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57) ABSTRACT 
The invention includes a universal work holder orjig 
for use in making curved supports and railings and the 
like from a plurality of associated laminas, the sup 
ports so made and the method of making the same. In 
the preferred configuration, each support will be in 
the form of a helix and its principal use at present is in 
a so-called flying spiral stairway. Pairs of approxi 
mately dimensioned helical supporting units may be 
used to carry the individual stair treads and other ap 
propriately dimensioned helical units may be used 
with the stairs as inner and outer handrails carried by 
balusters mounted on the tread supporting units. The 
invention however is not limited to the manufacture of 
elements to be used in spiral stairways. 

6 Claims, 10 Drawing Figures 
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1. 

UNIVERSAL WORK HOLDERS FOR ASSEMBLING 
CURVED LAMINATED UNTS 

BACKGROUND OF THE INVENTION 

Spiral staircases are old and well known and have 
come into extensive use in places where it is not possi 
ble or convenient to install the more conventional type 
of stairs. In the typical spiral staircase, there is a central 
axially located metal column on which angularly dis 
posed metal treads are mounted in cantilever fashion. 
The treads at their outer ends carry upwardly extending 
balusters which support a helical metal handrail. Since 
the treads extend inwardly to the central column, they 
are necessarily of small horizontal dimension at their 
inner ends and, at this inner area, of practically no use 
as steps. The maximum radius is usually limited to 
about three feet thus presenting the user with a steep, 
sharply turning staircase. 
These deficiencies have been noted and attempts 

have been made to increase the radial dimensions of 
the treads by adding vertical supports for the outer 
ends of the treads. In some instances the interior cen 
tral column has been eliminated by using inner and 
outer helical supporting columns thereby to create the 
so-called flying spiral stairway. One such construction 
is shown in my U.S. Pat. No. 3,473,275 of Oct. 21, 
1969. In this patent the inner and outer helical support 
ing columns are formed from an assemblage of identi 
cal castings bolted together. The castings include 
mounts for the horizontal treads which extend radially 
from the inner helix to the outer helix. Since the treads 
are supported at both ends, the width of the usable part 
of the tread may be increased by increasing the overall 
diameter without changing the extent of the angular 
turn in going from one floor to the next with the risers 
remaining at any selected height. 

It will be recognized that helical supports such as 
shown in my patent referred to above are in the nature 
of large helical springs and that if proper stiffness is to 
be maintained without supplemental bracing, the diam 
eter must be limited and the individual castings must be 
of adequate strength. On occasion where the vertical 
rise between floors is more than usual and/or the stair 
diameter is extra large, additional exterior vertical sup 
ports may be added. 
An additional requirement of spiral stairways is suit 

able handrails. The central column type have only a 
single outer handrail which limits the user's security. 
The flying spiral stairway such as shown in my patent 
permits the use of inner and outer handrails which are 
carried by suitable balusters generally in the form of 
strong steel rods mounted vertically on the stair carry 
ing castings. The handrails must of course be of helical 
shape corresponding to the pitch and radius of the 
inner and outer helical supporting columns. Experience 
has shown that great difficulty is encountered in bend 
ing an initially straight metal or wooden rail to the 
exact matching helical shape. If when finished the bent 
rail is of incorrect pitch or radius, it cannot be rebent 
or otherwise modified but must be scrapped to be re 
placed by another which hopefully will have been more 
precisely shaped. 
The prior art does not, as far as I am aware, disclose 

means for making helical supporting elements in con 
tinuous lengths to exact pitch and radius requirements. 
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SUMMARY OF THE INVENTION 

With the above background of the invention in mind, 
the present invention is directed to an adjustable work 
holder or jig having a plurality of work receiving sta 
tions which stations may be positioned in a succession 
of selected locations spaced axially and radially so that 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

a plurality of bendible elongated strips of material 
(wood, metal, plastic, etc.) placed therein will assume 
the exact curved shape desired. In the present disclo 
sure the work receiving stations will preferably be posi 
tioned to create a helical support or unit of predeter 
mined pitch and radius. The invention, however, is not 
limited to the creation of a helical unit. By changing the 
locations of the work receiving stations to coincide 
with the formula requirements of any other selected 
non-planar curve, then the strips of material or laminas 
as they may herein after be called, will assume the 
shape of such other selected curve. 
When the elongated laminas in any selected number 

