' 4668: CP - 1- 2251197 CONTAI NERS Thi's invention relates to containers?
and in particular to netal can bodies having an end wall and, upstanding
fromthe pem*%gg f the end wall, a side 5 wal I which includes a
plurality of ongl?udlnal flexible panels_fprmng a fluted iey ?

nore particularly but not exclusively, to netal can bodies |ntendéd 0 be
closed by a lid such as are used to contain processed foods. 10

Qur earlier UK Patent Application GB-A- 2237550 descri bes can bodi es havi ng
a it ed profil e provided by conplete flutes and the present invention
relates to an inprovenent in such can bodies and to a nmethod and apparat us
for their manufacture. 15 . USofrATRERE describes a can body
enbossi ng apparatus which includes ac porting enbossing nmandre
whi ch has circunfererffhi$ | inveatten redates &ot epatagnens and i peri phery

that are enggapabl @uidteé héeal ah BB&%thHQ&'ﬂ%V a¥f el twdPf AR

axially- 20 extending crease lines are fornmed on the can body, Adjacent

crease |ines WRFFaRRIng LEQM the RRFERRAPRY e8nthecend mallina ébideen. The
axi al emds ofwdlesghiént Bscheasyea plhrabétyndel Londidudiniel ft1deEové ! |

not be conplet eiga%ormingheyffﬁéedngéo % g,aa%ho%%%e partlcularly
but not exclusively, to metal can bodies 1ntended to be
closed by a lid such as are used to contain processed
foods. ,

K,/ 10 our earlier UK Patent Appllcatlon GB-A-2237550
describes can bodies having a fluted proflle provided by
complete flutes and the present fhventlon relates to an
improvement in such can bodies and %o a method and
apparatus for their manufacture.

15 US-A-4578976 describes a can body embossing
apparatus which includes a can body supporting embossing
mandrel which has circumferentially-spaced axially-
extendlng ribs on its periphery that are engageable with
a resilient formlng member so that parallel, axially-

20 extending crease lines are formed on the can body.\
Adjacent crease lines will define axially extending

. concave flutes thgrebetweeh., The axial ends of these

- flutes however will be undefined and the flutes will not
be complete,'that is,-they'will‘not'ha#e a closed

25 perimeter defining the axial ends as well as the sides of
the flutes.



25 perimeter defining the axial ends as well as the sides of the flutes.
-2- In the design of the fluted profile there are two major criteria. The
first is that the perimeter of the fully formed can body in the fluted
region is equal to the original can body circunference, thus form ng

I nvol ves the m ni rum degree of mater+a2 stretch, tool wear, and contai ner

damage.

The second is that the envel ope remains constant - that is that

the outernost points of the fluted region lie on the sanme dianeter as th

ori gi nal

can body. This is inportant for subsequent |abelling and handliﬁﬁe

According to a fif8tthepeesigReofnfbe: fdnted \nrREile nthene atef bwoing a
plurality of axi

L tendin ternal | cave conplete flutes in a
cylindri 65?3%ﬁncgbgéfgéh:n'ﬁbgﬁgg)éég:rg%i éﬁ*&%o?b&@ S‘J?%‘F)%‘“%‘]f?f o‘gﬁt thg t Ihe
' ' ' . nal di n of il ed-mandrel ;
Weroin Chit %’?3???@"48%?%%@%335?t@%ﬁ%ﬁ%@"ﬁ# A Rkl y
' I . fl ut i IS |less an nunber
of 11 ut o SO FRAT; cin BT E1ERMREELEnce B (kP craro Tfs. Fbe 1 o an
external mphimbicaE8YedCche" HhberalOtirtdich, tool wear, and

container damage. “The Second is that the énvelope
remains constant.—'that is that the outermost points of
the fluted region lie on the same diametér as the original
can body. This is important for subsenght labelling and ~
handling.

According to a first aspect the invention pfovides
a method of forming a plurality'of axially extending
externally concave completé- flutes in.a cylindrical can
body, the method comprising the steps of locating the
cylindrical cﬁn'bbdy on an'internal'éqrrespondihgly
profiled mandfel; wherein the profile of thé mandrel
comprises a whole number of axially extending externally
concave complete flutes whicﬁ is less than the number of &/
flutes on the finished can body, and rolling the mandrel
relative to an external rail thereby deforming a portion
of the cylindriéal can body between the mandrel and the

rail- to form the flutes.



* of the cylindrical can body between the mandrel and the rail to formthe
flutes. 4668: CP -3- According to a second aspect the invention provides’
apparatus for formng a plurality of axially extending externally concave
conplete fl 4668:CR a 5 cylindrical can body, the apparatus conprising a
correspondi ngly profiled nmandrel of maxinmum di aneter |ess than the m ni num
di aneter of the cylindrical can body and conprising a whol e nunber of

ally extending externally concave conplete flutes which is |less than the
nunger of 10 flutes on the finished can body, an elongate rail, neans
for locating a cylindrical can body over the mandrel, and means for rolling
the mandrel relative to the rail to deforma portion of the cylindrical can
body between the mandrel and the rail tozfarmthe flutes. 15

According to a third aspeqt the invention provides a can body made by the
met hod of the first AESPESANG: Yh@ SRRANS oRSPRSHFRR | IRVENBEPRom end wal |

and an upst advaaeeyhpgdmmls Hoie fgdhing éaﬁmnsafitwr@f%mmpyrtlon of

LT R A SN e it

cylindrical can body, the apparatus comprlslng a
correspondingly profiled mandrel of maximum diameter less
than the minimum diameter of the cylindrical can body and
comprisihg a whole number of axially extending externally
concave complete flutes which is less than the number of

