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(57) ABSTRACT 

A method of forming a metallic container by placing body 
and lid portions together, keeping parts of the body and lid 
portions in contact With one another, and vibrating the lid 
With respect to the body, thereby generating frictional heat 
to form a friction metallic Weld therebetWeen. Apparatus for 
attaching the lid and body portions of the metallic container 
includes a body supporting base, an assembly to support a 
?ange of the body, a sonotrode to contact a ?ange of the lid 
so that Wherein the ?anges of the lid and body are held 
together between the support assembly and the sonotrode. A 
motor vibrates the sonotrode relative to the support assem 
bly to thereby move the ?anges relative to one another 
generating su?icient frictional heat to create a friction metal 
lic Weld therebetWeen. 
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METHOD AND APPARATUS FOR FORMING A 
METALLIC CONTAINER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of my 
earlier co-pending application Ser. No. 11/313,111 ?led Dec. 
20, 2005. 

BACKGROUND 

[0002] The invention generally relates to a method an 
apparatus for attaching the lid portion to the body portion of 
a metallic container, particularly a metallic food container 
such as an aluminum beverage can. 

[0003] Metallic containers, particularly those intended for 
food products, must be structurally robust, be made from 
materials compatible With food products, and generally 
incorporate internal coatings to make them suitable for food 
contents. Generally, metallic food containers, such as car 
bonated beverage cans, have a pre-formed body portion and 
a pre-formed lid portion that is attached to the body portion 
after the beverage is placed therein. The body portion is 
usually formed from a single piece of suitable metallic 
material, such as aluminum, and is shaped by stamping, 
draWing, ironing, and/or other suitable metal forming pro 
cess. The lid portion is formed in much the same manner. 
The body portion can be very thin after forming, and 
therefore, the lid portion desirably contributes to the struc 
tural rigidity for the ?nished container. The lid portion can 
be made from a material that is relatively harder than the 
body portion. 
[0004] One knoWn method of attaching the lid portion 
onto the body portion of the metallic container involves 
rolling or curling parallel ?ange portions of the lid and the 
body portion onto each other to form a lip seam. This 
process generally provides a good seal, and does not com 
promise the integrity of any coatings that may be placed on 
the interior of the metallic container. A variety of coatings 
can be used on the interior surfaces of the lid portion and the 
body portion of the container, Which are preferably satis 
factory for food contact, to prevent corrosion of the inner 
surface of the metallic food container and to prevent the 
metal from contaminating the taste of the food placed 
therein. The coating can be any of the materials identi?ed, 
for example, in US. Pat. No. 5,739,215, Which are hereby 
incorporated by reference. Typically, the body portion and 
the lid portion have the inner surfaces coated prior to the lid 
portion being attached to the body portion. Therefore, any 
attachment technique must account for and accommodate 
the coating. 

[0005] By rolling the edges of the lid portion and the body 
portion onto one another, a tight seal is formed, and the 
coating is not compromised. HoWever, this method of 
attachment requires extra metallic material to alloW for 
portions to be rolled over onto one another in this manner. 
Additionally, typically in this process a vinyl seal or gasket 
can be placed betWeen the edges of the lid portion and the 
body portion before they are rolled onto one another. This 
gasket material helps insure an adequate seal. 

[0006] Other techniques can be used to reduce the amount 
of metallic material by directly connecting the edges by 
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Welding or soldering the edges together, by a process such 
as laser Welding. This process Will also provide a sealed 
attachment, hoWever the temperatures necessary for this 
type of Welding are high enough to compromise or destroy 
any coating placed on the inner surface of the body portion 
and the lid portion. This leaves an uncoated region imme 
diately adjacent the area of the Weld. Still other methods 
may use an intermediate material, With a loWer melting 
point, betWeen the lid portion and the body portion, to alloW 
the lid portion and the body portion to be Welded together, 
via the intermediate material, at a loWer temperature. 

[0007] Further, the processes discussed above, either roll 
ing the edges of the lid portion and the body portion over 
onto one another, or Welding the edges together require 
signi?cant time to complete, thereby making the manufac 
ture of these metallic containers more costly. The lid is 
generally attached to the body of the metallic container after 
the contents of the container have been placed therein. In the 
case of a carbonated beverage, as soon as a seal forms 

betWeen the lid and the body of the metallic container, 
pressure Will start to build Within the container. This can 
cause carbonated beverage to be pushed betWeen the lid and 
the body as the seal is being formed, thereby compromising 
the quality of the seal. Also, speci?cally With carbonated 
beverages, the portion of the beverage that leaks from Within 
the container during the process of attachment makes a mess 
Within the manufacturing facility. 

[0008] Therefore, there is a need for an apparatus and 
method of forming a metallic container that Will alloW for a 
reduction in the amount of material used While providing a 
sealed attachment betWeen the lid portion and the body 
portion Without compromising any food compatible coatings 
placed on the inner surfaces of the lid portion and the body 
portion. Furthermore, there is a need for an apparatus and 
method of forming a metallic container that Will reduce the 
cycle time of prior methods used to attach the lid to the body 
of a metallic container. 

SUMMARY 

[0009] In one aspect, an apparatus for attaching a lid 
portion to a body portion of a metallic container can include 
a base adapted to support the body portion of the metallic 
container When placed thereon, and a support assembly, 
movable relative to the base. The support assembly can have 
a support surface adapted to support an outer surface of a 
?ange portion of the body of the metallic container. A 
reciprocally vibratable sonotrode having a friction surface 
can be moved relative to the support assembly betWeen a 
retracted position and an engaged position. With a lid 
portion placed onto the body portion of the metallic con 
tainer, the support assembly can engage the outer surface of 
the ?ange portion of the body of the metallic container. The 
sonotrode can be moved to the engaged position, so that 
confronting portions of the lid and the body of the metallic 
container are held in contact With one another betWeen the 
support surface of the support assembly and the friction 
surface of the sonotrode. A motor can vibrate the sonotrode 
relative to the support assembly, thereby moving the lid 
portion of the container relative to the body portion of the 
container. The vibrational mode can be one of rotational 
vibration around a longitudinal axis of the container, or 
linear vibration parallel to the axis, or any combination 
thereof such as an orbital vibration or even a random 
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vibration. The relative movement can be such that frictional 
forces generated by the vibrational motion can Wipe out any 
coating materials on the contacting surfaces of the lid 
portion and body portion of the container, and can create a 
friction Weld betWeen the materials forming the lid and body 
portions of the container. 

[0010] In another aspect, the motor can be adapted to 
vibrate the sonotrode at a rate of approximately 20 KHZ, and 
the apparatus further includes an actuator for advancing and 
retracting the sonotrode betWeen the engaged position and 
the retracted position. When the sonotrode is moved to the 
engaged position, the actuator can move the sonotrode 
doWnWard in stages such that the sonotrode exerts an initial 
doWnWard force to hold portions of the lid and the body of 
the metallic container in contact With one another betWeen 
the support surface of the support assembly While the 
coating materials on the contacting surfaces are Wiped out. 
The term “Wiped out” is intended to connote the destruction 
and/or displacement of the coating materials on the con 
fronting contacting surfaces or the lid portion and body 
portion of the container. Following the Wipe out of the 
coating materials, the doWnWard force can be increased to 
create the friction Weld betWeen the materials forming the 
lid and body portions of the container. The actuator can 
provide a doWnWard force of up to 7200 N, but most 
typically, provides a doWnWard force of approximately 2200 
N. 

