s 7)

7 APR 20M -1 WO 01/26871 PCT/ AU00/ 01226 VEH CLE MOUNTED PLASTI CS DRUM FOR
CONCRETE M XI NG AND METHODS OF MANUFACTURE THEREOF BACK ROUND The present
i nvention relates to concrete m xi ng appar atuses and nore pa{;t-'r CAPR.\Q[]%
relates to a vehicle nounted plastics drumfor mxing concrete and a

met hods manuf acture thereof. PRI OR ART The buil ding industry makes

w despread use of concrete m xing trucks for transportation of ready m xed
concrete to sites for concrete pours. These trucks typically conprise a

| arge m xi ng assenbly including a mxer drum nmounted to the vehicle and
which is wonmmgied to a mxer drive for m xing concrrETatseeRznt s during
transportation and for discharge of the contents on site. The drive system
conpr i \GEECLE MPENTEDRBASTROS DRUM QiR CONCREEE MEIBGMND MEVEIDSCFMAFACTERE]  whi ch
applies a mxing torque to the dHERE®Hparting axial rotation to the drum
W th ﬁgﬁé@—’éﬁﬂe bei ng adj ust abl e dependi ng upon the operating

requi . The above general arrangenent is described in United States

pat ents 4 . W [ £s, @gm L xer  t. | a mxer
drum a %%rl?%g”to %lg{tesaﬁggﬁ%ﬁéfﬁgﬁ% ctﬁ%%@ﬁ%%&l?ﬁ?@%%c e through an
auxi | | LSS | : | LRRsSRLEsr According to

t he kk%ﬁv%evélﬁ?c??’e%ﬁcgou%g&n@gﬁ%g&g%?eﬁgIal%e%g?’ﬁstlhe m %e'rs]tgérg&ijm Is typically
of hmﬁuty steel construction and is disposed at approximately 10 to 15
degrees from horizontal. The drumis fitted with internal vanes or m xing
bl adephedmiilding iadustry makeliwidapend s sfadontetethiaing amicks foe nelhispocdtiohaifes in a
first direction the concrete held therein is mxed and as the drumis

r ot atresly mixed béncreppwssitee fati coadréte 0 pours. h Thesertauckd gpicallydédneptias gedrgbr om t he
drumvia an el evated discharge orifice under the reverse action of the

i Nt ermiaing adembly inchnibee 2 thver drummnbentell Bihes edhickiad wiicH is tchhected to a

mixer drive for mixing concrete contents during transportation and for discharge of the contents
on site. The drive system comprises a gear box wh}ch takes power from the vehicle motor and
which applies a mixing torque to the drum imparting axial rotation to the drum w:lth the torque
" being adjustable depending upon the operating requirements. The above general arrangement is
described in United States patent 4,585,356 which discloses a conicrete mixer truck having a
mixer drum adapted to be rotated by the traction motor of the vehicle through an auxiliary
transmission of the traction motor transmission.
According to the khown vehicle mounted mixing assemblies, the mixing drum is typically of
heavy duty steel construction and is disposed at approximately 10 to 15 degrees from horizontal.

The drum is fitted with internal vanes or mixing blades defining an archimedian spiral so that as

the drum rotates in a first direction the concrete held therein is mixed and as the drum is rotate;d

in the opposite direction, the concrete is discharged from the drum via an elevated discharge
orifice under the reverse action of the interna! spiral vanes. The drum is disposed such that the
drive end is lowest and the discharge end is highest relative to a generally horizontal plane of the
vehicle.

While steel drums have been in use for many years, they suffer from a number of attendant



drive end is |lowest and the discharge end is highest relative to a

general ly-horizontal plane of the vehicle. Wile steel druns have been in
use for many years, they suffer froma nunber of attendant ?’?*ﬁPQQRﬂ4WD
01/26871 PCT/ AUOCQO 01226 disadvantages. relating to their cost of

manuf acture and repl acenent, working life, wear characteristics, weight
and volune. Steel druns are expensive to manufacture due to their | abour

i nt ensi ve construction which involves rolling steel sheets into conical
portions and cylinders which once fabricated are then welded to formthe
finished Jhe archinedian spirals formed from flgérghiReigs are then
wel ded i nt’'0 posi'tion inside the drum As concrete is a highly abrasive
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inpact S|I ng fri q and shear | oad | eading to eventual wearing out of
t he m*b thn 8¥'%el drumused every day might last three to five
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crevices in which concrete

Typically, a steel drum used every day might last three to five years, thereafter requiring
replacement at significant cost. The abrasion of intemal surfaces is increased where there are
changes of slope in the drum walls usually where the segments of the drum are joined.

The mixing blades are welded to the internal surface of the drum causing sharp angled recesses
in which con;;rete can gather and eventually build up degrading the internal surface and
providing a catchment for further unwanted build up of concrete. By its nature, a steel surface is
relatively smooth and whilst this may be desirable for the purpose of preventing concrete build
up on the walls of the drum, the interface between the concrete and steel wall is an area of
abrasion rather than concrete mixing.

Ideally, mixing of concrete should take place throughout the whole mix, but in the steel drums,
optimﬁm mixing does not take place at the boundary layer and in crevices in which concrete
may collect. In fact, due to the nature of the frictional interface between the steel surface and
concrete boundary layer, laminar flow occurs resulting in little or no mixing at the boundary

layer. The reason for this is that the aggregate in the concrete slides and abrades ( with reduced



may collect. In fact, due to the nature of the frictional interface between
the steel surface., and concrete boundary |ayer, |amnar flow occurs
resulting inlittle or no mxing at the boundary |ayer. The reason for
this is that the aggregate in the concrete slides and abraliep £PRiM%
reduced 2 ! 7 APR ?n9 r WD 01/26871 PCT/ AUOO/ 01226 or no m xi ng) rather
than rotates to facilitate mxing. Thus there are "dead' spots in the mx
where no m xi ng takes place and where there is an increased potential for
unwanted collection of concrete. In addition to the above probl ens
associated with the use of steel mxing drunms, there and wei ght
factors WAPOH2EHd to i nherent inefficiencies in use olf&g‘?%og{aﬁg?uns. Due to
t he dead wei ght of the steel %rpum its volunme nust be restricted so the
conbi rAtogRIXEE) Tiber tampptaigsitg frcilitgie miypg Thpnihgre A et Spoth &t HgiMikai ned
Wi thin the maxinum al | owable loading limts for the vehicle to which the
dr um i vehezg poymixing takes placg apd yhete there sRIdnaesedpotartial fors unyntsdicpllegtion sj ng a
| i ght wei ght material such as plastics for construction of a concrete m xing
dr um 4§ cancrale; Ja aiditienctorthy abeyeproblgmp paspcinted with iths) usg of pegl mik@edRs. ¢ nuner ous
structural and manufacturing difficulties to be overcone in naking the
t r ansitkeredre cost prdiweight faciny winpheaddde inhersnt ipgffieiproios in ysp of stegl daes Pge of a drum
whi ch could withstand the high static and dynam c | oadings to which truck
mount &eitheidredhyeight gfghesteel diynps e volume mpushbg restrictesh o the icombination; ¢fdhgei ght  of
the drum could be reduced w thout conprom sing and possibly increasing
dr um veaduwieight ignd wencete weight maust bhmeitained within tr arexingmyaliqwabledioading a|
concrete thereby increasing the pay | oad There are variety of concrete
o 1 Xi it St binlg el el e s atasbech Thaveardy coapidereite PORIHHY Oh s f ar
_)as the inventor is aware anticipate the arrangenents to_be descri bed
her ei BSingUh lightwreightmateriab sych g6 plastcy foyqonsigictien pis gongrete Pixingedumtas avear shaped
rotary m xing device open at one end and having an_ axially el ongated
sock efubgtitute for stegl gvbilgt recosnising that,thereswers ymengns, staiciyreh pRds panufacturing

difficulties to be overcome in making the transition to plastics not the least of which was the
production of a drum which could withstand the high static and dynamic loadings to which truck
. mounted mixing drums are subject to in normal operation. If the weight of the drum could be
reduced without compromising and possibly increasing drum volume the weight reduction could
be taken up with additional concrete thereby in@ing the pay load.
There are variety of concrete mixing drum arrangements disclosed in the prior art none of which
as far as the inventor is aware anticipate the arrangenients to be described herein.
United States patent 4,491,415 discloses a lightweight, pear shaped rotary mixing device open at
one end and having an axially elongated socket at the large end. The drum is rotatably sapported
on a unitary base having a transversely extended forward end and an upwardly and angularly
extending rear end providing a bearing portion detachably engagable with the socket to
rotatably
support the drum at an inclination of about 35 degrees. The drum has a plurality of axially

extending radial fins for {ifting contents in rotation thereof and is preferably fashioned frbm



on a unitary base having a transversely extended forward end and an
upwardly and angularly extending rear end providing a bearing portion

- detachably engagable with the socket to rotatably support tmi %ﬂ,‘% an
i nclination of about 35 degrees. The drum has a plurality ofi-axi"aly ¢ 4
extending radial fins for lifting contents in rotation thereof and is

" preferably fashioned from3 7 APR 2004 WD 01/26871 PCTI AUOO/ 01226 nol ded
pl astics naterial either as a unitary body or as a plurality of
interfitting parts. The drum described in this patent is for |light duty
operationvﬁpdn%@es not have the structural and nateri ptfpagdaiét eri stics
necessary "’ e hvy duty concrete m xing operations. United States Patent
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wi th the polyethyl ene db%gl AIbull%geat drives the polyethylene drum The
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~and orolperae nnt‘c?ng and does not address the structural and manufacturing requirements for heavy duty

operations. United States patent 5,492,401 discloses a concrete mixer with a mixing drum
consisting of high density_ crosslinked polyethylene material. The dram includes a bottom
supported buy a conventional rigid metal pan secured to the external surface thereof to rigidify
the plastic drum and extend the life expectancy of the plastic drum by enabling the concrete
mixer to be used to complete a mixing job at a job site even though movement of the concrete
mix within the drum during repetitive mixing cycles may ultimately wear a hole through the
) bottom of the plastic drum. Paddle assemblies are positioned interiorly of the drum and oriented -
) to maintain minimum splashing during the mixing operation. Not only is the drum disciosed in .
this patent un’suitable for heavy duty vehicle mounted operation the patent in fact teaches a
means to accommodate a wear failure on site whereby a hole could be worn through the wail of
the drum.
Whilst the prior art teaches use of plastics drums for small cement mixing operations it does not
teach the use of such materials as Ia substitute for steel in heavy duty operations. Conventional

wisdom suggests that use and manufacture of plastics concrete mixing druros for heavy duty
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to maintain mninmum splashing during the m xing operation. Not only is the
drumdisclosed in . this patent unsuitable for heavy duty vehicle nounted
operation the patent in fact teaches a neans to accommobdate a wear failure
on site whereby a hole could be worn through the wall of they diRimogphi | st
the prior art teaches use of plastics druns for, small cenent m xing
operations it does not teach the use of such materials as a substitute for
steel in heavy duty operations. Conventional w sdom suggests that use and
manuf acture of plastics concrete m xing druns for heavy duty 4 r . 7 APR
2004 WO A n6871 PCT/ AUOQ 01226 operations such as vehicle nounted drum

m xi ng i sWRO¥268Hvi sabl e in view of the significant stGHAWYR qynanic

| oadings to which the drumw ||l be subject in normal operations. | NVENTION
The prapewtiensispsheastvebigle Jequpted g puxing) ois aint adviseble in view of dhe dgnifieantint ed
rotating cenent or concrete mxing drumfabricated fromplastics materials
whi ch stalie prdsiypamie loadingsde whigh the dpims will kersubieps én nofmaiteperptionsr art and whi ch not
only inproves the concrete m xing characteristics but prolongs the life of
t he dr%ﬂ@%orrpari son to its steel equivalent and allows an increase in
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thereby resulting in an increase in pay load for potentially each vehicle journey and without
breach of the boundary requirements of the vehicle.
In the broadest form of the apparatus aspect the present invention comprises;
a heavy duty rotary concrete mixing drum capable of attachment to a vehicle; the drum
compnsmg a first end which engages a vehicle powered drive assembly which rotates said
drum for mixing of said concrete and 2 second end from which mixed concrete is discharged;
wherein said drum is manufactured from at least one layer of plastics material; wherein the drum
includes a wall having integral internal formations Mﬂch- promote mixing and discharge of said
concrete and an inner surface which promotes mixing of the concrete.
In one broad form of the apparatus aspect thé present invention comprises:
a vehicle mounted rotary concrete mixing drum having an opening at one end for receiving and
discharge of concrete therefrom and at the other end means for engaging a drive assembly so as
to rotate the drum for mixing or discharging concrete; wherein, the drum is manufactured from
at least one mould using at least one plastics material;, wherein the drum further includes

detachable or integrally attached vanes which outstand from the internal surface of the drum

forming an archimedian spiral disposed such that when the drum is rotated in a first direction.



i ncludes a wall having integral internal formations which pronote m xing
and di scharge of said concrete and an inner surface which pronotes m Xing

of the concrete. In one broad formof the apparatus aspect tjge,pfesent
i nvention conprises: a vehicle nounted rotary concrete m xin -Blr rﬁtﬂ}ﬂéng

an opening at one end for receiving and discharge of concrete therefrom
and at the other end neans for engaging a drive assenbly so as to rotate
the drum for m xing or discharging concrete; wherein, the drumis

manuf actured from at |east one nould using at |east one plastics material;

wherein the drum further includes detachable or inte | | ttached vanes
whi ch out ¥ om t he internal surface of the drum %'ﬂ#’ﬂgzén

ar chi median s‘%iral di sa%s,ed such that when the drumis rotated in a first
di r ect i offt® Bncetpamtanls atemixedand wier ihe down esmotatyd in sesenddisetiondtbn cantents ar e

m xed and \,:\41en the drumis rotated in a second direction the contents are
di schar g€ disPhorges Trw sefe dmm: aad Whereingheinteral susfaes of:the drrris Swmed or lireddr um i s
formed or |lined wth_ an elastoner which causes m xing of the contents of

t he concVWih & elastames wWhish cpusesamixing o heyeontenty efithe egneretgiat theiconardte bownidgtyt  of t he
drumis such that when full, the total weight of the drum and contents is

|i ght er leysgraod gyhergingthe weight, of therdrumis suchithes when full; the tatioveight of theldrumanot her

broad form of the apparatus aspect, the present invention conprises: a
vehi c| e 378 Gontes is bighigr thap @ stee 2f sneauivelentisizs whep . openi ng at one end
for receiving and, _discharge of concrete therefromand at the other end
nmeans f P aqothigabroadforn af the eppasatis pspest, the prasent inventien comprisdse dr um for i xi ng
and di scharging concrete; wherein, the drumis manufactured fromtwo or
oyt hree miueligle gioppigd rtary eonstetegnixing sipum hayingsnppetingatione end fat receimipg end) t he
Zdrum further includes detachable or integrally attached vanes which

out st angishaEgnof fencrels therpizem angd #t theothgr end means fonengaging aginiunasseubly seds an

spiral di s%osed such that when the drumis rotated in a first
to rotate the drum for mixing and discharging concrete; wherein, the drum is manufactured

from two or three moulds uvsing at least oné layer of plastics material; wherein the drum further
inctudes detachable or integrally attached vanes which outstand from the internal surface of
thedrum forming an archimedian spiral disposed such that when the drum is rotated in a first
direction. the concrete contents are mixed and when the drum is rotated in a second direction the
contents are discharged from said drum; and wherein the internal surface of the drum comprises
a polyurcthane layer to enhance mixing of the contents of the concrete at the concrete boundary
layer; and wherein the weight of the drum is such that when full, the total weight of the drum
and contents is lighter than for a steel drum of an equivalcnf size when full.