10 flutes on the finished can body, an eiongate rail, means
for locating a cylindrical can body over the mandrel, and
means for rolling the mandrel relative to the rail to
deform a portion of the cylindrical can body between the
mandrel and the rail to form the flutes. '

15 According to a third aspect the invention
provides a éan body made by the method_of the first
aspect of the invention, cémprising a bottom end wall and
an upstanding cylindrical side wall of radius R, wherein
a portion of the side wall is formed with a plurality of

20 axially extending externally concave complete flutes
defining a fluted profile in that portion of the side

W, wall, each flute profile comprising a part circular

externally concave section of radius U located within the
circle of the cylindrical side wall and connected to that

25 circle through part circular ekternally conﬁex sections
of radius P, wherein the radii U and P are related to the
radius R



defining a fluted profile-in that portion of the side wall, each flute
profile conprising a part circular externally concave section of radius U

| ocated within the circle of the cylindrical side wall and connected to
that 25 circle through part circular externally convex sections of
radius P, wherein the radii Uand P ared related to the radius R -4- by
the equation R = U+2P and wherein the circles of the externally convex
sections are tangential both to the circles of the concave sections and {(g/
the circle of the-cylindrical side wall. Enbodinments of the invention are"
descri bed bieltthe wItetioRr Bz U+2Pt fad avherpiny the ¢iawles ofh e ch:
FIGURE 1 is a diagrammatic partial profile of the fluted portion of a first
enbodi nente’iffe‘ﬁhqf%o??nwwW%gdagesﬁéﬂﬁﬁaﬁlﬁrloﬂqt& teftdr® and during
processing;, FIGJRE 4 is a side view of the cgn,body; FI.GURE:-5 shows a
series of %ﬁir‘f]ieﬁ ?)’Fo#l??egmb?a‘fﬁes%% IBBﬁyaBa 'F'Pg%}{‘ﬁ CHESIPT it A-A to

E-E in Fi ; Ny _split diagrammatic partial view of the nmandrel
Gy lindl BT £148 S50 _

profile (sHown on and”the can body |
. Embodiments of the invention are described below

with reference_tb the accompanying drawings in which:
FIGURE 1 is a diagrammatic partial profile of the

fluted portion of a first embodiment of cén body;

FIGURES 2 and 3 show can profiles before and
during processing;’ ' |
FIGURE 4 is a side view of the can body;
FIGURE 5 shows a series of partial profiles of the
can body of Fig. 4 taken on lines A-A to E-E in Fig. 4;
FIGURE 6 is a split diagrammatic partial view of
the mandrel profile (shown on the left) and the can body
profile (shown on the right); |
FIGURE 7 is a side view of a mandrel used in
forming the can body}_ | - w

FIGURE 8 is a cross-section of the mandrel shown
in Fig. 7 taken along the line X-X;

FIGURE 9 is a diagrammatic perspective view of
apparatus for forming a can body;

FIGURE 10 is a diagrammatic view of the mandrel

and rail of Figure 9;



"profile (shown on the right); FIGURE 7 is a side view of a mandrel used in
form ng the can body; FIGURE 8 is a cross-section of the mandrel shown in
Fig. 7 taken along the line.X-X; FIGURE 9 is a di-agrammtic perspective

vi ew of apparatus for forming a can bo%y; FIGURE. 10 is a diagranmatic view
of the mandrel and rail of Figure 9; = 2 -5- FIGURE 11 is a diagrammatic
view of an alternative nmandrel and rail for form ng a can body; FIGURE 12
iS\g/perspective sketch of the mandrel of Figure 11; FIGURE 13 is a side

e TS of R Y L a0k E S L 8" SR T
- _ ; ; g Yart of
hor i zont aMeBFBSE: B8 1 1AEL rRCurOTRet Aok 2BnBBAT et of can body,
Referring to Fi guestauee 13 13 €30 PErSEELLL V8! skB8ch of the mandrel
of Figure 11; :
FIGURE 13 is a side view of another embodiment of
can body;
FIGURE 14 is a section taken on the line XIII-XTII
of Figure 13; T N
- FIGURE 15 is an enlargéd view showing part of the
fluted profile of the can body of Figures 13 and 14; and
FIGURE 16 is a horizontal cross-section through a
further embodiment of can body.
Referring to Figures 1-3, it can be seen that the
fluted portion of the can body 1 has a profile consisting
of externally.convex peak sections 2 of radius P
alternating with externally concave flute sections 3 of
radius U. The sections 2 and. 3 are of constant radius
K,/ over their full circumferential extent and run smoothly-
into one another. This is achieved by making the circles’
4,5 of the sections 2 and 3 tangential to one another at
the junctions 6 between the convex and concave sections.
The circles 4 are also fangential to the circle of the

cylindrical side wall.



