-leg link-
age, including a supporting link pivotally con-
nected to said base, and a supported link piv-
otally to said supporting link at a location re-
mote from the base pivotal connection, linkage
control means for restricting movement of said
linkage relative to said base and of said links

relative to each other, to guide said supported 3

link: for substantially linear reciprocation -of - its
free end, a tool carrier pivotally supported upon
the free end of said supported link, and tool trim
control means to control movement of said tool

carrier relative to.said supported link, for main- ..

taining said tool carrier-in substantially con-
stant angular -attitude relative to- said base -for
a1l extended positions of said dog-leg linkage
within its normal working range, including-a cir-
cular control element supported nonrotatively
with respect to said tool carrier, a second.cir-
cular control element supported upon and non-
rotatively with respect to said supporting link,
and means interconnecting said. control elements
and operable to coordinate the respective rota-
tions thereof relative to said supported link.

5. Supporting mechanism for ‘a  lineally re-
ciprocable tool, comprising-a base, dog-leg link-
age, including a supporting link pivotally con-
nected to said base, and a supported link pivoted
to said supporting link at a location remote from
the base pivotal - connection, linkage control
means for restricting movement of said linkage
relative to said base and of said links relative to
each other, to guide said supported link for sub-
-stantially linear reciprocation of its free end, &
tool carrier pivotally supported upon the free
end of said supported link, and tool trim control
means, including & circular control element sup-
ported nonrotatively with respect to said tool car-
rier, a second circular control element supported
upon and nonrotatively with respect to said sup-
porting link and means interconnecting said
control elements and operable to coordinate the
~ respective rotations thereof relative to said sup-
ported link for maintaining said tool carrier in
substantially constant angular attitude relative
to said base for all extended positions of said dog-
teg linkage within its normal working range,
said tool trim control means conforming sub-

stantially to the equation

Y BY\33 .
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in which i
B
is the ratio of the effective length of the sup-
ported arm to that of the supporting arm, and
BY .

) . LAY -
is the ratio of the effective radius of said first
control element to that of said second control
element. '

6. Supporting mechanism for a lineally re-
ciprocable tool, comprising a base, dog-leg link-
age, including a supporting link pivotally con-
nected to said base, and a- supported link: of
equal length pivotally connected to said sup-
porting link at a location remote from the base
pivotal connection, linkage control means for
restricting movement of said linkage relative -to
said base and of said links relative to each other,
to guide said supported link for substantially
linear reciprocation of its free end, a tool carrier
pivotally supported on the free end of said sup-
ported link, and tool trim control means to re-
strict movement of said tool carrier relative to
said supported link, for maintaining 'said tool
carrier in constant angular attitude relative to
said base for all extended positions of said dog-
leg linkage, including a circular control element
supported nonrotatively with respect to said tool
carrier, a second circular. control element of one-
half the effective radius of said first control ele-
ment, supported upon and nonrotatively with re-
spect to said supporting link, and means inter-
connecting said control elements and operable to
coordinate the respective rotations thereof rela-
tive to said supported link.

7. Supporting mechanism for a tool or the like,
comprising a base, dog-leg linkage, including a

. supporting link pivotally connected to said base,
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and a supported link pivotally connected to said
supporting link at a location remote from the
base pivotal connection, linkage control means
for coordinating the angular movement of said
supported link and said base relative to said
supporting link for effecting substantially linear
movement of the free end of said supported link,
including a circular control element supported
nonrotatively with respect. to said base, and a
second. circular control element supported- non-
rotatively with respect to said supported link,
and connected to saig first control element to-
effect rotation of said second circular control ele-
ment relative to said.supporting link in the rota~
tive sense opposite that in which said support-
ing link swings relative to said base, ‘a tool carrier
pivotally supported upon the free end of said
supported link, and tool trim contrel means for
coordinating the angular movement ¢of said tool
carrier and said supporting link relative to said
supported link, for maintaining said tool carrier
in substantially constant angular attitude rela-
tive to said base for all extended positions - of
said dog-leg linkage within its normal working
range, including a circular control element sup-
ported nonrotatively with respect to said tool
carrier, & second circular control element sup=-

ported upon and nonrotatively with respect to

said supporting link, and means interconnecting
said last two circular control elements and oper-

‘able to effect rotation of said tool carrier circular

control element relative to said supported link

in the opposite sense and proportional in degree
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to the swinging of said supported link relative to
said supporting link.

