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A CQBTAIN& MOI>ULB POR INDRMQDAL TlWISPORTAT:CON 
MP S'l'QBAGB OF DRY PLOWABLB PRODUCT 

'rhis invention re1ates to container modules 
for shipping by rail, truck and ship, and for 

5 temporarily storing, dry flowable product which is 

discharged from the container module under pressure or 

by gravity. 
Container modules for inte:z:modal ahipping are 

widely used and recently there has been a desire to 
10 develop intermodal containers for transport and 

temporary storage of dry flowable product. Such 

containers include an elongated tank extending 
horizontal1y in a support frame. Examples are shown in 
u.s. patent numbers 5,390,827 and 5,353,967, 

15 incorporated herein by reference. The pressure tank 

has hatches along the top and loading tubes on the ends 

for loading and hoppers along the bottom for discharge 

of the dry, flowab1e product. While the tank is not 

norma1ly pressurized during transit, it is typicall.y 
20 pressurised to a positive atmosphere (about 14.7 psig) 

during discharge of its contents and that typically 
transiates to a design pressure (1.5 factor) of about 
22 psig. Several dimensional and other criteria for 

the container modules are set out in Znternational 
25 Standard Organization (XSO) standard 1496-4, Series One 

Freight Container Specification and Testing, Part 4 

Nonpressurized Containers, a standard that is well 
known in the art. The support frame defines an 
elongated rectangular, parallelpiped envelope for the 
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contain.er module having dimensions which have been. 

standardized for interchangeability. Generally, the 

envelope is 8 feet wide, 8 feet to·9 and 1/2 feet high, 

suitably 9 feet 6 inches, and either 20 or 40 feet 

5 long. Other standardized features include nodes at 

each of the eight corners for stacking and lifting the 

modules. Additional lift~ng points are also specified. 
Maximum weights for the loaded modules have been 

established along with minimum volume requ.irements, and 

10 the tank must be able to withstand specified pressures. 

The slope of the hopper walls also needs to accommodate 
desired cliacharge rates. In addi.tion, room must be 
provided within the envelope fer the plumbing for 

effecting the pressure discharge of product. The 

15 container modules must also satisfy certain rigorous 

tests which include lifting, static loading, and 

pressure teats. :In addition to the requirements of :CSO 

Standard 1496-4 referred to above, there is the 
pressurization requirement also mentioned above plus a 

20 desired internal tank volume of 1450 or 1500 or more 

cubic feet, preferably 1550 or 1575 cubic feet or more. 

Still further, it is desired that the weight of the 

empty intermodular container (frame, tank and typica11y 

limited pneumatic pipes and cones that trave1 with the 

25 container) not exceed 10,000 pounds, or 9500 pounds, 
preferab1y 9000 or 8500 pounds. This represents a very 

substantial weight savings over a stainless steel and 

steel construc:tion of around 15,000 pounds. Of course, 

cost is a concern and it is desired to produce a 

30 container at reasonable cost. 

A11 of these competing criteria must be 

reconciled. Por instance, maximum volume could be 

realized by a genera1ly rectangular tank which filled 

the solid rectangular envelope. However, this would 

35 require use of high strength or heavy materials in 

fabricating the tank to withstand the discharge 

pressure, thereby adding cost and/or weight. On the 
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other hand, a cylindrical tank could best withstand the 
pressure using lighter, perhaps less costly materials 
than the rectangular tank, but with a sacrifice in 
volume. Aa an example, a module with a generally 

5 rectangular tank is available, but it utilizes 
stainless steel which adds weight and is expensive. 
Attempts to duplicate this structure in aluminum have 
pointed to a serious need for improvement. 

There is a n.eed therefore for an improved 
10 container module for intexmodal transportation and 

temporary storage of dry flowable product. 
There is a more particular need for such a 

container module which meets volume requirements while 
minimizing the empty weight of the module. 

15 There is also a n.ead for such a container 
module which can meet the prescribed pressure 
specifications without requiring thick, heavy or exotic 
materials. 

There is a further need £or such a container 
20 module which is strong and durable, and resistant to 

corrosion by sea air. 

~here is an additional need for such a 
container module which baa uncluttered apace for the 
necessary discharge plumbing and can be used with a 

25 gooseneck truck. 

There is yet another need for such a modu1e 
which meets all of the established 11pecifications and 

can pass all of the required tests. 

There is an overriding need for such a 
30 container module which satisfies all the above needs 

and can be produced econODdcally. 
~ese needs and others are satisfied by the 

invention which is directed to a container module for 
interaodal transportation and storage of dry flowable 

35 product which includes an elongated support frame 
having a horizontally extending bottom frame and an 
upright end frame at each end of the bottom frame, all 
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defining a container envelope of preset dimensions. A 

tank extends longitudinally along the support frame 
within the container envelope and has a plurality of 
downwardly discharging hoppers. Banger means depending 

5 substantially vertically from the end frames engage 

ends of the tank above the hoppers for suapending the 

tank from the and frames. The tank has outwardly 
convex, preferably substan.ti.ally spherical, end caps 
which are engaged by the hanger means for suspending 

10 the tank. Also, preferably, the hanger means comprises 

plate members secured to top cross beams and corner 

posts of the end frames to not only suspend the tank 
but also to stiffen the end frames. 

