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METHOD AND APPARATUS FOR PACKAGING 
FLEXIBLE DUCT 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus of 
packaging axially collapsible duct and in particular to 
a method and apparatus which take advantage of this 
characteristic of the duct to reduce the volume occu 
pied by such a duct when it is packaged. 
An axially collapsible duct, such as an air duct, has 

a high volume to weight ratio which presents both ship 
ping and handling problems for the product prior to the 
time it is ready for installation. For many modes of 
shipping the cost of shipping an item is not only based 
on weight but also volume. Consequently, while the 
weights of axially collapsible air ducts are not great, the 
volume occupied by these ducts in their uncollapsed 
state results in a considerable increase in the shipping 
cost. In addition, the lengths of these axially collapsible 
ducts makes them awkward to handle and store at the 
job site prior to the time of installation. 

SUMMARY OF THE INVENTION 

Accordingly it is an object of the present invention to 
collapse axially collapsible duct to approximately one 
third its normal length during packaging so that the 
duct can be shipped and handled at this reduced length 
prior to the installation of the duct. 
The present invention provides a method of packag 

ing an axially collapsible duct which includes inserting 
an axially collapsible duct into an open end of a tube, 
placing an open end of a bag over the tube with the bag 
enclosing the open end of the tube, compressing the 
duct, and ejecting the duct from the tube into the bag 
while the duct is compressed. The opened end of the 
bag is closed about the duct while the duct is com 
pressed and the open end is fastened to retain the duct 
within the bag in a compressed state. The duct is com 
pressed and ejected from the tube by means of a ram. 
The ram can be provided with exhaust ports to prevent 
a build-up of air pressure within the tube and an addi 
tional vacuum exhaust port which is connected to a 
vacuum pump to create a negative pressure within the 
tube. By creating a negative pressure within the tube 
the bag is held about the open end of the tube, the duct 
is prevented from expanding within the bag during 
ejection of the duct into the bag, and the bag can be 
necked down between an end of the duct and the open 
end of the bag so that the necked down portion of the 
bag can be fastened to retain the duct within the bag in 
a compressed state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-5 are longitudinal cross sectional views of 
the tube and ram assembly of the present invention 
which illustrate the process of the present invention; 
FIGS. 6-8 illustrate a second embodiment of the 

present invention which utilizes a ram that differs from 
the ram of the ?rst embodiment; and 
FIG. 9 is a side view of the overall apparatus of the 

present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIG. 9 a packaging apparatus 20 of the 
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present invention comprises a tubular housing 22, a _ 

2 
ram assembly 24, a drive assembly 26 and a vacuum as 
sembly 28. 
The tubular housing 22 is open at both its forward 

and its rearward ends 30 and 32 respectively and is af 
fixed to a frame 34. The forward end 30 of the tubular 
housing is open to permit the insertion of an axially col 
lapsible duct 36 into the tube for the packaging opera 
tion. The open rear end 32 of the tubular housing re 
ceives the ram assembly 24 of the apparatus. The frame 
34 is affixed to the tubular housing adjacent the rear 
ward end 32 of the housing so that a package or bag 38 
can be placed over the forward end of the tube to re 
ceive an axially collapsed duct. While the tubular hous 
ing 22 is shown with a generally circular cross section, 
the housing can also have a rectangular cross section or 
other cross sectional configurations to conform with. 
the cross sectional configuration of the duct being 
packaged. ' 

The ram assembly 24 of the present invention com 
prises a ram 40, a hollow shaft 42 and a coupling as 
sembly 44 which couples the ram 40 to the drive assem 
bly 26. The ram 40 has a peripheral configuration com 
plementary to the interior wall of the tubular housing. 
In addition, the periphery of the ram can be provided 
with an O ring 46 or other suitable sealing means to ef 
fect a seal between the periphery of the ram and the in 
terior surface of the tubular housing. The ram 40 has 
a forward face 48 adapted to engage the duct 36 that 
is being compressed within the tubular housing and a 
rear face 50 to which the hollow shaft 42 is welded or 
otherwise affixed. In addition, the ram is provided with 
a vacuum exhaust port 52 which extends through the 
central portion of the ram from the forward face 48 to 
the rear face 50 of the ram. The exhaust port 52 com 
municates with the hollow interior of shaft 42 which is 
coupled to the vacuum assembly 28 through the cou 
pling assembly 44. . 
The coupling assembly 44 comprises a pair of rectan 

gular plates 54 and 56 which are joined by four rods 
that extend between and are welded or otherwise af 
fixed to the opposing faces of the plates 54 and 56. The 
plate 54 is welded or otherwise af?xed to the terminal 
portion of the shaft 42 and is provided with a conven 
tional hose coupling 60 to connect the hollow shaft 42 
to the vacuum assembly 28. Coupling plate 56 is 
welded or otherwise affixed to the forward end of a pis 
ton shaft~x62 of the drive assembly. 
The drive assembly 26 is a double acting pneumatic 