and size to give the necessary strength and overall re 
quired cross sectional dimensions have been placed in 
position in the succession of work receiving stations, 
the laminas with their facing and abutting curved sur 
faces are then permanently bonded together. 
The laminated unit produced by the adjustable work 

holder in the manner generally described above will, 
for reasons to be explained, be found upon removal 
from the work holder to be initially precisely dimen 
sioned and to be thereafter dimensionably stable while 
awaiting installation in a helical stairway either as the 
tread support or the handrail. 
For convenience in further explanation, the work 

holders will be adjusted for use in the production of he 
lical handrail units of any selected pitch and radius. 
Also, the elongated laminas that are assembled in the 
work holders will be dimensioned to produce a handrail 
of comfortable size for general use by adults. It will also 
be understood that by increasing the width and number 
of the laminas, a stronger helical unit may be produced 
that will be adequate to support the treads and to act 
as a substitute for the assembled helical columns shown 
in my patent above referred to. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation of the adjustable work 
holder with the work receiving stations spaced equidis 
tant axially, angularly and radially thereby to present 
an array of of stations defining a helix. 
FIG. 2 is a vertical section taken on the line 2-2 of 

FIG. 1 showing the angular indexing means used in set 
ting the stations at the correct angular positions. 
FIG. 3 is a vertical section taken on the line 3-3 of 

FIG. 1 showing twelve work holding stations and their 
supporting arms spaced 30 apart. 
FIG. 4 is an enlarged detail taken on the line 4-4 of 

FIG. 3 showing the assembled laminas passing between 
two spaced work holding and guiding fingers at one of 
the stations. 
FIG. 5 is an elevational detail taken on the line 5-5 

of FIG. 4 with a clamp added. 
FIG. 6 is an enlarged detail taken on the line 6-6 of 

FIG. 3 with a clamp added. 
FIG. 7 is an enlarged vertical section taken on the 

line 7-7 of FIG. with the radial arm broken away to 
conserve space and with the helical unit omitted. 
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FIG. 8 shows two finished helical units, the inner one 
of small radius, the outer one of larger radius, but both 
of the same pitch. These units represent a pair of fin 
ished handrails and/or a pair of helical stair supports 
made through the use of the work holders. 
FIG. 9 is an enlarged plan view taken on the line 9-9 

of FIG. 8 showing joints in some of the laminas. 
FIG. 10 is a plan view to greatly reduced scale show 

ing one of the laminas which may be of any selected di 
mensions and preferably bendable within its elastic 
limit to conform to the required curve. The lamina is 
shown as being made in three sections. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The work holder or jig which enables the method to 
be practiced and the helical unit to be formed is shown 
in FIGS. to 7. 
Referring first to FIG. 1, the jig comprises a main 

support preferably in the form of a cylindrical metal 
bar or pipe strong enough to have no appreciable, de 
flection under the loads imposed. The pipe is rotatably 
supported on bearings 4 and 6 carried by legs 8, 10, 12, 
and 14, 16 respectively, the legs being rigidly mounted 
on bases 18 and 20. 
On the cylindrical bar 2 are a plurality of identical 

collars 22 shown in more detail in FIG. 7. Each collar 
is split as at 24. A screw 26 threaded into one side of 
the split at 28 enables the collar to be clamped on the 
bar in any selected angular and axial position. Each col 
lar has attached thereto a radially extending arm 30, 
preferably in the form of a strong pipe in screw 
threaded connection with the collar as at 32. 
On each arm 30 is a cylindrical sleeve 34 maintain 

able in any selected position along the arm by one or 
more set screws 36. Each sleeve 34 carries a pair of 
strong parallel fingers 38 and 40 preferably in the form 
of short pipes in screw threaded connection with the 
sleeve as at 42 and 44 respectively see FIG. 4. The 
spacing between fingers 38 and 40 will be adequate to 
receive there-between the selected number of laminas 
of which the rail or stair support is to be made. 
From the description thus far it will be understood 

that the collars 22 may be located at selected axial posi 
tions along bar 2 and that the arms 30 may be swung 
to and maintained in selected angular positions by 
clamping their respective collars to the bar. 
To assist in setting the several arms 30 at the desired 

angular locations about bar 2, there is affixed to the 
end of the bar a large disc 46 marked off in degrees. A 
plumb bob or other vertical element 48 is located in 
front of and close to disc 46. The use of disc 46 in plac 
ing the arms 30 at the correct angular positions will be 
explained hereinafter. 
The foregoing described structure enables a succes 

sion of work holders each in the form of a pair of paral 
lel fingers mounted on axially and radially adjustable 
supports to be fixedly located in space about the bar 2 
to define any selected non-planar curve falling within 
the maximum dimensions of the bar 2 and the arms 30. 
In the preferred case, the work holders will be arranged 
to define a helix of predetermined pitch and radius. 