As another aspect of the invention, the 
15 support frame inc1udes corner gussets fixed to the 

corner posts and the top cross beams and connected to 

the pressure tlUlk by channel members extending 
longitudinally along the pressure tank. 

As an additional aspect of the invention, the 
20 support frame inc1udes elongate members extending 

1ongitudinally along each side between the end frame 
corner posts and secured to each of the hoppers. These 

longitudinal members resist angular separation of the 
hoppers through bending of the tank when loaded with 

25 dry flowable product or pressurized. They also 
contribute to the overal1 structural strength of the 
container. 

Xn addition, the hoppers along the bottom of 
the tank are longitudinally intersecting, meaning that 

30 the hoppers are spaced longitudinally closer together 

than their full longitudinal dimension. Thia increases 

the volume of the tank while still providing the 
required slope of the hopper walls for complete 
discharge of product. The longitudinally intersecting 

35 hoppers form girth seams which are spanned by girth 

plates welded to the adjoining hoppers. 
'.rhe hopper at the front end of the container 
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module is raised so that its discharge opening is above 

the discharge openings of t.he remaining hoppers. This 

permits the container module to be used with goosenec::k 

trucks. The support frame is also modified at this end 

5 by a longitudinal opening which accommodates the 

goosaneok. 
The tank is configured to provide adequate 

volume for the dry flowable product while withstanding 

the applied discharge pressure without requiring a 

10 thick wall, exotic materials or heavy bracing. To 

achieve this, the tank has an elongated body portion 

f ormecl by a wall having a flat upper center section 

extending no more than about 12 inches laterally, upper 

curved sections extending laterally and downwardly from 
15 the upper canter section, flat aide sections extending 

downwardly from the upper curved sections no more than 

about 12 inches, and curved lower seations which 

laterally truncate the intersecting downwardly 
discharging hoppers extending along the bottom of the 

20 tank. Preferably, the upper curved sections and lower 

curved sections are cylindrical sections having rad.ii 

of about 37 to 45 inches, suitab1y 40 to 43 or 44 

inches. In the 40 foot long embodiment of the 

invention, there are four to six hoppers and preferably 

25 five. 
:rn the preferred embodiment of the invention 

these hoppers are frustoconical, although other 

configurations providing the desired slope of 37 or 40 

to 45 or 50 degrees (typically 41 to 45 degrees) and a 

30 discharge opening of about 30 inches can be utilized. 

All of the above features can be combined to 
provide a container module which is preferably made all 
of aluminum except for standardized nodes on each of 
the corners of the module which are preferably made of 

35 steel. Preferably, the tank including the hoppers is 

made of aluminum plate of no greater than 3/8 inch in 
thickness and preferably 5/16 or 1/4 inch in thickness. 
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Circumferential stiffeners can. be provided on the tank 

body in the form of longitudinally spaced al.uminum 

channels welded across the top flat section and 

extending around the upper curved sections. 

S The above features produce a light weight 

durable, corrosion resistant container module for dry 

flowable product which c~ withstand the pneumatic 

pressures required for product discharge with adequate 

margin for over-pressure, without the use of exotic 

10 materials and at a reasonable coat. 

A full understanding of the invention can be 

gained from the following description of the preferred 

embodiments when read in conjunction with the 

accompanying drawings in which: 

15 Pigure 1 is an isoaetric view of a container 

modu1e for intexmodal transportation of dry flowable 

product in accordance with the invention. 

Pigure la is a bottom view of a support frame 

which forms part of the container module of Figure 1. 

20 Pigure 2 is an elevation view of the right 

(as viewed in Pigure 1), rear end of the container 

module. 
Pigure 3 is a aide view of a tank which forms 

part of the container modules shown in Pigures 1, la 

25 and 2. 

Figure 4 is a fragmentary longitudina1 

section through the tank at the center line, line 4-4 

in Figure 2, showing its connection to the support 

frame which forms part of the container module. 

30 Pigure 5 is a fragmentary longitudinal 

section similar to Pigure 4 but taken 30 degrees off of 

the center line along the line S-5 in Pigure 2. 

Figure 6 is an isometric view of a corner 

gusset which forms part of the container module of the 

35 invention. 
Figure 7 is a cross-sectional view through 
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the tank taken along the line 7-7 in Figure 1 with some 

parts removed for clarity. 

Pigure 8 is an isometric view showing a 

section taken through the line 8-8 of Figure 1. 
Referring to Pigure 1, the invention is 

directed to a container module l for intermodal 
transportation by truck, rail, and ship, and for the 

temporary storage of, dry, flowable product. While 

other :materials could be used, the container module 1 

10 of the invention is particularly suitable for 

construction essentially from aluminum. 'l'o date, 
container modules for dry flowable product have 

typically been made of steel or stainless steel. 

Aluminum provides an advantage in weight and corrosion 

15 resistance over steel, and in weight and cost over 

stainless steel. Aluminum as used herein includes 

aluminum alloys. 'l'he present invention overcomes the 

shortcom.in.ga of the prior attempts to produce a light 

weight, corrosion resistant essentially all aluminum. 