[0011] In still another aspect, the support assembly can 
include a frame and a clamshell anvil. The clamshell anvil 
can take the form of tWo halves that are pivotally mounted 
onto opposing portions of the frame. The tWo halves of the 
pivotally mounted clamshell anvil can be pivotally move 
able betWeen an open position and a closed position and can 
be biased to the open position. 

[0012] In yet another aspect, the sonotrode can be sup 
ported on a shaft having a cammed outer surface. Portions 
of the pivotally mounted clamshell anvil halves can engage 
the cammed outer surface, such that When the sonotrode is 
in the retracted position, the pivotally mounted clamshell 
anvil halves can engage the shaft at a point Where the shaft 
can alloW the clamshell anvil halves to pivot to the open 
position. When the shaft and the sonotrode begin to move 
doWnWard, the cammed outer surface of the shaft can be 
used to force the clamshell anvil halves to pivot to the closed 
position so that the support surface can engage the rim 
portion of the body of the container. The cammed outer 
surface of the shaft can be shaped such that the clamshell 
anvil halves can be forced to pivot to the closed position 
prior to the sonotrode reaching the engaged position. 

[0013] In still another aspect, at least one of the clamshell 
anvil halves can include a stop extending from an inner 
surface of the clamshell anvil half. The stop can be posi 
tioned vertically above the support surface, such that When 
the sonotrode retracts from the lid of the metallic container 
after Welding, if the lid portion sticks to the friction surface 
of the sonotrode, the stop can contact the lid portion, to 
thereby hold the metallic container doWn as the sonotrode 
retracts upWard. 

[0014] In yet another aspect, the support surface of the 
support assembly can have a textured surface such that the 
support surface can frictionally engage the outer surface of 
the rim portion of the body of the metallic container to 
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prevent sliding movement of the rim portion of the body 
relative to the support surface. The friction surface of the 
sonotrode can also have a textured surface such that the 
friction surface Will frictionally engage the lid portion of the 
metallic container to prevent sliding movement of the lid 
relative to the friction surface. The textured surfaces can 
take a variety of forms including, Without limitation, a 
criss-crossed knurl pattern, a diamond shaped knurl pattern, 
a vertically aligned knurl pattern, a raised serpentine ridge 
pattern, sand-blasted grit surface. Some forms of the tex 
tured surfaces can result in surprisingly enhanced perfor 
mance. 

[0015] In still another aspect, an interior surface of the 
body portion and the lid portion of the metallic container can 
include a protective coating. When the sonotrode is moved 
to the engaged position, the sonotrode can exert a doWnWard 
force to hold portions of the lid and the body of the metallic 
container in contact With one another betWeen the support 
surface of the support assembly and the friction surface of 
the sonotrode. The doWnWard force of the sonotrode and the 
frequency of vibrational motion of the sonotrode can be such 
that the frictional heat generated from the reciprocal relative 
motion betWeen the lid portion and the body portion is 
suf?cient to create a friction Weld betWeen the lid portion 
and the body portion of the metallic container, and suffi 
ciently loW not to cause break-doWn of the coating in the 
areas immediately inWardly adjacent to the frictional Weld. 

[0016] In still another aspect, the friction surface of the 
sonotrode and the support surface of the support assembly 
can be oriented at almost any angle doWn to approximately 
?ve degrees to seven degrees relative to the longitudinal axis 
of the apparatus. Additionally, the friction surface of the 
sonotrode can be shaped to focus the vibrational energy at a 
speci?cally desired portion of the adjoining container body 
and lid. 

[0017] In another aspect, a method of forming a metallic 
container includes the steps of providing a pre-formed body 
portion, providing a pre-formed lid portion, placing the lid 
portion onto the body portion and applying a force to keep 
portions of the lid portion and the body portion held in 
contact With one another, and vibrating the lid portion With 
respect to the body portion, thereby generating frictional 
heat betWeen the lid portion and the body portion such that 
a friction Weld is formed therebetWeen. 

[0018] The above, as Well as other advantages of the 
present invention Will become readily apparent to those 
skilled in the art from the folloWing detailed description of 
a preferred embodiment When considered in the light of the 
accompanying draWings. 

DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a partial sectional vieW of an apparatus in 
accordance With the present invention, Wherein a sonotrode 
is in the fully retracted position. 

[0020] FIG. 2 is a vieW similar to FIG. 1, Wherein the 
sonotrode is moving doWnWard toWard the engaged posi 
tion. 

[0021] FIG. 3 is a vieW similar to FIG. 1, Wherein the 
sonotrode is in the engaged position. 

[0022] FIG. 3A is a close up vieW of a portion of FIG. 3 
as indicated by the area labeled “3A” in FIG. 3. 
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[0023] FIG. 3B is a close up vieW similar to that of FIG. 
3a showing an alternative sonotrode end surface. 

[0024] FIG. 4 is a top vieW of the lid portion ofa metallic 
container. 

[0025] FIG. 4A is a sectional vieW taken along line 4A-4A 
of FIG. 4. 

[0026] FIG. 5 is a side sectional vieW of the body portion 
of a metallic container. 

[0027] FIG. 5A is an enlarged vieW of a portion of FIG. 5 
as indicated by the area labeled “5A” in FIG. 5. 

[0028] FIG. 6 is an enlarged vieW ofa portion of FIG. 3A 
as indicated by the area labeled “FIG. 6” in FIG. 3A, prior 
to friction Welding. 

[0029] FIG. 7 is a vieW similar to FIG. 6, shoWn after 
friction Welding. 

[0030] FIG. 8 is an enlarged portion of FIG. 7 as indicated 
by the area labeled “8” in FIG. 7. 

[0031] FIG. 9 is a perspective vieW of a portion of the 
support surface Wherein the support surface has a criss 
crossed knurl pattern formed thereon. 

[0032] FIG. 10 is a perspective vieW similar to FIG. 10 
Wherein the friction surface has a diamond shaped knurl 
pattern formed thereon. 

[0033] FIG. 11 is a perspective vieW of a portion of the 
friction surface on the sonotrode Wherein the friction surface 
has a vertically aligned knurl pattern formed thereon. 

[0034] FIG. 12 is a perspective vieW ofa portion of one of 
the friction surface and the support surface, Wherein the 
surface has been grit blasted. 

[0035] FIG. 13 is a perspective vieW ofa portion of one of 
the friction surface and the support surface, Wherein the 
surface includes a raised serpentine ridge extending there 
about. 

[0036] FIG. 14 is a sectional vieW taken along lines 14-14 
of FIG. 13. 

[0037] FIG. 15 is an elevation vieW of a portion of a 
support surface on a sonotrode Wherein the support surface 
has a ?attened crisscrossed knurl pattern formed thereon. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0038] Referring to FIG. 1, an apparatus for attaching a lid 
portion 10 to a body portion 12 of a metallic container 14 is 
shoWn generally at 16. The apparatus 16 is shoWn to include 
a base 18 that is adapted to support the body portion 12 of 
the metallic container 14 When placed thereon. Referring to 
FIGS. 5 and 5A, the body portion 12 of the metallic 
container 14 is generally cylindrically shaped and open at 
one end 11. The open end 11 includes an angled ?ange 20 
extending circumferentially around the open end 11. A 
support assembly 22, shoWn in FIGS. 1, 2 and 3, is movable 
relative to the base 18 and is shoWn to include a support 
surface 24 adapted to support an outer surface 26 of the 
?ange 20. 