fluted portion of the can body 1 has a profile consisting of externally
convex peak sections 2 of radius P alternating with externally concave
flute sections 3 of radius U The sections 2 and 3 are of constant radius
over their full circunferential extent and run snoothly into one another.
This is achieved by making the circles64-5 of the sections 2 and 3
tangential to one another at the junctions 6 between the convex and concave
sections. The circles 4 are also tangential to the circle of the '
cylindrical side wall. -6- Since the profile is forned solely of part
circul ar sectionsSiRees AN BERE BRI 18| Eormedoselpily. 0@0@§¢¢er|ng angle
val ues i n radi ans Arc Ien h.BE = RX Arc length BC = (X+Y)P Arc length CD =
UY Now, of&IGH (ﬁh@(ﬁﬂ%ﬂ?ﬁ?%ﬁ ?Hﬁlﬂﬁéﬁghslg°ﬁﬁéplﬁhe peri net er

e 5§
of the quted por t.he can .bod emai ns un nged by the formation of
the flutes. E?Wﬁ§a§ﬁhﬂ 9 &9 ta%i? é §gituting into this

equat i on gives Arc length BE = RX

Arc length BC = (X+Y)P

Arc length CD [8)'4
Now, one of the major requirements for the design

is that the perimeter of the fluted portion of the can

body remains unchanged by the formation of the flutes. It
is thus required that
BE = BC+CD
substituting into this equation gives
= (X+Y)P+BY
or X(R-P) = Y(U+P) ' ' ' (1)
Resolving horizontally.
RSIin X =P(Sin X + Sin ¥) + U Sin Y
Sin X (R-P) = Sin Y (U+P) (2)
Dividing (2) by (1), gives - - | -
Sin X =S8in Y | | (3)
X Y

solving this gives
X=Y
putting this into (1) gives

R=U4+ 2P ' (4)



* XR = ( X+Y) P+BY or X(R-P) = Y(U+P) ' (1)
Resol ving horizontally. RSin X =P(Sin X+ SinY) +USnYSnX(RP =
SinyY (U+P) . (2) Dividing (2) by:(1), gives Sin X = Sin
Y _ . (3) X Yi#solving this gives X=Y
putting this into (1) gives R=U + 2P- 7 -
(4) .. -7- Gven a can body of known radius, the profile of the fluted
po&;gpn can-be determ ned by selecting the peak radius P and the nunber of
utes

fl . The ratio of flute radius_to geak radius . is preferably at |east
20:1, this |arge r SivehekiGA% RN F | kRewhepRA1URdy I Pdotdile 1A e depth

are as follows: .a i.ncreased strength of the vertical, be formed at
the peaks, tARLE MRS MAFELAR SR B IRFEFRLPeBy BV, AELEng RO AT | oxes
nvards wtRaYL LY Rd' %he number of flutes. i

The ratio of flute radius to peak radius is
preferably at least 20:1, this large ratio maximises the

flute depth. Advantages of flute depth are as follows:

a) increased strength - of the vertical beam formed at
KJ the peaks, thus when the can sees an external

overpressure, the beam flexes inwards without

buckling.
b) improved abuse resistance of the can after
processing package, again due to beam strength.
c) . it reduces the tendency for the flutes to
permanently unfold during processing, when there
is a high internal pressure.

Note that the peak radii should not be too small
as this may cause lqcaiised étress concentrations during
forming, proéessing. or handling which may lead to
material splitting. Typically the ratio of peak radius to
material thickness should be between 5:1 and 20:1,
particularly 10:1.

The optimum nuber of flutes for a given
application depends on; the container aspect ratio,

material type and temper, material thickness, the type of



b) - | nproved abuse resistance of 'the can after processing package,
again due to beam strength. c) It reduces the tendency for the flutes
to permanently unfold during processing, when there is a high internal
pressure. Note that the peak radii should not be too small as this may
cause | ocalised stress concentrations &uring form ng, processing, or
handl i ng which nay lead to nmaterial splitting. Typically the ratio of peak
radius to material thickness should be between 5:1 and 20:1, particul arl\y/
10:1. The o tlnun1nuber of flutes for glven ap |cat|on depends on; the

cont ai ne® Tt B¢ orakiP ePF aPTP B@taﬁ FQHS@# eﬁhﬂ&%%ﬂetrﬁkﬁness t he
t f duct, th duct t { ne, the
f?Ffiﬁg,ﬁﬁ%ﬁi&i{ﬁ@gg%ﬁﬁségspaaagc6%8?%88ﬁ§°“&ﬁ&3§ﬁﬁaugﬁﬁ urequiremants
Basi cal | y .t | ] f flut the better the processing and
agaggape¥¥ ‘ﬁ%ﬁ@% %é?iFﬁmQﬁggg; ?he e?fggtlvg f?ll vquneP theszhi?ity to
formthe profile gaof.l#pg! thBesh8T18r"ehe ninides G ENedHohEans, there

is a further .
better the processing and abuse performance, but the lower

the effective £ill volume, the ability to form the
profile, and label the container.

| In the case of food cans, there is a further
simplifying factor in determining the optimum number of
flutes for a given application, this is that the number of
flutes must be a multiple of three. The reason for this.
can be seen with reférence to Fig. 3. When subject to an
exte:nal,overp;essﬁre_the can reduces in volume by means
of an elastic panelling mechanism in which each 'panel' is
made up of twd full flutes which flex radially inwards,
and two half flutes, which flip through to a convex
profile_effetively.producing an eiastic hinge. -

Coﬁbiﬁing the ?multipie of three' principle with W/
forming, processing, labelling, and abuse constraints the ~
number of flutes for foodcan applications become 12, 15,

18 and 21, particularly 15 and 18. For a 73mm diameter,
110mm high petfood container the optimum is 15 flutes.

Unlike conventional circumferential bead forming, -

each vertical flute must be fully formed in a single .