20 container module. 
The container module 1 comprises an elongated 

support frame 3 and a tank S mounted on the support 

frame. The elongated support frame 3 includes a 

horizontally extending bottom frame 7 and a pair of 

25 upright front and rear end frames 9F and 9'R.. 
The bottom frame 7 includes two tubu1ar 

1cmgitud.inal side members 11 joined by longitudinally 

spaced tubular cross beams 13. ~n order to accommodate 

a gooseneck truck (not shown), an opening 14 is created 

30 in the bottam frame 7 at the front end 9P by a pair of 

spaced apart longitudina1ly by extending nzn section 

a1uminum members 15 secured to the longitudinal side 

members 11 by tubular members 17 and a cross tubular 

member 19. The •z• section members 15 have horizontal 

35 flanges and a vertical web, the bottom flanges pointing 

outwardly and the upper flanges pointing inwardly 
toward each other so as to be able to rest on the 
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trailer gooseneck. 
The end fra:mea 9P and 9R each comprise a pair 

of end posts 21 joined at top and bottom by a top cross 
beam 23 and a bottom. cross beam 25, respectively. 

5 These corner posts 21 and the top and bottom cross 
bea:ms 23 and 25 are also extruded tubular members. A 
pair of diagonal braces 27 extend between the bottom 
cross beam 25 and the corner posts 21. At the four 
corners of each of the end frames 9R and 9P are nodes 

10 29 for stacking and interconnecting the module 1 with 
other container modules. These nodes 29 are preferably 
made of steal and preferably are the only components of 
the illustrative container module 1 which are not made 
of aluminum.. In the embodiment shown, the nodes 29 at 

15 the lower ends of the end £rames 9J", 9R, raise the 
bottom cross beams 25 above the longitudinal members 11 
of the bottom frame 7. A pair of extruded tubular 
blocks 31 form additional support points for the encl 
frames JF and JR. Pads 13a (see Pigure la} under the 

20 cross beams 13 lie in a common plane with the blocks 31 
to provide support for the container module on certain 
trucks. The corner nodes 29 can be made by providing 
cast steel node pieces and attaching to those cast 
steel pieces suitable members for engaging or attaching 

25 to the end ~at members 21. 
The end frames 9F and .9R are coJDlectec:l to the 

bottom frame 7 by tubular end :members 33 which are 
braced to the corner posts 4 by tubul.ar diagonal 
members 35. Ladders 37 can be provided in each of the 

30 end frames .9P and 9R for access to the top of the 
pressure vessel S and there is typically a walkway, not 
shown, along the top. The support frame 3, with 
particular reference to the nodes 29, defines a 
rectangular, parallelpipe envelope 39 of standard 

35 dimensions. This envelope 3.9 is 8 feet wide, 8 to 
9-1/2 feet high and either 20 or 40 feet in length. 

The tank 5 has a body portion 41, a pair of 



W097/29'78 PCTIUS9'105'54 

- 9 -

front and rear end caps 43F and 43R, and a plurality of 

dow.nwarcUy discharging hoppers 45. The end caps 43 can 

be curved or spherical. 'l'he radius can vary widely 

from about 80 to 200 inches or possibly more with a 

5 suitable radius being within about 110 to 160 or 170 

inches, a suitable radius being between 125 and 135 

inches. J:n the figures, for instance Pigures 4 and 5, 

the end cap 43 is shown joined to the elongate tank 

wall 41 with a sharp transition therebetween which can 

10 be a weld joint. In an alteJ:Dative embodiment, the 

transition can be provided as a radius of around 4 to 

10 inches ao that the end cap 43 has a major radius of 

about 130 inches except as it approaches the tank wall 

41 where the radius is decreased to about 6 or 7 inches 

15 to blend better with the tank wall 41 in which case the 

weld would be moved to the left in Pigure 5. The tank 

s is supported in the support frame 3 at end regions of 

the tan.k by hanger members 47 which are plates welded 

to the top cross beams 23 and the corner posts 21 of 

20 each of the end frames 9P and 9R. A semi-circular or 

curved edge 49 in the hanger plates 47 is welded to th• 

spherical end caps 43P and 43R. Thus, the tank 5 is 

suspended from the end frames 9F and 9R by the hanger 

plates 47 which take the weight load in tension. The 

25 hanger plates 47 being welded to both the top cross 

beams 23 and the corner posts 21 also serve as 

stiffeners for the rectangular end frames 9F and 9R. 

