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ABSTRACT: The method and apparatus for assembling, e.g., 
for storage or for transportation, right circular cylinders, e.g., 
tobacco hogsheads, in a minimum space. The cylinders are 
placed on end and are aligned in adjacent rows so that each 
cylinder is tangent to two cylinders in each adjacent row. If so 
aligned, the horizontal lines connecting the cylinder axes of 
any three tangent cylinders intersect at angles of 60. 

Pallet structures are disclosed which assist in aligning the 
cylinders according to the invention, and which also assist in 
distributing the load between tiers of stacked cylinders, so as 
to make the stack more stable. Particular dimensions for the 
pallets, related to the cylinder diameters, are disclosed, 
together with particular methods of arranging the pallets 
under one or more tiers of cylinders. 
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METHOD AND APPARATUS FOR ASSEMBLNG 
CYLNDERSENAMINIMUMSPACE, AND PRODUCT OF 

THATMETHOD AND APPARATUS, 

CROSS-REFERENCE 

My copending application, Ser. No. 797,186, filed Feb. 6, 
1969, entitled "Lift Truck Apparatus for Manipulating 
Storage Drums" shows and claims a lift-truck attachment 
suitable for stacking cylinders according to the present inven 
tion. 

BACKGROUND OF THE INVENTION 

It has been observed, in connection with aligned right circu 
lar cylinders such as pipe sections, that they may be stored or 
packed for shipping in a minimum space by arranging the 
cylinders in rows so that each cylinder is tangent to two cylin 
ders in each adjacent row and so that lines connecting the 
cylinder axes in any plane perpendicular to those axes inter 
sect at angles of 60. 

Examples of the horizontal storage of cylinders in this 
fashion are shown in the U.S. Pat. No. 1,993,216 to Marshall, 
and U.S. Pat. No. 2,605,786 to Scott. However, it does not ap 
pear that this method of assembling cylinders for storage or 
shipment has ever been adapted to cylinders which have a 
relatively smaller length-to-width ratio than pipe sections, and 
which are stable when standing on end, i.e., with their axes 
vertical. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for assembling 
right circular cylinders, such as drums, barrels, or tobacco 
hogshead, with a view to minimizing the space requirements 
for any particular number of cylinders. The cylinders are ar 
ranged standing on end and aligned in adjacent rows so that 
each cylinder is tangent to the cylinders in each adjacent row 
and horizontal lines connecting the cylinder axes intersect at 
angles of 60. The method and apparatus of the invention are 
of particular utility in connection with cylinders of substan 
tially equal diameter. It will readily be recognized that all such 
cylinders of equal nominal diameter are in fact subject to 
minor variations in size and shape, particularly after con 
siderable use. 
The cylinders may be arranged in a single tier or in multiple 

tiers. In either event, it is preferred to employ pallets having 
particular dimensions related to the diameters of the cylin 
ders. The pallets serve to guide the placement of the cylinders 
as they are being stored or loaded. In multiple tiers, pallets 
between the tiers also serve to distribute the load of the cylin 
ders above the pallets on the cylinders below, and thereby to 
avoid unstable stacks due to unequal dimensions of the cylin 
ders or inaccurate placement thereof. Pallets are particularly 
desirable between tiers of cylinders with recessed ends, such 
as barrels or tobacco hogsheads. 

In one embodiment of the invention, the pallets have a 
width equal to the cylinder diameter and a length of 1.86 times 
the cylinder diameter. A row of such pallets may be laid down 
with their long sides abutting. The cylinders are then placed 
on the pallets in two rows. Each cylinder in one row is tangent 
to one short edge and to both long edges of a pallet. Each 
cylinder in the other row has a diameter aligned with the 
abutting edges of two pallets and is tangent to the short edges 
of the two pallets at their point of abutment. 
Another embodiment of the invention employs pallets hav 