In another broad form of the apparatus aspect, the present invention comprises:
a vehicle mounted rotary concrete mixing drum having an opening at one end for receiving and
discharge of concrete therefrom and at the other end means for engaging a drive assembly so as
to rotate the drum for mixing or discharging concrete; wherein, the drum is manufactured from
two or three moulds and comprises a first plastics material such as woven fibreglass forming an

outer surface of the drum and a second plastics material such as polyurethane or like elastomer



direction. the concrete contents are m xed and when the drumis rotated in
a second direction the contents are discharged fromsaid drum and wherein
“ the internal surface of the drum conprises a polyurethane lcéy r mg enhance
m xi ng of the contents of the concrete at the concrete boun 'r?A 32@9’; and
wherein the weight of the drumis such that when full, the total weight of
the drum and contents is |ighter than fora steel drum of an equival ent
size when full. In another broad form of the apparatus aspect, the present
i nvention conprises: a vehicle nounted rotary concrete m xi ng drum - havi ng
an openi ngodinene end for receiving and discharge of p€OhG0R128s t her ef rom
and at the other end neans for engaging a drive assenbly so as to rotate

the dr Ubinlify anihadr BEHa0E ofths EMAE Fhéiein URYutee b inkdrUAcBs topdifer Frh] vl
manuf actured from two or three noulds and conprises a first plastics

Mat er i Qi this\dfin £ WHRNAhE o TaHIRS frchuBdsikaEhab or &%Hgﬁilr%&?&n&fwﬂia? drum and

a second plastics material such as polyurethane or Tike elastoner 6 7 APR
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wherein the gﬁltagyr ﬁgﬁﬂr ]ﬂs’;ﬁr@?gggs tosg?ﬁer ff)?f#ghwa &E(ﬂlafwg{ drum and
uher ei Rbithe dhuTs Fotidd 8 At lebifles IRKAGDR AR ord B L Lferthd il vanes

which extend inwardly fromthe wall of the drum m ng an archi nmedi an
spi ral j\JoRRA3Fd sodbal dirbidb tehdd -m:kﬁi' Gired: Zha JileRilin e €CLIT ON,
t he co_lr?cr ete contents ar enm' xe an‘ére\?\ﬂen eﬁﬂ?f}gﬂ? 'S ’r%ﬁa‘%ﬂee l?%ea second
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i nner pol yurethane surface of the drum provides wear resistance and
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c)layer, and wherein the weight of the drumis suc TulT, the
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drum of an equivalent or shm “size when full. road form of the
et hodin@s B eqhiVfed bR fRNEr diZa\@Heh AN CoNpri ses;

In a broad form of the method aspect the present invention comprises;
a method of manufacture of a vehicle mounted plastics concrete mixing drum comprising the
steps of; |
a) preparing a mould having a surface defining an internal profile of said dram which
includes a wall having recesses which provide a mold part for continucus helical mixing blades
included in said drum:
b) applying a release agent to an outer surface of said mould;
) c) applying over said release agent a plastics layer in liquid form and allowing said plastics
layer to set against the mould so as to form a first layer of a wall of said drum;
d)  applying a bonding layer to said plastics layer;
e) applying a fibre reinforced compdsitc layer to said bonding layer;and

f) removing the mold from the interior of said drum.




a met hod of manufacture of a vehicle nounted plastics concrete m xing drum
conprising the steps of, a) preparing a nould having a surface defining an
internal profile of said drumwhich includes a wall having yecesses which
provide a nold part for continuous helical nixing blades irfelludd® P60%said
drum b) applying a release agent to an outer surface of said nould; c)
appl yi ng over said release agent a plastics layer in liquid fornland
allowing said plastics layer to set against the nould so as to forma
first layer of a wall of said drum d) applying a bonding |ayer to said

plastics L@awesesn€) applying a fibre reinforced conpospd@adopyfheto said
bondi ng layer,and f) renoving the nold fromthe interior of said drum 7 7

APR ZQ04 WO 41/ 26871 PCTI AU00101226 A nethod of manufacture of a vehicle
nount ed plastics concrete m xing drumconprising the steps of, a) taking a
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appl yi .rel ease agent to an outer surface of said nDuId c) applylng
over sal release agent an elastoner in liquid formand allomnng sai d
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appl yi nt, fibre orced conposite |ayer to sald adhesi ve
| ayer m&fsesw 8ﬂm IE‘”?""F&M%&P al d drumto forman outer fibre

reinf %5 CEdapp yrml’!gcatr reaasla ag% tE)Ial)i( outer surface of said mould;

c) applying over said release agent an elastomer in liquid form and allowing said elastomer

to polymerise against the mould so as to form a first layer of a wall of said drum;
d) applying a bonding layer to said elastomer;r-
e) applying a filament fibre reinforced composite layer to said adhesive layer;
f) winding said filament about said drum to form an outer fibre reinforced structural matrix.
According to another broad form of the method aspect, the present invention comprises;
a method of manufacture of a vehicle mounted plastics rotatable concrete mixing drum
comprising the steps of:
) a) | taking a male mould part whose external surface defines an external profile of a concrete
) mixing drum;
b) applying a release agent to an outer surface of said mold part;

c) applying over said release agent an elastomer in liquid form and allowing said elastomer

to polymerise against the mould so as to form a first layer of said drum;
d) applying a bonding agent to said elastomeric layer as a substrate coupling layer to receive

an outer structural layer of filament;



According to another broad form of the nethod aspect, the present invention
conprises; a nethod of manufacture of a vehicle nounted plastics rotatable
concrete m xing drum conprising the steps of, a) taking a male nould part

whose external surface defines an external profile of a conErqtgfﬁnymung
drum b) applying a rel ease agent to an outer surface of sald np part; c)
appl yi ng over said release agent an elastoner in liquid formand all ow ng
said elastomer to polynerise against the nould so as to forma first |ayer
of said drum d) applying a bonding agent to said elastoneric |ayer as a

substrate coupling layer to receive an outer structur r.of filanment;
8 o APR JBOBRBI0T/ 26871 PCT/ AUCD 01226 e) wi ndi ng sa?‘??l’#+“$é¥e?é%t about sai d
drumto forn]%n outer structural matrix. According to another broad form

of t hethet hE@diag sHdflament abputsaid grum o, foFp AR AN SHYRIraldEay et hod of

manuf acture of a vehicle nounted concrete m xing drum conprising the steps
of a) AseAdiRgioEpihesbroad fopn of the methad asppe the PERSENt VIVARIIOBICABPIYS nateri al used

in the formation of said drum b) assenbling said base sections nold
sect i omaedad of manufaeture.of a yehigleymennied congrete mbting drum cpmprisingghestensioft o form a
helical groove about said nold sectjons; d) applying a plastics materi al
t o t hedout $ahuisatipg bas moldspctionselor iresaiyingiplastigsymatenal psedgn ithesformatioardfal f or ns
an interior layer of said drum e) applying an internedi ate adhesive |ayer
t o t hesaiidrsinide of said interior layer; f) applying to said adhesive | ayer a
fibre reinforced outer structural |ayer wound about said
assembling said base sections mold sections on a mandrel;

c) clamping said mold sections together to form a helical groove about said mold sections;

d) applying a plastics material to the outside of said mold sections whereby the plastics

material forms an interior layer of said drum;

e) applying an intermediate adhesive layer to the outside of said interior layer;

1)) applying to said adhesive layer a fibre reinforced outer structural layer wound about said

mold sections wherein said interior, intermediate and outer layers form a wall of said mixing

drum.

Preferably said mold parts are clamped together prior to application of said interior layer via

aligning dowels and an adhesive.

According to a preferred embodiment, the drum is manufactured from three molded parts two

of which comprise end parts of the drum and a third comprising a central part for location

between said end parts. Each mould part has a formation which imparts to the drum part formed

by the mould part, a part spiral extending inwardly from the wall of the drum part such that

when

the drum parts are engaged together, an internal archimedian spiral is formed. The moulds are -

configured such that when the moulds are mated together, the internal archimedian spiral used

for both mixing and discharge of concrete from the drum is compiete. Preferably, the outer




nol d sections wherein said interior, internediate and outer |ayers forma
wall of said mxing drum Preferably said nold parts are clanped together
prior to application of said interior layer via aligning dowels g@ﬂ g@
adhesive. According to a preferred enbodi ment, the drumis nanhfg 5 04
fromthree nolded parts two of which conprise end parts of the drumand a
third conprising a central part for location between said end parts. Each
nmoul d part has a formation which inparts to the drumpart fornmed by the
nmould part, a part spiral extending inwardly fromthe wall of the drum part

such that when the drum parts are engaged together, i I
ar chi nedi ¥ %H¥Hal is formed. The noulds are - configggg%ah@%%gthat when

the noul ds are mated together, the _internal archinmedian spiral used for
both i xi né"“‘&ﬁds“ﬁé"%‘?ﬁ&‘r Vithe rdease pgcshse the meld may besadilyaemoved after
Preferably, the outer 9 . 7 APR 2004 WD 01/26871 PCT/ AUOCO 01226 noul d
surfaces ar@rig kigisrably th slastomer is pelyurethangand hasp sufaceppIpartyray be readi |y
renoved after curing. Preferably the elastonmer is polyurethane and has a
surface pr &ﬁ@hfﬂﬂumiagﬁm%me@@mabma@%mbheﬁm pidgectione frewhichy
there are three nmould sections in which the junctions formpart of the

m xi ng spi Mgiunckens formpuast of the mixieg Spisels sugh ¢hat tie sestions|aggiginedadonghe spials. The
present invention will now be described according to a preferred but non
limting Ektbamsentrinventier Will mow e despriteedt aecomdingatoce mpeferyadnbuti hénudiniting ons
wherein: Figure | shows a side elevation of a prior art mxing drum Figure
2 shows a mlts'éuwwdtm@nefemw te heaesompinyingdliustretiongwheseidi ng t o one

enbodi nent_of the invention;
. \) Figure 1 shows a side elevation of a prior art mixing drum;

Figure 2 shows a side elevation of a cement mixing drum according to one embodiment of

the invention;
Figure 3 shows a cross section through the junction of two drum parts showing the Jjoin
consiruction;
Figure 4 shows an enlarged view of the apex of the helical blade3;
Figures Sa~d show the first stages of preparation of the drum.
Figure 6 shows an enlarged profile section of a typical mixing blade.
Figures 7a-c éhows an end elevation view of the mold clamping and inflation steps.
Figure 8 shows the mold and drum stored for demolding.
Figure 9 shows a drum inside a grit chamber in which a grit jet is traversed over the shell
surface to prepare the so it is chemically receptive to the bonding of the
next stage.
Figure 10 shows the drum mounted for rotation on a computer controlled winding machine.
Figures 11a -b show a two step process for application of a gel coat.

Figure 12 shows the drum adapted with a stiffening ring which distributes loads from
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Figure 3 shows a cross section through the junction of two drum parts
showi ng the join construction; Figure 4 shows an enlarged view of the apex

“ of the helical blade3; Figures 5a -d show the first stagesE:)fT r:gp%@lti on
of the drum Figure 6 shows an enlarged profile section of t &P ak-¥¥m Xi ng
bl ade. Figures 7a-c shows an end el evation view of the nold clanping and
inflation steps. Figure 8 shows the nold and drum stored for denvol di ng.
Figure 9 shows a druminside a grit chanber in which a grit jet is
traversed over the shell surface to prepare the so it is chemcally

recepti veghoidsye bonding of the next stage. Figure IQsdipweizishe drum
nmounted for rotation on a conputer controlled wi nding nachine. Figures 11

a b show a two step.nios sk B rﬁcﬂﬁuﬁ i Srumbl 12 shows
t he drum adapted wi Fﬁﬁlgﬁst?sf e{:ﬁ g ri ng%\fho‘%gﬁiedl&sﬁrﬁllcg&%gs (Iiigcqig%gr om 10 7
APR ZL{QOMQCLOl/ZGB?l PCT/ AUOQ' 01226 trunion rollers incorporated on the
vehicl e on which the drumis to be nounted. Figure 13 shows the

orientat] of 'legﬂg!i t | .Of.. Li.p.ring. Figure 14
shows @édéé){(;jss sse%tg% 0 géﬂ en regi%ﬁ%?ﬁgg%roéﬁﬁh%g#ﬁﬂﬁ%g bet ween spiral
sectiqn_ang wal f I I i gi di to th ru Figur.e. 15 shows a
o oss TRy fhon” shord ¢ es SellihBE b b Fegllor e ol ifpdbd Mok 2, 20
wal | . Figure 16 shows.an enlar Vi ew.of .t bqundary | ayer wall /
concrete interface §eﬁno£an§waﬁa9§ﬁe 'mmgnglé}teym&‘e“g“m‘

Figure 15 shows a cross section of a typical interface between a concrete mix and a sicel

wall,

Figure 16 shows an enlarged view of the boundary layer wall / concrete interface in a

plastics mixing drum according to a preferre@ embodiment of the invention.

Figures 17a-0 show the various stages in construction of a drum according to an alternative
embodiment;

Figure 18 a-f shows the various steps in the construction of a solid core blade according to an
alternative blade arrangement .

Figure 19a-p shows the various stages of construction of a drum according to a preferred
embodiment.

) Figure 20a-f shows steps on the construction of a solid core helical blade according to an

alternative embodiment .

Figure 21 shows a cross sectional view of a solid core biade interaction with concrete
during rotation of the drum.