Additional longitudinal stability is provided 

by corner gussets 51. As best seen in Figure 6, each 

30 corner gusset Sl is an L-shaped plate having a vertical 

planar section with a vertical edge 53 which is welded 

to an associated corner post 21 and a horizontal planar 

section with a lateral edge 55 which is welded to the 

associated top cross-beam. 23. A bottom, elongated, 

35 longitudinal edge 57 of the vertical planar section of 

the corner gusset is secured to the body 41 of the 

pressure tank 5 which may be by a connecting member 59 
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in the f or.m of a channel. member which is welded to the 
longitudinal edge 57 and the tank S. These corner 
gussets 51, along with the connecting members 59, if 
used, help transmit lateral. forcea on the pressure tank 

5 5 into the end fraaaa 91' and 9R. In addition, the L­

abaped gussets provide longitudinal. stiffness for the 

connection and also help to stiffen the end frames 9P 
and .9R. Additional longitudinal channel members 61 are 
welded to the top of the body 41 of the pressure tank 

10 and to the center of the top cross beams 23 to further 
absorb longitudinal forces on the tank • 

.As best seen achematica11y in Figure 7, the 

body 41 of the pressure tank 5 has a wall 63 with a top 
center section 63a which is flat, and upper.curved 

15 sections 63b extending outward and downward from the 

top center section 63a. These upper curve sections 63b 
transition into vertical. flat sections 63c which in 
turn blend into J.ower curve sections 63d. These lower 
curved sections 63d laterally intersect the hoppers 45. 

20 The upper curved sections 63b preferably are 
cylindrical sections of radius R1 , while the lower 
curved sections 63d preferably have a radius R2 • The 
radii R1 and a 2 may be equal, but need not be. The 
cylindrical sections formed by the upper curve sections 

25 63b and the lower sections 63d provide hoop strength 
for withstanding the pressure introduced into the tank 

for discharge of the dry _flowab1e product by plumbing 
(not shown). While a perfectly cylindrical tank woul.d 
provide the strongest cross-section for withstanding 

30 the pressure~ such a configuration reduces the volume 
of the tank which must remain within the envelope 39 
defined by the support frame 3. The top center flat 
section 63a and the side flat sections 63c expand the 

cross-section of the volume which can be contained by 

35 the tank 5 within the limits imposed by the envel.ope 
39. These flat sections 63a and 63c are kept fairly 
short to reduce the deflections generated by tank 
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pressure in these sections of the wall. Thus, the 

sections 63A and 63C are kept to a lateral and a 

vertical dimension, respectively, of not more than 

about 12 inches. In the exemplary embodiment of the 

5 invention, the top flat section 63A ia about 6 or 7 to 

10 inches, for instance 8 or 8-3/8 inches wide and the 

vertical flat sections 63C are about 2 to 10 inches, 

for instance about 3 to 7, preferably around 6 inches 

high. J:n this configuration, and are roughly around 42 

10 inches but could range frcm around 37 to 45 inches, 

preferably 40 to 43 or 44 inches. Circumferential 

stiffeners 65 in the form of channels are welded to the 
body 41 of the pressure tank 5 to increase the hoop 
strength. Theae stiffeners 65 are chamfered at the 

15 ends 65a to remain within the lateral dimensions of the 

envelope 39 and to moderate the stiffness transition at 

the ends of the stiffeners. 
Hoppers 45 extend downward from the lower 

curved section 63d of the wall of the pressure tank 5. 

20 The hoppers 45 are spaced longitudinally so that they 
longitudinally intersect forming seams 67 (see Figures 
3 and 8). :rn·the illustrative embodiment of the 

invention, these hoppers are frusto-conical so that 

seams 67 are curved as best shown in l'igure 8. As 
25 shown there, a curved girth plate 69 spans each seam 67 

and is welded to the adjoining hoppers (see Figure 3) 

to provide stiffness for this joint. Cap p1ates 67a 
enclose the space between the girth plates 67 and the 

adjoining hoppers. Oth~r shapes of hoppers can be 

30 utilized such as truncated inverted pyramid shapes 
which would form. straight seams between intersecting 
hoppers. The sidewalls of the hoppers of this latter 

configuration could curve down.ward (convexly as viewed 
from the outside) and inward to increase the contained 

35 volume and could curve between their generally 
longitudinal and transverse walls. The hoppers 45 are 
provided with standard sized bottom discharge openings 
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71, typically 30 inches. A elope of 43 degrees to 45 

degrees to the horizontal for each hopper sidewall is 

also preferably provided although hopper wall slopes of 
35 to SO degrees could be useful in some cases. The 

5 maximwn diameter of t:he illustrative hoppers 45 at 

their upper ends (45° off the longitudinal axis of the 

tank} is 132-3/4 inohea. The longituclinal intersection 
of the hoppers results from a longitudinal spacing 

between the centers of the hoppers of 95-3/4 inches. 

10 The lateral truncation of the hoppers by the lower 

curved sections 63d ia a result of the tank having a 

maximum lateral di .. llSion where it joins the hoppers of 

about 95-3/4 inches. These truncations of the hoppers 
longitudinally and laterally increase the contained 

15 volume while aaintaining the desired el.ope of the 

hopper walls. The hopper 45' at the front end of the 

contain.er module ia raised above the other hoppers to 

accommodate for the goosen.eck thereby producing a skew 

in the plane of the seam 67' between the end hopper 45' 
20 and the adjacent hopper due to the difference in the 

intersecting diameters. 
With the tank 5 suspended from each of ita 

end regions by the hanger plates 47, the tank tends to 

deflect downward and outward in the center when £ully 

25 loaded thereby ten.ding to rotate the hoppers apart. Xn 
accordance with the ;invention, this action .is resisted 

by elo119ate tubular members 73 extending longitudinally 

along each side of the support frame 3 between the 
corner posts 21 (see Figures 1 and 7). These elongate 