ing a width equal to the cylinder diameter and a length equal 
to about 1.78 times the cylinder diameter. These pallets are 
arranged in pairs of rows with their long sides abutting, with 
one set of aligned short sides of the pallets in one row abutting 
one set of aligned short sides of the adjacent row, and each 
pair of abutting longsides of each row displaced by about one 
half the width of a pallet from a pair of abutting long sides of 
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2 
special pallets at the opposite ends of adjacent rows. These 
special pallets have a width equal to about 1.5 times the 
cylinder diameter, so that the long sides of the pallets at the 
ends of the rows are aligned. - 
A third embodiment of the invention employs pallets having 

a width equal to the cylinder diameter and a length equal to 
1.56 times the cylinder diameter. These pallets are grouped in 
rows, with more than two rows in each group. The cylinders 
necessarily overlap the short sides of the pallet on which they 
are placed, either being tangent or diametrically related only 
to the long side. As in the second embodiment mentioned 
above, the pallets at opposite ends of alternate rows have a 
width equal to 1.5 times the cylinder diameter so as to provide 
aligned longsides of the pallets at the ends of the rows. 
Any of the three embodiments may be arranged in tiers, 

each tier comprising one layer of pallets and at least one layer 
of cylinders. Where multiple tiers are used in the second and 
third embodiments mentioned above, the wide pallet at the 
end of a row of pallets is in vertical alignment with a narrow 
pallet in the next adjacent tier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a storage area having right circular 
cylinders stored therein according to the method conven 
tionally used in the prior art; 

FIG. 2 is a view similar to FIG. 1, but shows the cylinders 
stored in the area in accordance with the present invention; 

FIG. 3 is a plan view on a larger scale showing one method 
of arranging right circular cylinders on pallets according to the 
invention; 

FIG. 4 is a view similar to FIG. 3, illustrating a second em 
bodiment of the invention; 

FIG. 5 is another view similar to FIG. 3, illustrating a third 
embodiment of the invention; 

FIGS. 6 to 13 illustrate the preferred sequence of building 
up a two-tiered stack of pallets and cylinders arranged in ac 
cordance with FIG. 4; 

FIG. 14 is a plan view, on a smaller scale, showing the ar 
rangement of the cylinders and pallets in the second tier of a 
stack whose first tier may be arranged according to FIG. 4; 

FIG. 15 is a view similar to FIG. 2, illustrating a modified 
method of storing cylinders in accordance with the invention. 

FIGS. -2 

FIG. 1 shows the method conventionally used in the prior 
art for storing drums, barrels and the like. The word “storing” 
as used in this specification, is intended as a generic term in 
clusive of stationary storage, as in a warehouse or the like and 
moving storage, as in a freight car or the like. 
FIG. 1 shows the space required for storing 40 cylinders 1 

within a space defined by walls 2 and 3 intersecting at a right 
angle. In the arrangement shown, open spaces 2a and 3a are 
provided between the walls 2 and 3, respectively, and the 
stack of cylinders 1. Such open spaces are commonly pro 
vided, for example, in warehouses for storing tobacco in 
hogsheads, to allow ventilation of the stacked hogsheads, and 
to provide a walkway for inspection of the hogsheads. 

Alternatively, where ventilation and inspection are not 
needed, as on a truck or freight car, the stacks of cylinders 1. 
may be placed directly against the walls. 

It may be observed that the total storage space for 40 cylin 
ders has a length equal to 10 times the diameter of one 
cylinder and a width equal to 4 times the diameter of one 
cylinder. Thus the total floor area required is 40 times the 
square of the cylinder diameter. 

FIG. 2 illustrates the storage of the same number of cylin 
diers of the same size in an area defined by the same walls 2 
and 3 but arranged in accordance with the present invention. 
Note that the 40 cylinders are arranged in four horizontal 
rows, but that each cylinder is tangent to two cylinders in each 
adjacent row. Thus, the lines joining the axes of the cylinders 

