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3,062,529
APPARATUS FOR CONSTRUCTING STAIRS
Robert W. Hiller, Dorment, Pa., assignor to Drave Cor-
poration, Pittsburgh, Pa., a corporation of Pennsylvania
Filed Jan. 8, 1960, Ser. No. 1,336
12 Claims. (ClL 2655}

This invention relates to the manufacture or construc-
tion of stairs, and is for a novel method of and apparatus
for securing the accurate positioning of the stair treads
on the stringers with equal increments of rise between
treads.

The construction of stairs for a building or other struc-
ture involves an expense disproportionate to other parts
of the structure because of the careful drafting and ex-
tensive shop or field layout work required in determining
the correct spacing of the steps on the stringers. While
this would appear from the ultimate simplicity of the
finished stairway to present little difficulty, it presents
to- the architect and builder an annoying and time-
consuming problem because the floor-to-floor dimension
is often some odd figure not evenly divisible by the num-
ber stair treads to be provided between floors. The
problem is further complicated by other considerations,
since the slope of the stairs may vary from floor to floor
or from building to building. It is apparent, for example,
that as the stairway becomes less steep, the angular rela-
tion between the stair treads and the stringers which
support them will vary, even though the number of risers
remains the same. .

Consequently some architects simply approximate the
distance between treads, or allow for one tread to be
higher or lower than the others to eliminate bother with
odd fractions, while others simply specify the number of
risers in the stair and let the builder work out the loca-
tion of the stair treads. Such procedures take time and
trouble, and give rise to possible error, all of which are
costly.

The present invention has for its object to provide an
apparatus for automatically determining the correct spac-
ing for any number of stairs in a stairway for any given
floor-to-floor dimension.

A further object of the present invention is to provide
such an apparatus which will enable the risers to be set
at the correct relative angle to the stringers.

A further object of this invention is to provide a novel
method of constructing a stair.

These and other objects and advantages are secured by
my invention as will appear from the following descrip-
tion in conjunction with the accompanying drawings.
In the drawings:

FIGS. 1A and 1B are complementary views which, when
placed side by side, illustrate an apparatus embodying my
invention, the drawings being outline drawings showing
the apparatus in perspective;

FIG. 2 is a front elevation of the lever system forming
a part of the apparatus; and

FIG. 3 is a transverse horizontal section in the plane
of line ITI—I1I of FIG. 2.

The apparatus disclosed in the drawings couprises
generally two oppositely-facing spaced standards or
frames designated generally as 1 and 2. Each carries a
system of proportional spacing levers and indexing sup-
ports to be hereinafter described. Removable level bars
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3 mounted on one indexing support in each standard ex-
tend between the two standards 1 and 2. At each side of
frame 1 there is a stringer-supporting stand 4 for support-
ing the upper ends of stringers to which the treads are to
be attached. Located between the two main frames 1
and 2 is a stringer-supporting stand indicated generally as
5 for supporting the lower ends of the stringers. There
is an upper floor level indicator 6 adjustable vertically in
the frame 1, and a lower floor level guide 7 associated
with frame 5.

The frame 1 may be designated the main frame, and
the standard 2 the auxiliary frame. Both frames are of
substantially similar construction, each comprising par-
allel vertical posts 8 spaced from each other at the con-
fronting faces of the two stands; inclined posts 9 con-
verging upwardly toward the posts 8, and side bracing 16
between the posts 8 and 9. There is a platform 11 at
the top of each stand, and each standard has a base 12 at
the bottom, the base of the stand 1 having lateral exten-
sions or rails 13 at each side thereof. There are rungs 14
connecting the inclined frame members 9 providing lad-
ders by means of which workmen may conveniently ascend
and descend the frames.

On the top of each platform 11 is a handwheel 15 that
has threaded engagement with a screw 16 that extends
through the platform. A retaining collar 17 secured to
the platform retains the handwheel in position, and en-
closes a thrust bearing 18 on the top of the platform under
the handwheel. The lower end of the screw 16 has a
swivel connection 19 with a swivel socket 28 on the upper
end of rod 21 that extends through the base 12, and which
requires a hole in the foundation on which the platform
is set to allow for the vertical movement of the lower end
of the rod.