In order to understand the operation of the invention 
more precisely, the details of the positioning of the 
work holders and the introduction therein of the lami 
nas will now be explained in relation to the manufac 
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4. 
ture of a handrail to be used with a flying spiral stair 
CaSC. 

Let it be assumed that a handrail such as that shown 
at 50 in FIG. 8 is to be made. This handrail is to be used 
with a spiral staircase of the following assumed dimen 
sions. The height of the staircase is 10 feet, the distance 
from the floor below to the floor above. Each riser (the 
vertical distance between steps) is to be 8 inches so 
there will be 14 steps between the landings at the two 
floors. The steps are to extend through a complete cir 
cle of 360° spiraling in the nature of a right hand 
thread. The outside radius of the staircase is 4 feet and 
the inside radius foot. Since the handrail 50 must con 
form to the helical curvature defined by the steps, it fol 
lows rail 50 must have a pitch of 10 feet and an outside 
radius of 4 feet. The 10 foot pitch is indicated at P and 
the 4 foot radius at R in FIG. 8. The pitch of the inner 
handrail 52 will be the same but the inner radius is 
foot and indicated at R'. 
With the above known dimensions to be met the jig 

is set up as follows. Experience has shown that in the 
making of a relatively large diameter rail, the angular 
spacing of the individual work holders at 30 will pro 
duce a uniformly curved rail with no appreciable devia 
tion between the holders. Accordingly the arms 30 will 
be spaced angularly 30° apart. To provide a helix of 
360 with the holders spaced at 30° and having a pitch 
of 10 feet, 13 holders will be used and the arms 30 and 
their related collars will be spaced axially along the bar 
2 at a distance of 10 inches (10 feet -- 12 = 10 inches). 

Referring now to FIGS. 1, 2, and 3, the collar of the 
first arm 30 (now designated A with the other arms in 
alphabetical sequence for clarity) is clamped to the bar 
2 with arm. A vertical and aligned with indicator 48 and 
0 on disc 46. Sleeve 34 on arm A is adjusted along the 
arm until the interior side 54 of finger 40 (see FIG. 7) 
is 48 inches (the outer radius of the rail) from the axis 
of bar 2. 

Disc 46 and bar 2 are then rotated clockwise as 
viewed in FIG. 2 for exactly 30, bringing the 30 mark 
into alignment with the vertical indicator 48. The next 
arm B is then aligned with indicator 48 and spaced 10 
inches axially away from arm A. The collar of arm B is 
then clamped to bar 2. The sleeve 34 on arm B is simi 
larly adjusted so that its finger 40 is 48 inches from the 
bar axis. 
Disc 46 and bar 2 are then again rotated clockwise 

for another 30 bringing the 60 mark into alignment 
with the vertical indicator 48. The next arm C is then 
aligned with indicator 48 and spaced 20 inches axially 
from A. The collar of arm C is then clamped to bar 2 
and the sleeve 34 of arm C is adjusted radially until fin 
ger 40 is 48 inches from the bar axis. 
The foregoing procedure is followed with all of the 

remaining required arms, D, E, F, G, H, I, J, K, L and 
M. When this has been completed, there will be 13 
arms spaced axially 10 inches apart. Arm A will be in 
alignment with arm M and corresponding points on the 
sleeves 34 of arms A and M will be 120 inches apart. 

All of the fingers 38 and 40 on the sleeves 34 will be 
parallel to the bar 2 axis and to each other. The 13 
identical work holders each consisting of a sleeve 34 
and fingers 38 and 40 are now so located in space as to 
define a perfect helix having a 10 foot pitch and an ex 
terior radius of 4 feet. 
The next step in the fabrication of the helical hand 

rail 50 (FIG. 8) is the preparation of the laminas and 



3,879,026 
5 

their introduction into the work holders. By calcula 
tion, it will be found that the length of the handrail will 
be about 27 feet. If the rail is to be made of wood, oak 
or cypress is the preferred material. Since it is virtually 
impossible today to get knot free planks of such length, 
the individual strips used in making the handrails will 
ordinarily consist of two or more pieces each 3 inches 
wide and slightly over one-eighth inch thick. 
The necessary number of laminas, usually about 10 