[0039] The support assembly 22 includes a frame 28 and 
a clamshell anvil 30. The clamshell anvil 30 includes tWo 
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halves 30A, 30B that are pivotally mounted onto opposing 
portions 28A and 28B of the frame 28. The tWo halves 30A 
and 30B of the clamshell anvil 30 pivot betWeen an open 
position shoWn in FIG. 1 and a closed position shoWn in 
FIG. 3. Referring to FIG. 1, in the open position, the support 
surface 24 is pivoted aWay from the ?ange 20 of the body 
portion 12, thereby alloWing the body portion 12 to be 
loaded and unloaded from the base 18. Referring to FIGS. 3, 
3A and 3B, in the closed position, the tWo halves of the 
clamshell anvil 30 are pivoted inWard such that the support 
surface 24 contacts and supports the outer surface 26 of the 
?ange 20 of the body portion 12. 

[0040] A reciprocally vibratable and vertically moveable 
sonotrode 32 is mounted vertically above the base 18. The 
sonotrode 32 includes a friction surface 34 on a loWer outer 
edge of the sonotrode 32. The sonotrode 32 is moveable 
linearly, along a longitudinal axis 36, relative to the support 
assembly 22 betWeen a retracted position, shoWn in FIG. 1, 
and an engaged position, shoWn in FIG. 3. Referring to FIG. 
1, in the retracted position, the sonotrode 32 is positioned 
vertically above the base 18 as Well as the body portion 12 
and lid portion 10 of the metallic container 14 situated on the 
base 18. Referring to FIG. 3, 3A and 3B, after the support 
assembly 22 engages the outer surface 26 of the ?ange 20 of 
the body 12 of the metallic container 14, the sonotrode 32 is 
moved by actuator 50 to the engaged position, Wherein the 
friction surface 34 of the sonotrode 32 contacts the lid 
portion 10 of the metallic container 14. 

[0041] Referring to FIGS. 4 and 4A, the lid portion 10 of 
the metallic container 14 is generally disk shaped and 
includes an angled ?ange 38 extending circumferentially 
around the disk perimeter. The angle 40 of the ?ange 20 on 
the body portion 12 is approximately equal to the angle 40 
of the ?ange 38 on the lid portion 10 of the metallic 
container 14, such that When the lid portion 10 is placed onto 
the body portion 12, an inner surface 42 of the ?ange 38 on 
the lid portion 10 contacts a confronting inner surface 44 of 
the ?ange 20 on the body portion 12. The ?ange 38 on the 
lid portion 10 includes a curled lip 46 Which curls outWard 
such that When the lid portion 10 is placed onto the body 
portion 12, the curled lip 46 overlies the distal end of the 
?ange 20 on the body portion 12. The angled ?anges 20 and 
38 on the lid and the body portions 10 and 12, and the curled 
lip 46 of the ?ange 38 on the lid portion 10, make loading 
the lid portion 10 to the body portion 12 quick and simple. 
Furthermore, the lid portion 10 and the body portion 12 are 
self-centering With one another so that additional tooling is 
not necessary to keep the components 10 and 12 centered 
during the Welding process. 

[0042] When the sonotrode 32 is moved to the engaged 
position, the friction surface 34 contacts an outer surface 48 
of the ?ange 38 on the lid portion 10. When the sonotrode 
32 is in the engaged position, the ?ange 38 on the lid portion 
10 and the ?ange 20 on the body portion 12 are held in 
immediate adjacency or contact With one another betWeen 
the support surface 24 of the support assembly 22 and the 
friction surface 34 of the sonotrode 32, as best shoWn in 
FIGS. 3A and 3B. 

[0043] An actuator 50 moves the sonotrode 32 betWeen 
the retracted position and the engaged position. The actuator 
50 pushes the sonotrode 32 doWnWard such that When the 
sonotrode 32 is moved to the engaged position, the 
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sonotrode 32 exerts a downward force to hold the ?anges 20 
and 38 of the lid and the body portions 10 and 12 of the 
metallic container 14 in contact With one another betWeen 
the support surface 24 of the support assembly 22 and the 
friction surface 34 of the sonotrode 32. When the sonotrode 
32 is moved to the engaged position, the actuator 50 can 
move the sonotrode 32 doWnWard in stages such that the 
sonotrode 32 exerts an initial doWnWard force to hold ?ange 
20 and 38 of the lid 10 and the body 12 of the metallic 
container 14 in contact With one another betWeen the support 
surface 24 of the support assembly 22 and the friction 
surface 34 of the sonotrode 32, While the coating materials 
on the contacting surfaces 42 and 44 are Wiped out. Fol 
loWing the Wipe out of the coating materials, the doWnWard 
force can be increased to create the friction Weld betWeen the 
materials forming the lid portion 10 and the body portion 12 
of the container 14. The actuator 50 is adapted to provide a 
doWnWard force betWeen approximately 1300 N and 
approximately 7200 N. Preferably, the doWnWard force 
applied during the Welding of the surfaces 42 and 44 is 
approximately 2200 N. 

[0044] A motor 52 is adapted to reciprocally vibrate the 
sonotrode 32 relative to the support assembly 22. Reciprocal 
movement of the sonotrode 32 relative to the support 
assembly 22 moves the lid portion 10 relative to the body 
portion 12. The motor 52 can be adapted to reciprocally 
rotate the sonotrode 32 around the longitudinal axis 36 of the 
apparatus. The motor 52 can also be adapted to linearly 
reciprocate the sonotrode 32 substantially parallel to the 
longitudinal axis 36 of the apparatus. The motor 52 can also 
be adapted to provide a combination of such motions 
relative to the longitudinal axis 36 of the apparatus to 
achieve the desired Weld betWeen the ?anges 20 and 38 of 
the lid 10 and the body 12. The motor 52 is adapted to 
vibrate the sonotrode 32 at a rate of between 15 KHZ and 25 
KHZ. Preferably, the sonotrode 32 is vibrated With about 5 
kW of poWer at a frequency of approximately 20 KHZ. This 
vibrational movement can create the frictional Wear neces 

sary to Wipe out any protective coating on the surfaces 42 
and 44, and can create the heat betWeen the ?anges 20, 38 
of the lid portion 10 and the body portion 12, such that a 
friction Weld is formed betWeen the ?anges 20, 38 of the lid 
portion 10 and the body portion 12 of the metallic container 
14. 

[0045] Preferably, the sonotrode 32 is made from poWered 
metal, and may be tuned using sound Waves to control the 
amplitude of the motion at the point of contact betWeen the 
friction surface 34 and the ?ange 38 of the lid portion 10. 
The amplitude of the motion can be important and is 
dependant upon several factors, including, but not limited to, 
the diameter at the point of contact betWeen the ?ange 38 of 
the lid portion 10 and the friction surface 34 of the sonotrode 
32, the magnitude of the doWnWard force on the sonotrode 
32, the thickness of the ?anges 20, 38 of the lid portion 10 
and the body portion 12, etc. For example, the amplitude of 
vibrational motion for a typical carbonated beverage con 
tainer Would be on the scale of betWeen about 10'3 cm and 
10-2 3cm, and more particularly betWeen approximately 
5x10’ cm and 65x10“3 cm. Where the vibrational motion is 
Wholly or partially rotational about the longitudinal axis 36 
of the apparatus, the amplitude of rotational vibrational 
motion is typically about 0.10 of arc. 
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[0046] The sonotrode 32 is supported on a shaft 54 extend 
ing betWeen the motor 52 and the sonotrode 32. The shaft 54 
can have a cammed outer surface 56. Portions of the 
pivotally mounted clamshell anvil halves 30A, 30B can 
engage the cammed outer surface 56. Referring to FIGS. 
1-3, each half 30A, 30B of the clamshell anvil 30 is shoWn 
to include a rolling contact 58. The support assembly 22 can 
include springs 60 that bias the halves 30A, 30B of the 
clamshell anvil 30 aWay from the closed position and keep 
the rolling contacts 58 held against the cammed outer 
surface 56 of the shaft 54. When the sonotrode 32 is in the 
retracted position, the rolling contacts 58 is seen to engage 
the shaft 54 at a narroW point in the shaft 54, Wherein the 
rolling contacts 58 can move inWard and the springs 60 bias 
the halves 30A, 30B of the clamshell anvil 30 to the open 
position, as shoWn in FIG. 1. 

