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United States Patent Office 3,168,938 
Patented Feb. 9, 1965 

3,168,938 
LADEDERS AND METHOD OF MAKHNG 

THE SAME 
Raymond H. Shayer, Newark Waley, N.Y., assigaor, by 

Kaesiae assignments, to Harsco Corporation, a corpora 
tioia of Delaware 

Fied Jan. 4, 1963, Ser. No. 249,470 
2. Caias. (C.182-228) 

The present invention relates to ladders and method of 
making the same. 

Ladders of traditional types and materials have, for 
many purposes, been too heavy if made sufficiently strong; 
or, if made of lighter weight materials, have lacked neces 
sary strength or durability. It has not been feasible mere 
ly to substitute in known structures a lighter material, as 
fiberglass, plastic or aluminum in place of wood or heavier 
metals because, for some applications in use, the latter 
structure is thus materially weakened. 
An object of the present invention has therefore been 

to provide a ladder of novel construction which permits 
the use of light weight materials with no consequent 
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undesirable weakening or lack of durability. Further, it 
is contemplated that ladders embodying this invention 
may be made at reasonable cost from relatively light 
weight materials which are in abundant supply and may 
be transported at favorably moderate rates because of 
their light weight and sturdy construction. .." 

In general, a ladder according to the present invention 
comprises side rails which may be open channels, or 
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of illustration so that others skilled in the art may so 
fully inderstand the same, its principles and the applica 
tion thereof, that they may embody it and adapt it in 
various forms each as may be appropriate to the require 
inents of a particular purpose in use. 
Referring to the drawings: - 
FIGURE 1 is a fragmentary view partly in section 

showing a portion of a box type or tubular ladder side 
rail, an end portion of a ring engaged therewith, and a 
tubular spacer in process of being moved into position 
on the end of said rung; 
FIGURE 2 a fragmentary view partly in section of the 

parts shown in F3 JRE 1 after the rung end and the 
spacer have been deformed to modified contours, as by 
Swaging, crimping or the like; 
FiGURE 3 a modification was rein the box type side 

rail is employed. The parts are here shown with one end 
wall member not yet assembled with the side walls to 
perfait placing of the spacers on the rung ends between 
Said side wallis, the parts being shown with the spacer 
coaxialiy arranged in relation to opposed coaxial openings 
in the side walls of the rail and with the rung end in 
process of being moved into operative position in said 
spacer and said holes; . . . . . , - " - 

FIGURE 4, a fragmentary view of the parts seen in 
FiGURE 3 after the rung end has been deformed to 
clamp the spacer in wall reinforcing position in the side 

30 - 
which may be of the box type, i.e. tubular members of 
light weight material, assembled with tubular rungs of 
light weight malleable metal, as aluminum or an appro 
priate alloy, thereof, with the rung ends rigidly engaged 
in web portions of said side rails. ... -- 

In constructing such a ladder, the opposed side rail webs 
are provided with coaxial holes; and the rungs are de 
formed to produce thereon peripheral beads spaced from 
their ends. These rails and Tungs are assembled with 
the rung ends engaged in said holes and with the beads 40 
bearing against portions of the webs which surround the 
edges of said holes. Each thus engaged end of said rungs. 
is swaged, crimped, expanded or otherwise deformed to 
provide an end flange which, with said bead, serves to 
clamp the adjacentrung end securely to the side rail. In 
assembling rungs with box type rails, i.e. of tubular cross 
sectional contour, an interior spacer is positioned prior to 
said deformation to embrace that portion of each rung 
end which lies within and extends between the opposed 
walls of the rail; and in some instances, said spacer is 
deformed at least in part along with deformation of the 
rung end. 

Other objects and important features of the invention 
not above referred to will appear in the following descrip 
tion and claims and from the accompanying drawings 
wherein I have shown a preferred embodiment of the in 
vention and have described the same in this specification. 
it is to be understood that these disclosures are not in 
tended to be either exhaustive or limiting of the invein 
tion, but on the contrary, are presented for the purposes 60 

rail; and the end waii has been applied to close the end 
opening between said side walls. 
FiGURE 5, a modification partly in longitudinal sec 

tion showing the step of moving a spacer into coaxial 
reiation to opposed holes in a box type rail having a con 
tinuous unitary tubular wall open at its top and bottom 
ends, by means of a pusher actuated from one of said 
ends; and - - - - - . 