or 11 to make a handrail of la inches thickness, are 
prepared and laid flat on a bench near the jig. Adhesive 
is applied to the faces of two or three of the laminas and 
they are then placed one on top of the other. (No adhe 
sive, of course, is applied to the outer face of the outer 
lamina.) These several piled up laminas are then car 
ried by workmen or machine to the jig and progres 
sively inserted in the work holders so that they lie be 
tween the 13 sets of fingers 38 and 40 and pressing ra 
dially outward against fingers 40 with their edges abut 
ting the sleeve 34 as illustrated in FIG. 6 and with their 
ends extending somewhat beyond arms A and M. 
As soon as the first two or three laminas are in place 

an additional two or three more with adhesive between 
them are brought to the jig and worked into position in 
the work holders in the available space between fingers 
38 and the previously inserted laminas and in facing re 
lation with the first inserted laminas. This process is re 
peated until the required total number of laminas are 
in place in the work holders, filling the radial space be 
tween the sets of fingers 38 and 40 and butting against 
the side of each sleeve 34. 
The assembly just described is illustrated in FIGS. 4, 

5, and 6. FIG. 9, a plan view taken on the line 9-9 of 
FIG. 8 shows in greater detail the exact arrangement of 
the lamina at one selected position. 
After all laminas are in place in the work holders they 

will have collectively assumed the form of a perfect 
helix with a pitch of 10 feet and a radius of 4 feet. The 
bending of each lamina will be along an infinite number 
of lines parallel to the axis of the bar 2. The extent of 
the bending preferably will be within the elastic limit of 
the material and because of the closeness of the angular 
spacing of the work holders, the curvature of the as 
sembled unit will be uniformly circular as shown in 
FIGS. 3 and 5. 
The next step is to apply clamps to the assembled 

laminas whereby the adjacent faces will be perma 
nently bonded together by the adhesive when it has set. 
Any suitable type of clamp may be used, but the clamps 
must be of such character and number that proper 
pressure will be applied to the laminas throughout the 
whole length of the rail to insure that all of the layers 
are set in immovable relation to each other. As many 
as four or five conventional wood working clamps may 
be used between successive work holders. The faces of 
the clamps preferably will have pads that conform to 
the curvature of the inner and outer faces so that the 
clamping pressure will be uniformly distributed. One 
clamp is shown in FIG. 5 at 56 as illustrative of the gen 
eral clamping procedure. 

If because of the slippery character of the unset adhe 
sive there is any tendency for the laminas to slide later 
ally out of alignment with each other, additional clamps 
acting across the other dimension to hold the edge of 
all laminas against the sleeve 34 may be used. Such a 
clamp is shown in FIG. 6 at 58 and may comprise a 
small collar 60 from which extends a short arm 62 on 
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6 
the end of which is screw operated means 64 adapted 
to press a pad 66 against the edge of the laminas caus 
ing them to be maintained against sleeve 34 in exact 
alignment. 
Thus, with aids of clamps 56 and clamps 58 if 

needed, the assembled laminas are rigidly held together 
in the exact helical form of rail required. After the ad 
hesive has thoroughly set, the clamps are removed and 
the entire completed handrail may then be removed 
from the work holders to be taken away from the jig as 
a finished unit. 
Since the laminas are thin and very securely bonded 

together in face to face relation, there is complete and 
permanent dimensional stability. That is, the helical 
unit even when unsupported prior to installation on the 
flying stair case has no tendency to uncoil or otherwise 
change shape. Thus the pitch and diameter remain con 
stant so that the rail will fit perfectly on the balusters 
that extend vertically from the stair treads into suitably 
located predrilled holes in the underside of the rail. A 
few such holes are shown at 70 in FIG. 8. 

In order to protect the outer surfaces of the rail from . 
possible damage by the clamps 56, it is preferable that 
two extra protective laminas be used. These are shown 
in FIG. 9 at 72 and 74. These laminas have no adhesive 
on their inner faces so when the unit is removed from 
the jig these outer layers are removed leaving the at 
tached laminas collectively indicated in FIG. 9 within 
the bracket 76 which constitutes the laminated helical 
unit. 