the adjacent row. In this embodiment, it is preferred to use 75 intersect at 60 as indicated in the case of the angle between 
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the lines 4 and 5. The total length required for the storage of 
40 cylinders is 10.5 times the cylinder diameter and the total 
width required may be computed to be 3.56 times the cylinder 
diameter. Thus, the total storage area required for the 40 
cylinders is the product of 10.5x3.56, or 37.38 times the 
square of the cylinder diameter, whereas in FIG. 1, the floor 
area required is 40 times the square of the cylinder diameter. 
The percentage advantage in the storage area according to the 
present invention increases as the length of the rows increases, 
since the one-half cylinder diameter increase in row length is 
the same regardless of the number of cylinders in the row. 
Thus, in the example shown where there are 10 cylinders in 
the row, the percentage increase in the overall length is 5 per 
cent. On the other hand, if there were 100 cylinders in a row, 
the percentage increase in the length would only be 0.5 per 
cent. 
The methods and apparatus of this invention are applicable 

to all types of cylindrical containers whether they be barrels, 
bales, cans, pipe sections, or some other specific structure. 
The particular apparatus and methods shown herein are more 
readily adaptable to cylinders which have a length to width 
ratio sufficiently small so that they are stable when stood on 
end, such as drums, as opposed to pipe sections having a 
diameter small as compared to their length, which are not sta 
ble when stood on end. 

FIG. 3 

It is desirable for the person directing the storage of cylin 
ders according to the invention to have some way of guiding 
the arrangement of the cylinders so as to make sure that he is 
getting the cylinders in the proper 60 relationship with 
respect to their center lines. It appears to be quite easy and 
natural for a man to stack cylinders according to the prior art 
method with a 90 relationship between the centerlines, and to 
set these 90 relationships by eye, with no special measure 
ment, and still come out with neat, rectangularly arranged 
stacks. However, where the 60 arrangement is used, as in the 
present invention, the 60' relationships seems to be less natu 
ral and more difficult to determine by eye. The stacks tend to 
become irregular and somewhat disarrayed with an attendant 
loss of valuable storage space, unless some means is provided 
for guiding the arrangement of the cylinders. 

FIG. 3 shows an arrangement of pallets which provides that 
guiding function. Where the pallets are used directly on the 
floor, they also allow for ventilation around the bottom of the 
cylinders, which is desirable in the case of some stored 
products, e.g., tobacco in hogsheads. The ventilation so pro 
vided protects against the possibility of moisture damage to 
the tobacco. Each pallet generally is indicated by the numeral 
6, and each has a width equal to the diameter D of a cylinder 1 
and a length equal to about 1.86D. 
The 1.86D dimension may be readily determined by apply 

ing the theorem of Pythagoras to the right angle triangle 7, 8,9 
whose hypotenuse is equal to the diameter D. Since this is a 
30, 60,90 triangle, it is known that the short side, 7-8, is 
one-half the hypotenuse or D/2. The remaining side 7-9, can 
then be determined to be 0.86D. The total length of the pallets 
is determined by adding one diameter to 0.86D, making a 
length of 1.86D. 
This arrangement of the cylinders as shown in FIG. 3 is not 

the most efficient utilization of the available storage space, but 
it does allow for access to any of the rows, if adequate aisle 
space is provided between the rows. This arrangement is thus 
suitable for mixed storage, where the cylinders may contain 
different products, and it may be desirable to have access to 
the cylinders at random. 

FG.4 

This figure illustrates a somewhat more compact arrange 
ment of pallets and cylinders. Here there are provided a plu 
rality of pallets 10, arranged in two adjacent rows. Each pallet 
has a width equal to the cylinder diameter D and a length 
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4 
equal to 1.78D. At the upper end of the left-hand row, as it ap 
pears in the drawing, there is provided a pallet 11 having a 
width of 1.5D. It is intended that a similar wide pallet be pro 
vided at the opposite end of the adjacent right-hand row. 

In this arrangement of the cylinders. 1, the cylinders in each 
of the two tier rows are tangent to the short sides of the pallets 
at their points of abutment. The long sides of the pallets in 
each row abut each other, but the abutting long side of each 
pair of pallets are displaced by about one-half of a cylinder 
diameter from the abutting long sides of the pairs in the ad 
jacent row of pallets. By staggering the pallets in this manner, 
and placing the pallets alternately in the two rows, each time 
an additional pallet is laid down in a row, there is provided a 
lateral guiding surface extending one-half the width of the pal 
let, so that the rows can be laid down in a more orderly fashion 
than if they were laid down with no lateral guidance between 
adjacent pallets. The inner rows of cylinders in this array 
necessarily overlap the abutting short sides of the pallets. 
Thus, in this array, each cylinder in an inner row rests on por 
tions of three pallets, thereby distributing the load to accom 
modate any unevenness in the underlying surface. 