[0047] As the sonotrode 32 begins to move doWnWard, as 
shoWn in FIG. 2, the rolling contacts 58 are shoWn to folloW 
the cammed outer surface 56 of the shaft 54 and are pushed 
outWard against the biasing springs 60 of the support assem 
bly 22. As the sonotrode 32 moves doWnWard, the rolling 
contacts 58 are contacting portions of the shaft 54 that are 
gradually increasing in diameter, such that the rolling con 
tacts 58 are pushed outWard, causing the halves 30A, 30B of 
the clamshell anvil 30 to be pivoted against the biasing 
springs 60 toWard the closed position. 

[0048] Finally, as the sonotrode 32 and the shaft 54 
continue to move doWnWard, the rolling contacts 58 reach a 
point on the shaft 54 Where the diameter of the shaft 54 
pushes the rolling contacts 58 outWard to a point Where the 
halves 30A, 30B of the clamshell anvil 30 are fully pivoted 
to the closed position, as shoWn in FIG. 3. The rolling 
contacts 58 can reach the point on the shaft 54 Where the 
diameter of the shaft 54 pushes the rolling contacts 58 
outWard such that the halves 30A, 30B of the clamshell anvil 
30 are pivoted to the closed position before the sonotrode 32 
contacts the lid portion 10 of the metallic container 14. 
Speci?cally, the tWo halves 30A, 30B of the clamshell anvil 
30 can reach the closed position and the support surface 24 
contacts the outer surface 26 of the ?ange 20 on the body 
portion 12 of the metallic container 14 prior to the friction 
surface 34 of the sonotrode 32 contacting the ?ange 38 on 
the lid portion 10 of the metallic container 14, thus resulting 
in some lost motion. 

[0049] This lost motion alloWs the sonotrode 32 to retract 
from the lid portion 10 prior to the halves 30A, 30B of the 
clamshell anvil 30 opening. If the halves 30A, 30B of the 
clamshell anvil 30 opened immediately upon an upWard 
retracting motion of the sonotrode 32, then the halves 30A, 
30B of the clamshell anvil 30 Would pivot aWay from the 
metallic container 14, and the metallic container 14 could 
become stuck to the friction surface 34 of the sonotrode 32, 
requiring manual removal by an operator of the apparatus 
16. Referring to FIG. 3A, at least one of the clamshell anvil 
halves 30A, 30B can include a stop 62 extending from an 
inner surface 64 of the clamshell anvil half 30A, 30B. The 
stop 62 can be positioned vertically above the support 
surface 24, such that When the sonotrode 32 retracts from the 
lid portion 10 of the metallic container 14 after Welding, if 
the lid portion 10 of the metallic container 14 sticks to the 
friction surface 34 of the sonotrode 32, the stop 62 Will 
contact the lid portion 10, thereby holding the metallic 
container 14 doWn as the sonotrode 32 retracts upWard. 
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[0050] The risk of the lid portion 10 sticking to the friction 
surface 34 of the sonotrode 32 is a real concern, because in 
order for the friction surface 34 of the sonotrode 32 to grip 
the ?ange 38 on the lid portion 10, the friction surface 34 of 
the sonotrode 32 is generally roughened. The friction surface 
34 of the sonotrode 32 can have a pattern formed therein. 
Examples of patterns that can be used on the friction surface 
34 of the sonotrode 32 are shoWn in FIGS. 9-15. In order to 
assist in the removal of the sonotrode 32 from the lid portion 
10 after Welding, the surface of the friction surface 34 can 
have a vertically oriented knurl 66 formed therein, such as 
that shoWn in FIG. 11. Alternatively, a doWnWard pointing 
triangular shaped knurl pattern 68, such as the one shoWn in 
FIG. 10, can be used. These knurl patterns 66, 68, Would 
more readily alloW the friction surface 34 of the sonotrode 
32 to retract from the lid portion 10 With a reduced chance 
of the lid portion 10 sticking to the friction surface 34. 

[0051] LikeWise, the support surface 24 of the support 
assembly 22 can also have a rough surface. This rough 
surface alloWs the support surface 24 to grip the outer 
surface 26 of the ?ange 20 on the body portion 12 to prevent 
sliding movement of the ?ange 20 of the body portion 12 
relative to the support surface 24, Which may be important 
in the case of vibrational modes that include a rotational 
component. As the support surface 24 retracts radially from 
the outer surface 26 of the body portion 12, the risk of the 
body portion 12 sticking to the support surface 24 is not as 
important as With the sonotrode 32 and the lid portion 10, 
therefore a conventional criss-cross knurl pattern 70 can be 
used, such as that shoWn in FIG. 9 or, more preferably as 
shoWn in FIG. 15. The knurl pattern 70 shoWn in FIG. 9 is 
arranged as intersecting perpendicular grooves arranged at 
45° With respect to the longitudinal axis Y. The knurl pattern 
70 shoWn in FIG. 15, on the other hand, is much ?atter, 
being arranged as grooves intersecting at an angle of 30° or 
less arranged at an angle With respect to the longitudinal axis 
Y of 75° or greater to provide the necessary mechanical grip 
of the longitudinal motion of the vertically vibrating 
sonotrode 32 shoWn in cross-section in FIG. 3B. 

[0052] The depth of the knurl patterns 66, 68, 70 on the 
friction surface 34 of the sonotrode 32 and the support 
surface 24 of the support assembly 22 can be calibrated 
according to the thickness of the ?anges 20, 38 of the lid 
portion 10 and the body portion 12 and the doWnWard 
pressure of the sonotrode 32. If the depth of the knurl pattern 
66, 68, 70 is too deep, the doWnWard pressure could push the 
knurl substantially or completely through the ?anges 20, 38 
of the lid portion 10 and the body portion 12. Therefore, the 
thickness of the knurl is carefully calibrated to alloW the 
knurl pattern to press into the ?anges 20, 38 of the lid portion 
10 and the body portion 12 su?iciently enough to engage and 
frictionally grip the ?anges 20, 38, Without sinking deep 
enough into the thickness of the ?anges 20, 38 to compro 
mise the structural integrity of the Weld. Typically the depth 
of the knurl pattern 66, 68, 70 is calibrated as a small 
percentage of the thickness of the ?anges 20, 38 of the lid 
portion 10 and the body portion 12. The knurl pattern can be 
formed by electro-machining, laser cutting, etching, and 
other Well knoWn processes. 