FIGURE 6 is a fragmentary view partly in section of 
an open type channel side rail with a rung end crimped 
to for in a bead and an end flange in clamping engagement 
with the peripheral edge of a hole or opening in the chan 
nel web. 
To produce the completed ladder structure shown in 

FIGURE 2, provide the webs (a) and (b) of oppose 
side rails, as the unitary tubular box type rail 9, FIGURE 
1, with opposed coaxial holes, one of which, as 11 in 
web (a) is of Smaller diameter than the other, as 12 
in web (b). A bead 3 is formed, as by crimping, near 
the end of tubular rung 14 which may advantageously be . 
of maleable metal, such as aluminum or aluminum alloy; 
and said side rails may be of suitable light weight but 
strong material as fiberglass, aluminum, etc. This end 
of said rung beyond the bead i3 is moved in the direction 
of the arrow at the right, FIGURE 1, through openings 
12 and 12 to bring bead 3 snugly against the outside 
face of web (a); and spacer 15 may be moved through 
opening 12 in the opposite direction, i.e. that of the 
arrow at the left, FIGURE 1, either along with the enter 
ing movement of the run end or after said end has reached 
the position shown in FIGURE 1. Or, where rung 14, 
prior to assembly, has no abutment or bead 13 adjacent 
its ends, the end portion is engaged in the laterally spaced 
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opposed openings 15 and 2 in the inner and outer walls, 
a and b, respectively, of the rail and with a spacer 5 
embracing said end between said walls. Bead 13 and 
flange 13, for example, may now be formed against said 
rail walls by securing rung 14 against endwise displace 
ment while pressing, hammering or otherwise deforming 
said end portions to produce the desired abutments or 
eads while said spacer 15 prevents collapse of the ruing 

end between the walls of the rail. In either case, when 
spacer 5 reaches the dotted line position shown in said 
figure, known mechanical devices and procedures are em 
ployed to expand the rung end and said spacer 5 to 
suitable outwardly flared contours, FIGURE 2. This ex 
pansion effected by pressure forging for example, along 
with spinning, swaging, or the like, drives the flared portion 
of the rung end into secure engagement with the edge of 
opening 12 which is advantageously interrupted by a notch 
16. A portion of the displaced metal of said rung end 
effected by said forging, or the like, flows into said notch 
16 to form a key 17 thus, in effect, locking the rung 14 
against rotation. Deformation of the rung end also pro 
duces a terminal flange, 18, FIGURE 2, which, with bead 
13, serves to clamp rung 4 securely in operative relation 
to rail (9. - 
The deforming or crimping operations just above re 

ferred to involve application of Substantial axial pressures, 
It is therefore contemplated that the rail walls will be 
materially reinforced to withstand said pressures by pro 
viding the spacer 5 of suitable material and dimensions. 
When placed as seen in FIGURE 1 (dotted) said spacer 
prevents collapse of the rail walls under pressure while 
permitting deforming or metal flowing forces to operate 
effectively and thereby produce the joint structure of 
FIGURE2. 

: It is apparent that spacer 15 in the deformed condition 
seen in FIGURE 2 and cooperating with bead 3 and 
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flange 18 also permits rung E4 to be clamped securely to 
both webs of rail 10 and counteracts any weakening effect 
of the holes 14, 2 therein. 
A modified form of structure as seen in FIGURE 4 also 

employs a box type side rail 29 which, instead of being a 
unitary tube, as in FIGURE 2, is a composite tube com-o: 
prising spaced webs 21 and 22 and end or edge channels 
23, 24. Said webs are provided with opposed coaxial 
holes 25 and 26 of the same diameter which is also ap 
proximately that of the outside diameter of rungs 14, the 
periphery of said holes being interrupted by one or more 
notches 27 therein. The structure as seen in FIGURE 4 
may conveniently be produced by a method as illustrated 
in FIGURE 3. 

Accordingly, side rail 26 is partly assembled by engag 
ing webs 2i and 22 with end channel 24. By not con 
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necting end channel 23 at this phase, one end of the rail 
(upper FIGURE 3) is left open. Spacer 28 is inserted. 
through said opening in the down direction of the arrow 
FIGURE 3 to a position wherein it is coaxial or in register 
with the holes 25, 26. - 
While said spacer is in this position, the end of rung 14 

is moved in the direction (left) of the arrow, FIGURE 3, 
through opening 25, through the spacer 28, and through 
opening 26 to an extent which brings bead 23 snugly 

- against the outside face of web 21 and brings the end of 
rung 14 beyond the outside face of web. 22. Thus, spacer 
28 is positioned on an end portion of rung 14 between 
and engaging opposed portions of the inside faces of webs 
21 and 22. Suitable forces are now applied, as spinning, 
Swaging, crimping or the like, to form a terminal flange 
29, FIGURE 4, on the end of rung i4, meanwhile applying 
pressure to clamp a portion of web 21 between bead 13 
and spacer 28 and a portion of web 22 between flange 29 
and said spacer. In the course of these operations, a 
portion of metal of the engaged rung end is caused to 
flow outwardly into notch 27 to form a detent or radial 
key 30 in said notch and thus to anchor rung 14 against 
rotation in holes 25 and 26. When the desired number of 