In any storage method accessibility must always be con 
sidered in conjunction with economy of space. The arrange 
ment of FIG. 4, which is the presently preferred embodiment 
of the invention, represents a compromise between accessi 
bility and space economy. The two outer rows of cylinders are 
always accessible, assuming that suitable aisle space is pro 
vided between adjacent groups of rows of cylinders. Thus, in a 
situation where it is desired to be able to move a large number 
of cylinders rapidly, it is possible to bring more lift trucks into 
play on opposite sides of each group of rows of cylinders, than 
would be the case if the aisle space were farther apart, as in 
the embodiment described below in connection with FIG.S. 
The long dimension of the pallets 10 and 11 can be figured 

by applying the theorem of Pythagoras to the triangle 12, 13 
and 4 in FIG. 4. There it is shown that in this 30, 60,90 tri 
angle, the long side is r, the hypotenuse is r--x and the short 
side is rx/2. It is known that r is equal to D/2. By solving this 
small triangle, it can be determined that x=0. 13r. Considering 
then the larger triangle 13, 15, 16, it is now known that the 
hypotenuse is 2.065D and that the shorter side is one-half of 
that, or 0.032D. Solving that triangle produces the value for 
the long side 15, 16, which is the length of the pallet, as being 
equal to 1.78D. 

Instead of using a wide pallets 11 at the end of one row, it is 
possible to use two narrow pallets 10, in which case the upper 
half of the uppermost of those two pallets, as viewed in FIG. 
10, will perform no supporting function, but will simply pro 
ject into a ventilation space, such as the walkaway 2a of FIG. 
2. 

FIG.S 

This figure illustrates an embodiment of the invention which 
arrives at an absolute minimum of storage space for a given 
number of cylinders, at some sacrifice of accessibility. Here 
pallets 17 are provided having a width equal to the cylinder 
diameter and a length equal to 1.56 times the cylinder diame 
ter. These pallets are designed to be placed in adjacent stag 
gered rows similar to the rows of FIG. 4, except that the 
number of rows of pallets between aisles is expected to be 
greater than two, preferably much greater. Each cylinder 1 is 
either tangent to two long sides of a pallet or has a diameter 
aligned with the abutting long sides of two pallets. Further 
more, each cylinder 1 overlaps the abutting short sides of pal 
lets in two adjacent rows. 
As in the case of FIG. 4, pallets 18, having a width of 1.5D 

are provided at alternate ends of adjacent rows so as to bring 
the long sides of the pallets at the ends of the rows into align 

ent. 

The length of the pallets 17 and 18 may be determined from 
the triangle 19, 20, 21 in FIG.S. Again, this is a 30, 60,90° 
triangle. It is known that the hypotenuse is 2D and hence the 
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shorter side is D. It is therefore apparent that the long side, or 
length of the pallet, is equal to 3D. or 1.73D. 
This arrangement has the further difficulty that the drum lift 

operator does not have an opportunity to observe the tangen 
cy of any drum at a short side of a pallet, and it must therefore 
be guided by the movement of the drums into tangent relation 
ships. Since the drums have only nominally constant diame 
ters, especially if they are old and somewhat battered, the 
stacking may not be completely regular where pallets of these 
dimensions are employed. It is therefore preferred to use the 
pallet arrangement of FIG.4, which results in neater and more 
regular stacks. The theoretical gain in space between FIGS. 4 
and S may be offset by losses due to irregular cylinder shapes 
and normal inaccuracies in cylinder placement. 