Slidable on the rod 21 are a series of blocks 22 from
each side of which project arms 23. These blocks also
carry pivot pins 24 at right angles to the arms 23. At the
front and back of the rod is a system of pantograph levers
or lazy tong type levers 25. The pivot pins 24 pass
through the centers of the levers 25 where they cross each
other. The outer ends of the levers are pivotally con-
nected by pins 26. The terminal levers 25 of the panto-
graph system at the top are pivoted at 27 to the swivel
socket or fitting 28. The terminal levers 28 at the bot-
tom of the pantograph system are pivotally connected at
29 to an anchor block 294 on the base.

With this arrangement, any movement of the screw 16
up or down will be transmitted to the pantograph levers,
whereby each block 22 will be moved along the red 21 in
equal increments so that the vertical spacing between the
arms 23 carried by the blocks 22 will always be exactly
equal, and any varitaion will occur equally between all
of them. Thus, by turning the handwheel, any vertical
distance within the range of the machine may be equally
divided into a selected number of equal spaces as deter-
mined by the cross arms 23. Stated differently, with
each increment of vertical movement of the screw shaft
16 and swivel and swivel coupling, each of the cross arms
23 will move vertically through equal increments. To
secure this action, it is of course necessary that the top
lever of the pantograph system be secured to coupling 28,
and the bottom levers be pivotally anchored to a fixed
point 29, and that all intermediate pivotal connections
float, or be free to move up and down. The rod 21 func-
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tions only as a guide for the blocks 22 and moves up and
down only because this provides a guide that does not in
any way hinder the up and down movement of the screw
shaft 16, but is coextensive with the maximum effective
height of the pantograph system.

Cne of the standards, such as 1, has a stringer-support-
ing stand 4 at each side thereof, each such stand having
a base channel 39 that sets astraddle the laterally-extend-
ing rails 13 of the stand, and these base members may be
moved toward and away from the standard 1 along the
rails 13. A screw clamp 31 is provided for releasably
locking base members 3§ in the position to which they
are adjusted. Each base channel 3§ has an upright 32
thereon substantially coextensive in height with the stand-
ard 1. FEach upright is braced with a diagonal brace 33
which is welded to the base 39, and it converges toward
the top of the upright, both the brace and the upright
terminating at and being welded to a channel-shaped
shoe 34. Bracing struts 35 connect the brace 33 with the
upright. Each of the side frames so constructed is there-
fore in the form of a right-angle triangle with a tall verti-
cal leg thereof positioned alongside the standard 1. There
is a rigid c¢ross bar 36 at the top of standard 1 along
which the shoes 34 are slidably fitted. The two adjustable
side frames are thus held in a vertical position by the
engagement of the shoes 34 with this cross bar, and the
plane of the uprights 32 is substantially the same as the
plane of the posts or columns 8§ with which they are paral-
lel.

Each upright 32 has a vertically slidable shoe 37 fitted
thereon with a screw clamp 38 for holding it in adjusted
position. Each shoe has a bracket 38 pivoted to a face
thereof that confronts the column 8, the bracket being
wide enough to receive edgewise the end of stringer S
for the stair, the bracket being pivoted to adjust itself
to the angle of the stringer.

Removably secured to the end of one of the cross bars
or arms 23 is an upper floor level indicator in the form of
a pointer 6 that extends close in front of one of the col-
umns 8 and projects laterally toward one of the uprights
32 of the side frame. The front surface of one or both
of the columns § is calibrated into vertical units of meas-
urement, such as feet and inches, the scale of markings
being designated 84 in FIG. 1. The corresponding sur-
face of a column opposite standard 2 may be similarly
calibrated, and there may be a similar pointer 6, although
it is not necessary.

Between the two main standards on the level founda-
tion or floor on which the standards are set is a structure
5 comprising a bottom floor level gauge support 41 in
the form of an elongated platform with a central longi-
tudinal stot 41a therein. There is an indicator 7 mov-
able along this slot, and the pointers on this indicator are
at the same level as the anchor point at the bottom of
the pantograph systems, and this level corresponds to the
level of the floor of the building in which the stair is to
be used. This level is indicated by the dot-and-dash line
x—ux in FIG. 2.