‘'sinplifying factor in determning the opti num nunber of flutes for a given
application, this is that the nunber of flutes nust be a nmultiple of three.
The reason for this can be seen with reference to Fi.g. 3. Wen subject to
an external overpressure thée can reduces in vol ung by neans of an elastic
panel I i ng mechani smin which edch 'pane®’'-is made up.of two full flutes
which flex radially inwards, and two half flutes, which flip through to a
conyex profile effetively producing an el astic hinge. Conbining the
‘multiple of three' principle with formng, processing, |abelling, and
abuse cons®P&FAtionnhbefersether meaxk &luts ¥pokREMedppl Thusi She Fasone 12,
15, 18 and, 21 garhiculargéggi and 18. For a 73mmdi ameter, 110nm_ hi gh
pet f ood cohfaFALMefhdNys | & IRy Hukian Qfy 3 kRapdrednpsoAgscribe
circunferegtial bead form ng, each vertical flute nust be fully forned in a
single -§-°8peration before the next flute is fornmed. Thus the can is

formed in a singIeTh V@éggéﬂ]fgréiﬂyyugéémﬁﬁﬁgﬁﬁﬁ§§§ﬁ§°§§%§ﬁ§pThe reason

for this stens fromthe constant perine CO e

constraint §ertftel! s ddnltantS drivdTsbd TSt fihe8ePLRukneEC e¥e! | Pe

excess
flute is formed to the full depth there will be excess

material leading to an incorrect flute pitch.

"In order to form the flutes it is proposed to use
an internal mandrel rolling against an external rail. ' The
internal mndrel must have.a smaller diameter than the can
because otherwise it would be impossible to remove the can
from the mandrel after forming.

The mandrel must have a whole number of flutes,
for example if the can has 15 flutes fhe'mandrel must have
a whole number of flutes which is less than 15. in
practice the lower limit of the number of flutes on the
mandrel is defined largely by the stiffness requirement of

W, the mandrel, for a can'with is flutes the lower limit
providing adequate stiffness would be about 6 flutes on '
the mandrel.

Figs. 4 and 5 show the shape of the can profile at
the flute top and bottom. This is made by projecting a
half oval onto the cylindrical-can surface, and then
defining sections circumferentially across the oval to

have constant envelope and constant perimeter.



material |eading to an incorrect flute pitch. In order to formthe flutes
It is proposed to use an internal mandrel rolling against an external rail.
The internal mmdrel nust have a smaller dianeter than the can because
otherwise it would be inpossible to renove the can fromthe mandrel after
form ng. The mandrel nust have a whel @0nwtrber of flutes, for exanple if the
can has 15 flutes the mandrel nust have a whole nunber of flutes which is -
| ess than 15. In practice the lower limt of the nunber of flutes on th&_/
mandrel is defined Iaraely by the stiffness requirenment_of the_mandrel, for

a can with 15 f| U¢@RSEAETLBAethr; FUE VeSO PRNAMY WSt S st fwhddsbRoul d be
bout 6 fl ut t d . Fi 4 5 ;show the sh f.th

Drofil o ASTRethit: EoeoBraha LBoPEabheTERNS, Zeklb YHL %, BFALORNSAORE I oval
onto the ¢ Iindrigaé ganasur ac§ .anqhtheqfdefi I ng.sections: £

ci r cunf er’e’X‘E?ﬁ’FW G8r B¥s 3t FE L0 18 I ARE AR Bt IR FORE3 ¥R aE EBAEL ant

g T oo 1 . \ ; b
Phat 'the SSFifas oof, RIS, BEbE}Me BEelde End die fadide I bhe ' O °O°"
cylindri cfdcshét bPHgBessivei9 6RUE10WEE These shallow £lute

sections are the size as would occur in the central region
of a can body having 17, 22, 30 or 45 flutes
respectively. In this manner, the constant perimeter
requirement is maintéined in these end regions of the
flutes and the flutes are complete - that is, they have a
closed perimeter defining the ends as well as the sides of
the flutes. In order to form such complete flutes it is
important that the flutes on the mandrel are also complete.
The benefits of the half oval shape come f£rom
minimal material stretch, and good axial load capacity. A
sudden change of profile would cause a high stress
concentration and failure at this point under axial load.
Fig. 6, shows a splié section through a flute, \
with the mandrel profile on the left, and the can profile
on the right.

Nomenclature used is as follows:

Internal can radius

Mandrel radius

Peak radius of mandrel and can

2 w R W
!

Number of flutes on can



* sections of this profile are of the sane radius U but becone progressively
shal | ower. These shallow flute sections are the size as would occur in the
central region of a can body having 17, 22, 30 or. 45 flutes respectively.
In this manner, the constant perineter requirenentii's maintained in these
end regions of the flutes and the fluteklare conplete - that is, they have
a closed perineter defining the ends as well as the sides of the flutes. In
orger. to formsuch conplete flutes it is inportant that the flutes on the
mandtf el are al so conplete. The benefits of the half oval shape cone from

m ni mal n@t er PAf fanenas betweepdhepaumbepaaf cfpusesy onathgdgan @nthge of
profile would cause a high stress concentration and failure at this point
under axial |8&rdo8ly 6 shows a split section through a flute, with the
mandrel profile on the left, and the can profile on the right. Nonencl ature
used is a& Foﬂ@ﬂmﬁa%ﬁ-gﬁqﬁ%ﬁﬁﬁéa%an radius M- Mandrel radius P - Peak

radi us of _mandrel, and .c - Nunber. of flutes on can T - Dfference
bet ween tﬁé'n%ﬁ'@izegf.tﬁa& ihbtrp t?fég}:%n and '

F - Mandrel half flute coincidence angle-

~ Can flute radius

~ Mandrel flute radius

— Can flute depth T
\vjsﬁ Mandrel fluge depth
- Can springback depth

- Springback factor where K = S/D

s = n Mmoo 44
1

- Half flute width.
Mandrel radi

a= 1 - S | (5)
ﬁ = R sin A

K,) sin A =

sin B = . M=_W = R sin A (7)

M 'sin B C "sin B
Subst. 5. and 6. into 7.