Figure 1 shows an elevation view of a known steel mixing drum 1 which is typically

constructed from separate prefabricated sections 2, 3 and 4 which are welded together at seams

5,6 and 7. At seams 5, 6 and 7 the welded joints which are subject to concentrated wear due to
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pl astics m xing drum according to a preferred enbodi nent of the invention.
Figures 17a-o0 show the various stages in construction of a drum according

* to an alternative enbodiment; Figure 18 a -f shows the vagigu toRs in
the construction of a solid core blade according to an aIE%?ng?ﬁdgmblade
arrangenment. Figure 19a-p shows the various stages of construction of a
drum according to a preferred enbodinent. Figure 20a-f shows steps on the
construction of a solid core helical blade according to an alternative
enbodi ment. Figure 21 shows a cross sectional view of a solid core bl ade

I nteracti | concrete during rotation of the drypnflebks 1 shows an
eIevatioﬁagpﬁ&#gf a known steel mxing druml| which is #§p?ca y
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of the cylindrical and conical sections and the tendency for unwanted concrete build up at the

:..".)

sharp comers and crevices formed by the mixing blades. In addition, the smooth internal surface
of the steel drum promotes sliding abrasion and inhibits mixing at the boundary layer due to the
low coefficient of friction at the concrete/metal interface.

Figure 2 shows an external profile of a fibre reinforced composite concrete mixing drum §
according to one embodiment of the invention. The drum includes an internal archimedian spiral
formed by helical blades or vanes which mix concrete during rotation of the drum in one
direction and discharge concrete when the drum is rotated in an opposite direction. The drum is
generally pear shaped and includes an opening 9 at one end for entry and discharge of concrete.
The arrangement of figure 2 is arrived at by api:lication of the method aspect of the invention
which will be described in detail below. Drum 8 is constructed from a fibre reinforced plastic
structural shell with an elastomeric interior having a surface property which impaﬁs abrasion
resistance to the concrete bﬁt increases the mixing at the boundary layer of the concrete and

drum wall by forced rotation of aggregate. A preferred method of construction of the drum will

now be described in detail. Whilst the embodiment described employs three mould parts it will

be appreciated that the drum may be constructed from a lesser or greater number of parts. It has
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sharp corners and crevices fornmed by the m xing blades. In addition, the
snooth internal surface of the steel drum pronotes sliding abrasion and
inhibits m xing at the boundary | ayer due to the |ow coefficient of
friction at the concrete/netal interface. Figure 2 shows ar{ae?tk?mazﬁ%
profile of a fibre reinforced conposite concrete mixing drum8 according
to one enbodi nent of the invention. The drum i ncludes an internal

archi nedi an spiral forned by helical blades or vanes which m x concrete
during rotation of the drumin one direction and di scharge concrete when
the drumis rotated in an opposite direction. The drugp. rally pear
shaped an¥ O3 fdes an opening 9 at one end for entry%llrﬁ ogiiaisezgﬁarge of
concrete. _The arrangenent of figure.2 js rived at hy application of the
ot hod beesfund haweyerotiat 3 e T i TR g Epi s HEREERH bel ow
Drum 8 _is constructed froma fibre reinforced plastic, .structural shell
with afinisheddrgprdicrerding toshe prefer: wﬂ@dy%ﬁ%g'w frgm;d H‘?ﬁiﬁ‘rts
abrasion resistance to the concrete but increases the nm xing._ at the
boundapafts| 18y Hrand 12 pererding e thetfalloyripe methorialags Fieprs 3rshewetpica] pegtilesofot
aggregate. A preferred nethod of construction of the drumw Il now be
descr i eld paris ﬁbﬂﬁm@ 15 wherein parh B3 is sonstvsieto comege  dpwyasmmopated Bpde noul d
parts it will be appreciated that the drum may be constructed from a

| esser vebicleferratating . W91t 1dds ansintermedipgpsseqtion whighrengagespagts)19 and 5871

PCT/ AUOQ 01226 been found however, that a three part construction is

pr ef erBas 16 ipgludes a\Jisghargeepening dwough which miged conprety i) diseharead c o e B85ttt 0 t he
preferred enbodi ment, drum8 is constructed fromthree nould parts 10, 11
-\and 1Xtepde Segprigruetionof thempixing diuayis thetrpantionsf themgld fomwhighthe dg‘!ﬂbi cal
profiles of nmold parts 13, 14 and 15 wherein part 13 is constructed to
engage™ill t&rﬁ'&)‘é“’%@sﬁérﬁ'%ﬂﬁw?’é@”@ﬁ constiusted dp dhregyparis s this sgabley ¢psgiofm part 14
is an intermedi ate section which engages, parts 13 and, 15. _Part 15 incl udes
a di scextagjen fmeneld formers agd alsp allows{ox the fopation obmixingdruras, of differeptie £ r st
O S o P Bl A1 T e H5, PLRETRL0, B the ol ¢

changing the size of intermediate section 14. Mold sections 13, 14 and 15 are each formed in

separate molds from expanded polystyrene beads. Steam heat is applied through slots in each
mold thereby fusing the beads against the mold surface. The polystyrene surface finish of the
mold may be improved by the application of a fast drying liquid. The external profile of the
mould parts when joined provide the mold for the inner surface of the drum. The mold profile
includes helical grooves which are the inverse of helical mixing blades which extend from an
inner surface of the finisked drum.

Figure 4 shows an assembled mold mounted on a cantilevered mandrel 17. The mold sections
include mating dowels which align corresponding parts of the mold profiles and are clamped
together with an adhesive. Figures 5a -d show the first stages of preparation of the drum. At the
commencement of this stage the mold is mounted on mandrel 17 which is capable of axial
rotation. The operation of the mold is computer controlled and employs a robot which rotates the

mandrel. The mold surface is prepared with a release agent which will enable release of the
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wi |l be produced. The nold is preferably constructed in three parts as this
enabl es ease of extraction formnold forners and also allows for the
formation of m xing druns of different sizes according to§£§q bre ts.

For instance the length of the drunms can be increased by néiﬁg he size
of internediate section 14. Ml d sections 13, 14 and 15 are each forned in
separate nol ds from expanded pol ystyrene beads. Steam heat is applied
through slots in each nold thereby fusing the beads agai nst the nold
surface. The pol ystyrene surface finish of the nold may be inproved by the

application of a fast drying liquid. The external prof,i e nould
parts wheWOpPHisfdd provide the nold for the inner surf%(il:jlé‘&g?[g]tz%g drum The

nold profile includes helical %r ooves which are the. i V(Ie#se_of hel i cal

m xi ngmpldafiem thihidem OR @MPletiop Althe method, stepsy f Ac PRt beade 14 j95HeRed drum
Figure 4 shows an assenbled nold nounted on a cantilev re&agandrel 17. The
nol d spadyureskase elpstemen sotheygrfang ofiibraapld which &tmg an ﬁ'ﬁerdﬁ‘fefé'se‘b‘b ng parts of the
nold profiles and are clanped together with an adhesive. Figures 5a -d
show t e fprayss apnliad ermsf totheprtage; of (the frumnwhigh yill apghis plage beofoftiRgeent of
this stage the nold is mounted on mandrel 17 which is capabl e of axial

r ot at i aweordiig o prvasesers &d into theeommney Assthe aold ratatescomthe srandg! ®a dPRYpl oys a
robot which rotates the mandrel. The nold surface is prepared with a

r el easeadimeves tafillow the moldesusfbtecand dn pardalastthe path eBthe grgames) dovpmmen1/ 26871
PCT/ AUCO' 01226 nold fromthe drum on conpletion of the nmethod steps. A

spr ay puegsn tentedls the alelivery of dhey polisneratacthe meld sirface.t The prplicaliop ffdbef the nol d

which forms an inner |ayer of the drum The spray is applied normal to the
sur f apelyotethaireclastomer whihe ljurfjce fof the mald tekestplase ip Bvo W-ilﬁ@% thecspEwds ng t o
paranmeters fed into the conputer. As the nold rotates on the mandrel the

spr ay applisd ¢p theogroeves of the mols whishewilldprn the heligal dladercpfithe grump: $rean hspd the pat h of

the grooves. A conmputer ) ) )
follows the contour of the helix about the mold and deposits a uniform coating onto the sides of

the blades with an additional thickness deep in the groove which will form the helical spiral
blade tip. The additional material provides abrasion resistance during operation. In the second
part of the spray 6peration, spray head 18 is changed to spray the polyurethane elastomer normal
to the surface of the mold according to the reqpired thickness. Addiﬁopal polyuretbape may be
sprayed where additional thickness is required in areas of high wear. If required, multiple coats
may be deposited in one or both stages. According to one embodiment one or more of any
additional layers may be differentially coloured with to provide wear indicators. A white
pignient in the surface layer may be provided for cleaning and inspection after use. The
polyurethane is allowed to gel following which a chemical layer is sprayed onto the
poiyurethane surface to ensure bonding with the next fibre reinforced composite layer.

Prior to application of the fibre reinforced layer, 2 rope formed of multiple glass fibre sﬁ’ands is
delivered from a dispensing creel into the grooves of the spiral helix. This part of the operation
is represented by figure 5d. The rope is drawn through a bath of resin and is lead through a guide

eye to fall into the blade groove. Tensioning of the rope pulls it into the groove. When the repor
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application of the

-

M

program controls the delivery of the polyner to the nold surface.

The

place in two stages. First, the spray is applied to theFgso
nold which will formthe helical blades of the drum Sprgy?hgg@%qgg

t he contour of the helix about the nold and deposits a uniformcoating onto
the sides of the blades with an additional thickness deep in the groove
which will formthe helical spiral blade tip. The additional materi al

des abrasion resistance during operation. In the second part of the

pr ovi

spray operation, spray head 18 is changed to spray the_polyurethane
el ast omer WOHBEI1 to the surface of the nold accordinﬁFﬁﬁmﬁﬁES%

t hi ckness. Additional pol yurethane may be %grayed wher e, addi ti onal
t hi ckndardensdt beseragsadigh; sirengthrswforging basiglogg the ful] length gfthe belicaldpirel Ths coat s

may be deposited in one or both sta%g%& Accordi ng to one enbodi nent one or
i

nor e
provi

provi dowld exeent foz ridsieg thatds reanited betveen the srepvepadls. Trthe eymplePidigEnd, | s
allowed to gel followi ng which a chemcal |ayer is sprayed onto the
pol yur thetess shovmrah gelarged profils seaion ofd Hvisal wixingtblpgde n Each

conposite layer. Prior to application of the fibre reinforced |ayer,

obolywrpthanecipiel is spmyed outo, the mold

pol yur et hane el astoner to the surface of the nold takes

t he
foll ows

equi red

stage generally (cpfors, tg shapg ofithen t o

de wear indicators. A white pignent in the surface |ayer nay be

cemprsemfair ced

a rope

f or medelastomagictlaygt 20 whichs forrng the innen surfpepofithe drapo) A geuntivg fayeydlds @pelisdnsi ng
into the grooves of the spiral helix. This part of the operation is
r epr esevet the elnstofnierie lagersfgllowingwhigh e structureblayer 28 rie applied, insigde theogonea¥si n and i s

through a guide eye to fall into the bl ade groove. Tensioning of the

creel

| ead

rope petess23.tThisprocessis compleipd for\gaetnsectien plospiral 2t 4 join-wherenpgy afgler WO

01/26871 PCT/ AUOU/ 01226 hardens it becones a high strength reinforcing bar
al ong cohplingJiyer P& isganpliest tot the remajndersof the joutgy surfipreof the Kper aver avichiBi ch i s

sprayed onto the nold by this sta

701 o applisdia ot xes 26 yhiehis preterniiea Hhrecrinburdeanpasiio e

exanple of Figure 6, !
t ypi c&hellineluded dsemipside repass B3 5

tang fesin rope 35. :

A rigid shell is required to bridge across the helical groove and this is provided by sprayed
composite resin and chopped glass strands completing the structural layer 26. The sprayed resin
is hand rolled followed by clamping then inflation of the moid before the polyurethane has

‘gelled. Figures 7a-c show an end elevation view of the mold clamping and inflation steps.

Figure 7a shows the clamping assembly 30 in the open configuration, Mold and partially

‘completed plastics drum is represented by broken line 31. Before the composite of resin and

chopped glass strands has gelled the mold is located on clamp assembly 30 whereupon arms 32
and 33 are closed over the composite . As shown in figure 5¢. After clamping, the mold is
inflated to ensure complete contact with the fibre reinforced composite layer. The mold and
drom 31 are stored for four hours until the resin is sufficiently cured for the ne)& stage. Figure 8
shows the mold and drum 31 stored for demolding. Figure 9 shows drum 31 inside grit chamber

32 in which a grit jet is traversed over the shell surface to prepare a surface which is chemically
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there is shown an enlarged profile section of a



el astoneric layer 20 which fornms the inner surface of the drum A coupling
| ayer 21 is applied over the elastoneric |ayer follow ng which a

*~ structural layer 22 is applied inside the concave recess 23. This process
is conpleted for each section of spiral at a join mherquoh,ARRfmm#her
coupling layer 25 is applied to the remai nder of the outer surface of the
drum over which is applied a structural |ayer 26 which is preferably a
fibre reinforced conposite to forma structural shell. Included deep
i nside recess 23 is a continuous filament and resin rope 35. Arigid shel
Is required to bridge across the helical groove and this, i rovi ded by
sprayed WOMKSEHte resin and chopped gl ass strands cdﬁgﬁgpﬁﬁémihe
structural layer 26. The sprayed resin is_hand rolled followed by clanping
t hen ime¢aptive toRhedfonding of#e acxb atpgsy o Th ack step invelyesfHament winding of agfiequr es 7a-c
show an end el evation view of the nold clanping and inflation steps.
Fi gur ereinforesd swacterplelaysr adnwindingarmagemmant apshown dm aguse df icarmopyliovindn. Ml d
and partially conpleted plastics drumis represented by broken |ine 31.
Bef or gesithwettad fibos fovingoarounds tatating| formero Bhetgnsife stsengthraf sheowingdings whiched t he
mold is |ocated on clanp assenbly 30 whereupon arnms 32 and 33 are cl osed
over trhay bedwpierder of 608MRBsn Bignrei 1§ showgdrom 3¢ monpted for gotatiopiong coppaterpl d i s
inflated to ensure conplete contact with the fibre reinforced conposite
| ayer cofttediedmiindingrmiachite dored@ibleawinding @f gliss tovingso 3. Hpuebiain the eptimwn resin i s
sufficiently cured for the next stage. Figure 8 shows the nold and drum 31
st or ephysizal prepertied iofithe filimgutrwoudd stsivse the fhregare plignedito the loadsamppssdin 32 in
which a grit jet is traversed over the shell surface to prepare a surface

,~ Whi ch usesofahefinishet] Idpmt Typical Agad@s on W@ drash 26:5kiel Palingwadyrovaighs of wetepti ve to

“)the bondi ng of the next stage. The next step involves filanment w nding of a
f i br econcriensmappliell dmamictasdat the dyeerend of the damnadriving tarquesnsdnsuppert loadsvn | n
figure 10 is arranged to wind resin wetted fibre rovings around a rotating
f or meat theischarge giien rolly. dhe winding patien of theifilaments#lignsithe fibres #d Ojdagreete or der  of

600 MPa. Figure 10 shows drum 31 nounted for rotation on a conputer
at mid span to withistand bending stresses. increasing in angle and in wall thickness towards the

discharge end to accommodate applied roller loads.