FIGS. 6-3 

These figures illustrate a series of steps in building up a 
stack of stored cylinders in accordance with the preferred em 
bodiment of the invention, illustrated in plan view in FIG. 4. 
The finished stack is intended to consist of two tiers, each tier 
comprising the layer of pallets and two layers of cylinders 
stacked on the pallets. 
The first step in assembling the stack is illustrated in FIG. 6, 

and shows the placement of a wide pallet 11 of the dimensions 
illustrated in FIG. 4 and a narrow pallet 10, also of the dimen 
sions illustrated in FIG. 4. One short side of the pallet 10 abuts 
one short side of the pallet, with the rearmost long sides of 
those two pallets in alignment. Two cylinders 25 are stacked 
on the narrow palet 10, one on top of the other. The bottom 
cylinder 25 is tangent to both long sides of the pallet 10 and 
overlap the pallet 11 slightly. 

FIG. 7 indicates the next steps in assembling the stack of 
cylinders. A second narrow pallet 10 is placed beside the first 
pallet 10, with the longsides of the two pallets abutting. Two 
layers of cylinders 25 are then stacked on top of the pallet 11, 
with their edges tangent to the sides of the pallet 11, as illus 
trated in FIG. 4. Note that the open longside of the pallet 11 is 
aligned with the centerline of the second pallet 10, so that the 
abutting longsides of the two pallets 10 are displaced by one 
half the width of a pallet 10 from the open longside of the pal 
let 11. The short side of the pallet 11 thus serves as a guide for 
placement of the second pallet 10. 
While it might appear from the drawings that the two layers 

of cylinders on pallet 11 in FIG. 7 could be placed first, and 
the single stack of FIG. 6 placed later, that is not generally 
true in practice, because of lateral space limitations due to 
walls or other stacks of cylinders. Because of those space. 
limitations, the gripping arms on the truck supporting the sin 
gle stack would not have room to reach behind the double 
stack and set the stack shown in FIG. 6 in place. 

It is practically necessary to place the second pallet 10 be 
fore the two layers of cylinders are stacked on pallet 11, since 
one of those stacks overlaps the second pallet 10 slightly (see 
FIG. 4). Otherwise, it would be necessary to force the pallet 
under the edge of the cylinder, which would be difficult, if not 
impossible to do without damage to the pallet. 
Another narrow pallet 10 is then placed on top of the two 

layers of cylinders 25 which have just been stacked on the pal 
let 1. 

It should be understood that all of the pallets are handled by 
a standard forklift truck, while the cylinders are handled by 
trucks equipped with clamping mechanisms for gripping cylin 
ders. For example, the gripping mechanism may be that illus 
trated in my copending application: Ser. No. 797,186, 
identified above, which is capable of grasping and lifting 
and/or turning either-one, two or four cylinders at one time. 

Since the immediately following step will be to place a nar 
row pallet 10 on the floor in front of and abutting the wide pal 
let 11, as shown in FIG. 8, it is necessary to place the narrow 
pallet 10 of the second tier before that narrow pallet 10 on the 
floor is put in place. Otherwise, a standard forklift truck could 
not reach the location of the second tier pallet 10 without 
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6 
running over the pallet on the floor. (It is assumed that lateral 
clearance at the left-hand side of the stack is limited.) 

After the pallet 10 is placed adjacent the wide pallet 11, in 
the left-hand row, the bottom tier of pallets as it appears in 
FIG. 8, then two more stacks of cylinders 25 are placed on the 
pallets 10 in the right-hand row of pallets in FIG. 8. 
The next steps are illustrated in FIG. 9. A second wide pallet 

11 is placed on top of the stacks of cylinders 25 at the right 
hand side of the array and another stack of cylinders 25 is 
placed on the inside back corner of the second wide pallet 11, 
overlapping the pallet 10 on the second tier. 