[0053] In another embodiment, the support surface 24 of 
the support assembly 22 and the friction surface 34 of the 
sonotrode 32 can have a textured surface rather than a 
knurled surface. Referring to FIG. 12, the support surface 24 
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of the support assembly 22 and the friction surface 34 of the 
sonotrode 32 can be sand-blasted or grit-blasted, thereby 
creating a textured surface 80. In still another embodiment, 
the support surface 24 of the support assembly 22 and the 
friction surface 34 of the sonotrode 32 can each include a 
raised ridge 82 extending thereabout. Referring to FIGS. 13 
and 14, the raised ridge 82 can extend around the support 
surface 24 and the friction surface 34 in a serpentine manner. 
When the friction surface 34 of the sonotrode 32 contacts the 
lid portion 10 and the ?anges 20, 38 of the lid portion 10 and 
the body portion 12 are held betWeen the friction surface 34 
and the support surface 24, the raised ridges 82 on the 
friction surface 34 and support surface 24 Will create pres 
sure points against the ?anges 20, 38. Other embodiments 
can be envisioned Wherein the support surface 24 of the 
support assembly 22 and the friction surface 34 of the 
sonotrode 32 each include a raised ridge 82 extending 
thereabout in a serpentine manner, and include portions that 
are grit blasted or sand blasted to increase the frictional grip 
of those portions. Additional embodiments can be envi 
sioned Wherein the support surface 24 of the support assem 
bly 22 and the friction surface 34 of the sonotrode 32 each 
include a criss-cross pattern 70 as shoWn in FIGS. 9 and 15 
Wherein the lines forming the criss-cross pattern can be at a 
variety of intersecting angles. 

[0054] Generally, the interior surfaces 42, 44 of the lid 
portion 10 and the body portion 12 are coated With a food 
compatible coating 72 prior to being assembled. These 
coatings 72 are typically organic coatings. A variety of 
coatings can be used on the interior surfaces of the lid 
portion and the body portion of the container, Which are 
preferably satisfactory for food contact, to prevent corrosion 
of the inner surface of the metallic food container and to 
prevent the metal from contaminating the taste of the food 
placed therein. The coating can be any of the materials 
identi?ed, for example, in Us. Pat. No. 5,739,215, Which 
are hereby incorporated by reference. Typically, the body 
portion and the lid portion have the inner surfaces coated 
prior to the lid portion being attached to the body portion. It 
is highly desirable that any process used to attach the lid 
portion 10 to the body portion 12 does not compromise the 
integrity of any coatings 72 placed thereon. 

[0055] The doWnWard force that the sonotrode 32 places 
on the lid portion 10 presses the ?ange 38 of the lid portion 
10 and the ?ange 20 of the body portion 12 together. That 
doWnWard force and the frequency of the reciprocal move 
ment of the sonotrode 32 are carefully calibrated such that 
the frictional heat generated from the reciprocal relative 
motion betWeen the lid portion 10 and the body portion 12 
is su?icient to initially Wipe out the coating betWeen the lid 
portion 10 and the body portion 12 of the metallic container 
14. There after, the doWnWard force of the sonotrode 32 can 
be increased such that the frictional heat generated from the 
reciprocal relative motion betWeen the lid portion 10 and the 
body portion 12 is create a friction Weld betWeen the lid 
portion 10 and the body portion 12 of the metallic container 
14, While being su?iciently loW enough to prevent break 
doWn of the coating 72 inWardly adjacent to the Weld area. 

[0056] This alloWs the formation of a Weld Zone 74 
betWeen the inner surfaces 42, 44 of the ?anges 20, 38 of the 
lid portion 10 and the body portion 12 While maintaining the 
integrity of the coating 72 on these surfaces 42, 44. Refer 
ring to FIG. 6, a close up vieW shoWs the ?ange 38 of the lid 
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portion 10 and the ?ange 20 of the body portion 12 prior to 
Welding. The inner surface 42 of the ?ange 38 on the lid 
portion 10 is shoWn to have a coating 72 placed thereon, and 
the inner surface 44 of the ?ange 20 on the body portion 12 
is also shoWn to have a coating 72 placed thereon. The 
coatings 72, as Well as protecting the contents of the metallic 
container 14, after the lid portion 10 is attached to the body 
portion 12, can also assist in the friction Welding. 

[0057] Thermoplastic coatings 72 can provide lubrication 
betWeen the lid portion 10 and the body portion 12 to more 
easily alloW relative motion betWeen the tWo as the 
sonotrode 32 begins to move back and forth. As the fric 
tional heat increases, the thermoplastic coatings 72 can 
become more ?uid, thereby acting as a lubricant. After a 
short time, the heat begins to build up, and the doWnWard 
pressure of the sonotrode 32 pushes the heated coating 72 
aWay from the area directly betWeen the friction surface 34 
of the sonotrode 32 and the support surface 24 of the support 
assembly 22, or speci?cally, the Weld Zone 74. In the 
embodiment including raised serpentine ridges 82 on the 
friction surface 34 and the support surface 24, the pressure 
points created by the raised ridges 82 Will push against the 
outer surfaces 26, 48 of the ?anges 20, 38 thereby de?ning 
?oW paths betWeen the inner surfaces 42, 44 of the ?anges 
20, 38. The lique?ed coating material 72 Will ?oW, via the 
?oW paths, outWard, aWay from the Weld Zone 74. In this 
Way, the raised serpentine ridges 82 assist in removing the 
coating material 72 from betWeen the ?anges 20, 38, thereby 
helping to insure a contaminant free Weld Zone 74. Coatings 
72 formed of thermoset resins are observed to quickly 
become poWdered and expelled outWard from the Weld Zone 
74. 

[0058] Referring to FIGS. 7 and 8, once the coatings 72 
are Wiped out from the Weld Zone 74, the ?ange 38 of the lid 
portion 10 and the ?ange 20 of the body portion 12 are in 
direct contact Within the Weld Zone 74. As reciprocal motion 
continues, the heat eventually builds up and forms a friction 
Weld betWeen the lid portion 10 and the body portion 12 
Within this Weld Zone 74. Referring speci?cally to FIG. 8, 
the Weld Zone 74 is the area Wherein the lid portion 10 and 
the body portion 12 are actually Welded to one another. The 
coating material 72 that Was Wiped out of the Weld Zone 74 
can form pockets 76 of coating material 72 immediately 
adjacent each side of the Weld Zone 74. These pockets 76 of 
coating material 72 can help insure that there are no gaps in 
the coating material 72 at the point of Welding. 

[0059] Referring again to FIG. 3A, the friction surface 34 
of the sonotrode 32 and the support surface 24 of the support 
assembly 22 are oriented at an angle 40 relative to the 
longitudinal axis 36 of the apparatus, along Which the 
sonotrode 32 moves. Preferably, the friction surface 34 of 
the sonotrode 32 and the support surface 24 of the support 
assembly 22 are inWardly angled. The ?anges 20, 38 on the 
lid portion 10 and the body portion 12 are correspondingly 
angled, as discussed previously. The angled orientation 
means that the doWnWard force of the sonotrode 32 Will 
provide a force to directly keep the ?ange 38 of the lid 
portion 10 and the ?ange 20 of the body portion 12 held 
together. This force Will also act to push doWnWard on the 
lid portion 10 relative to the body portion 12. This means 
that as the Weld Zone 74 is forming, the doWnWard force 
pushing on the lid portion 10 Will cause the Weld Zone 74 to 
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smear radially inWard. This increases the siZe of the Weld 
Zone 74 and the depth of the Weld betWeen the lid portion 10 
and the body portion 12. 