According to one embodiment the winding machine has three motor drives which rotate
mandrel 17, move carriage paraliel to the mandrel axis and a third motion at right angle to this.
The rovings which line the drum are drawn through the resin bath and applied to the surface of
the drum as a wide ribbon comprising thousand of tensioned fibres. The composite is applied by
winding filament about the drum over the coupling layer 25 to form a fibreglass matrix with high
strength properties sufficient to withstand normal operating loads applied during mixing and

transporting concrete. The windings overlap until the required thickness is reached. The

surface of the drum is covered with wet resin and small irregularities which need to be addressed

to provide the external finish.  As a result of this construction, the spiral mixing blades inside

the drum are hollow with high bending and shear resistance during mixing operations. The inner

elastomeric surface is highly resistant to abrasion by concrete yet it is softer and lighter than the

steel equivalent. The higher resistance to abrasion is facilitated by the natural elastic
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controll ed wi ndi ng machine to enable w nding of glass rovings 34. To obtain

the opti num physi cal
-~ are aligned to the |loads inposed in use of the finished drum Ty

| oadi ngs on the drum are axi al bendi ng under wei ght of wew 7cAPRr2ffé, an

properties of the filanment wound structure the fibres

pi cal

applied dynanic load at the drive end of the drum driving torque and
support |loads at the discharge trunion rolls- The w nding patter
filaments aligns the fibres at 10 degrees at md span to withsta
stresses. increasing in angle and in wall thickness towards the
end to accommpdate applied roller |oads. According tg, I ment the
wi ndi ng n¥@MA¥ has three nmotor drives which rotate ncg?]hgj Fﬁ%d

| to th nd a thi t
(i o, “Brbai, o e e B el S G e
lied to th f f . dr d bh,
e S e R i ?nfﬁq“h
St 1 ongPREbl b POV e coBsiFe v i PP BT &H Eze' e s

during m xing _and transporting concyete. The dln s._.over. un
reqU|r@Ew¥H|gﬁﬁ@§§m¥@gP§ %? gé%##ﬁ Fﬂ gﬁﬁﬂ?ﬁ“ g
resin and snall |rregular|t|es whi ch need to be addressed to pro
ext er rih¢ seoth epves throughpuyt 3by integpr qfithe;dugn iy 4 fypthsrsieps decstuppgal jayep is
inside the drumare hollow wi th high bending and shear_resistanc
mi xi ngfinighed with a smoothy pigmented resingyhich Emlfeé ugh?lwa% glamp similgp o thptassed t ant to
abrasion by concrete yet it is softer and |ighter than the steel-
equi vdbrerempletionofithe e layers Figugh L2 and b ghawia mftwr?caﬁ tor apRlicafon 9t 4 he nat ur al

elastic 16 7 APR 2004 WO 01/ 26871 PCT/ AUQQO 01226 efor tion of t
el ast dgwksoat,Phell O injargsnsban shell %W@F?W@‘F&}F aﬂ@‘“?‘l?é WERE e Enqings At | es

wi t hout gouqi ng of the surface materjal. dlt due to the
of théh qvﬂﬁégﬁgg@rlﬂeﬁé@n%l%ﬁd%mcﬂlmm ‘b@@%@f’% % «@wwaw frome

will

be m xed rather than slide at the, bou ar
trunion rollers incorporated on the vehicle on w ch the 1¥ to

mmmmﬁ.Tmsmmp
allows application of a corporate livery or alternative indicia into the structure of the finished

drum. To achieve this shell parts 41 and 42 are printed with a selected livery and sprayed with a
background gel coat. After gelation a light layer of reinforced composite is applied and allowed
to set. The shei]s re prepared in advance of the operation of application of the fibreglass
windings while the resin is still liquid whereupon the shells are clamped around the windings
thereby extruding out any excess resin. The shell mold assembly is mounted vertically and atwo
part compound is injected into the track ring mold space. Figure 13 shows the orientation of the
drum 31 during this step. Once the resin has gelled, the shell molds are removed and the
dischage end overwind is trimmed and a polyurethane drip flange is bonded at the discharge end.
The final step involves removal of the mold remaining inside the drum followed by closure of
the mandrel hole and cosmetic finishing. The mandrel is removed and the hole fitted with a pipe

connection, The drum is stood vertically and acetone which dissolves the polystyrene is pumped

out of the interior which is then cleaned and washed. The drum is then finished by removal of
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ensuring efficient mxing of the concrete throughout the m x and reduction
of abrasion due to the snmooth curves throughout the interior of the drum
“In a further step, the structural layer is finished with a s OtEI’
pigmented resin which is applied utilising a clanp sirrilﬁ'(tcﬁf’t atlused
for conpletion of the resin |layer. Figures 1la and b show a two step
process for application of a gel coat. Shell 40 is |arger than shell 30 to
accomodat e the additional |ayer of the windings. As shown in figure 12
drum 31 is adapted with a stiffening ring 43 which distributes |oads from
trunion rollers incorporated on the vehicle on which the drumis to be
mount ed TWOPLR®Hge allows application of a corporat ePFHAAMZEE 3l t ernati ve
indicia into the structure of the finished drum To achieve this shell
parts any mgsigflash. Eiguse K showsaiorgissertign okdnend egion pfedpmi@dnayding ed with a-
background gel coat. After gelation a light |ayer of reinforced conposite
i s appbeteeenzspiial s¢ctiondloand well $2 & baffle$3 dthpdrting ngidity tethe dauh. The baffleplete of t he
operation of application of the fibreglass wndings while the resin is
sti || isipri¢reblybloedintocnositiore Riguze 15shawe a croshssetibnaf e typikal interfaceltitmegn  t her eby
extrudi ng out any excess resin. The shell nold assenbly is nounted
vert i catdngretermix 44 wel a szl wall 6fihenelthe inhereptesoietlingss bfithe steel surfack 56 thag nol d
space. Figure 13 shows the orientation of the drum 31 during this step.
Once tdvecretesénds westidg@idl abride tatter giag infix. idurs1Geshows @ osegtcdontbftaltgpicali schage
end overwind is trinmmed and a polyurethane drip flange is bonded at the
di schantgdacerbdtweenl h goricreteahixsi7apd ameladtonesic bewdlayllayef 58 e sownchyraeno@s ni ng
i nside the drumfoll owed by closure of the nandrel hole and cosnetic
—~ f i ni sty agitegaterintlie ax jotates elnotocttie &ivtion batwivn| condréte 52 dnd/dukfaceaS8 The
~.Jconnection. The drumis stood vertically and acetone which dissolves the
pol ys retatimavoids gxgespigelabrasion of thetstmface (18 end ephangcks chcerits niikieg Fottkeamed, and
washed. The drumis then finished by renoval of 17 7 APR 2004 WO 01/ 26871
PGT/ AaOrfiee 38 is ghigy tor deflest, érergyhis dissigatedt byl theghiwreit glasticity of slecsurface of an end
region of a drum 50 including between spiral 'section 51 and wall 52 a
baf f | eomxibuting ter th¢ reduation iiweay. Acgonding tol therprefdtred ebbditnentpthatspiral blades

inside the drum range varying between 0.5 and 2 metre pitch. At the drive end of the drum the
spirals are approximately 2 metre pitch. The blades are reinforced by chopped strand, woven
cloth or filament winding. The moulds may allow for a variety of belix pitches of the biades.
Preferably, the radius of the root of the blade is greater than 10mm to avoid unwanted
accumulation -of set concrete.  Furthermore, the blades are strengthened by their molding
integrally with the wall of the drum and have a stiffiiess factor which will sustain all applied
normal operating loads. In an alternative embodiment, the internal blades may be &etachably
fixed to the wall of the drum.

An alternative method for construction of a fibre reinforced drum is shown in Figures 17a-0.
Figure 17a shows a proﬁlés of half mold part 60 which is coupled with a corresponding half to
form completed mold 61. The first step in the construction of the mixing drum is the
preparation of the mold from which the drum will be ﬁroduced. The size of the drum may be

changed by changing the dimensions of the mold. Mold section are each formed from separate
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Is preferably glued into position. Figure 15 shows a cross section of a
typical interface between a concrete mx 54 and a steel wall 55. Due to

" the inherent snoothness of the steel surface 56 the concrete tends to
slide and abrade rather than m x: Figure 16 shows a cross&sEcAP@qﬂmﬂ a
typical interface between a concrete mx 57 and an el astoneric boundary

| ayer 58. As shown by arrows 59 the aggregate in the mx rotates due to
the friction between concrete 57 and surface 58. The rotation avoids
excessi ve abrasion of the surface 58 and enhances concrete m xing.
Furthernore, ~as surface 58 is able to deflect; energyd.Sueihssd Pated by the
I nher ent gp£§?$%ity of the surface contributing to the reduction in wear.

According.tg the preferred enbodi nent; the spj.r bl ades . insjide.the drum
range v'ﬂﬁg’,@ﬁ ﬁ@m &&MWWM@P@ hept l?kﬂpgiﬁda{hﬁ’é‘g@ rs\%éemeeﬁgh 6‘?"1‘% he drum
the spirals are approxi matel tre pitch. The bl.ades are reinforced by
choppedhaehy fpsing theRrads aggingthe %‘?IEFE&QHSWF exfermal ?f@i.%e? © Hﬁd@“ﬁrﬁ@% | ow for
a variety of helix pitches of the blades., Preferaply, th adi us of the
root offoingfeprpyidegibe mold;fog tieoinngrysyracehihg @“ﬁ‘vﬁﬂ“’&%’éd‘w‘f‘&%& #lifeht i on of
set concrete. Furthernore, the bl ades are stren é?ﬁned by thejir nplding

i nt egr #rqoyesywhish ang dhejayarsef helical mixing blades mbish PIN B 4Anek SPTRaGE o chowi | |
sustain all applied normal operating |oads. In an alternative enbodi nent,
t he i nitherfinish es may be detachably fixed to the wall of the drum An
alternative nmethod for construction of a fibre reinforced drum.is shown in
Fi gur e &igarrd 7 showsppyassanbledmald spuntgd gn g £qntileyergd maagrel 62,The mold secons ni ch i s
coupled with a corresponding half to formconpleted nold 61. The first
step i include matingdomgls;which dlfen crmesppadingopagts o the mqld grofilgs asd are clppedr ¢ he nol d
. Jfromwhich the drumw || be produced. The size of, thgggrun1na be changed
by chategethes witkandhesive; Kigae dfc shows mpldi61 Mot Hagssturipg which thepol med from

separate_ 18 7 APR 4004 WO 01/26871 PCT/ AUOQ 01226 T
surface finish of the mold may be improved by the application of a fast drying liquid. Figures

17d ~g show the first stages of preparation of the plastics drum according to the embodiment to
be described. The mold is mounted on mandrel 62 which is capable of axial rotation. The
operation of the mold is computer controlled and employs a robot which rotates the mandrel.
The mold surface is prepared with a release agent which will enable release of the mold from the
drum on completion of the drum. A spray head 63 dglivers a polyurethane elastomer to the
surface of the mold which forms an inner layer of the drum.

B The spray is applied normal to the surface of the drum which will at this stage be rotating
- ) according to parameters fed info the computer. As the mold rotates on the mandrel the spray
head moves to follow the mold surface and in particular the path of the grooves. The application
of the polyurethane elastomer to the surface of the mold takes place in two stages. First, the
spray is applied to the grooves of the mold which will form the helical blades of the drum.
Figures 18a-f shows the various stages of construction of a solid core blade arrangement
according to an altemnative embodiment. Spray head 63 follows the contour of the helical groove

64 about the mold and deposits a uniform coating of polyurethane 65 against wall 66 terminating
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nol ds from expanded pol ystyrene beads. Steam heat is applied through slots
in each nold thereby fusing the beads against the nold surface. The
- external profile of the nould parts when | oined provi de@ZeA | d..f.or the

i nner surface of the drum The nold profile includes hel keal i?ogrta‘f)'&?es whi ch
are the inverse of helical m xing blades which extend froman inner surface
of the finished drum Figure 17b shows an assenbl ed nold nounted on a
cantil evered mandrel 62. The nold sections include mating dowel s which
align corresponding parts of the nold profiles and are clanped together
wi th an adhesive. Figure 17c shows nold 61 at a stage | ich the
pol ystyreﬁ’é’"”%ﬁ?lf ace finish of the nold may be i rrprov]éécjiﬂ%?/w’tgﬁgwappl I cation

of a fast, drying_.liquid. Figur 17d -qg. show the first stages,of

pr epar &t s “?’ﬁé’ Yeag‘ltﬁ"ﬂ‘sggr ﬁiﬁa{@%F "t"g“df’%é %Woﬁ?rﬁ%'ngft“@whbe
described,, Th d.is unted on. mandrel .62 whi.ch .i apa f axi al
rotati wa%é%eggéf'ﬁ?i i Eﬂ"ﬂé@?ﬁ?‘ﬂ”ig@“ﬁgﬁ‘ﬁﬁl&'m‘?gw&gb:% npl oys a
robot which rotates the ndrel .., The nold surface i r ed_.wWth a

rel eas@oHgRAE Wilkifom Wlhe&giﬂdé t'rpe‘i“’ga@@ ‘Uﬂ %@eﬂﬁﬁ?ﬁﬁﬁ?%@ss fiP%Em on
conpletion of the drum A spray. head 63 delivers ol yur et hang, el ast oner

F o hoclagerme J0cHigre 14hsat & HiioRm e ot reereiies 71 SO 01 @1 B The
spray is applied normal to the surface of the drumwhich will at this stage
be. T ot elesaresr 7 BePRY, Sgpleyop dieapadeupretiice gThe AHSPFRL TEAlET FEREtAE Pc ol d
rotates on the mandrel the spray hea%ermves to foll owﬂtlhelrml d surface and
i n par blpde,Ing seqond pstafithespray perfiog Py 1 3 o WW‘FFéh"’BSI yur et hane
el astonmer to the surface of the | d takes place.ip. t st s. First, the
spray ¢lastomspppen! foothe mrfage g6 themeld apqeudingfo oot AGifienahe | cal

ﬁ)bl ades of the drum Figures 18a-f .shows the varjous stages of nstruction
of a sRobuFpthaps may be gera r“é{’ﬁﬁeﬂﬁ’é’r‘i‘f’mla{gﬁlﬂﬁeﬁi‘ﬁ Waﬁ“?é’?g‘ﬁ;i‘\’@"gﬁbodi ment .