30 members 73 are welded to the aides of the hoppers 45 to 
thereby restrain the tendency of the hoppers to rotate 

apart. As can be aeen in Figure 7, these elongate 
members 73 engage the hoppers below the widest lateral 

dimension of the tank 5 ao that the tank may extend to 

35 the maximum width laterally and at the same time the 

elongated zaembers 73 remain within the envelope 39 
formed by the support frame 3. Vertical struts 75 
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spaced along the longitudinal side members 11 extend to 
the elongate member 73 to provide vertical support for 

the elongate members 73 and help integrate the tank­

frame construction. The el.ongate member 73 is shown as 

5 a rectangular tube section, which would be about 2 X 4 

inches, inclined to lie against tank wall 63d as shown 

in Pi.gure 7. However, el9ngate member 73 could be 

provided as a right trapezoidal tube section so that 

one face is parallel to tank wall 63d and the other 
10 faces are horizontal (two faces) and vertical {one 

face). 'l'he inclined face of the right trapezoidal 

section could be eliminated and an unequal leg channel 
used such that a abort horizontal leg is on top and a 

longer leg is on the ~ottom face of member 73. 
15 Providing such a horizontal bottom section face on 

member 73 eases attachment of vertical struts 75 to 

member 73. While there may be some degree of settling 

of the tank 5 onto these elongate members 73, the tank 

is essentially mostly suspended by the bangers 47. The 
20 tank 5 is loaded with dry flowahle product through 

hatches 77 in the wall 63 along the top of the tank or 
through tubes 7 9 on the tank ends 43P and 43R. Thia 

product is discharged through the hoppers 45 under 

pneumatic pressure by using additional plumbing (not 
25 shown). Suspending the pressure tank 5 from the top 

cross beams 23 he1ps prov~de space for this p:Lumbing 
and for access to the hoppers 45. 

The above-described features coabine to 

produce a container module 1 which meets the prescribed 
30 standards yet with reduced empty weight. The croas­

aectional configuration of the tank 5 with a short flat 

top section 63a and flat aide sections 63c with curved 
sections 63b between them and also between the side 
section 63c and hoppers and with 4 to 6 hoppers 45 of 

35 the type described provides the required volwne and 

strength to withstand a pressure of 22 psi which would 
be 50% over a discharge pressure of 14.7 psi. In the 



W097/29978 PCT/US96/05954 

- 14 -

preferred embodiment of the invention, five hoppers are 
util.ized. 

The end poata 21 and end pieces 33 and bottom 
cross beams 25 can be 6x6 inch •box• tubes around 1/2 

S inch thick. 'l'he cross beams 23, longitudinal bottom 
beam 7, braces 27 and 3 5, and cross members 13 can be 
4x4 inch •box• tubes about 1/4 inch thick. 'l'he 
longitudinal member 73 and vertical strut members 75 
can be 2x:4 inch tube about 1/4 inch thick. The channel 

10 member 65 can be 2x4 inch by about 1/4 inch. These box 
and channel members are preferably extruded and, 
especially the box members, are preferably in a 6000 
series Aluminum Association aluminum alloy. Aa is 
known, a 6000 aluminum. alloy contains mainly magnesium 

15 and silicon alloy ingredients along typically with one 
or more of copper, manganese or chromium aleo included. 
Alloy 6061-T6 temper ia preferred. Xt is fairly strong 
and easy to work with. These relatively inexpensive 
heat treatable alloys (6000 alloys) can be heat treated 

20 and artificially aged to T6 temper and exhibit strength 
and durability and are weldabl.e. llloy 6061 contains 
about O.B to 1.2% Mg, 0.4 to 0.8% Si, 0.15 to 0.4% Cu, 

0.04 to 0.35% Cr, balance essentially aluminum and 

incidental elements and impurities. The 6000 series 
25 a11oys useful for extruded members for purposes of the 

invention consist essentially of around 0.3 to 1 or 
1.5% Si, around 0.3 or 0.4 to 1.5 or 1.7% Mg; and one 
or more (preferably more than one) of the following: 
0.1 to 1% Cu, 0.05 to 0.8 or 1% Mn, 0.05 to 0.4% Cr, 

30 0.05 to 0.7 or 0.8% Pe as an impurity or deliberate 
addition1 along with incidental elements and 
impurities, balance essentially aluminum. 

Bang plate 4? can be about 3/8 inch thick 
aluminum alloy plate and the tank walls and hopper 

35 walls are preferably 1/4 or 5/16 inch thick although a 
wall as thick as 3/8 inch could be used and as light as 
3/16 inch could be possible. These plate members can 
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be in a non-heat treatable alloy such as a 5000 series 

A1uminum Association alloy. As is known, 5000 series 

alloys contain :magnesium as the main alloying addition 

(in largest amount) often along with mnaller amounts of 

5 one or more of copper, manganese or chromium. "the 5000 

series alloys useful for the invention contain around 1 

or 2 to 5% Mg, preferably about 2 or 2.2 to about 3.S 

or 4% Mg, along with one or more of about 0.2 to 1 or 

1.2% Mn, preferably about 0.4.to 1.1% if Mn is present; 

10 about o.os to about 0.35 or 0.4, Cr, preferably about 

o.os to 0.2 or 0.25% Cr if er is present; and on a leas 

preferred basis about o.os to about 0.4 or 0.5, cu. for 

instance about 0.05 to 0.2% Cu if CU is present. Plate 

members for the tank (including tank walls 63, hopper 

15 walls 45 and end caps 43) and for frame parts such as 

hang plate 47, corner gussets 51 and girth plates 69 

can be in various 5000 aeries alloys as just described. 