M = R_sin TT;/N ' - (8)

sin W /(n-1)



mandrel A - Can half flute angle B - "Mandrel half flute angle F - Mandrel
hal f flute coincidence angle U - Can flute radius V - Mandrel flute radius
D- Can flute depth E - Mandrel flute depth S - Can springback depth K -
Springback factor where K= S/D W- Half flute width. Mandrel radius A =

[err] - 12 - (5) N B= [err]
(6) N-T sinA=W WERsi nA R sin B=wW M= W, =
Rsin A (7) M sin B sin B Subst. 5. and 6. intQ/
7. M= Rsin [err] /N (8) sin [err] /(NT)

Can flute depth : '

D = R-~-RcosA +U-U-cos A - (9)

subst. 4 into 9.

D = R(l - cos A) + (R-2P)(1 - cos A)
= 2(R-P)(1 - cos A) e (10)
‘Mandrel flute depth

E-J=R-RcosA-(P-PcosB) +P~-Pcos F+V-VcosF
= R(1- cos A) + P (cos B - cos F) + V (1 - cos F) (11)
J =M(1 ~cos B) ~-R (1 -cos &) =~ : {(12)
Add 11. and 12.
E = M(1 - cos B) + P (cos B - cos F) +.V (1 - cos F) (13)
Mandrel flute ;gdiug
From'éxperimental results it has been shown that for
a given material thickness and temper, the 'springback |
depth®' S is proportional to the can flute depth.
S-KD=E-J-D |

E-J

D (K + 1) (14)

Subst. 10. and 11. into 14 ",

R(l1 - cos A) + P (cos B - cos F) + V (1 - cos F)
= 2(R-P)(1 - cos A)(K+l) (15)
Resolving about the X-axis:
R sin A =P (sin B + sin F) + V sin F _
V=RsinA - P (sin B + sin F)
sin F (16)



- 12 - Can flute depth D = R- Rcos A+ U-Ucos A

(9) subst. 4into 9. D = R(1 - cos A + (R2P)(1 - cos A = 2(RP)(1 -
cos A . (10) Mandrel flute depth E-J =
R- Rcos A- (P- Pcos B +P- Pcos F+V- Vitos F=R(1- cos A) + P
(cos B- cos F) + V(1 - cos F) (11)-J13 M1 - cos B) - R(1 - cos A
(12) Add 11. and 12. E= M1 - cos B) + P (cos B- cos F) + V (1 - cos F)
(13) Mandrel flute radius Fromexperinmental results it has been shown that
for™a given material thickness and tenper, the 'springback depth' Sis
proporti ofibste tHe. ckate| Lfe: depth S- XD=E-J- DEJ=D(K+ 1)
(14) Subst. 10. and 11. into F%l - Cos_A) + P (cos B- cos F) +V (1-
cos F) = X AIp)7 198 Ak ?0?Kﬁ§?s - cos F@l Resol vi ng about the X-axis:

?12;n A=P(sinB+ SkPRFgln AS_ B(s1n 5 R 51n.%ﬁ)£iééﬂéléi+¥8in F) sinF
| sin F
.2 (R-P)(1 - cos A)(K + 1) : (17)
Equation 17 may be used to solve iteratively for F,
which can then be substituted into 16. to give V.
The following table shows an example of the above
equations used to design a 12 flute mandrel for a 15 flute
can. The first column of data is used for the main flute
profile, and the rest are used to define sections thréugh

the half oval flute end profiles.
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‘to the above nmethod. The mandrel has 12 flutes for forming a 15 flute can
body. The mandrel may also be formed with an external bead at the bottom
for formng a roll bead on the can body as shown in Figs. 9 and 13.

Machi nes are known (e.g. as ‘shown in US-4512490) which formvertical flutes
in cans using a solid internal and extegnal mandrel. W believe, however,
that a preferable nethod is to use an internal mandrel running against an
extérnal forming rail, as shown in Figs. 9 and 10.: “Advant ages of this

met hod are as fol | ows: Only one set of external tooling iis required for the

conpl ete machi ne, Figs.r fdandh@ Eixiw satdndoeli bk, desdgmednaerardinglhe
head pitch can be reduced thus reduci ng machi ne size, and increasing
machi ne spéedthio alowee methtodin | TheequandxeX dnas h@2efilatesl £baol i ng t hus
reduci ng machi ne cost. Formng of roll bead and vertical flutes are
possi bl e ofiorméngaree LPadliute Q§§rhﬂﬂX*meThﬁlmbnéueleanreisathbeast t wo
revolutions, and the flutes require exactly one, IS _not possible to

conbi ne thé@@mﬁﬁeﬂ%ﬁhnﬁﬁlﬁﬁﬁﬁfﬂ%i(Qéﬁﬁrﬁﬁ ﬁ%ﬂdb@tt9?p€°ﬁaéﬁFWé@H a
roll bead on the can body as shown in Figs. 9 and 13.

Machines are known (e.g. as shown in US-4512490)
which form vertical flutes in cans using a solid internal
and external mandrel. We believe, however, that a
preferable method is to use an internal mandrel running
against an external forming rail, as shown in Figs. 9 and
10. |

Advantages of this method are aé follows:

- Only one set of external tooling is required for
the complete‘machine; thus reducing cost, setting
time, and maiﬁtenance.

- The head pitch can be reduced thus reducing
‘machine size, and increasing machine speed.