At each side of the platform 41 there are parallel rails
42, Adjustable similar platforms 43 are guided by these
rails, having a clamp 44 for releasably holding it in
the position to which it is adjusted. Each platform
43 has a slot therein transverse to the length of the
rails 42 along which is movable a pedestal 45 with a clamp
46 for holding it in adjusted position. The confronting
inner faces of the two pedestals are plane surfaces, parallel
with each other. FEach has a stringer clamp 47 on its
inner surface much like the bracket 39, but inverted, so
as to engage over the top edge of a stringer and hold it
against the face of the pedestal, the clamp being essen-
tially a nut on a threaded bolt and handle assembly where-
in a bolt passes through the pedestal with the handle at
the outer end of the bolt, so that the clamp may turn to
conform to the angle of the stringer and be tightened into
position, as will be apparent to those skilled in the art.
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Each platform 43 has a transversely-extending member
across it with a trough 48 and a rounded base 49, the
rounded base forming a rocker to anchor the trough
while permitting it to rock transversely of its length, this
trough being designed to receive the botiom corner of
the stringer S and suppert the lower end of the stringer
at the exact angle required for the slope of the stair,
while the clamp 47 holds the stringer when positioned,
against displacement.

In use, the stringer-supporting frames 4 are moved to
a position where the brackets 32 are the right distance
apart to hold the upper ends cf the stringers for the stair-
way to be constructed, and the pedestals 45 are similar-
ly adjusted. One then counts up the cross arms 23 be-
ginning from the bottom, beginning with No. 1 as the
lowermost one, and continuing until the number of treads
to be placed in the stair is reached. He then places the
upper floor level indicator on the cross arm next above
the one where the count stopped. He then turns the
handwheel 15 until the indicator 6 points to a calibration
on scale 8a that shows the height of the upper floor level
above the lower floor level of the particular building in
which the stair is to be placed. Next the operator ad-
justs brackets 3% to a level where a siringer, placed in
such bracket, which stringer has not been trimmed to
extract length, will extend above the level of the upper
floor indicator 6.

The lower floor level indicator and the platforms 43
are then moved to a position where, at the predetermined
angle of inclination of the stairs, the lower floor indicator
7 will be at a level where the plane of the pointer will
traverse the lower end portion of the stringer. The
stringer at this stage need only be cut to approximate
length, since any excess will project above and beyond
the bracket 39, and only the correct angle setting is re-
quired.

When both stringers have been clamped in place at the
proper angle and the upper floor indicator 6 is at the
level required, each of the cross arms 23 of the panto-
graph system will have its top edge at the exact level of
the bottom of each step to be installed between the upper
and Jower floors., The outer ends of the arms 23 are
shouldered at 23a. Level bars 3 are then placed in posi-
tion with their end portions resting on shoulders 23z of
one of the cross arms, and their top surfaces are then
in the plane of the top of the cross arm on which they
rest. The other ends of the level bars are set on the
corresponding cross bar of the pantograph system of the
other standard, and said system is then adjusted so that
the bars are exactly level. The level bars extend be-
tween the stringers, and a stair is then set on the Ilevel
bars and secured in position. If this is a metal stair, the
tread may be welded, riveted or bolted, or if a wooden
stair, nailed into place, or lines may be made on the
stringers for subsequent assembly.

The level bars are then set on the next lower or upper
cross bar and the second tread positioned on the stringers.
The operator will usually start at the top and work down,
or at the bottom and work up, but may start at an inter-
mediate level. Sometimes two sets of level bars may be
used and operations carried on at two levels.

After the stair has been assembled, the lines for cutting
off the tops and bottoms of the stringers may be marked
on the stringers by marking the stringers at the levels
where the upper and lower pointers or the stairway may
be first installed in the building and any excess length re-
moved when the stair is in position.

As best seen in FIGS. 2 and 3, there may be parallel
vertical rails 58 back of each pantograph system. These
rails do not interfere with the operation of the panto-
graph system, but they are guide surfaces that steady the
pantograph system and keep it from rotating about a ver-
tical axis or imposing a twisting torque on the pivot 29 at
the bottom of the pantograph system.