Suitable alloys for such include the following: 



Max. Max. Max. 
Si l'e Cu Mn 

5454 .25 .4 .1 .s to 1 

5456 .25 .4 .1 .5 to 1 

5083 .4 .4 .1 .4 to 1 

Mg Cr 

2.4 to 3 .05 to .2 

4.7 to 5.5 .OS to .2 

4 to 4.9 .OS to .25 

Max. 
Zr 
.25 

.• 25 

.25 

~ 
I 

! 
~ 
! 

~ 
~ 

I 
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A suitable alloy is 5454 for plate members, the alloy 

being in a temper resulting from strain hardening and 

thermally stabilizing by a low temperature treatment 

(B32 temper). The preferred tempers can be generally 

5 described as strain hardened and the%mally stabilised 

or thermally softened (reduce strength some but not to 

full anneal or dead soft ~o· condition). These tempers 

are known in the art as B3 and B2 type tempers. As is 

widely known, aluminum tempers are described in the 

10 Aluminum Association yearly publication •Aluminum 

standards and data•. With the configuration shown, the 

body 41, end caps 43P and 43R and the hoppers 45 of the 

pressure tank S can all be fabricated from 1/4 or S/16 

inch plate of 5454-B32 aluminum. although it can be 

15 advantageous to use 3/8 inch plate for the end caps •3 

and all of the tubular and channel members can be made 

from 6061-'1"6 aluminum extrusions. If necessary, hopper 

stiffener members 81 can be welded to the outer 

surfaces of the hoppers 45 as stiffeners. Also, if 

20 necessary, internal lateral stiffeners 83 preferably 

aligned longitudinally with the hopper openings 71 

could be provided as rods or pipe-like members. 

The invention to this point is described in 

terms of a preferred embodiment in terms of current 

25 requirements or desired features for general or broad 

application. Some 0£ these features can change within 

the practice of the invention. For instance, for a 

specific application to carrying very dense or heavy 

material, the application could be weight limited, that 

30 ia, a smaller volume tank could be used becauae 

transport weight restrictions would limit the volume of 

such a heavy material that could be carried. Such a 

tank might only be around 1400 or 1450 cubic feet and 

this would pendt a shorter container height such as 8 

35 foot 6 inches. Xn this case, the side flat members 63c 

would be extremely limited in their height or could 

possibly even be eliminated. Also, the angle of the 
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hopper walls 45 to the horizontal could be reduced 
significantly, such as to 37 degrees. 

Xn the event that it waa desired to reduce 
the height of the overall container while still holding 

S a substantial volume by deleting the provision for a 
gooseneck, such could be accommodated within a 9-foot 
high frame wherein both ends of the frame would appear 
like the rear end pictured in Pigure 1 but the tank 
would look like the f ron.t end of the tank pictured in 

10 the drawings; that is, al1 of the hoppers would be 
raised such that the tank could sit lower.in the frame 
thereby facilitating a lower frame. As just mentioned,, 
however, this would eliminate any provision for a 
gooseneck. 

15 Still further, in the event that the 
discharge pressure that is required would be reduced 
to, say, from one atmosphere to a lower level, such 
would facilitate the use of thinner metal in the tank. 
l'or instance, reducing the pressure by around 33% from 

20 14.7 psig to 10 paig would perm.it a corresponding 
reduction in metal thickness, for instance about 80 to 
90% of the 33' pressure reduction (respectively around 
26% or around 30% for 80 and 90% of the 33%) or 
possibly the entire 33% thickness reduction in the tank 

25 metal. 
:In another embodiment of the invention, the 

tank is supported by vertical plate corner gusset 51 
rather than hang plate 47 although the size of the 
vertical portion of the gusset plate 51 may be 

30 substantially increased over that depicted in Figure 1. 
Additionally, the connecting member 59 may also be made 
longer and heavier to accommodate the requirements of 
supporting the entire tank. Thus,, the substantially 
vertical plate corner gusaet member 51 would engage the 

35 end region of the tanks above the hoppers to suspend 
the tank from the front and rear frames 91' and 9R. 
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While specific embodiments of the invention 

have been described in detai1, it will be appreciated 

by those skilled in the art that various modifications 

and alternatives to those details could be developed in 

5 light of the overall teachings of the disclosure. 