W - No drive system is required for the external
tooling thus reducing machine cost.

- Forming of roll bead and vertical flutes are
possible on the same machine. (Since the roll
bead requires at least two revolutions, and the
flutes require exactly one, it is not possible to
combine thése operations using an external mandrel

type machine.)



- 16 - Two types of form.ng rail ‘can be used on the machine; flexible and
solid. For flexible tooling (Figs 9 and 10), the rail 14 is made up of an
arcuat e pol yuret hane bl ock of rectangul ar section, nmounted against arigid
backing plate 15. Rail arc length is set to provide a single flute lead-in
to full formng depth, plus one conplate-revolution of formng. Wdthis
sufficient to just extend over the flute ends, and thickness is around 10
tinmes the formng depth. Pol yurethane shore ' A hardnesses of between 6
and 95 are suitable, especially 75 to 85. Benefits of this type of flexiDle
rail are the mniBwb trwpesaofuforgingsraidl mamde cauged comntheo align the
internal tooling, thus a_friction _drive may be used for the internal
mandr el s.maghing; Glexibie: avde®oldfi-ng a flexible outer rail -is shown. In
this apparatus a rotatlng turret 1Q carri.es a nunber of mandrels 11 each

rotatably nount edF8R fﬂ@xPHPPeF°841§HaKF§QﬁNﬁ %ﬂﬂw&ﬁ)'cﬁhebﬁﬂils 4re fed

ﬁgéﬁst 12 SRatefie bl pe: Sroperste @olynIHARS A OF  PFCBBaHLAGY m ng

T TR e oS S D P B o o
arc length is set to provide a single flute lead-in to
full forming depth, plus one complete revolution of
forming. Width is Sufficient to just extend over the
flute ends,'and';hickness is around lofﬁimes the forming
depth. Polyurethane shore 'A' hardnesses of between 60
and 95 are suitable, especially 75 to 85.

Benefits of this type of flexible rail are the
minimal manufacturing cost, plus no requirement to align
the internal tooling, thus a friction drive may be used
for the internal mandrels.

In Fig. 9 apparatus employing a flexible outer
rail is shown. 1In this apparatus a rotating turret 10
carries a number of méndrelé.ll.each rotatably mounted on g)
the #urret on shafts (not shown). Can bodies are fed onto
the mandrels and initially held in position by
cam-operated holding means 12. As the turret rotates the
can bodies engage a roll bead forming rail 13. The shafts
of the mandrels are driven so that the mandrels and can
bodies thereon roll along the rail 13.  Apparatus of this

kind for forming roll beads in can bodies is well known



‘kihd for formng roll beads in can bodies.is well known - 17 - and it is
therefore not described in nore detail. After formation of the roll bead
cans engage a flexible rail. ;14 which deforns the can body against the
mandrel as the mandrel rolls along the rail 14. Aft‘ér the flutes have been
formed the cans are renoved fromthe- apparatus in known manner. In Figure

10 it can be seen that the resilient rail is locally defornmed by the action
of ¢he mandrel. An alternative arrangenent, using'a’solid netal form ng
rail7 is shown in Figs. 11 and 12. In this_apparatus _a nmandrel 112

cooper at e30gh dit dsniharefans mph Aesquibedolngmexecfriiridool Affakes the
bei g hafRANLAY, Oy Phe, LS RERA (FERE CRORFRCS SHGRARIS FarhaA4 mandr
thus. t her BRLEH dsarzms,dnd f64n Bod 2o RLAEE: FhB" RepdFalt %% &HeI ot ool ng,
Lne et SR SN GRTLRLE ) Mlarer BSL B AL 0ve0
been formed the cans are removed from the apparatus in
known manner.

In Figure 10 it can be seen that the resilienf
rail is locally deformed by_#he action of the mandrel. -

An.alternaﬁiﬁe arrangement, using a solid metal
forming rail, is shown in Figs. 11 and 12. 1In this
apparatus a mandrel 112 cooperates with a metal forming
rail 142. |

Solid external tooling uses the same tool design
information as for the flexible tooling, the difference
being that tﬂe rail 142 carries the flute profile, and the
internal mandrel 112 the peak profile. At hb time is the
can nipped betweenhthe tooling thus there is minimal
kyJ material damage.. '

Note that, as with flexible tooling, the flutes on

the mandrel are complete,_that is,_they have an enclosed

perimeter defining these ends as well as their sides, as

seen in Figure 12.

Solid tooling has a much 1ongér operating life
than flexible, but requires very accurate matching of

forming depth and peripheral speed.



seen in Figure 12. Solid tooling has a much | onger operating life than
flexible, but requires very accurate matching of® form ng depth and

peri pheral speed. 4668: CP - 18 - Figure 13-15 show an alternative
enbodi ment 4&f68x @B/l i ndri cal- can body in which adjacent flutes are separated
by cylindrical plain wall sections 80. As can 5 - be seen from Figure 14

and 15 in particular, the profile of the can body in the fluted region is:
simlar to the profiles shown in Figures 5A-5D. The radius U of the coneae
sections 3 and the radius P of the convex sections 2 connecting the concave
sections to the 10 -cylindrical plain wall sections 80 are the sane as in
t he enbodi nent of Figures 1-5. The qutes are shal | ower, however, and thus
have a | esser circunferential extent,_t{g difference being nade up by the
plain cylindrical sections 80. In effect, the peaks of the enbodi nent of
15 Fi gures 1-5 hai@upech3tibcshapt an B}tﬁﬁéagﬂxﬁne&h@@iﬂﬁ&%woﬁe%t|ons