Spray head 63 fallows the contoyr of the helic rooye . 64 out the nold
D SBRP. lle ogh h -AeprEIoR i 1 & P g Ter s A 1 selfd o
term %%L%%ﬁ}gf "7 APP_2:'e;

e is retained during the ’sec'gnd spraying operation, the cavity formed by helical
groove 64 is covered by polyurethane mold insert 72 as shown in figure 18d. A layer of
polyurethane 73 is then sprayed over insert mold 72 and also over the outside of drum 61. This is
followed by the application of a chopped glass layer 74. Figure 17e represents the stage of blade
reinforcement and preparation and figure 17f represents the stage of application of the
polyurethane coating over the outside of the drum following completion of the blade profile.
- Amrﬁg to one embodiment one or more of any additional layers may be differentially

) coloured with to provide wear indicators. A white pigment in the surface layer may be provided
for cleaning and inspection after use. The polyurethane is allowed to gel following which a
chemical layer is sprayed onto the polyurethane surface as represented by figure 17g to ensure
bonding with the next fibre reinforced composite layer. A coupling layer is applied to the
remainder of the outer surface of the drum over which is applied a structural layer which is
preferably a fibre reinforced composite to form a structural shell. A rigid shell is required and

this is provided by sprayed composite resin and chopped glass strands completing the structural
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WO 01/26871 PCTI AUOO/ 01226 in the region of groove bottom 67. The | ayer
applied includes a return portion 68 which provides a pbed 69 into which is
- laid continuous glass fibre reinforced el astomer 70. Reguf nfAPRAPEon 68
will formthe helical blade tip and this will be strengthened by the gl ass
fibre elastonmer 70. Figure 18c shows an additional |ayer of polyurethane
71 sprayed over glass fibre elastonmer 70 thereby conpleting the bl ade
profile. The additional material strengthens the blade. In a second part
of the spray operation, spray head 63 is changed to spray the pol yurethane
el astoner_normal to the surface of the nold accordingpéﬁAhggn%Qquired
t hi cknessWOAKHTY onal pol yur et hane nmay be sprayed where addi Tl ona

t hi ckness i_.s required . reas, of high ar. If. required,_nuJtiple coats
may be leepJE sRIEFeq FESEe rﬂ@ﬂﬁ@@@éﬂ&%@fﬁ%m@ﬁga'wwﬂ?@%y dol T4 k. or

bl ade profile.is, retained durjng the second spraying operatjon, the cavity
f or med Figrres 7 @ag k shew dhecclamping aeswgalyeﬁ’ b %P@‘iﬂr‘g{dh‘a?ﬁ?srf’ﬁl’%gq’ﬂg’é?t 72 as

shown in figure 18d. A | ayer -of _polyurethane 73 is then sprayed over
i nser t 1sBFVely Mold and pagtialy epmplted plastss daimn 8 shewsin figprg 71 Beforedhe owed by
the application of a chopped glass |ayer 74. Figure 1l7e represents the
st age epmppsieief resipandichppped glass siraeds hagielled the aneldyis docpted gp slamprasseablesent s t he
stage of application of the polyurethane coating over the outside of the
dr um f 80 mhoreRyn eER$2eand R as clpsed onerthecomnepite layer. Afisnplampigs.t the gpld
enbodi ment one or nore of any additional |ayers may be differentially
col our &gy by infated toangye epanplia pontastiith the fibre rainfipred compepite faves. Ahe meldsur f ace
| ayer may be provided for cleaniqf and i nspection after use. The
. pol yur &t sngdrdsum $1 are| sagpeifor fougyagurs wntil Figirerip Wanlisenily cupdfor e nexystage s sprayed
)onto t he pol yurethane surface as represented by figure 17g to ensure

bondi ngastipg of 2 ek Tiog ang anplieation poh e grip danse GBS PF@OP%%%?S?R Thpoiaperg | ayer is
applied to the remainder of_the outer surface of the drum_over which is
app! i cgold istepgyad s previpuglydesagibed ppd this ingludesrpmpyal, of-meld isert 72, Figugs 18
conposite to forma structural shell. Arigid shell is regquired and this
i s probPyea Opjeal snligcore Rledesatile $4, as deseribed abpvsp Jhe blape, satislies sireagthc ol et i ng
the Stnraéju(x;l:[erlle[n?tls and is reinforced by curves in the blade profile as the blade traverses the helix

about the finished drum interior. Preferred material of construction for the solid core blade will

be sprayed SP85 polyurethane elastomer ( 85 shore A). Preferred reinforcing of the solid blade is

high tensile glass fibre CC60 elastomer . Preferably, the tensile reinforcement is continuous

along the length of the blades.

Figures 19a-p show an alternative method of construction of a plastics drum including an
injection molding step. A number of the steps according to this embodiment are substantially
the same as for the corresponding steps described with reference to figures 17a-o.

The methods, however differ ﬁrsﬂy in relation to the method of construction of the helical blade.
Figures 19a-e show a mold 90 mounted on mandrel in the usual manner. Blade reinforcement
operation represented by Figure 19 ¢ is shown in more detail in Figures 20a-f.

A spray head (not shown) follows the contour of the helical groove 99 about the mold 90 and

deposits a uniform bed polyurethane 101 against contoured base 102 at the bottom of groove

21



20 . 7 APR 2004 WO 01/26871 PCT/ AUOO 01226 | ayer. The sprayed resinis

hand rolled foll owed by clanping as shown in figures 17 i, j and k.
- Figures 17) and k show the clanpi ng assenbly 80 in the OQ_GI? Fpg fd gs
configurations respectively. Ml d and partially conpleted g drum 68
I's shown in figure 17). Before the conposite of resin and chopped gl ass
strands has gelled the nold is | ocated on clanp assenbly 80 whereupon arns
82 and 83 are closed over the conposite |ayer. After clanping, the nold
may be inflated to ensure conplete contact with the fibre reinforced
conposite layer. The nold 61 and drum 81 are stored for four hours until
the resi nwbe12s8Mficiently cured for the next stage. TREAAUWMNBI2H a track
ring and application of a drip flange area as previously described. The

i nner 10%0|Ad ilustrateshio figare 262, pedApil datedwelletbprinr kdosetiing mathiaiprofilédrirowgblesadr enoval  of
mol d insert 72. Figure 18f shows a typical solid core blade profile 84 as.
descr i HBdand by dorm¥ lacmdliiaidecss 194 te whish rielagt tontimes iglaesibre seinforbed s
reinforced by curves in the blade profile as the blade traverses the helix
about dlizeonier Ddsdsasbow innfigurg 20bi Bed 10Prveifl donnethe ielical blade taf arglchis wilibe i on f or
the solid core blade will be sprayed SP85 pol yuret hane el astonmer ( 85

shor e sfipngtiithal by ntedglasi fifreretistomen 103 hiong ahé denigthadf the shelitdl ditadec@be | € gl ass
fibre CC60 el astoner . Preferably, the tensile reinforcenent is continuous
al ong reifrdig gdstonef 1095 phboddsstalatigtplasd 1D a resin mitevwuader sdntion. Fgurey e et hod
of construction of a plastics drumincluding an injection nolding step. A
nunber200 khoiat ensertedis ghoeo @i A @olyarethimeSineniiod iwlhinht ieaveea spabsbatwtenahd vyt he
same as for the corresponding steps described with reference to figures
17a- 0.insdit endwedlhidds Thé fesstiigy spalicfdefinies fther fixial profile shapke af & solidicoretbibelendt hod of
)constru'ction of the helical blade. Figures 19a-e show a nold 90 nounted on
nandr ehown'in fipnere 064, apacershiovis 107Biraappliedionlicsucdael0f of mpldradt swnwhishisesent ed by
Figure 19 e is shown in nore detail in Figures 20a-f. A spray head (not:
shownplat«ll dner@rahmolddd8 asishooh it Figurk @0s. Tht spcardlacks dre piafersbly wedeefl d 90 and

polyurethane which is the same material to be injected onto the cavity formed by the insert
mold 106 and external mold 108. This arrangement corresponds to the steps illustrated by
figures 19f-h. The mold 90 is preferably disposed vertically for injection molding of the inner
layer of the drum, Figure 19g shows mold shell 108 in an open configuration and figure 19 h
shows mold shell 108 closed for injection molding of polyurethane elastomer 109. Injection of
cold setting polyurethane resin into the mold cavity bonds to the extruded elastomer and the
matrix of the tensile member and forms the rest of the blade and the elastomeric interior of the
concrete mixer. Figure 19i shows partially completed drum 120 inside grit chamber 121 in
which a grit jet is traversed over the shell surface to prepare a surface which is chemically
receptive to the bonding of the next stage. The next step involves filament winding of a fibre
reinforced structural léj/er. A’ winding arrangement as shown in figure 19j is arranged to wind
resin wetted fibre rovings 122 arcund a rotating former. While the resin is still wet, the gel
poated external mold 123 is closed over the structural shell to form the external surface of the

mixer. This mold includes a track ring for injection of material therein to form a track ring 124.
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deposits a uni form bed pol yurethane 101 agai nst contoured base 102 at the

bottom of groove 21 7 APR 2004 WO 01/26871 PCT/ AUO0O/ 01226 103. As

illustrated in figure 20a, bed 101 is trowelled prior to setting with a
profiled trowel head 103 and this forns a nolded recess, 104 into which is

| ai d continuous glass fibre reinforced
20b.

Bed 101 wll formthe helical blade tip and this will be st

by the glass fibre elastoner 105 along the length of the helical

rei nforcing el astoner

el ast omer 105 assHoARRi BRI gur e

r engt hened
bl ade. The

105 is prior to installation placed in a resin matrix

under tension. Figure 20c shows inserted in groove 100 a pol yurethane
i nsert 10WOWK8H | eaves a space between the insert affcdFAl0P123%H7,
resul ting space defines_ the final grofile shape of a solid core blade. As

shown Dmipfring J2G&maoiien gfaited, Theiraeld 4

mol d 90 over which is | aced an external nold 108 as shown in fi
The spmeki90is Gerkdisalved op prekesruptfoyremavid  Ghe tepnile yerngthiod e wikdings nay behe sane
material to be injected onto the cavity fornmed by the insert nol
ext er nil thewrdgr 0600 ¥k sFigere dfi) ewavst dreo 128 spmnttd fororotation shepeomputarst r at ed by
figures 19f-h. The nold 90 is preferably disposed vertically for
mol di nepntsélledivandimgmachinie 49 enablsf winflieg df ginss rbviggsr £221 9o shmisstheoptimehel | 108 in
an open configuration and figure 19 h shows nold shell 108 cl osed for

i nj ectphysicalplopértigs of fhe fiddment wound structire e diteees atcQlgnelng the {dadnimpbseddn| d setting
pol yuret hane resin into the nold cavity bonds to the extruded el astoner and
rma¢ pf the Ghiskddalrune 'Bypical loatings on thecirtmo nres atidldending umitr weighthifade and t he

el astonmeric interior of the concrete mxer. Figure 19i shows partially
conpl epssgetelan applizd dynawicdeadgt the doireenidef the Atum, drivingriorque and) sugipoit &iads S

t he

traversed over the shel

The

3 5 Tenagved tagxbose therdsum land theifteroal 107 of

gure 20e.
d 106 and

I nj ection

surface to prepare a surface which is chemcally

r ec epiat the dischargh gruiomhlls Fhe fwinding patiorh oftha fjlamefith aligne e fibtespt 10degteres fi | anent
wi nding of a fibre reinforced structural layer- A ' w nding arrangement as
shown at midfspeptoavithgtpnd bending stregessl inazeasing th angle and in wall thickness towards the

discharge end to accommodate applied roller loads.

The rovings which line the dram are drawn through the resin bath and applied to the surface of
the drum as a wide ribbon comprising thousand of tensioned fibres. The composite is applied by
winding filament about the drum over the bonding layer to form a fibreglass matrix with high
strength properties sufficient to withstand normal operating loads applied during mixing and
transporting concrete. The windings overlap until the required thickness is reached. The
surface of the drum is covered with wet resin and small irregularities which need to be addressed
to provide the external finish. Asa result of this construction, the spiral mixing blades inside
the drum are solid with high bending and shear resistance during mixing operations. The inner
elastomeric surface is highly resistant to abrasion by concrete yet it is softer and lighter than the
steel equivalent. The higher resistance to abrasion is facilitated by the natural elastic
deformation of the elastomer which absorbs the kinetic energy of the concrete particles without
gouging of the surface material. In addition, due to the property of the inner surface which will

preferably be polyurethane, the concrete will be mixed rather than slide at the boundary layer



resin wetted fibre rovings 122 around a rotating former. Wiile the resin is
still wet, the gel coated external nold 123 is cl osed over the structural
“shell to formthe external surface of the mxer. This nol hpﬁlg@s a
Kk n

track ring for

injection of material therein to forma t{a 124, 22 7

. APR 2004 WO 01126871 PCT/ AU0O0/ 01226 Drip ring 126 may then be fitted. The
nold 123 is renoved to expose the drumand the internal nold 90 is then
di sol ved or broken up for renoval. The tensile strength of the w ndings may
be in the order of 600 MPa. Figure 19 shows drum 120 nmounted for rotation

on a conputer

rovi ngs 1990128 opt ai n the opti num physical propert ¥4}

controll ed wi ndi ng nmachi ne to enabl e w ndi noglﬂ%é‘sgl ass
filanment

wound structure the fibres are aligned to the | oads inposed in use of the

fini shEgFUERE

sfficipptomixing of $hecropeyete droushent dhe mixand redygtion of sbrsipmduaiteder wei ght

of wet ~concrete, an applied dynamc |oad at the drive end of the drum
dri vi nthersapeth surzesdthoughent the jngexes of the drume Injp Suthar sjep, bhe stowstoral |lysr isThe
wi nding pattern of the filaments aligns the fibres at 10 degrees at md
span t Bniglied mathA-snogidpigmeptediresin which iy appliesatilisige ia elampoineilarriel thah used| |
thi ckness towards the discharge end to accommodate applied roller |oads.
The r ofer enmpletion ofithe resin layes Figuen 19k enddrshowa twor gseppprocessefor applicativatofiaand
applied to the surface of the drumas a wi de ribbon conprising thousand of
t ensi cgebepat. ShelbR23 ishagerhamhsil 108 foqceommhadaty theyadditionad layer dfitheamindingmabout t he
drum over the bonding layer to forma fibreglass matrix with high strength
pr operAs shaws inffigures d9m andbn diumh P20 dswilaptod with a etféningiring 124 whiich dispibbtesl dur i ng
m xing and transporting concrete. The w ndings overlap until the required
-~ t hi ckrieasls fiom trugign mell¢rs iteeporated dretbe valiicle erewhicknthe deintis vebeomitedr Thet resi n
- Jand small irregularities which need to be addressed to provide the
ext er istagesfiflpstrated imfgures t%ljand dallews application pfi e tchrparatet ingrysen altgmativeci ng bl ades
inside the drumare solid with high bendi ng and shear resistance during
m xi népdigineint the sEuctorp of therfinished drum as previously described. To achieve this, shell

parts 123a and 123b are printed with a selected livery and sprayed with a background gel coat.