In the foregoing explanation I have described for pur-
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poses of illustration one method of using the apparatus,
However, it is preferable that the stair be constructed up-
side down. The distance bztween floors is of course the
same either way, and the spaicng between steps is the
same, and the stringers are always in the position of the
hypotenuse of a right-angle triangle, so it makes no differ-
ence which end is called up, and which end is called
down, except that the stair tread supports are usually un-
der the stair, and if the stair is initiaily formed with stair
tread surfaces down, and the structure subsequently in-
verted end-for-end, the joining of the stairs to the stringers
can be accomplished more easily working down than
working up under the tread. This is especially true where
the stairs are welded to the stringers. It is easier to weld
downwardly from above than to weld up under a struc-
ture. The only difference would be that the indexing of
the supports 23 should be adjusted with this object in
mind, so that the bars 3 are at the level of the stair sur-
face which will ultimately be the top of the tread instead
of the bottom. By making the stringers longer than
needed, even this involves no change when making the
stairway first in this upside down manner, since the only
thing that would be affected if the stringers were of the
exact required length to start with, would be that rise
from the lower floor to the first step and from the top
stair to the second floor level would not be right if pro-
vision were not made for the thickness of the tread in po-
sitioning them between the stringers.

Therefore, unless otherwise specifically indicated, the
use of the terms “top” and “boftom” herein and in the
claims are only for purpose of illustration and orientation
of operation, and do not necessarily apply to the position
of the stair in use. Also, it will be apparent that the op-
eration, although less convenient, could be reversed to
the extent of having the pantograph levers horizontal and
the base supports vertical.

The apparatus as described therefore embodics means
for supporting the stringers a proper width apart and at
the required angle, but which does not require that they
be cut to length. Cooperating with the stringer-support-
ing means is a tread level indexing apparatus comprising
the indexing supporis or cross arms 23 and means for
holding said cross arms equally spaced, and for simul-
taneously varying the spacing of all of them equally at
the same time, and this is the function of the pantograph
lever system. Finally, the apparatus includes the level
bars or stair level positioning support extending between
the stringers for holding the treads at the levels where
they are to be positioned as determined by the indexing
means.

The method and apparatus will find their greatest utility
in shops where prefabricated stairs are made to specifica-
tion, or on large building projects where many stairs
are to be manufactured on the job. The apparatus is
obvicusly too heavy for transportation from one single
house project to another.

While I have shown and described specific construc-
tions, various changes and modifications may be made
therein within the contemplation of my invention.

I claim:

1. Apparatus for constructing a stair comprising a
standard having a vertical series of equally spaced mova-
ble supporting arms, means for proportionally moving
all of said arms simultaneously to vary the equal spacing
between them, means at each side of the standard for
holding a stair tread-supporting siringer at the angle re-
quired for the completed stair, and alignment means in-
terchangeably placed on any one of the supporting arms
for aligning a stair tread to be placed horizontally be-
tween the stringers.

2. Apparatus for constructing a stair comprising a
first standard having a base and an upright frame, a
vertical series of equally spaced vertically movable in-
dexing members mounted therein in the frame, means
for proportionally moving all of the indexing members
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simultaneously to vary the equal spacing between them,
vertically adjustable means at each side of the standard
for holding the upper end of a stringer to which stair
treads are to be mounted, means positioned forwardly
of the base of the standard for holding the lower end
of such stringer, said last-named means being movable
horizontally toward and away from the base of the stand-
ard, whereby the stringer may be held in the position
of the hypotenuse of a right-angle triangle, the height
of the vertical leg of which may be varied by adjusting
the vertically adjustable means at each side of the stand-
ard and the horizontal leg of which may be varied by
movement of the means for holding the fower ends of
the stringer horizontally toward and away from the base
of the standard, and a tread-positioning alignment means
placed selectively on one of the said vertically movable
indexing members for aligning horizontally a stair tread
adjacent the stringer at the level determined by the po-
sition of the indexing member on which the alignment
means is placed.

3. Apparatus for consiructing a stair as defined in
claim 2 in which there is a second standard similar to
the first in confronting relation to the first and the
means for holding the lower end of the stringer is posi-
tioned between the two standards, the said horizontal
tread position support extending from the indexing mem-
ber on the first standard to a correspondingly positioned
one on the second standard.