FIGS. 10 to 14 illustrate a sequence of four steps which are 
repeatedly performed in continuing the buildup of a stack of 
cylinders in accordance with the invention. The first of this 
sequence of four steps is the placing of a narrow pallet 10 on 
the floor at the front of whichever row of pallets is at that time 
the shortest. See the foremost pallet 10 on the right-hand side 
of FIG. 10, which has been added to the right-hand row of pal 
lets as they appear in FIG.9. 
The second step in the sequence of four is to place two 

stacks of two cylinders each on the opposite row of pallets 
from the one that has just been placed. See in FIG. 11 the four 
cylinders 25 appearing at the front of the figure supported by 
the left-hand row of pallets 11 and 10. 
The third step in the sequence of four is the placing of 

another narrow pallet 10 on the top of the two stacks of cylin 
ders which were placed in the immediately preceding step. See 
the front pallet 10 in the second tier in FIG. 12. 
The fourth and final step in the sequence is the placing of 

two stacks of four cylinders on the top of the second tier pallet 
which was just placed and the pallet immediately behind it. 

This sequence of steps is now repeated beginning first with 
one row of pallets and then with the other, to extend the stack 
of cylinders as far as may be convenient. 
The arrangement shown in FIGS. 6-13 has been found to 

be particularly suitable for tobacco hogsheads, which are con 
ventionally constructed with recessed ends encircled by 
peripherally projecting rims. Two layers of such hogsheads 
can be stably stacked end-on-end above one another without a 
layer of stress distributing pallets between them. If more than 
two layers of hogsheads is desired, then it is desirable to in 
troduce a layer of pallets to distribute the loads and keep the 
stack substantially even and regular. 

It is alternatively possible to place stress-distributing pallets 
between each pair of adjacent layers of cylinders. 
With more stable individual cylinders, i.e., cylinders without 

recessed ends, it is possible to stack more than two layers of 
cylinders together without the use of stress-distributing pal 
lets. 

F.G. 14 

This figure illustrates the array of pallets 10 and 11 in the 
second tier. Note that the wide pallet 11 in the second tier is 
above a narrow pallet 10 in the tier below. Note also that the 
abutting long sides of each pair of pallets in each row is 
located in alignment with the centerline of a pallet in the bot 
tom tier. This staggering of the abutting sides of the pallets 
comes about because of the placing of the wide pallets al 
ternately in opposite rows in the successive tiers. This stagger 
ing of the pallets in successive tiers is highly desirable to make 
the stack stable. 
Note that in FIG. 14, as in FIG. 4, each cylinder in a center 

row rests upon portions of three pallets, so that any uneven 
ness in the underlying support is accommodated. 

F.G. 15 

FIG. 15 shows a method for arranging pallets in rows which 
extend diagonally with respect to the walls 1 and 2 of the 
storage warehouse or other building in which they are located. 
Note that the pallet nearest the wall has an unoccupied por 
tion which underlies a part of the walkway 2a, 3a, so that the 
ventilation and inspection facilities afforded by that walkway 
are not obstructed. 
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Obviously, the two tiers could alternatively be arranged 
with the bottom tier pallets and cylinders arrayed as in FIG. 
14, and the upper tier as in FIG. 4. Note in this connection 
that the outer rows of cylinders in FIG. 4 are supported by two 
pallets, while in FIG. 14, they are supported only by one pal 
let. There is thus more stress distribution in a tier arrayed as in 
FIG.4, and hence greater stability. 

I claim: 
1. The method of assembling right circular cylinders of 

equal diameter in a minimum space, comprising the steps of: 
a. arranging a plurality of pallets, each having a width equal 

to the cylinder diameter and a length within the range 
from about 1.56 to about 1.89 times the cylinder diame 
ter, in at least two adjacent rows, with the long sides of 
the pallets in each row abutting and the short sides 
aligned, with one set of the aligned short sides of one row 
abutting one set of the aligned short sides of the adjacent 
row, and with each pair of abutting longsides of each row 
displaced by about one-half the width of a pallet from a 
pair of abutting longsides of the adjacent row; 

b. standing the cylinders on end on the rows of pallets so 
that, for each pallet, one cylinder rests on the pallet at 
one end thereof, with its bottom surface tangent to both 
long sides of the pallet, and two other cylinders rests on 
the other end of the pallet, both tangent to said one 
cylinder and overlapping the adjacent pallets, with said 
long sides of the pallet extending substantially diametri 
cally of said two other cylinders; and 

c. aligning the cylinders in adjacent rows so that each 
cylinder is tangent to two cylinders in each adjacent row 
and horizontal lines connecting the cylinder axes inter 
sectatangles of 60. 