[0060] An alternative con?guration for the friction surface 
34 of the sonotrode 32 is shoWn in FIG. 3B to constitute an 
outWardly curved surface 33, Which can be a simple constant 
radius joining the sonotrode outer surface 31 to the 
sonotrode bottom surface 35 as small as 0.25 mm. The 
constant radius friction surface 34 can have an outer surface 
as shoWn in FIG. 9, or more preferably FIG. 15. The constant 
radius friction surface 34 concentrates any vertical vibration 
transmitted from the sonotrode 32 to a narroW vertical 
region re?ecting the amplitude of the vertical sonotrode 
vibration against a tangential portion of the lid portion ?ange 
20. For example, using a 5 KW drive operating at about 20 
KHZ and at an amplitude of about 0.063 mm on a sonotrode 
having the general shape shoWn in FIG. 3B, the sonotrode 32 
is driven doWnWard into glancing tangential contact With the 
rim 38. The repeated glancing impact of the sonotrode 32 
drives the friction surface 34 doWnWard creating friction and 
heat that ploWs out the coatings on the lid and can body and 
creates a solid state Weld betWeen the ?anges 20 and 38. The 
mechanical taper of about 70 provided by the angle 40 helps 
minimiZe the effect of any variation in the can lid and body 
at least Within some tolerance range. The initial force 
applied can be about 3100 N but the force increases as the 
lid portion 10 is vibrated into place and Welded to the can 
body portion 12, the Whole Welding process being com 
pleted in betWeen about 180 to 220 milliseconds creating a 
Weld Zone 74 of about 0.7 to 0.75 mm. 

[0061] The method of forming a metallic container 14 
generally includes the steps of providing a pre-formed body 
portion 12, providing a pre-formed lid portion 10, placing 
the lid portion 10 onto the body portion 12 and applying a 
force to keep confronting surfaces of the lid portion 10 and 
the body portion 12 held in contact With one another, and 
reciprocally moving the lid portion 10 With respect to the 
body portion 12, thereby generating frictional heat betWeen 
the lid portion 10 and the body portion 12 such that a friction 
Weld is formed therebetWeen. 

[0062] Referring to FIGS. 4, 4A, 5, and 5A, preferably, the 
body portion 12 is generally cylindrically shaped and is open 
at one end, the open end having an angled ?ange 20 
extending circumferentially around the open end. A coating 
72 is placed on the inner surface 44 of the body portion 12. 
The lid portion 10 is generally disk shaped and includes an 
angled ?ange 38 extending circumferentially around the disk 
perimeter. The angle 40 of the ?ange 20 on the body portion 
12 being approximately equal to the angle 40 of the ?ange 
38 on the lid portion 10. The lid portion 10 has a coating 72 
placed on the inner surface 42 as Well. 

[0063] Preferably, the lid portion 10 and the body portion 
12 are cold formed from a metallic material such as alumi 
num. It is to be understood that the metallic container 14 can 
be made from any suitable metallic material, and aluminum 
is being described here as one example of such a metallic 
material. The lid portion 10 is generally coated prior to the 
lid portion 10 being cold formed into pre-formed shape, and 
the body portion 12 is generally coated after being cold 
formed into the pre-formed shape. 

[0064] The lid portion 10 and the body portion 12 are be 
placed together such that the inner surface 42 of the ?ange 
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38 of the lid portion 10 contacts the inner surface 44 of the 
?ange 20 on the body portion 12. The force applied to keep 
the inner surface 42 of the ?ange 38 on the lid portion 10 
held in contact With the inner surface 44 of the ?ange 20 on 
the body portion 12 should be betWeen approximately 1800 
N and approximately 7200 N. Preferably, the force is 
approximately 2250 N. 

[0065] The lid portion 10 can be reciprocally moved 
relative to the body portion 12 at a rate betWeen 15 KHZ and 
25 KHZ by a sonotrode 32 supplied With about 5 kW of 
poWer. Preferably, the lid portion 10 is reciprocally vibrated 
at a frequency of approximately 20 KHZ. The vibration can 
be a rotational vibration around the longitudinal axis 36, or 
linear vibration parallel to the axis 36, or any combination 
thereof such as an orbital vibration or a random direction 
vibration. 

[0066] Preferably all steps are performed by providing an 
apparatus 16 such as that described above. The body portion 
12 of the metallic container 14, generally ?lled With a 
suitable contents such as a food or beverage, is placed onto 
the base 18 of the apparatus 16. The lid portion 10 of the 
metallic container 14 is then placed onto the body portion 12 
of the metallic container 14. 

[0067] When the actuator 50 is activated, the sonotrode 32 
begins to move doWnWard toWard the metallic container 14. 
As the sonotrode 32 and the shaft 54 on Which the sonotrode 
32 is mounted, begin to move doWnWard, the rolling con 
tacts 58 on the tWo halves 30A, 30B of the clamshell anvil 
30 folloW the cammed outer surface 56 of the shaft 54, 
thereby pushing the rolling contacts 58 outWard and causing 
the tWo halves 30A, 30B of the clamshell anvil 30 to pivot 
against the biasing springs 60 mounted onto the support 
assembly 22. 
[0068] When the rolling contacts 58 reach a point on the 
cammed outer surface 56 of the shaft 54 Wherein the tWo 
halves 30A, 30B of the clamshell anvil 30 are pivoted to the 
closed position, the support surface 24 of the clamshell anvil 
30 contacts the outer surface 26 of the ?ange 20 on the body 
portion 12 of the metallic container 14. The sonotrode 32 
continues to move doWnWard to the engaged position, 
Wherein the friction surface 34 of the sonotrode 32 contacts 
the ?ange 38 on the lid portion 10 of the metallic container 
14. 

[0069] The actuator 50 pushes the sonotrode 32 doWnWard 
With a force of betWeen about 2250 N to 3110 N. After the 
sonotrode 32 reaches the engaged position, and the friction 
surface 34 of the sonotrode 32 is in contact With the ?ange 
38 of the lid portion 10 and the support surface 24 of the 
support assembly 22 is in contact With the ?ange 20 of the 
body portion 12, the motor 52 begins to reciprocate or 
vibrate the sonotrode 32. The sonotrode 32 vibrates longi 
tudinally or rotationally or a combination thereof relative to 
the support assembly 22, thereby reciprocally moving the lid 
portion 10 relative to the body portion 12 of the metallic 
container 14. The motor 52 vibrating the sonotrode 32 at a 
frequency of approximately 20 KHZ can thereby generate 
su?icient frictional heat to Wipe out the coating 72 on the 
inner surfaces 42, 44 of the body portion 12 and the lid 
portion 10 in the area of the Weld Zone 74 and form a friction 
Weld betWeen the ?anges 20, 38 of the lid portion 10 and the 
body portion 12 Within the Weld Zone. 

[0070] In one embodiment using a purely rotational vibra 
tion, the actuator 50 moves the sonotrode 32 to the engaged 
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position, and pushes the sonotrode 32 doWnWard With a ?rst 
doWnWard force. The motor 52 is activated, and the 
sonotrode 32 is reciprocally rotated at a ?rst frequency for 
a ?rst predetermined amount of time. Speci?cally, the 
sonotrode 32 exerts su?icient force, the ?rst doWnWard 
force, and the motor 52 reciprocally rotates the sonotrode 32 
at a selected frequency, the ?rst frequency, until any ther 
moplastic coating material 72 placed on the inner surfaces 
42, 44 of the ?anges 20, 38 is caused to melt and become 
liquid. The ?rst doWnWard force and the ?rst frequency are 
su?icient to create frictional heat to melt the coating material 
72, hoWever they are not su?icient to create enough fric 
tional heat to form a Weld. This melted coating material 72 
acts as a lubricant to alloW continued rotational movement 

betWeen the ?anges 20, 38. 