Afier gelation a light layer of reinforced composite is applied and allowed to set. The shells are

prepared in advance of the operation of application of the fibreglass windings while the resin is

still liquid whereupon the shells are clamped around the windings thereby extruding out any

excess resin,

The shell mold assembly is mounted vertically and a two part compound is

injected into a track ring mold space. Figure 19m shows the orientation of the drum 120 during

this step. Once the resin has gelled, the shell molds are removed and the discharge end overwind

is trimmed and a polyurethane drip ring 125 is bonded at the discharge end. The final step

involves removal of the mold remaining inside the drum followed by closure of the mandrel hole

and cosmetic finishing. The mandrel is removed and the hole fitted with a pipe connection. The

drum is stood vertically as illustrated in figure 190 and acetone which dissolves the polystyrene

is pumped out of the interior which is then cleaned and washed. The drum is then finished by

removal of any resin flash. Figure 20f shows a cross sectional view of a completed blade 110

with mold 90 and mold shell 108 removed. The frce end of the blade is enlarged relative to the
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el astoneric surface is highly resistant to abrasion by concrete yet it is
softer and lighter than the steel equivalent. The higher resistance to
abrasion is facilitated by the natural elastic deformatidajofapRhegy

el ast oner whi ch absorbs the kinetic energy of the concretée particles

wi t hout gouging of the surface material. In addition, due to the property
of the inner surface which will preferably be pol yurethane, the concrete
will be mxed rather than slide at the boundary |ayer 23 7 APR 2004 WO

01/ 26871 PCT/ A1J00101226 ensuring efficient m xing of the concrete

t hr ougho I X and reduction of abrasion due to ghe curves

t hr oughou oﬁﬂémﬁhterior of the drum In a further step, t gag%ﬁuctura

| ayer | inished wi.th a .snpot Lgmented.resin which is applied utilising
72 s thieRbe ' Gorin e bR e Jo U CERAG PishRed b o e B o
19k and |I. ow.a t .step process for application of a gel coat. Shell 123
i s Iarwﬂeﬁ%ﬁgﬂé’ﬁ%i’fﬁ"f’%’%ﬂ? ate the additional layer of the

St 11 oRF AP, lon t 6 preptle cesp gl oty ol HRIS,
o g B Sl L SRS, S L B b TR e T | ot ages
ot cvi SRRt Hplcsion oRisrentp I ek SreH) rigfEeing MR BNIePI D o
A 1 or THROF o BRI PR 188 A1 B AoV, i PPt B b Siishg e | ovied
L2 et L R PP S EES oL, BPSLal) onof apel fcat fon
o e TRG, SSA, e e 1T Sh o g ULy, excess
e N AL SRR SR SR W o R T
(e Shoht ooyl ety i L SEhaLAE S0C, SUarbd g Lol e and &
edge and the attachment to the mixer shell along ifs outer edge the concrete loads will deflect the
blade into a sail shaped surface cupped to contain the concrete. This effect is accentuated by
curving the interior edge of the blade in the direction of motion of the concrete towards the
closed end in the mixing zone and the open end in the concrete discharge zone. Preferably, the
tensile member is formed of continuous fibres, such as glass, carbon and aramid reinforcing a
reason matrix such as polyurethane, epoxy, polyester or vinylester. The fibres are placed under
. light tension during manufacturing process so they are uniformly loaded to give maximum
strength. Reference in the specification to blades includes reference to a single helical blade
along the length of a drum, a two start blade, 2 muitiple start biade arrangement, vanes, paddleé
* and any suitable member for internal mixing of concrete.
The polyurethane elastomer is formed on the exterior .of rigid molds. Because the drum is a
flask shaped vessel with the outlet smaller than the maximum diameter according to one

embodiment this molding method requires separate molds which can be withdrawn towards the
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I nvol ves renoval of the nold remaining inside the drumfollowed by closure
of the mandrel hole and cosnetic finishing. The nmandrel is renoved and the

"hole fitted with a pipe connection. The drumis stood vertically as

R

illustrated in figure 190 and acetone which dissol ves the=pplARRAlBhe is
punped out of the interior which is then cleaned and washed. The drumis
then finished by renoval of any resin flash. Figure 20f shows a cross
sectional view of a conpleted blade 110 with nold 90 and nold shell 108
renmoved. The free end of the blade is enlarged relative to the 24 ~-7 APR
2004 WO 01/ 26871 PGTI AU00101226 bl ade thickness to contain the reinforcing
tensil e nWOWERESW t hin the el astoner and to protect thﬁcmhgrasi le fibres from
abrasion as concrete is mxed. As an alternative to the PP bl ades

pr evi otrgxipuakandtdre dinwhis Rase RhLmBIAGHE it b 5.and 6, solid core blades
may be uselgl. As the solid core bl ades mk%g)ﬁ'{egrﬁwénﬁhrfn‘frﬁaéeﬁ"aﬁﬂfﬁu@gtm start
hel i x costs. In an alteplativesnibolimeai T dicGadt, trehsi on.to the high strength

rei nforé:ri ng nmember will tend to no%f?%nég ne%gfmfawﬁﬂ‘sﬁ%haﬂﬁd of the

m xer .moiéhiof a plrstintoni ik formeE i A B8 radial . tension in in the bl ade
material . Concrete |oads applied ?gﬁ%ﬁg%&b. S FEUPRIF imer s shemy famed  di schar ge
wi || iaredod the exteridr oNthisTodnh@oldSiSdn i§ r in the blade interior so that the
concrete |oads are carried by telntshlg%ir;?gaﬁnouﬁé’r Vod tasme v from then t he

m xer duBosarsipuildeséifbage nmaterial is a | ow nodul us el astoneric nateri al
and the blade is restrained by the nmenber along its interior edge and the
at t acAttbedriveend bfthddrif thesd 16 blovidtb® D Hed 15, QUL er _edge the concrete | oads will
defl ect the blade into a sgiol sﬁa%?éhg%ﬁﬁgﬁqﬂi%ﬂéﬂo%%t ain the
Concrmmwlroﬁfrﬁmﬂtdsﬁitaﬁ%a& ks dpﬁy curving the interior edge of the
bl ade li n the direction of noti o*#a]o'?" emglﬁ?&e'étt‘gs"%%wﬂyﬂl#?elst closed end in
t he ﬁ#xﬁwgom&md]ﬂ:aﬁngﬁﬁmh%}%f oncrete di scharge zone.
Preferably, the tensile nmenber is %r?%e fm‘@f) I 9tes | bres, such as

gl as Jhe dmmindsg camplisas aamdct ringi Whieh 2 Bitdshe vessel loading to the support rollers

and is constructed from fibre reinforced plastic formed integral with the structural shell of the

vessel. It is anticipated that the plastics drum will outlast jis steel equivalent under the same
working conditions by more than 10 years. The wall strength will be in the order of 600MPa at 3
thickness of approximately 8mm comprising approximately 2-8mm polyurethane and 2-8mm
fibreglass winding. According to one embodiment, the elastomeric layers may be of contrasting
colours to enable detection of wear spots.
A further advantage in the use of plastics for the mixing drums lies in the"thermal properties of
the plastics material. Hot conditions are undesirable for concrete mixing as they accelerate
hydration reducing concrete workability which is an essential property required immediately
following a concrete pour. In very hot climates, the conventional steel vehicle mounted mixing
-drums conduct high heat loads which increase heat at the concrete boundary layer due to contact
with the super heated drum wall causing unwanted accelerated hydration. This phenomenon is
difficult to avoid with steel drums as the conductivity of steel Jeads to high conductive heat

transfer from the outer skin of the drum to the inner wall which is normally in contact with the
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reason matri x such as pol yurethane, epoxy, polyester or vinylester. The
_fibres are placed under [|ight tension during manufacturing process, so
they are uniformy | oaded to give nmaxi num strength. Reference irhthe
specification to blades includes reference to a single tgel'{i ARR Hilide
. the length of a drum a two start blade, a nmultiple start bl ade
arrangenent, vanes, paddles and any suitable nenber for internal m xing of
concrete. The pol yurethane elastomer is forned on the exterior of rigid
nol ds.. Because the drumis a flask shaped vessel with the outlet smaller
t han the maxi mum di aneter according to one enbodinent this nolding nethod
requi res WePHISBe nol ds which can be w t hdrawn towar $ohs /ﬁgzﬁ[' 7 APR 2G 4
WO 01/ 26871 EmCT/ AUCO/ 01226 maxi num di ameter. In this case Phé&tmol di ng nust
be j oi FEEreiehiln Isorhe divie elimatesTadaUls 45 del | iR Ghe GRS an alternative
enbodioqerrent of the nethod of constri ctionCE? t he Jrél?’tlj STEPh B 4BFE ri gi d
nmol d ofmperpting gndreasé omide ithe drom e éoﬁcr@!&}?ﬁ' LELDRL., 0l 0. The conposite mixer
is themformed around the exterior of |§6ﬂf%§ﬁ1e 'gm{e&ﬁ'qns“t‘hen br oken
up or seis#ivelte esitetnal tetiperdares.t AédoRigh R id reyviously described At the
drive end of the drumthere is provﬁ]gelddgmsa@getﬁatﬁ?enﬁm\ﬁﬁ%cﬁ%mm ded into
the drremainssacoapeblyr lowoto bnflir® B RhitistRRAA el hraBliny € equi pnent  The
arran%emant is such that it wll resfﬂs%l %q&ggllh\tfye"fdg'gd'{“?%hMen the ring
and’ t Rtself dripnshentupdi grificasiiyind BokHREEK ?tﬁ,tﬁl,,' tarque. The drum al so conpri ses
a track ring, which transmts the Vesse ﬁ%ﬁ%ﬁﬂ o) g dhesopereter ol | er s
and i veleebist toutht edgdried B tdnipeRinind Vitiaihs € budhdst i c formed integral with the
structural shell of the vessel. It |Bs' ant IhCI §t°&}ﬁ)‘i feherats, Buplimgt i cs drum
-~ Wi || problira st beiaveidat o lhasitl ubobrdabibiwilll 1S sa rking conditions by
) rmrekqtfhan 10 years. The wall stre‘ﬁgt ng%%ﬁog'ﬁaf%‘%%@?m&cﬁ%ow% at a
t hi ckiieasplastics dpmor ax tak@tted Wladpp oS roxi mately 2-8nm pol yur et hane
and 2. 8mm M the "Bahventididl SRE" £ ereL3¥ reducing tEe y
unwanted _eﬂ‘ects of high thermal conductivity typical of the steel drums. The plastics drum

al ong

allows the concrete to remain workable inside the drum for longer periods compared to concrete
in steel mixing drums under the same external temperature conditions and transporting concrete
The structural exterior shell is significantly strengthened by the process of filament winding

which produces a structure with many times the strength and stiffness of ﬁmdom ‘ﬁbre

rotation between the ring and the fibre reinforced drum under applied torque. The track @g
transmits the vessel loading to the support rollers and is constructed from fibre reinforced plastic
formed integral with the structural shell of the vessel.

It will be recognised by persons skilled in the art that numerous variations and modifications
may be made to the invention as broadly described herein without departing from the overali

spirit and scope of the invention.
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fibreglass w nding. According to one enbodi nent, the elastoneric |ayers may
be of contrasting colours to enable detection of wear spots. A further
advantage in the use of plastics for the mxing druns lies in t?g tgﬁmal
properties of the plastics material- Hot conditions are undesi BI lfor
concrete m xing as they accelerate hydration reducing concrete workability
which is an essential property required imediately following a concrete
pour. In very hot climtes, the conventional steel vehicle nmounted m xing
dr uns TR ELAIMSPGRINNG THEJNYMENWRINARE ASFéd40V¥Eat at the concrete boundary
| ayer due to contact wth the super heated drumwall causing

unwant ed- accel erated hydration. This phenonenon is difficult to avoid with
steel druns as the conductivity of steel |eads to hi qh con uchive heat

Cranstbr 1 rARFaHSUPE SRFREGHXER AT GHRPDS Of RiZoPARBLO AUPRCRATSn | o

Ly i t ith t 26 L 7 APR 2004 WD 01/26871 PCT/ AUOO/ 01226
Conor ot PrPER sl et Wi sgRoss Ao pateted THS PR MEDRUN IS | n an
tt t . f. t ' i NSl ] . . t
nycr ot 1258 g bFRREE RS Bl bl o e 0 ' ©

tenperal o e%&‘gﬁﬁ%ﬁﬁ g%gvgt% is IndnBiradGrdd M & A%alt%gér;/et [Pfer%ﬁﬂ%%tﬁ%\g}a Sperature

remai ns ac 0O ensure a satis eve abr'lity and to

retar cl,\,@;%ﬁmeid? . i,lgﬁtdegeg wfgﬁHgﬁng{\ﬁébravﬂtemmrmt%ewhmh%nﬂnaeméw heat

t hrough their thickness making e concrete vulnerable to the 'vagaries of

t enper HdHi@nak ofddiPebonclrNEEHER ihitd sGffaceRfhichP6Th&EEmMMEiNg df thePconprerbl em to be
avoi ded and has in accordance wth one aspect provided a nethod of

manuf acture of a plastics drumto take the place of the conventional steel
druns thereby reducing the unwanted effects of high thermal conductivity
typi cal. of A heavsidewlrotdryoncreféngixipy dsin axsoxdingrio clair dwhereinghedmor ete to

remai n wor kabl e inside the drum for |onger periods conpared to concrete in
st eel aumprisep aivioms layadefrelastomesia matasiat andraml extesng) stretureldayeondi ti ons and
transporting concrete.

3. A heavy duty rotary concrete mixing drum according to claim 2 wherein said inner

layer includes a polyurethane elastomer.

4. A heavy duty rotary concrete mixing drum according to claim 3 wherein said external

structural layer includes a fibre reinforced composite exterior.

5. A heavy duty rotary concrete mixing drum according to claim 4 wherein the wal! of
the drum includes fibreglass filament windings applied about said drum outside said inner

layer.

6. A heavy duty rotary concrete mixing drum according to claim 5 wherein said wall

includes between said inner layer and said outer structural layer a bonding layer.