or hydraulic piston and cylinder assembly. The inlet 
and exhaust ports 64 and 66 are suitably pressurized 
and exhausted through a conventional control'valve 68 
to both extend and retract the ram 40 as will be ex 
plained hereinafter. 
The vacuum assembly 28 comprises a conventional 

hose reel assembly 70 and a conventional vacuum 
pump assembly 72. The vacuum pump 72 is coupled to 
the hose coupling 60 of shaft 42 by hose 74. A pair of 
guide bars 76 guide the hose down through the cou 
pling assembly 44 to the hose coupling 60 to prevent 
the hose from becoming tangled. With this construc 
tion, as the ram 40 is moved toward the forward end of 
tubular housing 22 the hose 74 is played out from the 
hose housing 70. As the ram 40 is retracted to the rear 
ward end of the housing, the hose 74 is wound up 
within the hose housing. 
The packaging apparatus is provided with a conven 

tional control system represented by box 78. The con 
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trol system 78 actuates the control valve 68 for the 
drive assembly 26 and the vacuum pump 70 to effect 
the operation of the packaging apparatus as will be ex 
plained hereinafter. 
FIGS. 6-8 illustrate a second embodiment of the 

present invention which is identical in construction to 
the ?rst embodiment with the exception of the ram 80. 
The ram 80 has a peripheral con?guration complemen 
tary to the con?guration of the tubular housing 22 and 
can be provided with an O ring or other suitable sealing 
means to assure an air tight ?t between the periphery 
of the ram and the housing 22. The ram 80 is provided _ 
with a vacuum exhaust port 82 which is centrally lo 
cated in the ram and extends from a forward face 84 to 
a rear face 86 of the ram. The vacuum exhaust port 82 
communicates with the hollow shaft 42 which is welded 
or otherwise suitably af?xed to the rear face 86 of the 
ram 80. In addition to the vacuum exhaust port 82 the 
ram 80 is provided with one or more exhaust ports 88 
which extend between the forward face and the rear 
face of the ram 80. In the embodiment shown, four ex 
haust ports 88 are spaced about the ram 80 between 
the vacuum exhaust port 82 and the peripheral surface 
of the ram. The rear face 84 of the ram is provided with 
a check valve 90. The check valve 90 is a ?exible rub 
ber member which is annular in con?guration. The 
inner edge of the check valve is secured about the shaft 
42 with the check valve normally lying flat against the 
rear face of the ram to seal off exhaust ports 88. How 
ever, when the ram 80 is moving from its retracted po 
sition to its extended position, air is forced out through 
the exhaust ports 88 and past the check valve 90 to pre 
vent pressure from building up within the tubular hous 
ing during the packaging operation and/or to assist the 
vacuum pump which is also removing air from the tu 
bular housing 22. 
The main function of the exhaust ports 88 and the 

check valve 90 is to assist the vacuum pump so that a 
smaller capacity vacuum pump can be used for the ap 
paratus. With the embodiment of FIGS. 1-5 the vac 
uum pump alone must exhaust air from the tubular 
housing 22. With the embodiment of FIGS. 6-8 the ex 
haust ports 88 work simultaneously with the vacuum 
pump 72 during the initial portion of the ram stroke to 
remove air from that portion of the tubular housing 
that is between the ram and the bag covered forward 
end of the tubular housing. As the ram moves forward, 
the volume forward of the ram decreases until a point 
is reached where the capacity of the pump is suf?cient 
to create a negative pressure within the tubular hous 
ing. At this point the check valve 90 is drawn closed 
and a negative pressure is created within the tube that 
increases as the ram approaches the forward end of its 
stroke. 

In operation a duct 36 is inserted within the tubular 
housing 22 with the ram 40 in its retracted position. 
Then, as shown in FIG. 2, an open end of a bag 38 is 
slid over the forward end 30 of the tubular housing en 
closing the duct 36 within the housing 22. The controls 
78 are then actuated. With the embodiment shown in 
FIGS. 1-5 the vacuum pump 70 and the drive assembly 
26 are simultaneously actuated to create a negative 
pressure within the housing 22 and to start the move 
ment of the ram 40 from the rear end 32 to the forward 
end 30 of the tubular housing 22. The creation of a neg 
ative pressure within the tubular housing 22 draws the 
bag 38 tightly about an outer surface of the tubular 
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housing and retains the bag on the housing. As shown 
in FIGS. 3 and 4 the negative pressure created within 
the tubular housing 22 is suf?cient to create an in 
wardly directed force on the closed end of the bag 38 
which permits the‘tubular duct to be collapsed to the 
degree desired (e.g., one third its original length) with 
the ram 40 and the bottom of the bag 38 acting as the 
opposing surfaces between which the duct is collapsed. 
In FIG. 3 the negative pressure within the housing 22 
has not reached its peak and the ram partially ejects the 
partially collapsed duct from the tube. However, as the 
negative pressure increases the forces acting on the 
bottom of the bag increase until the forces are great 
enough to effect the collapse of the duct to the desired 
degree. Once the duct is collapsed to the desired length 
the ram completely ejects the duct from the end of the 
tubular housing and pulls the bag 38 farther off of the 
tubular housing 22. As shown in FIG. 4 the ram travels 
forward until the forward face of the ram extends 
somewhat beyond the forward edge of the tubular 
housing 22. At this point the forward progress of the 
ram is arrested and the operator grasps the bag 38. The 
retraction of the ram to the rear of the tubular housing 
is then started with the vacuum pump still operating. 
When the ram is retracted back into the housing (FIG. 
5) there is no support for the bag intermediate the end 
of the duct and the outer end of the tubular housing. 
Consequently, the vacuum which is still being applied 
causes the bag to neck down. To assist in this operation 
the operator twists the bag and then applies a clip or 
other fastening means to the necked down portion of 
the bag to effect the closure of the open end of the bag. 
After the ram 40 reaches the position shown in FIG. 5 
and is back within the tubular housing, the vacuum 
pump is shut off by the control system 78 so that the 
operator does not have to pull against a vacuum to re 
move the bag from the tubular housing. The ram 40 
continues to the rear end of the tubular housing for the 
next packaging operation. 
Each packaging cycle takes only 10 to 15 seconds. 