8. Supporting mechanism for a tool or the like,
comprising a base, dog-leg linkage, including g
supporting link pivotally connected to said base,
and a supported link pivotally connected to said
supporting link at a location remote from the
base pivotal connection, linkage control means
for coordinating the angular movement of said
supported link and said base relative to said sup-
porting link, including a circular control element
supported nonrotatively with respect to said base,
and g second circular control element supported
nonrotatively with respect to said .supported
link, and connected to said first control element,
a Yool carrier pivetally supported upon the free
end-of said supported link, and tool trim eontrol
means for coordinating the angular movement
of said tool carrier and said supporting link rela-
tive  to said supported link, for maintaining said
tool carrier in substantially constant angular -at-
titude relative to said base for all extended posi-
tions of said dog-leg linkage within its normal
working range, including a cireular control ele-
ment supported nonrotatively ‘with respect to
said tool carrier, and a second circular control
element supported nonrotatively with respect to
said supporting link and connected to said tool
carrier control element, said linkage cortrot
means and said toel trim eontrol means conform.
ing substantially to the equation

B. BY\*3
B 104‘2(‘%‘) (Z‘II;)
A= g he=TT—

) 182
in which
B
A
is the ratio of .the effective length of the sup-
ported link fo that of the supporting link,
BX
AX -

is the ratio of the effective radius of said sup-

ported link control eléement to that of said base
control element, and

BY

AY

is .the ratio of the effective radius bf said tool

carrier control element to that of said support-
ing link confrol element. : :

9. ‘Supporting mechanism for a tool or the like
lineally reciproeable in a constant atfitude, com-

prising a base, dog-leg linkage including a sup- £

porting link pivotally ‘connected to said base, and
& supported link pivotally-connected to said sup-
porting link at-a location remote from the base
‘pivetal connection, linkage .control means for re-
stricting movement of said linkage relative to
said base, and-of said links relative to each ather,
bo .guide said supported lnk for substantially
linear reciprocation of its free end, including a
cirecular contrel element supported nonrotatively
with respect to said base, and a second.cireular
-control element.supported nonrotatively with re-
spect to said supperted link and.connected to said
first control element, a tool carrier pivotally sup-
ported-on the free-end of said supported link,
and tool trim control means .for restricting
‘movement, of said tool carrier .with respect to
said Hnkage, to maintain said ool carrier in sth-
stantially -constant. angular -attitude relative to
said base -for.all extended positions of said dog-
leg linkage within its normal working range, in-
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cluding a circular control element supported
nenrotatively with respeet to said tool carrier, a
second ecireular control element supported upen
and nenrotatively with respect to saig support-
ing link, and means interconnecting said control
elements and operable to coordinate -the respec-
tive rotations thereof relative to said supported
link, . :

10. Supperting mechanism for g tool or the
Iike lineally reciproeable in g constant attitude,
comprising a base, dog-leg linkage, including a
supporting Hnk pivotally connected to said base,
and a supported link of equal length pivoted to
sald supporting link at a loeation remote from
the base pivotal connection, linkage control
means for coordinating the angular movement
of said supported link and of said base relative
to said supporting link, to guide said ‘supported
Hnk for linear reciprocation of its free end, in-
cluding a circular centrol element supported
nonrotatively with respect to said base, and a
second -circular control element, of one-half the
effective radius of said first control element,
nonrotatively supperted with respect to said sup-
ported link, and connected -to said first contrel
element, a tool carrier pivotally supported upon
the free end of said supported Iink, and tool
trim control means for coerdinating the angular
movement of said tool carrier and of said sup~
porting link relative to said supported link, for
maintaining said tcol carrier in substantially
constant angular attitude relative to said base
for all extended positions of said dog-leg link-
age, including a circular contrel element sup-
ported nonrotatively with respect to said tool
ccarrier, a second circular-contrel element of one-
half the effective radius of said tool carrier con-
trol element, supported upon and nonrotatively
with respect to said supporting link, and means
interconnecting said control elements and oper-
able to coordinate the respective rotations ‘there~
of relative to said supported link,

11. Supporting mechanism for 3 bench saw or
the 'like lineally reciprocable in a -constant at-
titude, -comprising a base, dog-like linkage, in-
cluding a supporting link pivotally connected to
said ‘base, ‘and a supported link pivotally con-
nected to-said supporting link at a location re~
mote from the base pivotal connection, linkage
‘control means interengaged between said base
and said linkage, and operable to. quide move-

‘ment of said supported link for substantially

linear reciprocation of its free end, a saw carrier
pivotally -supported upon the free end of said
supported link, saw carrier trim control means
interengaged between said linkage and said saw
carrier, reacting solely from said supporting link,
and governed by relative movement of said links
to ‘control-angular mevement of said -saw carrier
relative to said supported ‘link, for maintaining
said saw carrier in-substantially constant angu-
lar attitude relative to said base for all extended
‘positions -of said dog-leg linkage within its nar-
mal working range, -3 saw, an arbor carrying
said saw, and means supporting said saw arbor
from said saw carrier for adjustment of said saw
relative to said carrier about a horizontal axis.