2. The method of claim 1, in which the cylinders overlap the 
aligned short sides at one side of each row of pallets, and are 
tangent to the aligned short sides at the other side of each row, 
and the pallet length is substantially 1.78 times the cylinder 
diameter. 

3. The method of claim 2, in which there are only two rows 
of pallets, and four rows of cylinders, with the cylinders in the 
two inner rows overlapping the two rows of pallets and the 
cylinders in the two outer rows tangent to the outer edges of 
the pallets. 

4. The method of claim 1, in which the cylinders overlap the 
aligned short sides at both sides of each row of pallets and the 
pallet length is substantially 1.56 times the cylinder diameter. 

5. The method of claim 1, in which the pallets at opposite 
ends of adjacent rows have a width equal to about 1.5 times 
the cylinder diameter, so that the long sides of the pallets at 
the ends of the rows are aligned. 

6. The method of claim 5, including the steps of: 
a. arranging the pallets and cylinders in a plurality of tiers, 
each tier comprising one layer of pallets surmounted by at 
least one layer of cylinders; 

b. placing the wide pallets (1.5 times cylinder diameter) at 
the end of each row of pallets in vertical alignment with a 
narrow pallet (a cylinder diameter) in the next adjacent 
tier. 

7. The method of assembling right circular cylinders of 
equal diameter in a minimum space, comprising the steps of 

a. arranging a plurality of pallets, each having a width equal 
to the cylinder diameter and a length substantially 1.89 
times the cylinder diameter in a row, with the long sides 
of the pallets abutting and the short sides aligned; and 

b. standing the cylinders on end in two rows along the row 
of pallets, with the cylinders of one row being tangent to 
both long sides and one short side of a pallet and each 
cylinder of the other row having a diameter of the 
cylinder aligned with the abutting long sides of adjacent 
pallets, and each cylinder of each row is tangent to two 
cylinders of the other row, and horizontal lines connect 
ing the cylinder axes intersectatangles of 60. 

8. An assemblage of right circular cylinders of equal diame 
ter, occupying a minimum space, including two adjacent rows 
of cylinders standing on end, a single row of pallets supporting 
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8 
said two adjacent rows of cylinders, all said cylinders being 
tangent to the short sides of the pallets, with the cylinders of 
one row being tangent to the long sides of the pallets and the 
cylinders of the other row having diameters aligned with the 
longsides of the pallets, said pallets having a length about 1.89 
times the cylinder diameters, and with each cylinder tangent 
to two cylinders in each adjacent row, so that horizontal lines 
connecting the cylinder axes intersect at angles of 60. 

9. An assemblage of right circular cylinders of equal diame 
ter, occupying a minimum space, including: 

a. two adjacent rows of pallets supporting four adjacent 
rows of cylinders, standing on end, and with each cylinder 
tangent to two cylinders in each adjacent row, so that 
horizontal lines connecting the cylinder axes intersect at 
60, each pallet having a width equal to the cylinder 
diameter and a length equal to about 1.78 times the 
cylinder diameter, the pallets of each row having their 
longsides abutting and their short sides aligned; 

b. with one set of the aligned short sides of one row of pal 
lets abutting one set of the aligned short sides of the ad 
jacent row of pallets; 

c. with each pair of abutting long sides of each row dis 
placed by about one-half the width of a pallet from a pair 
of abutting longsides of the adjacent row; 

d. with the two outer rows of cylinders tangent to the two 
outer sets of aligned short sides of the pallets; and 

e. with the two inner rows of cylinders overlapping the 
abutting short sides of pallets in the two rows. 