7. A heavy duty rotary concrete mixing drum according to claim 1 wherein said integral

internal formations comprise helical blades extending from said inner layer.
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The structural exterior shell is significantly strengthened by the process
of filament wi nding which produces a structure with many tines the
strength and stif Mess of randomfibre conposites. At the drj,‘Vv{ewz(ﬁﬁ,'the
drumthe steel ring which is noulded into the drum structure is
proportioned to suit drive equipnent. The arrangenent is such that it wll
resist relative rotation between the ring and the fibre reinforced drum
under applied torque. The track ring transmts the vessel |oading to the
support rollers and is constructed fromfibre reinforced plastic forned
integral with the structural shell of the vessel. It will be recognised by
persond skif heavyidytraianssancielpanixing fEMdaccowdig g clabm & WARKeINMSRH Nt i ons  may
be made to the invention as broadly described herein without departing from
t he oviigglibladgphavera vrigbls PEPEAIBENHINEOTiPRINGSE Doiis 2 D'PteS-7 APR 2004 THE CLAI MS
DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A heavy duty rotary concrete

m xi ng drum capabl e of attachnment to a vehicle; the drumconprising a

first end tch engages a vehi cl e powered i e [ ot at es
sai d dfum ropeny SORGOGH SarsRGiBe BRIPERG ALY SRR B TR U R el i Yoo
concre ' ' . | ' ' !}Wﬂ fromat | east
one |a‘§/f2’éé %?’°§‘@@?f:‘g%%&9td\é@%e%r&“\?ﬁ8ﬁ@?%%F?ﬂgﬁ‘ rum%%@fe&%gg a wal |l having
i nt egr | ormati ons which pronote m xing and discharge of said
concre?dgrda{&rﬁdﬁgzgmﬂer surface which pronotes m xing of the concrete. 2. A
heavy duty rotary concrete m xing drum according to claiml| wherein the
drum conprises an inner |layer of elastoneric material and an external
structiyy al A a¥a% dul.rotbnfavigtettikiig HRINAECCRIMYAO Clain Tiwvkbig shidumi@reording to
claim2 wherein said inner layer 1ncludes a polyurethane el astoner. 4. A
heavy dhatiyyer of @astics materiaitie appraviimgtelyr2unsrandiacidamigsatdofiibcegiassifiimeiner ei n sai d
external structural layer includes a fibre reinforced conposite exterior.
windings are formed from a layer of approximately 2 — 8mm thickness.

11. A heavy duty rotary concrete mixing drum according to claim 10 wherein an inner
surface of the polyurethane drum provides wear resistance and promotes mixing of the

contents of the concrete at the concrete/wall boundary layer.

12. A heavy duty rotary concrete mixing drum according to claim 11 wherein the weight
of the drum is such that when full, the total weight of the plastics drum and contents is lighter

than steel drum of an equivalent size when full.

13. A heavy duty rotary concrete mixing drum according to ¢laim 7 or 8 wherein said
blades are formed by said elastomeric material and define a hollow internal cavity in each

helical blade.

14, A heavy duty rotary concrete mixing drum according to claim 13 wherein said helical
blades include a bonding layer adjacent said inner layer and a structural layer adjacent said

bonding layer.
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5. A heavy duty rotary concrete m xi ng drum according to claim4 wherein
the wall of the drumincludes fibreglass filanment w ndings applied about
said drumoutside said inner |layer. 6. A heavy duty rotary cgn ﬁt i Xi ng
drum according to claim5 wherein said wall includes betweerl gaﬁg ifmg]r

| ayer and said outer structural l|ayer a bonding layer. 7. A heavy duty
rotary concrete m xing drumaccording to claim1l wherein said integral
internal formations conprise helical blades extending fromsaid inner

| ayer. 28 - 7 APR 2004 8. A heavy duty rotary concrete m xing drum
according to claim7 wherein said integral helical blades have a variable
pi t ch W merheAYY Sitypeigtisencrgtednixing Qr%g‘i?Préj.'”gé‘.’ claim, kb yeral 996t y concret e
m Xxi n n the stren e structural

drun i ) i 8 wh i th f t]
o e Mo A ot ik st s P s dspotatin S By s sl o

approximately 8mm, 10. A heav rotary concrete m xing drum accordi ng
to cl aﬁtrﬁglgra\%é?reqnﬂ aiogpgled?ngﬁgégtﬁgg%ﬂ% | ayer of plastics material is

approximately 2 - 8mmthick and said fibreglass filanent w ndings are
formed froma |ayer of approximately 2 - 8mm thickness. 11. A heavy duty

rotaryigconcy gl gp}girﬂgg%agé%@ﬁg%&hm iRoiairgitTtidith m§ér@in@a@rb|adager surface

of the polyuret es  wear resiStance and pronotes m xi ng of

the cpateRtSrediodg Re RAMHR & il biad@. concret e/ wal | boundary layer. 12. A
heavy duty rotary concrete m xing drum according to claim 11l wherein the

wei ght of the drumis such that when full, the total weight of the

pl astics drum and contents is lighter than steel drum of an equival ent

si ze wiren fAalhdavy i3ty rdadyeangretdimiying diuar accoramgtetleinm Bavingeid saichsalecor di ng t o
claim7 or 8 wherein said blades are forned by said el astoneric materi al
and debrengadestiwtheoinciudé emhedded dhereiy aicantegiols glass fibre reinforced elastomer

along the length of said blade.

18. A heavy duty rotary concrete mixing drum according to claim 17 wherein the drum is
manufactured in three sections from three separate molds, the first of said sections forming
an end which engages said drive assembly for mixing said drum, the second said sections
including said opening for discharge of said concrete from said drum and the third of said

sections providing an intermediate junction between the first and second parts.

19. A heavy duty rotary concrete mixing drum for mounting on a vehicle; the drum
comprising an opening at one end for discharging concrete mixed in said drum, and at the
other end means for engaging a drive assembly which rotates the drum for mixing and
discharging concrete; wherein, the drum includes a wall manufactured using at least one
base mold from layers of plastics materials; wherein the drum further includes blades
integrally attached which outstand from an internal surface of the wall of the drum and form
an archimedian screw disposed such that when the drum is rotated in a first direction the
concrete contents are mixed and when the drum is rotated in a second direction the concrete

is discharged from said drum; and wherein the internal surface of the drum is formed from an

30



helical blade. 14. A heavy duty rotary concrete m xing drum according to
claim 13 wherein said helical blades include a bonding | ayer adjacent said
i nner layer and a structural |ayer adjacent said bonding |ayer; &R 208,R
2004 15. A heavy duty rotary concrete m xi ng drum according to claim 14
wherein said helical blades include a fibre reinforced tension nenber

di sposed in said cavity outside said structural layer and along the Iength
of the blade. 16. A heavy duty rotary concrete m xi ng drum according to

cl ai m élastbraerovhichsabriotes suiking ofithee eoobiiete & Greenerpisivigure heurdany layesigidh of t he

bl ades. 17. A heavy duty rotary concrete m xing drum according to claim 16

wher ei whesein dhe tsttal weighbefdhadinenend coptenfe whe il idighisrende sterl ABIMOT

continuous glass fibre reinforced elastomer along the length of said

bl ade.ameguivaleRtvplumenbsn bt ary concrete mi xi ng drum according to claim 17

wherein the drumis manufactured in three sections fromthree separate

nol ds, the first of said sections formng an end whi ch engages said drive

assemnp m Xin aid dr the second ing said

openi " f or ?%H&g’d%ta%c"g%{?@'ﬁ%'H%F‘%‘Fba?"P&S g ‘% R u\”ﬁnggehofh?&” hird of said

sectlon .oV gi t d second
;é&)es R vké?l rﬁ'gnugaﬂ d};ggr i nHTE%% 0‘1% [%g Ha?&mpﬁ%ﬁ%e?ﬂge Fn'oﬁlﬁg afd!

n
parts. i eav con e m Xl nmounting on a

vehi cl nhetr%: b aGRIR ébgauﬁg.ﬁ%%e'bme% f&ﬁ'%ut@ﬁ%?r@ﬁw Aiishar gi ng

COHCFE e mxed In Sal at the er end nmeans for engaging a

drive QFa&htHs¥icWnche Wﬁ@fbﬁﬁmd heahitikian pifdl YispakedRdch Mhbekatee Ng concr et e;

wherein, the drumincludes a wall manufactured using at | east one base
nol d fdr@’mlsl RY:RESIN Affirfd UR&dtibe therBh&rtledoftentéliesd @ixed bh@wlsntefdeunt ker i ncl udes

bl ades integrally attached which outstand froman internal surface of the
wal | abtatdaan dsetonariitedtionthe concrete discharged from said drum; and wherein the

internal surface of the drum includes a polyurethane elastomer layer which promotes mixing

of the contents of the concrete at the concrete boundary layer; and wherein the weight of the

drum is such that when full, the total weight of the drum and contents is lighter than for a

steel drum of an equivalent size when full.

21. A heavy duty rotary concrete mixing drum according to claim 1 wherein the drum is
pear shaped and includes a first tapering end portion having an end configured to engage
the drive assembly, a second opposite tapering end portion including an opening for
discharge of said concrete from said drum and a third intermediate portion extending

between the first tapering end portion and the second tapering end portion.

22. A heavy duty rotary concrete mixing drum according to claim 1 wherein the wall of
said drum includes an inner layer of elastomer, an infermediate chemical bonding layer and

an exterior layer of a composite of resin and high strength wound fibre reinforcement.

23. A vehicle mounted rotary concrete mixing drum having an opening at one end for

discharging concrete and at the other end means for engaging a drive assembly so as to
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an archi nedi an screw di sposed such that when the drumis rotated in a first
direction the concrete contents are m xed and when the dl’um.J.S? rq»tgazggir in
a second direction the concrete is discharged fromsaid drum ‘and erein
the internal surface of the drumis forned froman 30 - 7 APR 2004

el astonmer which pronotes mi xing of the concrete at a concrete/drum boundary
| ayer, and wherein, the total weight of the drumand contents when full is
lighter than for a steel drumof an equi val ent vol ume when full. 20. A
heavy rtatethe drumy fpr mixinerasdelisehaiging conaieteaeheseinlitheydiup is Mmanwaaluiga §P8 n t he
drum includes a wall manufactured fromlayers of plastics material using

t hr ee theeeenawsisiand camerises @rfrH Slastigsdnaieriad S@f@t%cfﬁ%?@laés Eﬂfminataagr't&r |y attached

bl ades whi ch outstand from an i nner surface ﬁ‘ Wm( the vans form ng
an ar cifaeriefahe dpmrand %%%@@t@%@ﬁmﬂ éﬂ’cr\‘/\ﬁ%ﬂolf%@ angql kg elastgngt ed |n a

first direction the cor} ée co ten&s are m.,xed a
Lol

r ot at JAMHIRG 2N BRYGYHe rB'ﬁ' W rben%y%rtagdmngaﬁtgga%s to??th?ﬁ%%rg' d drum and
hyer il oshahd Bai he Shpfupddl hell BT @GR el tpiednr e, ol st ot

h th
when. oS AARE spk N BE Aot o e E"%&%\“ﬁwﬁ‘n%"?ﬁ%@n?"s' AWy Than for a
st eel c?éé%g&%ucﬂ% amky me%%dnfs'r%%téﬁlf"ﬁﬁfl’;s‘t'hlk'ectlgﬁ-theacoh%iéycoqiémé dretary

concre m XI ng um according to claim1 wherein the drumis pear shaped

and i ngheflgss whdn the liruh BB eSthied ireskcBRd bitRlor ik ichiles aritischaighd gbmed t o
engage the drive assenbly, a second opposite tapering end portion

i ncl udiaROdram; SRBmdidn tHerinklr peaedan®surke df e danepreviiéowes a¢stbtalicem and a
third internedi ate portion extending between the first tapering end

por t i ihdgRedtee mdErzoi the cpntsng trendnetetst the. coB@reteAdonrdary lagert gnd ot ar y
concrete mxing drumaccording to claiml wherein the wall of said drum
i ncl udeisergin tHerweight baiye druni iselietsthetwien falh therfvlar wieight af e elashidscivmbondi ng

| ayer and
and contents is lighter than for a steel drum of an equivalent or smaller size when full.

24, A method of manufacture of a vehicle mounted plastics concrete mixing drum
comprising the steps of:

a) preparing a mold having a surface defining an internal profile of said drum which
inciudes a wall having recesses which provide a mold part for continuous helical mixing
blades included in said drum;

b) applying a release agent to an outer surface of said mould;

¢) applying over said release agent a plastics layer in liquid form and allowing said
plastics layer to set against the mould so as to form a first layer of a wall of said drum;

d) applying a bonding layer to said plastics layer;

e) applying a fibre reinforced composite layer to said bonding layer, and

f) removing the mold from the interior of said drum.

25, A method according to claim 24 comprising the further step prior to step a) of forming

said mold from expanded polystyrene.
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an exterior layer of a conposite of resin and high strength wound fibre
reinforcenent. 23. A vehicle nounted rotary concrete m xi ng drum havi ng an
opening at one end for discharging concrete and at the other jeddRn@als for
engaging a drive assenbly so as to 31 7 APP 2004 rotate the drumfor m xing
and di schargi ng concrete; wherein, the drumis manufactured from three
nmoul ds and conprises a first plastics material such as fibreglass formng
an outer surface of the drumand a second plastics material such as

pol yuret hane or |i ke elastoner formng an inner surface of the drum
wherein the outer and inner surfaces together forma wall of the drum and
wher ei 26 t heA methed posardieg toj sitberiply 246r aéﬁ%{BH’r@'rlSrth? turtBeysian §f PRENg@hed bl ades
which extend inwardly fromthe wall  of the drum Lorm ng an archi medi an

scr ew TIbfR cefvirerd @%’BPP’F}'P&‘Q agoarpvenia chpaiddelical gxing 8gden a first direction,

the concrete contents are mxed and when the drumis rotated in a second
direction the contents are discharged from said drum and wherein the

oromortd ARG peing G frs Otk 2 R b e LR R PR 9 Undary
Iayer \@P (ert]l? fﬂ)ré Q%ft%’l\@écog&h}p%&tetlg %f M%lh saﬁ&’ﬁmnﬁaﬁﬁed"%%tﬂﬁawl t he

t ot al um adcont tSIS ht er an for a steel
drum %ola'fb ?gr?{'b\’eé{ beSWRerbiR” g'?n't #Lis\Waehsddber th%‘l:lfurﬁ‘tdqﬁéﬂé?g aRf
manuf acture e nounte l'astics concrete mxing drum conprising

the Stmseﬁaceqisaaeﬂa{fongban @eh%lré@.@saw&meaydefl ning an internal
profile of said drumwhich includes a wall having recesses which provide a

nold part for continuous helical mxing blades included in said drum b)
applying a release agent to an outer surface of said nmould; c) applying
over s d riemethse acapeditg i@ gpl asd bicdailnagé ko 2 hwherguitie dromnis mackfadtired ng sai d
pl astics layer to set against the nould so as to forma first |ayer of a
wal | dfonsthrad roolde parts, two of which comprise end parts of the drum and a third comprising

a central part for location between said end parts.

29. A method according to claim 28 wherein each mould part has a formation which
imparts to the drum part formed by the mould part, a part spiral extending inwardly from the
wall of the drum part such that when the drum parts are engaged together, an internal
archimedian spiral is formed wherein the moulds are configured such that when the drum
parts formed from the moulds are mated together, an internal archimedian spiral used for

both mixing and discharge of concrete from the drum is formed.