*12. Mechanism of the :character .described

‘comprising-a' base, .2 stupporting arm pivoted at

one end to said base and swingable to either side
of its pivotal connection ‘therewith, a supported
arm pivoted at one end to the other end of said
supporting arm and ‘having its other end free,
sald supported arm being-swingable across said
supporting arm to either side of the latter and
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also o -either side of ‘the -pivotal -connection be-

tween said supporting :arm and -said. base, and

gearing positively

supported :arm -to-traverse a straight: line, -said
connecting :gearing being disposed -substantially
parallel to-and being .confined substantially with-
in the length of:said supporting arm. : :

13. Mechanism of the character described
comprising a base, a .supporting arm pivoted at
one end to :said ‘base, a supported arm piveted
at one end ‘to the other end of :said supporting
arm and having -its other end :free, a sprocked
wheel fizxed to- said base in azial -alinement ‘with
the pivot between the latfer -and said supporting
arm, @ -sprocket wheel fixed o -said supported
arm in axial alinement with the pivotal :con-
nection between :said arms, and.a sprocket chain
connecting and cooperating -with :said sprocket
_wheels to -constrain said arms to swing isimulta-
neously -and to cause the free end -of 'said sup-
ported arm to traverse -a ‘straight line.

14, Mechanism of the character described
comprising a base, ‘& supporting arm pivoted at
one end to said base, & supported arm pivoted
at one end to the other end of said supporting
arm and having its other end free, a gear wheel
fixed to said base in .axial alinement with the
pivot between the latter and said supporting
arm, a gear wheel fixed to gaid supported arm in
axial alinement with the pivotal connection be-
tween said arms, means connecting and cooper-
ating with said gear wheels to constrain said
arms to swing simultaneously and to cause the
free end of said supported arm to traverse a
straight line, a tool support pivoted to the free
end of said supported arm, a gear wheel fixed to
said supporting arm in axial alinement with the
pivotai connection between said arms, a gear
wheel fixed to said tool support in axial aline-
ment with the pivotal connection hetween the
1atter and the free end of said supported arm,
and means connecting and cooperating with said
two gear wheels last mentioned to cause said tool
support to maintain a constant angular attitude
relative to said base during its straight line
movement with the free end of said supporting
arm.

15. Mechanism of the character described
comprising a bhase, a supporting arm pivoted at
one end to said base, & supported arm pivoted
at one end to the other end of said supporting
arm and having its other end free, a sprockev
wheel fixed to said base in axial alinement with
the pivot between the 1atter and said supporting
arm, a sprocket wheel fixed to said supported
orm in axial alinement with the pivotal connec-
tion between said arms, & sprocket chain con-
necting and cooperating with said sprocket wheels
to constrain said arms to swing simultaneously
and to cause the free end of said supported arm
to traverse a straight line, a tool suprort piv-
oted to the free end of said supported arm, a
wheel fixed to said supporting arm in axial aline-
ment with the pivotal connection between said
arms, a wheel fixed to said tool support in axial
alinement with the pivotal connection between
the latter and the free end of said supported arm,
and means positively connecting said two wheels
last mentioned and acting precisely tangentially
of both thereof in all swung positions of said
arms to cause said tool support to maintain a

constant angular attitude relative to said base T

connecting said base with -said.
supporfed arm -and constraining said arms $0.
swing simultaneously and the free: end of said
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during -its straight line movement with the free
end of said supported arm. : .