[0071] Since the coating materials 72 could compromise 
the integrity of any Weld formed betWeen the ?anges 20, 38, 
the doWnWard force and the frequency of rotation are held 
at the ?rst doWnWard force and the ?rst frequency until the 
melted thermoplastic coating material 72 has migrated aWay 
from the Weld Zone 74. It is possible to use the friction 
surface 34 and support surface 24 illustrated in FIGS. 13 and 
14 to assist in this migration. The support surface 24 and the 
friction surface 34 each have a raised ridge 82 extending 
therearound in a serpentine pattern such that When the 
friction surface 34 of the sonotrode 32 contacts the lid 
portion 10 and the ?anges 20, 38 of the lid portion 10 and 
the body portion 12 are held betWeen the friction surface 34 
and the support surface 24, the raised ridges 82 on the 
friction surface 34 and support surface 24 Will create pres 
sure points against the ?anges 20, 38. The ?rst doWnWard 
pressure is adapted to apply su?icient pressure, such that the 
raised serpentine ridges 82 on the friction surface 34 and the 
support surface 24 create pressure points against the outer 
surfaces 26, 48 of the ?anges 20, 38, thereby de?ning ?oW 
paths betWeen the inner surfaces 42, 44 of the ?anges 20, 38. 
The ?oW paths alloW the melted thermoplastic coating 
material 72 to more readily ?oW from Within the Weld Zone 
74, and the reciprocal rotation of the sonotrode 32 Will help 
push the melted thermoplastic coating material 72 through 
these ?oW passages. Similar ?oW patterns may occur for 
poWdered non-thermoplastic coatings. 

[0072] Typically, When the purely rotational vibration 
described above is applied to a typical carbonated beverage 
can, it takes approximately tWo to six hundredths of a second 
to Wipe out the coatings 72 from the Weld Zone 74. Once the 
coating material has been Wiped out, the doWnWard pressure 
of the sonotrode 32 can be increased to a second doWnWard 
force and the frequency of reciprocal rotation of the 
sonotrode 32 can be increased to second frequency. The 
doWnWard pressure and the frequency are desirably 
increased to levels appropriate to create su?icient heat and 
pressure to form a friction Weld betWeen the ?anges 20, 38, 
and held at those levels until the friction Weld is formed. 
When applied to a typical carbonated beverage can, this 
portion of the process takes approximately one to tWo tenths 
of a second. 

[0073] Preferably, the ?rst doWnWard force and the ?rst 
frequency used in the purely rotational process are betWeen 
approximately sixty percent and approximately seventy per 
cent of the second doWnWard force and the second fre 
quency. As previously discussed, the doWnWard force and 
the frequency are application dependant. The doWnWard 
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force and the frequency of reciprocal rotation, depend on the 
thickness of the ?anges 20, 38, the material that is being 
Welded, the diameter of the sonotrode 32, and other factors. 
For example, in a particular application, the doWnWard 
pressure and frequency of reciprocal rotation necessary to 
create a friction Weld betWeen the ?anges 20, 38 of the lid 
portion 10 and the body portion 12 are 2250 N and 20 KHZ, 
respectively. These are the second doWnWard force and the 
second frequency. The ?rst doWnWard force and the ?rst 
frequency Would be sixty to seventy percent of the second 
doWnWard force and second frequency, or betWeen 1350 N 
and 1575 N and betWeen 12 and 14 KHZ, respectively. The 
?rst vibrational reciprocation can also be at a reduced poWer 
level of about ?fty to seventy-?ve percent of the second. 

[0074] When using a essentially purely vertical mode for 
the reciprocal vibration, one can use a 5 KW drive operating 
at about 20 KHZ and at an amplitude of about 0.063 mm on 
a sonotrode having the general shape shoWn in FIG. 3B. The 
sonotrode 32 can initially driven doWnWard into glancing 
tangential contact With the rim 38 at an initial force of about 
3100 N. The repeated glancing impact of the sonotrode 32 
drives the friction surface 34 doWnWard creating friction and 
heat that ploWs out the coatings on the confronting interior 
surfaces of the lid portion and can body. The mechanical 
taper of about 70 provided by the angle 40 helps minimiZe 
the effect of any variation in the can lid and body at least 
Within some tolerance range. With the initial force applied, 
the lid portion 10 is vibrated into place and a solid state Weld 
is created betWeen the ?anges 20 and 38 that secures the lid 
portion 10 to the can body portion 12, the Whole Welding 
process being completed in betWeen about 180 to 220 
milliseconds creating a Weld Zone 74 of about 0.7 to 0.75 
mm. The containers Welded in accordance With this process 
satisfactorily pressure test up to at least 10 Barr and With 
some containers up to nearly 15 Barr. 

[0075] The methods and apparatus 16 described above 
provide techniques of attaching the lid portion 10 to the body 
portion 12 of a metallic container 14 that create a solid metal 
seal betWeen the lid portion 10 and the body portion 12, 
While maintaining the integrity of any coatings 72 placed on 
the inner surfaces 42, 44 of either component. The processes 
are quicker than any knoWn prior processes, and eliminate 
additional material necessary for rolling the edges of the lid 
portion 10 and the body portion 12 onto one another. 
Furthermore, no intermediate material is necessary betWeen 
the ?anges 20, 38 of the lid portion 10 and the body portion 
12. The methods and apparatus 16 described herein create a 
Weld directly betWeen the ?anges 20, 38 of the lid portion 10 
and the body portion 12 With no intermediate material or 
gaskets of any kind necessary. The temperatures of the 
process described above remain relatively loW compared to 
prior art processes, thereby making it possible to maintain a 
food suitable coating 72 the inner surfaces 42, 44 of the 
components. 

[0076] In accordance With the provisions of the patent 
statutes, the present invention has been described in What is 
considered to represent its preferred embodiments. HoW 
ever, it should be noted that the invention can be practiced 
otherWise than as speci?cally illustrated and described. 

What is claimed is: 
1. An apparatus for attaching a lid portion of a metallic 

container to a body portion of the container, the container 
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body portion including a ?ange having an inner surface and 
an outer surface, the apparatus comprising: 

a base, and a support assembly movable relative to the 
base, the support assembly including a support surface 
for engaging the ?ange outer surface of the metallic 
container body portion, 

a sonotrode having a friction surface, the sonotrode being 
movable relative to the base betWeen a retracted posi 
tion, Wherein the friction surface is spaced from the 
metallic container, and an engaged position, Wherein 
the friction surface engages the lid portion, and 

a motor for vibrating the sonotrode relative to the support 
assembly When situated in the engaged position to 
move the lid portion relative to the body portion such 
that frictional heat generated from the vibrational 
motion Welds together the lid portion and the ?ange of 
the metallic container body. 

2. The apparatus of claim 1, Wherein the sonotrode is 
moved in the engaged position to confront the support 
surface so that portions of the lid and the body of the metallic 
container are held in contact With one another betWeen the 
support surface of the support assembly and the friction 
surface of the sonotrode. 

3. The apparatus of claim 1, Wherein the motor is adapted 
to reciprocally move the sonotrode at a rate of betWeen 15 
KHZ and 25 KHZ. 

4. The apparatus of claim 3, Wherein the motor is adapted 
to reciprocally rotate the sonotrode around a longitudinal 
axis of the metallic container. 

5. The apparatus of claim 1 or 4, Wherein the motor is 
adapted to reciprocally vibrate the sonotrode longitudinally 
relative to the metallic container longitudinal axis. 

6. The apparatus of claim 1, further including an actuator 
for advancing and retracting the sonotrode betWeen the 
engaged position and the retracted position, Wherein When 
the sonotrode is moved to the engaged position, the actuator 
moves the sonotrode toWard the base such that the sonotrode 
exerts a force to hold portions of the lid portion and the body 
portion of the metallic container in contact With one another 
betWeen the support surface of the support assembly and the 
friction surface of the sonotrode, the actuator being adapted 
to provide a force betWeen approximately 1300 N and 
approximately 7200 N. 