In FIG. 9 is also illustrated one method of connecting 
the ends of laminas together to produce strips of suffi 
cient length. The ends of laminas 78 and 80 are cut 
away in complementary fashion, overlapped and glued 
together along the line 82. To increase the strength of 
the jointed sections in the unit, it is good practice to 
place continuous laminas such as those indicated at 84, 
86, 88,90,92 and 94 on both sides of the jointed lami 
nas 78, 96, 98, 100, 102 and 104. On the other hand 
the joints may all be at the same location or scattered 
at random throughout the length of the rail. 
With the rail removed from the jig, it is then sanded 

and finished to present a highly desirable appearance. 
The baluster holes, previously mentioned, are drilled at 
the proper angle at determined locations in the under 
side of the rail. The unit is then ready for final installa 
tion. 

In the manufacture of the inner rail 52 shown in FIG. 
8, the same procedures are followed modified only to 
extent that the number of work holding units may be 
reduced as the arms 30 will ordinarily be spaced 60' 
apart and the axial spacing between the work holders 
correspondingly increased. 

In the illustration given above, the height between 
floors was said to be 10 feet and the staircase was to 
turn through 360° with risers of 8 inches, but it will of 
course be understood that the vertical distance be 
tween floors can be any distance and the turn of the 
staircase can be through any selected degree. Then 
with the height of the risers known, the axial spacing of 
any selected number of work holders can readily be de 
termined. The axial spacing of the work holders is of 
course a function of their angular spacing. 

It will also be understood that the invention as to the 
jig is not limited in dimensions and the work holders 
may readily be positioned in space to define non-planar 
curves other than a helix. Similarly the laminas which 
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may be placed between the fingers 38 and 40 for as 
sembly into a curved unit may be of materials other 
than wood such as metal or plastic for example. 

If it should be desired to make stronger helical units 
capable of supporting the stairs, then steel or aluminum 
for example in the form of long thin strips of suitable 
width could be assembled in the jig and welded or 
bolted together thus to produce a unit of proper 
strength and dimensional stability to act as a substitute 
for the assembled castings shown in my patent above 
referred to. The jig is of gencral applicability in the pro 
duction of curved units for any purpose. 
The above disclosure will suggest to others skilled in 

the art modifications which are within the scope of the 
invention as defined by the appended claims. 

I claim: 
1. A jig for use in the production of an elongated lam 

inated unit shaped in the form of a continuous non 
planar curve, saidjig comprising a center post, a plural 
ity of arms mounted on said post in selected spaced 
axial positions and in selected spaced angular positions, 
each arm being unconnected at its outer end with the 
next adjacent arm, and lamina receiving guides 
mounted on said arms in positions defining a non 
planar curve, said guides being in the form of radially 
spaced elements of which at least one of said elements 
on each said arm is fixed in said curve defining position 
prior to the insertion of any of the lamina of said elon 
gated unit into said guides, each of said guide elements 
having a work engaging surface which extends parallel 
to the axis of said center post and is long enough to ex 
tend diagonally across said laminas, the lamina receiv 
ing opening between said guide elements terminating at 
said arm to which the elements are affixed, whereby 
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8 
arms and the diameter is controlled by its engagement 
with the said guide elements. 

2. The jig set forth in claim 1, said arms being carried 
by collars which are adjustable axially and angularly on 
said post and said guides being radially adjustable on 
said arms. 

3. The jig set forth in claim 2 and a device associated 
with said post for indicating the angle at which each 
said arm is secured to said post. 

4. The jig set forth in claim 2, said post being rotat 
able about its axis and a device associated with said 
post for indicating the relative angular positions of said 
2S. 

5. The jig set forth in claim 1, said arms being equally 
spaced along said post, said arms being equally angu 
larly spaced about said post, and said guides all being 
equidistant radially from the axis of said post, whereby 
said guides define the path of a helix and whereby a 
plurality of lamina placed in said guides will take the 
form of a helical unit. 

6. A jig for use in the production of an elongated lam 
inated unit shaped in the form of a continuous curve, 
said jig comprising a center post, a plurality of arms 
mounted on said post in selected spaced axial positions 
and in selected spaced angular positions, and lamina 
receiving guides mounted on said arms in positions de 
fining a non-planar curve, said arms being carried by 
collars which are adjustable axially and angularly on 
said post, said guides being radially adjustable on said 
arms, said post being rotatable about its axis and a de 
vice attached to said post for indicating the relative an 
gular positions of said arms, whereby a plurality of 
laminas may be placed in face to face relation in said 
guides to form a unit in the shape of said curve. 
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