While in the preferred embodiment the negative pres 
sure created within the housing 22 is suf?cient to cause 
inwardly directed forces on the end of the bag that are 
suf?cient to effect the collapse of the duct between the 
end of the bag and the ram 40, it is contemplated that 
lower negative pressures could be utilized and the oper 
ator could assist in the compression by holding the end 
of the bag. 
The embodiment of FIGS. 6-8 operates in the same 

manner as the embodiment in FIGS. 1-5 with the one 
exception pointed out above. The air within the tubular 
housing 22 between the ram 40 and the bag covered 
forward end is initially exhausted simultaneously 
through the exhaust ports 88 and the vacuum exhaust 
port 82. 
What is claimed is: 
l. A method of packaging an axially collapsible duct 

comprising: 
a. inserting an axially collapsible duct into an open 
end of a tube, 

b. placing an open end of a bag over the tube with the 
bag enclosing the open end of the tube, 

c. compressing the duct, 
d. ejecting the duct from the tube into the bag, 
e. exerting a force on the bag in a direction opposing 
the movement of the duct into the bag to maintain 
the open end of the bag on the tube and to restrict 
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expansion of the duct within the bag to maintain 
the duct compressed, 

f. closing the open end of the bag about the duct 
while the duct is compressed, and 

g. fastening the open end closed ~to retain the duct 
within the bag in a compressed state. 

2. A method as de?ned in claim 1 wherein the force 
is exerted on the bag by: 

a. creating a negative pressure within the tube as the 
duct is being collapsed and ejected into the bag. 

3. A method as de?ned in claim 2 including: 
a. simultaneously collapsing the duct and ejecting the 
duct into the bag. 

4. A method as de?ned in claim 1 including: 
a. simultaneously collapsing the duct and ejecting the 
duct into the bag. 

5. A method as defined in claim 4 including: 
a. preventing a pressure build up within the tube dur 

ing initial stages of the collapsing and ejecting 
operation, and 

b. creating a negative pressure within the tube during 
a remainder of the collapsing and ejecting opera 
tion to exert the force on the bag in the direction 
opposing the movement of the duct into the bag. 

6. A method as de?ned in claim 1 including: 
a.‘ closing the open end of the bag about the duct by 

twisting a portion of the bag that encloses the duct 
relative to a portion of the bag remaining about the 
tube to neck down bag between the duct and the 
‘tube. 

7. An apparatus for packaging an axially collapsible 
duct comprising: 

a. a tube which is open at one end for receiving a duct 
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within the tube and for receiving a bag over the 
tube, ' 

‘b. a ram within the tube for collapsing the duct and 
ejecting the duct from the tube into the bag, the 
ram having a forward face for contracting the duct 
and a rear face, the ram having a ?rst exhaust port 
means passing from the forward surface to the rear 
surface to prevent a buildup of air pressure within 
the tube as the ram moves from the retracted posi 
tion to the open end of the tube, the first exhaust 
port means having a check valve means for permit 
ting air to flow through the exhaust port means 

i from the forward surface to the rear surface and for 
preventing air from ?owing through the exhaust 
port means from the rear surface to the forward 
surface, and the ram having a second exhaust port 
on the forward surface which communicates within 
a vacuum pump to exhaust air from the tube and 
creates a negative pressure within the tube, and 

c. drive means for moving the ram between a re 
tracted position within the tube and the open end 
of the tube. 

8. An apparatus as de?ned in claim 7 wherein: 
a. the drive means for moving the ram moves the ram 

to a position at the open end of the tube where a 
forward surface of the ram projects beyond the 
open end of the tube prior to retracting the ram to 
the retracted position, and 

b. the vacuum pump for creating a negative pressure 
continues to operate as the retraction of the ram is 
started to neck down the bag about the end of the 
duct. 

* * * * * 