80. In th%ﬁfﬂ?ﬁﬁf@é‘i é&”‘@“ﬂo&f‘ fhgﬂhiéhladiécéhﬁ Ehukes an® equi spaced and
of equal SI%%arateg by cyf rlcglpg&agne&g&leégg@&ons ggigﬂigrb n
5 ‘be seen from Figure 14 and 15 in partlcular, the profile
of the can body in the fluted region is similar to the
profiles shown in Figures 5A-5D. The radius U of the
concave sections 3 and the radlus P of the convex
sections 2 connecting the concave sections. to the \J
10 ‘cylindrical plain wall sections 80 are the same as in the
. embodiment of Figures 1-5. The flutes are shgllower,
however, and thus have a lesser circumferential extent,
the difference being made up by the plain cylindrical
sections 80. 1In effect, the peaks of the embodiment of
15 Figures 1-5 have been interrupted by the plain
cylindrical sections 80. 1In the embodiment shown in
Figures 13-15 the flutes are equispaced and of equal
size. In such a can, the peripheral extent of the plain
cylindrical sections is up to 60%, particularly 20-60%,
20 and more particularly 30%, of the peripheral extent of
the flutes. In another embodiment shown in Figure 16, a
cylindrical can body similar to that of Figures 13-15 has v/
every third flute missing such that a number of larger
plain cylindrical sections 800 are formed. In a
25 modification of the emedimen£ of Figure 16, not shown,
the small plain cylindrical sections are omitted so that



“cylindrical sections is up to 60%- particularly 20-60% 20 and nore
particularly 30% of the peripheral extent of the flutes. In another

enbodi ment shown in Figure 16, a cylindrical can body simlar to that of
Figures 13-15 has every third flute mssing such that a nunber of | arger
plain cylindrical sections 800 are formet.~In a 25 nmodi fication of the
enbodi nent of Figure 16, not:.-shown, the snmall plaif:cylindrical sections

arg omtted so that - 19 - the flutes in thosefegions run directly into

onbodi went kny ERHERSC A ThORE ki AlIE SIPOLLIEIAlL ghELE §%§§e§ﬁ on'’
mechani sm g, #Eghegﬁ?x@e%e\%aﬁs RSU LS He Seﬁo&?fnénesokhglﬁﬁ% s 3

per f or mance. re1s ver, a reduced expansion capabifity as a result

of the flutes bei ngnghanyddimerds tJF ﬁ&\ﬂ‘e@aﬂﬂ~ Bhsrégﬁﬁé' Fhe! Sadle

Fi gures 13-16 have advantages in relation to | abelling; being better able
to pick upcbababge AndUirer&kpdrion aRAdNANDsMBEE 8RE amBoaihehitt ioF

m ni mal | abel baggi ness over the flutes which are relatively shall.ow. The
profil es ofFigheesniodi meNwelfll Asyuwins sland Cashél spgrEbemafoet.i oThexet2P and
can be forned in the sane way as the enbodi nent of Figures 1-5 except that
a is, however, a reduced expansion capability as a result of

the flutes being shallower. On the other hand, the
embodiments 6f Figures 13-16 have advantages in relation
k~/ to labelling; being better able to pick up labels in cut
and stack labelling.machines and exhibiting minimal label
bagginess over the flutes which are relatively shallow.
The profiles of the embodiment of Figures 13-16
satisfy the equation R=U+2P and can be formed in the same
way as the embodiment of Figures 1-5 except that a
corresponding change to the profile of the forming tools

is required.



correspondi ng change to the profile of the form rg—tools is required. ‘ -

20 - CLAIMS 1. A nethod of formng a pIura im uﬂaX|aIIy ext endi ng .

externally concave conplete flutes in a cylindric Hﬂ“”“ﬂﬂ? t hod
conprising the steps of locating the Eﬁlindrical erna

profiled mandrel; wherein the profile“df the mandrel conprlses a Whol e
nunber of axially extending externally concave conplete flutes which is
| ess than the nunber of flutes on the finished can body, and rolling th&,/

mandr el | e to an external rail thereby deform ng a portion of the
cyllndrrégﬁgggi-body between the mandrel and the rail to formthe flutes.

2. Hhe methog ﬁétﬁb&'mﬁlf%ﬁ&ﬁﬁnat Bqu%tﬁrﬁsﬁlof 3éi1éﬁljﬁr0.\/l ded by a
bl ock of el astoner. 3. he nmet hod of claiml wherein the external rai

i s a profdieshdbhgl exbeknallywbeneawet bomplietiea lukssirn as profiled to
formthe externally convex secttons-6ef ‘the can body and the rail is
profileddyxlinmdritak eahebodylythenmaethosecomprsi siing hehe astdpslyof 4.
The nmethod of any of clains 1-3 wherein the
locating the cylindrical_can body on an internal profiled
mandrel; wherein the profile of the mandrel comprises a
whole number of axially extending externally concave
complete flutes which is less than the number of flutes on -
the finished can body, and rolling the mandrel relative to o/
an external rail thereby deforming a portion.qf the
cylindrical can body between the mandrel and the rail to

form the flutes.

2. The method of claim 1 wherein the external rail is yd

provided by a.block of elastomer.

3. The method of cldim 1 wherein the external rail is
a profiled metal rail ana wherein the .internal mandrel is </
profiled to form the externally convex sections of the can V
body and the rail is profiled to form the externally

concave sections of the can body.

4, The method of any of claims 1-3 wherein the
profile of the mandrel and the profileof the rail, if J
profiled, are calculated by means of equations nos. 16 and

17 as defined herein.