4. Apparatus for constructing a stair as defined in
claim 2 in which the means for proportionally moving
all of the indexing members simultaneously comprises
a system of pantograph levers anchored at the base to a
fixed pivot and operatively connected at its upper end
to a vertically adjustable member on the frame.

5. Apparatus for constructing a stair as defined in
claim 2 in which the vertically-adjustable means at each
side of the first standard and the means positioned for-
wardly of the base of the standard for holding the lower
end of such stringer are laterally adjustable for build-
ing stairs of different widths.

6. Apparatus for constructing a stair comprising a
pair of standards placed in spaced confronting relation,
each standard having a base and a vertical upright, each
standard being taller than the maximum vertical height
of the stairs to be constructed thereon, each standard
having a vertically movable member at the top, means
for moving said member vertically and holding it in any
position to which it is moved, a system of pivoted panto-
graph levers having the uppermost levers of the system
pivotally secured to the vertically movable member and
having the lowermost levers of the system pivotally
anchored to the base whereby vertical movement of said
member extends or collapses the pantograph system,
a vertical guide in each standard, a plurality of index-
ing supports vertically movable along the guide, all of
the indexing supports being pivotally connected to the
pantograph system at corresponding pivot points in the
system whereby said indexing supports may be moved
relatively to each other along the guide and maintained
separated by equal distances when the pantograph sys-
tem of levers is operated by the vertically-movable mem-
ber, vertically adjustable means at each side of one
standard for supporting the sides of the one standard and
for supporting the upper ends of the stair stringers, hori-
zontally-adjustable means between the bases of the two
standards for supporting the lower ends of said stringers
with the stringers being in the attitude of the hypotenuses
of right-angle triangles of which the uprights of the
standards are the vertical sides of such triangles, and a
stair tread positioning structure extending horizontally
between an indexing support on one standard and the
corresponding indexing support of the other standard.

7. Apparatus for constructing a stair comprising a pair
of standards placed in spaced confronting relation, each
standard having a base and a vertical upright, each stand-
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ard being taller than the maximum vertical height of the
stairs to be constructed thereon, each standard having a
vertically movable member at the top, means for moving
said member vertically and holding it in any position to
which it is moved, a system of pivoted pantograph levers
having the uppermost levers of the system pivotally
secured to the vertically movable member and having the
lowermost levers of the system pivotally anchored to the
base whereby vertical movement of said member extends
or collapses the pantograph system, a vertical guide in
each standard, a plurality of indexing supports vertically
movable along the guide, all of the indexing supports be-
ing pivotally connected to the pantograph system at cor-
responding pivot points in the system whereby said index-
ing supports may be moved relatively to each other along
the guide and maintained separated by equal distances
when the pantograph system of levers is operated by the
vertically-movable member, vertically adjustable means
at each side of one standard for supporting the sides of
one standard and for supporting the upper ends of the
stair stringers, horizontally-adjustable means between the
bases of the two standards for supporting the lower ends
of said stringers with the stringers being in the attitude
of the hypotenuses of right-angle triangles of which the
uprights of the standards are the vertical sides of such
triangles, and a stair tread positioning structure extending
horizontally between an indexing support on one standard
and the corresponding indexing support of the other stand-
ard, the stair tread-positioning structure being removably
carried on the said indexing supports whereby it may be
interchangeably placed on any selected corresponding in-
dexing supports of the two standards.