Accordingly, the particular arrangements disclosed are 
meant to be illustrative only and not limiting as to 

the scope of invention which is to be given the full 

breadth of the claims appended and any and all 

10 equivalents thereof. 
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1. A container module for inte:r::modal 
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transportation and storage of dry flowable product, 
cmnprising: 

S an elongated support frame comprising a 
horizontally extending bottom frame and upright end 

frames at each end of aai4 bottom frame, the corner 

extremities of said elongated support frame defining a 
container envelope of preset dimensions; 

10 a tank extending longitudinally along said 
support frame within said container envelope and having 
a plurality of downwardly discharging hoppers; and 

hanger means depending substantially 

vertically from said end frames engaging end regions of 

15 said tank above said hoppers for suspending said 
pressure tank from said end frames. 
2.. The contain.er module of claim l., wherein said 

tank has outwardly convex end caps and wherein said 
hanger means engages said outwardly convex end caps. 

20 3. The container module of claim 2, wherein said 
convex end caps are substantially spherical. 
4. The container module of claim 2, wherein said 

end frames comprise corner posts and top and bottom 

cross beams and wherein said hanger means comprises one 
25 or m.ore hanger plate members secured at least to said 

top cross beams and affixed to said spherical end caps. 

5. The container module of claim 4, wherein said 

hanger plate members are also secured to said corner 
poata. 

3 o 6. The container module of claim 5, wherein said 

support frame also comprises corner gussets affixed to 

said corner posts and said top cross beams, and means 

connecting said corner gusaets to said tank. 
7. The container module of claim 6, wherein said 

35 means connecting said corner gussets to said tank 

comprise connecting members extending longitudinally 
a1ong said tank. 

11111111 111111 1111111111111111 
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8. The container module of c.laim 7, wherein said 
corner gussets comprise L-ahaped plates having first 

edges affixed to said corner posts, and second edges 

affixed to said top cross beams. 
9. The eontainer module of claim l, wherein said 

support frame inc1udes elongate members extending along 

each side between said an~ frames and secured to each 
hopper. 

10. The container module of cl.aia 9, wherein said 

10 hoppers are longitudinally intersecting fo:r:ming girth 
seams, and inc1uding girth p1ates spanning said girth 
seams and secured to adjoining hoppers. 

11. The container modu1e of c1aim 1, wherein said 

support fraaa, said pressure tank including said 

15 hoppers and said hanger means are substantially made of 

a :material comprising aluminum.. 
12 • 'The contain.er moc1u1e of c1aim 11. • wherein 
said end frames include non-aluminum top and bottom. 

corner nodes. 
20 13. A container module for intermodal 

transportation and storage of dry flowable product, 

comprising: 
an elongated support frame com.prising a 

horizonta1ly extending bottom. frame and upright end 
25 frames at each end 0£ said bottom frame, the corner 

extremities of said elongated support frame defining a 

container envelope of preset dimensions; 

a tank extending l.ongitudinally along said 
support frame within said container envelope and having 

30 a plurality of downwardly discharging hoppers; 

aeana supporting said tank in said support 

frame; and 

elongate :members along aides of said support 

frame tying said hoppers together to resist bending. 
35 14. The container m.odul.e of claim 13, wherein 

said hoppers are l.ongitudinal.ly intersecting hoppers. 
15. The container module of claim 14, wherein 
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said longitudinally intersecting hoppers define girth 
seams at their intersections and including girth plates 

spanning said girth seams and affixed to adjoining 
boppera. 

5 16. The container module of claia 14, adapted for 

use with a truck having a gooseneck wherein an end 

hopper at one end of said tank is raised above the 
other hoppers to accommodate said gooseneck. 

17. A container module for intermodal 

10 tranaportation and storage of flowable product 

including use with a truck having a gooaeneck, said 

container comprising: 

an elongated support frame comprising a 
horizontally extending bottom frame llllCi upright end 

15 frames at each end of said bottom frame, said elongated 

support frame defining a container envelope of preset 
dimension.a; and 

a tank mounted longitudinally on said support 
frame within said container envelope and having a 

20 plurality of downward1y discharging hoppers including 

an end hopper at one end of said tank raised above the 

other boppers to accommodate for said gooseneck. 

18. The container module of claim 17, wherein 

said hoppers are longitudinally intersecting hoppers. 

25 19. The container module of claim 18, wherein 
said 1cmgitudina1ly intersecting hoppers £oxm girth 

seam.a and including girth plates spanning said girth 

seans and affixed to adjoining hoppers. 
20. The container module of claim 19, wherein 

30 said tank is about 40 feet in length, and wherein said 
longitudinally intersecting hoppers comprise four to 

six longitudinally intersecting hoppers. 