4. 
rungs have been mounted in the rail 20 as above described, 
the end channel 23 is applied to close the longitudinal 
opening between the webs 2 and 22 where it is secured by 
any suitable means, as welding, not shown. In the just 
described structure, the spacer and other parts have func 
tions corresponding to those noted in connection with the 
FIGURE 2 embodiment but with no flared out deforma 
tion of the rung and spacer. 
The procedure illustrated in FIGURE 5 applies to the 

making of a ladder wherein the rails are of the box type, 
such as continuous or unitary tubes 10, as indicated in 
FIGURES 1 and 2 for example. However, the rail 10, 
FIGURE 5, has holes 31, 32 of the same diameter, ap 
proximately that of the outside of the rung 14. To bring 
a spacer, as 23 into register with holes 31 and 32, said 
spacer is engaged with a suitable pusher including a head 
33 and a handle 34. Said head with a spacer in operative 
relation thereto is extended into rail 10 through its open 
(lower) end as seen in FIGURE 5 until the spacer reaches 
the desired position in register with holes 31, 32. While 
the spacer is so positioned, rung 14 is moved in the direc 
tion (left) of the arrow FIGURE 5 to its dotted line 
position as there indicated. Subsequent operations as 
spinning, crimping, swaging or the like are carried out as 
described in connection with the FIGURE 4 embodiment 
and with equivalent results. 

In a modification, FIGURE 6, involving an open type 
or channel rail 40, the web 41 thereof is provided with a 
hole, 42 having a diameter substantially that of rung 14. 
In this case, the end portion of rung 14 is extended through 
hole 42 to an extent to bring bead 13 snugly against the 
outer face of said web 41 and to bring the end of said 
rung beyond the inner face of said web 41. While the 
parts are held securely in this relation, forces are applied 
in a known manner to said extended end to form a terminal 
flange 43 and to press a portion 44 of the metal of 
rung 14 into notch 27. Or, where the rung is not initially 
beaded, both said bead 3 and said flange 43 may be 
formed with the rung in operative position and substan 
tially simultaneously while the rung end engages hole 27 
by applying suitable known crimping, pressing or other 
appropriate devices to said end portion of the rung. This 
procedure produces a connection between web 41 and 
rung 14 wherein the edge portions of said web around hole 
42 are securely clamped between flange or bead 13 and 
flange 43. 

From the foregoing it is apparent that the structures 
and procedures described above are well suited to attain 
the ends and objects herein suggested or directly set forth; 
that said structures can be manufactured and said method 
be practiced readily by conventional fabrication tech 
niques; and that the various features and arrangements 
of parts and steps of method can be modified so as best to 
suit a particular purpose or use. Certain features of the 
disclosure may be used to advantage in particular applica 
tions without a concurrent use therewith of other specific 
features; and the elimination or modification of such spe 
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cific features from an embodiment or procedure is to be 
construed as bringing such apparatus or method within 
the scope of this invention, unless specifically excluded by 
the terms of the following claims or required by the state 
of the prior art. 
I claim: - . . . . . . 

1. Ladder construction comprising a tubular side rail 
provided with opposed coaxial holes, one of said holes 
having a notched portion in its periphery, a rung having 
an end extending through said holes and engaging the hole 
defining edge surfaces thereof, said end of said rung being 
adjacent said notched hole, and a rail reinforcing tubular 
spacer mounted within the rail in continuous surface con 
forming relation to the peripheral surface of said rung end 
and arranged with its opposite end faces abutting opposed 
undeformed interior face portions of said rail which en 
circle said holes, said rung having a radially extending 
peripheral outer flange formed at its end and a radially 
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extending peripheral inner flange longitudinally spaced 
therefrom, said outer flange being flared first outwardly 
and then inwardly and part of said outer flange projecting 
radially into said notch portion of said notched hole to 
lock said rung against rotation in said holes and said 
flanges being arranged opposite the ends of said spacer 
whereby the latter is effectively clamped by said flanges 
between opposed portions of the rail wall which define 
said holes. 

2. Ladder construction according to claim 1 and wherein 
said notched hole is of greater diameter than the other 
hole, and said rung end and said spacer are flared radially 
in the direction from the smaller diameter hole toward 
the larger diameter hole. 

0. 
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