10. An assemblage of right circular cylinders of equal 
diameter, occupying a minimum space, including: 

a. more than two adjacent rows of pallets, each providing 
the principal support for two adjacent rows of cylinders, 
standing on end, and with each cylinder tangent to two 
cylinders in each adjacent row, so that horizontal lines 
connecting the cylinder axes intersect at 60', each pallet 
having a width equal to the cylinder diameter and a length 
equal to about 1.56 times the cylinder diameter, the pal 
lets of each row having their long sides abutting and their 
short sides aligned; 

b. with at least one set of the aligned short sides of each row 
of pallets abutting one set of the aligned short sides of the 
adjacent row of pallets; 

c. with each pair of abutting long sides of each row dis 
placed by about one-half the width of a pallet from a pair 
of abutting longsides of the adjacent row; and 

d. with each inside row of cylinders overlapping the abutting 
short sides of pallets in two rows. 

11. An assemblage of right circular cylinders of equal 
diameter, occupying a minimum space, including: 

a. at least two adjacent rows of pallets supporting four ad 
jacent rows of cylinders, standing on end, and with each 
cylinder tangent to two cylinders in each adjacent row, so 
that horizontal lines connecting the cylinder axes inter 
sect at 60, the pallets of each row having their long sides 
abutting and their short sides aligned; 

b. with one set of the aligned short sides of one row of pal 
lets abutting one set of the aligned short sides of the ad 
jacent row of pallets; 

c. with each pair of abutting long sides of each row dis 
placed by about one-half the width of a pallet from a pair 
of abutting longsides of the adjacent row; 

d. with each inside row of cylinders overlapping the abutting 
short sides of pallets in two rows; and 

e. pallets at the opposite ends of adjacent rows having a 
width equal to about 1.5 times the cylinder diameter, so 
that the long pallet sides at the ends of the rows are 
aligned. 

i2. An assemblage as defined in claim 11, including: 
a. a plurality of tiers of pallets and cylinders, each tier com 

prising one layer of pallets surmounted by at least one 
layer of cylinders; 

b. with the wide pallet (1.5 times the cylinder diameter) at 
the end of each row of pallets in vertical alignment with a 
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narrow pallet (width equals cylinder diameter) in the next 
adjacent tier. 

13. The method of claim 12, in which said stack is assem 
bled in a plurality of tiers, each tier comprising a layer of pal 
lets surmounted by at least one layer of cylinders, comprising 
the further steps of: 

f. after each step (d), placing another pallet on the top of 
the cylinder tier and above said second and third cylin 
ders; 

g. after the second repetition of step (f), repeating step (b) 
by placing a cylinder on the second tier of pallets placed 
during the two repetitions of step (f); 

h. after each subsequent repetition of step (f), repeating 
step (d) by placing at least two cylinders on said second 
tier of pallets. 

14. The method of assembling in a space accessible from 
one end, a stable stack comprising a plurality of right circular 
cylinders of equal nominal diameter but subject to minor 
variations in size and shape, comprising the steps of: 

a. placing on a supporting floor an initial array of elongated 
pallets, each having a width at least substantially equal to 
said cylinder diameter and a length equal to about 1.78 
times said cylinder diameter, said array comprising two 
rows, each row comprising at least one pallet, with one 
short side of each pallet abutting a short side of a pallet in 
the other row, and one long side of a foremost pallet in 
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10 
one row spaced toward said accessible end of the space 
from the side of a pallet in the other row; 

b. placing on the pallet in the other row a first one of said 
cylinders, standing on end, with its bottom end over 
lapping the abutting end of at least one pallet in said one 
row; 

c. placing in said other row an additional pallet having a 
width substantially equal to the cylinder diameter and a 
length equal to about 1.78 times the cylinder diameter, 
with a long side of said additional pallet abutting a long 
side of the adjacent pallet in said other row and a short 
side of said additional pallet abutting a portion of a short 
side of the foremost pallet in said one row, so that the ad 
ditional pallet becomes the foremost pallet in the two 
rows; 

d. placing on the pallets in said one row second and third 
cylinders, standing on end, with their surfaces tangent 
and with the surface of one of said second and third cylin 
ders tangent to said first cylinder, and so that a horizontal 
line drawn between the axes of the second and third 
cylinder intersects a horizontal line drawn between the 
axes of the first and third cylinders at an angle of 120; 

e. repeating steps (c) and (d), alternately beginning with a 
pallet in said one row, and then with a pallet in the other 
OW. 