21. The container module of claim 20, wherein 

said longitudinally intersecting hoppers comprise five 

35 longitudinally intersecting hoppers. 
22. The container modu.l.e of claim 21, wherein 
said support frame includes elongate members extending 
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along each aide of said support frame and affixed to 
each of said five longitudinally intersecting hoppers 

and to said end frames. 
23. A tank for use in a container module for 

5 interm.odal transportation and storage of dry flowable 
product, said tank comprising a body portion and end 
caps, said body portion foaned by a wall having a flat 
upper center section extending no more than about 12 

inches laterally, upper curved sections extending 

10 laterally and downwardly from said upper center 
section.r flat side sections extending downwardly from 
said upper curved sections no more than about 12 

inches, and curved lower sections laterally 
intersecting a plurality of longitudinally intersectiJlg 

15 downwardly discharging hoppers extending along a bottom 

of said tank. 
24. 'l'he tank of cl.aim 23, wherein said end caps 
are convex caps intersected by end hoppers. 
25 • The tank of claim. 23, wherein one of said end 

20 hopper• at one end of said tank is raised above said 

other boppers. 
26. "l'he tank of claim 23, wherein said upper 
curved sections and lower curved sections of said wall 
of said body of said tank have radii of about 37 to 45 

25 inches. 
27. The tank 0£ claim. 23, wherein said hoppers 
have discharge openings about 30 inches across and side 

walls conver9ing toward said openings at an angle of 
about 38 degrees to 45 degrees to horizonta1. 

30 28. The tank 0£ c:laiJll 23, wherein said hoppers 

are frusto-aoniaal hoppers. 

29. The tank of claim 23, wherein said walls of 

said body, said end caps and said hoppers are made of a 

material comprising aluminum. plate no greater than 
35 about 3/8 inch in thickness. 

·30. The tank of claim 23, wherein said walls of 
said body, said end caps and said hoppers are made of a 
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material comprising aluminum plate about 1/4 inch in 
thickness. 

31. The tank of claim 23, including stiffeners in 
the f oJ:"m of aluminum channe1a extending circum-

5 f erentially across said upper center section and said 

upper curved sections of said wall of said body. 

32. The tank 0£ ala~ 23, wherein said body and 

end eaps have a total length of about 40 feet and said 
hoppers comprise 4 to 6 longitudinally intersecting 

10 hoppers. 

33. 'l'he tank of claia 23, wherein. said hoppers 
comprise 5 longitudinally intersecting hoppers. 
34. 'rhe tank of claim. 23, wherein a 

longitudinally intersecting hopper at one end of said 

15 tank is raised above the other longitudinally 
intersecting hoppers. 

35. The tank of claim 23, wherein said upper 

curved sections and lower curved sections of said wall 

of said body of said tank have one or more radii within 

20 about 37 to 45 inches. 

36. The container module of clai.m 1, wherein said 

tank has a volume capacity of at least about 1550 cubic 
feet. 
37. The contai.ner module of claim 1# wherein said 

25 tank has a volume capacity of approximately 1650 cubic 
feet. 

38. The container module of claim 1, wherein said 

tank can withstand a pressure of at least about 22 psig. 

39. The aontainer module of claim 1, wherein said 
30 tank and said frame have a weight of no greater than 

about 10,000 pounds. 

40. The container module of claim 1, where1n sai.d 
tank has a volume capacity of at lea.at 1500 cubic feet 

and can withstand an internal tank pressure of about 20 
35 psig and the tank and frame together weigh less than 

about 10,000 pounds. 
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41. The container moclule of claim 1, wherein said 
hoppers are longitudinal1y intersecting forming girth 

seams, and including girth plates spanning said girth 

seams and secured. to adjoining hoppers. 

5 42. The contain.er module of claim 1, wherein said 
hanger means comprise corner gussets affixed to said 
end f ramea and means connecting said corner gusaeta to 
said tank. 

43. The container module of claim 41, wherein 

10 said means cm:mecting said corn.er gussets to said tank 
comprise connecting members extending longitudinally 
along said tank. 

44. A container module for intermodal 
transportation and storage of dry £1owable product, 

15 comprising: 

an elongated support f rama comprising a 
horizontally extending bottom frame and upright end 
frames at each end of said bottom frame, the corner 
extremities of said e1ongated support frame defini.ng a 

20 container envelope of preset dimensions; 

a tank extending longitudinally along said 

support frame within said container envelope and having 

five longitudinally intersecting downwardly discharging 
hoppers, said tank comprising a body portion and end 

25 caps, said body portion formed by a wall having a flat 
upper center section extending no more than about l.2 
inches laterally, upper curved sections extending 

_laterally and downwardly from said upper center 
section, flat side sections extending downwardly froa 

30 said upper curved sections no more than about 12 
inches, and curved 1ower sections laterally 
intersecting said five longitudinally intersecting 
downwardly discharging hoppers extending aiong a bottom 

of said tank, said end caps being outwardly convex and 
35 having a thickness greater than a thickness of said 

wall at junctures of said end caps with said body 
portion; 

I 111111\ \l\ll\ 111\11\lll ll llll 
* c L M S * 

THIS SHEET HAS BEEN 
REPLACED 



W097/l997S 

- 26 -

hanger means depending substantially 

vertica1ly from said end frames engaging end regions of 

said tank above said hoppers for suspending said 

pressure tank from said end frames; and 

5 elongate members extending along each of aide 

elongate support frame between said end frames and 

secured to each hopper. 
45. The container module of claim 44, wherein 

said end frames comprise corner posts and top and 

10 bottom cross beams and wherein said hanger means 

comprises one or :more hanger plate members secured at 
least to said top cross beams and affixed to said 

outwardly convex end caps. 
46. The container module of claim 44, wherein 

15 said hanger means comprise corner gussets affixed to 

said end frames and means aonneoting said corner 

gussets to said tank. 
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