16, Mechanism -of the -character described
comprising a base, 2 supporting arm pivoted -atb
one end to said base, a supported arm pivoted -at
one end to the other end of said supporting arm
and having its other end free, a gear wheel fixed
to said base in axial alinement awith rthe pivot
between the latter and said supporting arm, .&
gear fixed to said ‘supported -arm in axial aline-
ment with the jpivotal connection Jhetween -said
arms, means connecting -and ' cooperating with
aaid gear wheels to constrain said armsto swing
simyltaneously -and to-cause the-free -end -of :said
gupported arm to traverse.a straight line, -a $o0l
support pivoted to-the free :end of -said supported
arm, a sprocket wheel fixed fo .said -supporting
arm -in. axial -alinement with- the pivotal con-
nection -between :said -arms, :a .sprogkel -wheel
fixed to said tool support in -axial alinement with
the pivotal :connection between the latter .and
the free end of -said supported arm, and @
sprocket-chain connecting and ecooperating with
said two sprocket wheels last mentioned to.cause
said toel support to maintain a constant-angular
attitude relative to said base during its straight
line movement with the free end of said sup-
ported arm. ]

17. Mechanism of the character described
comprising a base, a supporting arm pivoted at
one end to said base, & supported arm pivoted
at one end to the other end of said supporting
arm and having its other end free, & sprocket
wheel fixed to said base in axial alinement with
the pivot between the latter and said supporting
arm, a sprocket wheel fixed to said supporbed
arm in axial alinement with the pivotal connec-
tion between said arms, 2 sprocket chain con-
necting and cooperating with said sprocket
wheels to constrain said arms to swing simulta-
neously and to cause the free end of said sup-
ported arm to traverse a straight line, a tool sup-
port pivoted to the free end of said supported
arm, a sprocket wheel fixed to said supporting
arm in axial alinement with the pivotal connec-
tion between said arms, a sprocket wheel fixed
to said tool support in axial alinement with the
pivotal connection between the latter and the
free end of said supported arm, and a sprocket
chain connecting and cooperating with said two
sprocket wheels Jast mentioned to cause said tool
support to maintain a constant angular attitude
relative to said base during its straight line
movement with the free end of said supported
arm, .

18. Mechanism of the character described
comprising a base, & supporting arm pivoted at
one end to said base and swingable to either side
of its pivotal connection therewith, a supported
arm pivoted at one end to the other end of said
supporting arm and having its other end free,
said supported arm being swingable across said
supporting arm to cither side of the latter and
also to either side of the pivotal connection be- -
tween said supporting arm and said base, gearing
positively connecting said base with said sup-
ported arm and constraining said arms %o swing
simultaneously and the free end of said sup-
ported arm to traverse a straight line, said con-
necting gearing being disposed substantially
parallel to and being confined substantially with-
in the length of said supporting arm, a tool sup-
port pivoted to the free end of said supported
arm, and gearing positively connecting said sup-
porting arm with said tool support and con-
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straining the Iatter ‘to
gular attitude relative 2
straight line movement-with the free end of said

maintain a constant an-

Supported arm, said last mentioned ‘gearing be-

ing disposed. substantially barallel to and being
_confined substantially within the length of said
supported arm, R
19."Mechanism of -the character described
comprising a base, a supporting arm pivoted at
one -end 10 said base, a supported arm pivoted
at one‘end to the other end of said supporting
arm and ‘having its other end free, acircular
member fixed to said base concentrically with the
pivot between the latter and said supporting arm,
a second circular member fixed to said supported
arm concentrically Wwith the pivotal connection

between said arms, and means  positively con--

necting corresponding sides of said two circular
members and acting on parallel lines precisely

tangentially of both thereof in all swung positions

of said arms to constrain said arms to swing
simultaneously . through _corresponding angles,
thus to cause the free end of said supported arm

to traverse a straight line. .
20, MeChanism ~of ‘the. character described

to said base during its -
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comprising a base, a supporting arm pivoted at
one end to said base, a supported arm pivoted
at one end to the other end of said supporting:
arm and having its other end free, a circular
member fixed to said base concentrically with
the pivot between the latter and said supporting
arm, a second circular member fixed to said sup-
ported arm concentrically with the pivotal con-
nection between said arms, and means positively
connecting said two circular members, operable
to effect rotation of said second cireular member
relative to said supporting arm in the rotative

' senge opposite to that in which saig supporting

arm swings relative to said base, and acting pre-
cisely tangentially of both of said ecircular mem-

bers in all Swung positions of said arms to pre-

serve a constant ratio between the rotation of

“sald second circular member relative to said sup-

porting arm onthe one hand, and the rotation

" of said supporting arm relative to said base on

the other hand, thus to cause the free end of
such supported arm to traverse a straight line
within its normal working range,

EVERETT E. CRANE.