8. Apparatus for constructing a stair comprising a pair
of standards placed in spaced confronting relation, each
standard having a base and a vertical upright, each stand-
ard being taller than the maximum vertical height of the
stairs to be constructed thereon, each standard having a
vertically movable member at the top, means for moving
said member vertically and holding it in any position to
which it is moved, a system of pivoted pantograph levers
having the uppermost levers of the system pivotally
secured to the vertically movable member and having
the lowermost levers of the system pivotally anchored to
the base whereby vertical movement of said member ex-
tends or collapses the pantograph system, a vertical guide
in each standard, a plurality of indexing supports verti-
cally movable along the guide, all of the indexing supports
being pivotally connected to the pantograph system at
corresponding pivot points in the system whereby said
indexing supports may be moved relatively to each other
along the guide and maintained separated by equal dis-
tances when the pantograph system of levers is operated
by the vertically-movable member, vertically adjustable
means at each side of one standard for supporting the
sides of one standard and for supporting the upper ends
of the stair stringers, horizontally-adjustable means be-
tween the bases of the two standards for supporting the
lower ends of said stringers with the stringers being in the
attitude of the hypotenuses of right-angle triangles of
which the uprights of the standards are the vertical sides
of such triangles, and a stair tread positioning structure
extending horizontally between an indexing support on
one standard and the corresponding indexing support of
the other standard, the stair tread-positioning structure
being removably carried on the said indexing supports
whereby it may be interchangeably placed on any selected
corresponding indexing supports of the two standards, the
vertically-adjustable means on each side of the one stand-
ard and the horizontally-adjustable means between the
bases being angularly adjustable.

9. Apparatus for constructing a stair comprising a pair
of standards placed in spaced confronting relation, each
standard having a base and a vertical upright, each stand-
ard being taller than the maximum vertical height of the
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stairs to be constructed thereon, each standard having
a vertically movable member at the top, means for moving
said member vertically and holding it in any position to
which it is moved, a system of pivoted pantograph levers
having the uppermost levers of the system pivotally se-
cured to the vertically movable member and having the
lowermost levers of the system pivotally anchored to the
base whereby vertical movement of said member extends
or collapses the pantograph system, a vertical guide in
each standard, a plurality of indexing supports vertically
movable along the guide, all of the indexing supports
being pivotally connected to the pantograph system at cor-
respoiuding pivot points in the system whereby said index-
ing supporis may be moved relatively to each other along
the gnide and maintained separated by equal distances
when the pantograph system of levers is operated by the
vertically-movable member, vertically adjustable means
at each side of one standard for supporting the sides of
one standard and for supporting the upper ends of the
stair stringers, horizontally-adjustable means between the
bases of the two standards for supporting the lower ends
of said stringers with the stringers being in the attitude
of the hypotenuses of right-angle triangles of which the
uprights of the standards are the vertical sides of such
triangles, and a stair tread positioning structure extend-
ing horizontally between an indexing support on one
standard and the corresponding indexing support of the
other standard, the stair tread-positioning structure being
removably carried on the said indexing supports whereby
it may be interchangeably placed on any selected corre-
sponding indexing supports of the two standards, the ver-
tically-adjustable means on each side of the one standard
and the horizontally-adjustable means between the bases
being angularly and laterally adjustable.

10. In an apparatus for building stairs, a means for
predetermining the location of a selected number of
equally spaced treads between a pair of stringers inclined
at an angle at which they will be placed in a building in-
cluding a vertical standard, a vertical series of equally
spaced indexing supports mounted for vertical movement
relative to each other in the standard, and means for
simultaneously moving said indexing supports vertically
in the standard and relatively to each other to maintain
them equally spaced.

11. In an apparatus for building stairs, a means for
predetermining the location of a selected number of
equally spaced treads between two inclined stringers on
which the treads are to be mounted, said means includ-
ing an upright standard having a top and a base, a vertical
system of pantograph levers in the standard between the
base and the top, and indexing supporting means at
equally spaced corresponding points on the system which
are moved simultancously to vary the equal spacing of
the indexing supporting means with the extension and
contraction of the system, and means for extending and
contracting the system and holding it in adjusted position.

12. Apparatus for fabricating stairs comprising a ver-
tical suppert for holding the ends of two spaced parallel
stringers at a selected elevation, a horizontal support for
holding the other ends of the stringers at a predeter-
mined distance from the vertical support to predetermine
the slope of the stringers, and indexing means on one of
the supports for determining the location of a selected
number of equally spaced stair treads between stringers
mounted in said supports, said indexing means includ-
ing a system of pantograph levers having one end pivotally
anchored in the suport in which the system is located
and the other end movably fixed to an operating member,
an operating member for expanding and contracting the
system and holding it in a selected position, equally spaced
indexing supports connected with the pantocgraph system
of levers and held in equally spaced relation to one
another thereby, said indexing supports being distributed
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along the pantograph system of levers and attached
thereto at corresponding positions along its length where-
by the operation of the pantograph system of levers
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