7. The apparatus of claim 1, Wherein the support assembly 
includes a frame, and a clamshell anvil, the clamshell anvil 
comprising tWo halves that are pivotally mounted onto 
opposing portions of the frame for pivotal movement 
betWeen an open position and a closed position, and springs 
biasing the tWo halves of the clamshell anvil to the open 
position. 

8. The apparatus of claim 7, Wherein the sonotrode is 
supported on a shaft, the shaft having a cammed outer 
surface, portions of the pivotally mounted clamshell anvil 
halves engaging the cammed outer surface, such that When 
the sonotrode is in the retracted position, the pivotally 
mounted clamshell anvil halves engage the shaft at a point 
Where the shaft alloWs the clamshell anvil halves to pivot to 
the open position, and When the shaft and the sonotrode 
begin to move doWnWard, the cammed outer surface of the 
shaft forces the clamshell anvil halves to pivot to the closed 
position Wherein the support surface engages the ?ange of 
the body portion of the metallic container. 
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9. The apparatus of claim 8, wherein the cammed outer 
surface of the shaft is shaped such that the clamshell anvil 
halves are forced to pivot to the closed position prior to the 
sonotrode reaching the engaged position. 

10. The apparatus of claim 9, Wherein at least one of the 
clamshell anvil halves includes a stop extending from an 
inner surface of the clamshell anvil half, positioned verti 
cally above the support surface, such that When the 
sonotrode retracts from the lid portion of the metallic 
container after Welding, if the lid portion sticks to the 
friction surface of the sonotrode, the stop Will contact the lid 
portion, thereby holding the metallic container doWn as the 
sonotrode retracts upWard. 

11. The apparatus of claim 1, Wherein the support surface 
of the support assembly has a textured surface such that the 
support surface Will frictionally engage the outer surface of 
the ?ange portion of the body of the metallic container to 
prevent sliding movement of the ?ange of the body portion 
relative to the support assembly. 

12. The apparatus of claim 1, Wherein the friction surface 
of the sonotrode has a textured surface such that the friction 
surface Will frictionally engage the lid portion of the metallic 
container to prevent sliding movement of the lid relative to 
the sonotrode. 

13. The apparatus of claim 1, Wherein at least one of the 
support surface of the support assembly and the friction 
surface of the sonotrode has a knurled pattern formed 
therein. 

14. The apparatus of claim 13 Wherein the knurled pattern 
comprises a triangular knurl pattern. 

15. The apparatus of claim 1, Wherein at least one of the 
support surface and the friction surface are grit blasted. 

16. The apparatus of claim 1, Wherein at least one of the 
support surface and the friction surface each have a raised 
ridge in a serpentine pattern. 

17. The apparatus of claim 1, Wherein an interior surface 
of the body portion and the lid portion of the metallic 
container include a coating applied thereto, Wherein When 
the sonotrode is moved to the engaged position, the 
sonotrode exerts a doWnWard force to hold portions of the lid 
portion and the body portion of the metallic container in 
contact With one another betWeen the support surface of the 
support assembly and the friction surface of the sonotrode, 
the doWnWard force of the sonotrode and the frequency of 
vibration of the sonotrode provided by the motor being such 
that the frictional heat generated from the relative motion 
betWeen the lid portion and the body portion is su?icient to 
create a friction Weld betWeen the lid portion and the body 
portion of the metallic container. 

18. The apparatus of claim 1, Wherein at least one of the 
friction surface of the sonotrode and the support surface of 
the support assembly are angled relative to the longitudinal 
axis of the apparatus. 

19. A method of forming a metallic container comprising: 

providing a pre-formed body portion; 

providing a pre-formed lid portion; 

placing the lid portion onto the body portion and applying 
a force to keep portions of the lid portion and the body 
portion held in contact With one another; 

vibrating the lid portion With respect to the body portion 
to generate frictional heat betWeen the lid portion and 
the body portion such that a friction Weld is formed 
therebetWeen. 
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20. The method of claim 19, further comprising the steps 
of 

providing the pre-formed body portion With a generally 
cylindrically shape open at one end, the open end 
having an angled ?ange extending circumferentially 
therearound, 

providing the pre-formed lid portion With a generally disk 
shape including an angled ?ange extending circumfer 
entially therearound, the angle of the ?ange on the body 
portion being approximately equal to the angle of the 
?ange on the lid portion. 

21. The method of claim 20, Wherein said step of placing 
the lid portion onto the body portion and applying a force to 
keep portions of the lid portion and the body portion held in 
contact With one another includes 

placing the lid portion onto the body portion such that an 
inner surface of the ?ange of the lid portion contacts an 
inner surface of the ?ange on the body portion and 

applying a force to keep the inner surface of the ?ange on 
the lid portion held in contact With the inner surface of 
the ?ange on the body portion. 

22. The method of claim 21, Wherein said step of applying 
a force to keep the inner surface of the ?ange on the lid 
portion held in contact With the inner surface of the ?ange 
on the body portion includes applying a force of betWeen 
approximately 1300 N and 7200 N. 

23. The method of claim 19, Wherein said step of vibrating 
the lid portion With respect to the body portion includes 
reciprocally rotating the lid portion With respect to the body 
portion at a rate between 15 KHZ and 25 KHZ. 

24. The method of claim 19, Wherein said step of vibrating 
the lid portion With respect to the body portion includes 
longitudinally reciprocating the lid portion With respect to 
the body portion at a rate between 15 KHZ and 25 KHZ. 

25. The method of claim 19, Wherein said step of vibrating 
the lid portion With respect to the body portion includes 
orbitally moving the lid portion With respect to the body 
portion at a rate between 15 KHZ and 25 KHZ. 

26. The method of claim 19, Wherein said step of vibrating 
the lid portion With respect to the body portion includes 
randomly moving the lid portion With respect to the body 
portion at a rate between 15 KHZ and 25 KHZ. 

27. The method of claim 23, Wherein the step of contact 
ing the lid portion With a sonotrode that is movable With 
respect to the support assembly comprising the steps of: 

moving the sonotrode into an initial engagement a ?rst 
doWnWard force, such that the motor reciprocally 
rotates the sonotrode at a ?rst frequency for a prede 
termined amount of time; and 

increasing the doWnWard force to a second doWnWard 
force, larger than the ?rst doWnWard force, and increas 
ing the rate of reciprocal rotation of the sonotrode to a 
second rate, larger than the ?rst rate, after the prede 
termined amount of time has passed; and 

holding the sonotrode in the engaged position, at the 
second doWnWard force, and maintaining the reciprocal 
rotation of the sonotrode, at the second frequency for a 
second predetermined amount of time. 

28. The method of claim 27, Wherein the step of moving 
the sonotrode into an initial engagement a ?rst doWnWard 
force, such that the motor reciprocally rotates the sonotrode 
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at a ?rst frequency for a predetermined amount of time 
includes the step of Wiping out any coating material on 
confronting surfaces of the body portion and lid portion to 
expose a Weld Zone. 

29. The method of claim 28, Wherein said steps of 
increasing the doWnWard force to a second doWnWard force, 
larger than the ?rst doWnWard force, and increasing the rate 
of reciprocal rotation of the sonotrode to a second rate, larger 
than the ?rst rate, after the predetermined amount of time 
has passed; includes the step of: 
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maintaining the reciprocal rotation of the sonotrode, at the 
second frequency until a friction Weld has been formed 
in the Weld Zone. 

30. The method of claim 27, Wherein the ?rst frequency 
and the ?rst doWnWard pressure are betWeen approximately 
sixty percent and approximately seventy percent of the 
second frequency and the second doWnWard pressure. 