‘profile of the mandrel and the profile of t he raid—f nrnflled are

cal cul ated by neans of equations nos. 16 and 17 as def i ned hereln

5. Apparatus for formng a plurality of axi aI““u!Hm;luﬂjmlﬂmtr naI I y
concave conplete flutes in a cylindrical can body, npri sing
a correspondingly profiled nandrel of- rkinmum di ameter |ess"than the

m ni mum di aneter of the cylindrical can body and conprising a whol e nunber
of\eﬁ}ally ext endi ng externally concave conplete:fTutes which is | ess than

| ocati ng. aSeyl | ndr PRRATAERA,ARF AAILTHL Sebief 1L ERGORRARE=AAY (o1 11 ng ¢ he

Doty bet woBR CERE AR ra" Gt i SRR SRR OREIphRE " T rar et s
I d I h I . [ d

o7 ovi ded b§ RSk r’%ﬁ%mi i WYLl hRRELEINTE, P10 2 m s

wherein the ‘r?%%r ﬁiolF rﬁrcﬂfﬂéﬁ'rb%{@i abe ' Rhkinlifl $RamRLR L Nedat ernal

mandrel is pro exter convex sections of the can body
and the rahhdﬁsﬁﬂéﬁﬂlﬁihﬁﬁ’diﬁﬁéter of the cylindrical can body and

comprising_a whole number of axially extending externally
concave complete flutes which is less than'the number of
flutes on.the'fihished_can'body, an eiongate rail, means
Y for locating a cylindrical can body over the mandrel, and
means for rolling the mandrel relative to thé rail_to
deform a portion of the cylindricél can body between the

mandrel and the rail to form the flutes.

6. Apparatus as.claimed in claim 5 wherein the
elongate rail is resilient and is provided by block of v

elastomer.

K_/ 7. Appératuslaslclaimed in claim 5 wherein the
external rail is a profiled metal rail and wherein the
internal mandrel is profiled to form the éxternally convex v
sections of the can_body_and-the rail is profiled to form

the externally concave sections of the can body.



the externally concave sections of the can body. - 22 - 8. )
Apparatus as clained in daimb5 wherein the profite of—the—+anrdrel and the

profiled of .the rail, if profiled, are cal cul equat i ons
nos. 16 5 4668kCF as defined herein. 9. mmHm(!mﬁﬂﬂ@t by the
met hod of any of Clains 1- 4, conprising a bottom en

upstandi ng cylindrical side wall of radius R ~wherein a portion of t he side
wall is formed with a plurality of axially 10 extending externally W/
concave conplete flutes defining a fluted profile in that. portion of the
side wall, each flute profile conprising a part circular externally concave
section of radius U located within the circle of the cylindrical side wall
and connected to that circle 15 thnoqgh.part circular externally convex

sections of radius P, wherein the radii P, are rel ated-- the radius R
et he equnBon B = AEBB LIS Aalained 1 Rathos VREPEIteERE [y convon
sections ar @rtamgmtoﬁltﬁmmrtdreﬂheam riie prxdfibedcofictne radiliodf and to

(1 SLicl Hrginea ) G PRSI s 5. of Sy AR RO NS
adj aceht f| @8l tX7 as defined herein. _
9. A can body made by the method of any of Claims 1~
4, comprising a bottom end wall and an upstanding
cylindrical side wall of radius R, wherein a portion of
the side wall is formed with a plurality of akially \J
10 extending externally concave complete flutes defining a
fluted profile in that portion of the side wall, each
flute profile compfiéing a part circular externally
concave section of radius U located within the circle of
the cylindrical side wall and connected to that circle
15 through part circular externally convex sections of
radius P, wherein the radii U and P are related to the
radius R by the équatiOn R = U+2P and wherein the circles
of the externally convex sections are tangential both to
the circles of the concave sections and to the circle of

20 the cylindrical side wall. _
10. A can body as claimed in claim 9 wherein each
flute is connected directly to the next adjacent flute to \/

provide a profile comprising alternating externally
concave flutes of radius U and externally convex peaks of

25 radius P. | |
11. A can body as c¢laimed in claim 9 wherein at least
some adjacent flutes are separated by cylindrical plain
wall sections. _
12. A can body as claimed in claim 11 wherein the

30 flutes alternate with cylindrical plain wall sections and
wherein the circumferential extent of the plain wall
sections is between 20% and 60% of that of the flutes.
13. A method of forming a plurality of axially
extending flutes defining a fluted profile in a

35 cylindrical can body substantially as described herein



- provi de a profi[e conpri sing afternating externally "uhutes of

radius U and externally convex peaks of 25 radlu ’t1 ﬂn body
as claimed in claim9 wherein at*|east sone adjacent rated

by cylindriggbgptain wall sections. 12. . A can -body as claimed in claim
11 wherein the 30 flutes altggnate with cylindrical plain wall sections

and wherein the circunferentia®extent of the plain wall sections is
between 20% and 60% of that .0f the flutes. 13. “. A method of formng a

plurality of axially extendlng flutes defining a fiuted profile in a 35
cylindrical can body substantially as described herein 4668: CP - 23 -
with reference to the acconpanyi-ng draw ngs. 14. Apparatus for formng a

plurality of axially extending flutes defining a fluted profile in a5
cylindrical can body substantially as descrlbed herein with reference to
t he acconpamithgrefewenge. to the accompanying drawings.

14. Apparatus for form;ng a plurality of axially
extending flutes defining a fluted profile in a

5 cylindrical can body substantially as described herein
with reference to the accompanying drawings.