30. A method according to claim 29 wherein, the outer mould surfaces are prepared with

a release agent so the surface of the plastics layer may be separated after curing.
31. A method according to claim 30 wherein said plastics layer is an elastomer selected

from polyurethane and like materials and has a surface property which reduces surface

abrasion on the inner surface of said drum but promotes mixing of said concrete.
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d) applying a bonding |layer to said plastics |layer; e) applying a fibre

rei nforced conposite |ayer to said bonding |ayer, and f) remw nﬂ;g I‘Q%'grol d
fromthe interior of said drum 25. A nmethod according to claim 2
conprising the further step prior to step a) of formng said nold from
expanded pol ystyrene. 32 APR 2004 26. A method according to either claim 24
or 25 conprising the further step of placing a fibre reinforced nenber
along a concave tip of said helical mxing blade. 27. A nethod according to
any ond.of #&methed cpmangacterechapyehisle mpunied cenaretn Brixing dpmiomprisingthe
application of said fibre reinforced conposite |ayer of noving said drum
formecstesctft said nold to a grit blasting chamber wherein a grit jet is
traversed over the drumto prepare an_ outer surface of s i&rdrumfor a
bondi ng age@?tfatirﬁa‘i‘r@c@ﬁ%@Oyaﬁpe&t'cgﬁtf@rre?eéwl?'asﬁ@s. mate 't‘ﬁS@l'”éE% B4 to any
one of cl ai 24 to 27 wherein the drumis manufactured fromthree nol ded
parts,c’fr”ﬂ@ﬁmmm ch conprise end parts of the drumand a third conprising

a central %%\%%%%rﬁﬁégé@%g%ﬂﬁgggﬁ&%ﬁs_sai d end parts. 29. A nethod according

to claim?2 part 'has a formation which inparts to the

drum part fc}a rclgﬁgvir@ysahhﬁolggéﬂtign%%pﬁtheﬂo Rétnta %@L%gtoo@éﬁﬁm 55 nidiyvar di é from

the wall o rum part suc at when t um parts are engage
t oget f‘%lbﬁca.@n internal archinmedian spiral is formed wherein the noulds are
configured Such that when the drum parts formed fromthe noul ds are nated

t oget her, acpaipBIS;iﬁé BPasfésThateRA ke D0isidalof & fhofcectidd@iherdby ititg and
di scharge of concrete fromthe drumis fornmed. 30. A nethod according to

cl ai mg2Qtivd@aryial forrseanaktbadr ldyetbikatidrimces are prepared with a rel ease
agent so the surface of the plastics |layer may be separated after curing.

31. A net haog) appigiag dn indermediateciondidg layketo ¢henoudsidalofshaighteds [dyay@ndi s an
el ast oner sel ected
f) applying to said bonding fayer a fibre reinforced outer structural layer wound about
said mold sections wherein said interior, intermediate and outer layers form a wall of said

mixing drum.

33 A method according to claim 32 wherein said mold sections are clamped together

prior to application of said interior layer via aligning dowels and an adhesive.

34. A method according to any one of claims 32 to 33 wherein said mold sections are

fabricated from polystyrene beads.

35. A method according to any one of claims 32 to 34 wherein said interior layer is

formed by a polyurethane elastomer sprayed onio said mold sections.

36. A method according to claim 35 wherein said mold parts are mounted on a mandrel

and rotated during application of said interior layer of said drum.
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from pol yuret hane and |i ke materials and has a surface property which
reduces surface abrasion on the inner surface of said drun1but B S

m xi ng of said concrete. 33 7 APR 2004 32. A nethod of nanufactu%g%nglﬁ
vehi cl e nounted concrete m xing drum conprising the steps of: a)
fabricating base nold sections for receiving plastics material used in the
formation of said drum b) assenbling said base nold sections; c) clanping
said nold sections together to forma helical groove about sai d ol d

secti o¥s; d) methorypceiding 19 daimidgwvheeiresaidintarigr layrs obsaid dym ipprepared nol d
sections whereby the Rlastlcs material fornms an interior Iayer of said

drum 'éfw%iiﬁmﬁxih@‘d""%ﬁf WHick eerarrisgs hesenlnatep ?féy@rpotvaresh?@eslfﬁ@mé %f said
interior layer; and f) ap ing to said bondin i_bre reinforced
out o SR Blages PiTEsLA tiApnien ol 3 SR gt MARESHAERH cai o
interior, inter and outer orma. d . mxing drum
55 aibHbe el Ao e s Y Birpin ekt s o reRr o ol arped
together prior to application of said interior layer via aligning dowels
and an adhesive. 34. A nethod according to any one of clainms 32 to 33

wher ei g sai dapl.g 8&dih Budiha7 Qré[&@egcgﬂstfg@m \Aglléér/@:eﬁﬁgggalﬁf‘s@ds 35. A

met hod "accor di ng to any” one O Interior | ayer

I s forﬁ& HR4d & f&ﬁkrmrsé{@a&h Gﬁh%ﬁTaf?dnérw.tmmmﬁca@g.foeve%aas%amm&actl ons. 36.

A meth accor |ng to I'm 35 wherein said parts are nmounted on a
mandr bt Ghdreby NI difsmaBiBkib@hioPSaid@ fnterh Rydritk e4id @funl. ayer of said drum

39. A method according to claim 38 wherein said second step is performed using a

second spray head which traverses a path normal to said mold surface.

40. A method according to claim 39 wherein said intermediate adhesive layer is sprayed
onto said polyurethane elastomer surface after said polyurethane elastomer surface has

gelled.

41. A method according to claim 32 comprising the further step of immersing a
composite member of glass fibre strands in a resin bath and winding said member into said

grooves to reinforce a tip of said helical groove.

42. A method according to claim 41 comprising the further step of bridging said helical
groove with a fibre reinforced composite of resin and chopped glass strands and applying
said composite to the surface of aid banding layer, hand rolling said strands and clamping

about the exterior of said molds prior to setting of said resin and chopped glass strands.
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34 7 APR 2004 37. A method according to claim 36 wherein said interior

| ayer of said drumis prepared in two steps, the first of which conprises
the application of said polyurethane el astoner to helical greevYedpPRopmgd
at the conjunction of said nold sections and the second of which conprises
application of said polyurethane el astoner the remai nder of said nold
surface. 38. A nethod according to claim 37 wherein said first step is
perfornmed using a first spray head which traverses a path which aligns
with sHid Hemethat aggostingle C&Q“&&F@!“Wéﬁ*ftﬂr@ﬂ“”ﬁ@t%@%@f"ﬁﬂ%’ﬂ@ﬁ? mhANd ng a

uni formdistribution of said interior |ayer of said drum 39. A nethod
accor diaffgntetorpolyristage layer teiepswa comelgtesnatastvwilh and agbeyytrsaid feieng a second
spray head which traverses a path normal to said nold surface. 40. A nethod
accor dPRtpreed ceMEPHiE39 wherein sai d i nternedi ate adhesive |ayer is sprayed
onto said pol yurethane el astomer surface after said pol yurethane el ast oner
surface has gelled. 41. A nethod according to claim 32 conprising the

rzéin%afﬁgw%ma# Aol i &3 R e otgéééﬂﬁﬁéf 53%9?%@@6;‘%%**@2?%?% ce a tip of
; ; : ; a1 g h
sai QE““?§%°%FR§¥?8“§ d”égﬁﬁhﬂﬁﬁ*ﬁﬁﬁfr ing to claim conprising the

further s grn ica groove with a fibre reinforced
conposite of resin and chopped gl ass strands and applying said conposite
to the surface of aid banding |layer, hand rolling said strands and cl anpi ng

about 4ghe @Xr‘h@tﬁb@éc&fdifgﬂb@Iaﬁhﬂéorﬁﬁﬁsﬂfg th@fuﬂﬂértgté(}gof@ﬁt [Siadtielg e&igfireand chopped
glass strands. 35 7 APR 2004 43. A nethod according to claim42 conprising

t he f usihforied Sb@posit pritifth appliegtidnte® amelidr stndtursi@dydr.i nt eri or pol yur et hane
| ayer to ensure conplete contact with and adhesion to said fibre

48. A method according to claim 45 including the further step of winding a fibre

reinforced composite about said drum to form a structural layer.

47. A method according to claim 46 wherein filaments of said fibre reinforced composite
are wound about and along said drum at angles of 10 degrees or greater and to a

predetermined thickness.

48. A method according to claim 47 comprising the further steps
i) of preparing a printed layer on a shell and covering said layer with a gel coat,
i) applying to said gel coat a light layer of fibre reinforced composite;
whereupon while said resin of said composite is still liquid said shell is clamped about

said drum until excess resin is squeezed from said shell.
49, A method according to claim 48 including the further step of injecting a compound

into said mold shell to form a stiffening ring at the location of loads applied by drum support

rollers.
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reinforced conposite. 44. A nethod according to claim43 conprising the
further step of allowng the resin of said conposite to cure fiBr! &QPR 200,
predet erm ned period. 45. A nethod according to claim44 conprising the
further step of grit blasting said fibre reinforced conposite prior to
application of an outer structural layer. 46. A nethod according to claim
45 including the further step of winding a fibre reinforced conposite about
said drumto forma structural layer. 47. A method according to claim 46
wher ei89. f i |Aamethod aotording i dldin 48 cempriging the dirbergieeftfiding said paksiw@nabout and
along said drum at angles of 10 degrees or greater and to a _predeterm ned

t hi ckrieeld with @ chemisaliwiteh disseypaisaid peivstueng sRakinasslepss <fisald e felr t her st eps
i) of preparing a printed | ayer on a shell and covering said |ayer with a
gel co@edumi) applying to said gel coat a light layer of fibre reinforced
conposi te; whereupon while said resin of said conposite is still liquid
said shell is clanped about said drumuntil excess resin is squeezed from

oot ol ! e RSPl SR OBk Pt L 0 oL
the | Oﬁ)ﬁgéaﬁgn ggsa‘ﬁﬁ%@or%&%% t%[}dé”%aﬁtﬁ?ﬁgrﬁére titrng.l lers. 36 50. A method

accor 0 clarm risrng step of filling said
polystyrene nold with a chem cal which dissolves said pol ystyrene enabling
rel ease of said nold from said drum 51. A nethod according to claim50

wher eigh_sai Ambinbd he@iidio hiif 8 UhelefPsidiRRiTh&sbte BdidiRe MRl isepldyen of said
interior |layer are repeated at | east one nore tinme. 52. A nethod according
t o cl g Seld pNir@haneSsMstonditsanatedifiet Saidiedirpéthand aystsmeérsufipdetesd

gelled.
53. A method according to claim 52 wherein there are three base mold sections.

54. A method according to claim 24 comprising the further step of spraying a wall of said
recesses with polyurethane to a predetermined thickness along said wall forming a blade

profile terminating in a free end.

65. A method according to claim 54 comprising the additional step of spraying additional

polyurethane over said reinforcing glass fibre elastomer to embed said elastomer in said

polyurethane.

56. A method according to claim 32 or claim 55 comprising the further step prior to
application of said fibre reinforced structural layer of moving said drum formed about said
mold in a grit blasting chamber wherein a grit jet is traversed over the drum to prepare an

outer surface thereof with a bonding agent to receive said outer layer.
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onto said pol yurethane el astomer surface after said pol yurethane_el ast oner
surface has gelled. 53. A nethod according to claimb52 wheref nAPRe?4ar e
three base nold sections. 54. A nethod according to claim 24 conprising the
further step of spraying a wall of said recesses with polyurethane to a
predeterm ned thickness along said wall formng a blade profile
termnating in a free end. 55. A nethod according to claim54 conprising
the additional step of spraying additional polyurethane over said

r ei nf di7ci noA pletiod atédming ©l daimdawr 56 whenipdble drainds slangadured fiom thrged

pol yuret hane. 56. A nmethod according to claim32 or claimb55 conprising the
f ur t henold pafts priohwhich aregepfigused foarld endsparipnsiohihe drusm anch BWe st ruct ur al

| ayer of noving said drumforned about said nmold in a grit blasting
chanbegonfigusedetoingid g eentra partigrsbetyepnesaideNddpEioNt-he drumto prepare an outer
surface thereof with a bonding agent to receive said outer layer. 37 7 APR
2004 57. A nethod according to claim32 or 56 wherein the drumis

fact d f th . d ts t f which fi dt | d end
por t i s of” PRBOH AeHANC.HAT 2P ar OBBYY T Wi eR P! MBNAPET BEHISE portion |
bet ' . t w08, A I . i | ai m 57
her oi ReSRthorBAD i BEFsr Pats §q dn B iRk AR Malifefarlry Binc ' 7
i t .0 : ' hi medi iral f both m xi d
i SndyBi ol ASaa R BB R B o™ T Rbu according o ol ai mss

conprising the further step of placing an insert nold over said recesses
and sprayi ng pol yurethane el astoner over said insert nold and over the

out er surf acReMbd aedorbinPlo@idif 56 RbMbigans fuitieiisied picingfanpfeituidd hane. 60.
A met hod according to claim59 conprising the further step prior to
Spr ayigigr o iBcesses and spraying polyurethane elastomer over said insert mold and over the

outer surface of said mold to form a continuous layer of polyurethane.

60. A method according to claim 59 comprising the further step prior to spraying said
polyurethane of application of a release agent so said polyurethane layer may be separated

from said mold.

61. A method according to any one of claims 32, 33, 58 or 60 wherein said mold sections

are mounted on a mandrel and rotated during application of said interior layer of said drum.

62. A method according to any one of claims 32, 33, 58 or 61 wherein said interior layer
of said drum is prepared in two steps, the first of which comprises the application of said
plastics materia! to the wall of said groove formed in said mold sections and the second of

which comprises application of said plastics material to the remainder of said mold surface.

63. A method according to claim 62 wherein said polyurethane is applied in said first step
using a spray head which traverses a path which generally aligns with said helical recesses

as said mandrel rotates thereby applying a uniform distribution of polyurethane along said
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pol yur et hane of application of a rel ease agent so said pol yurethane |ayer
may be separated fromsaid nold. 61. A nethod according to -gnaf/ e 9
claims 32, 33, 58 or 60 wherein said nold sections are nounted' dn ‘a ‘Tandr el
and rotated during application of said interior layer of said drum 62. A
met hod according to any one of clains 32, 33, 58 or 61 wherein said
interior layer of said drumis prepared in two steps, the first of which
conprises the application of said plastics material to the wall of said
gr oovewalbofpaid regesses andidierin gaid senesd Aiga is pREfoBRRIDIRINIGT Secol THaAXMIAEr i ses
application of said plastics material to the remainder of said nold

sur f acwhicissaversesin #Bafh 2060 A $7f MBIJEMERSH 62 wherein said pol yuret hane is
applied in said first step using a spray head which traverses a path which
generally aligns with said helical recesses as said mandrel rotates

h b i i,.f di i but.i f I et h I id 38 I
TSk Ve O B o SRR 2L 3,

i . i iy |t id | d
05110 @SR, BRI Bob TRIFURTRARGR PR 101 L L0 Sl ol

performed using a second spray head which traverses a path normal to said
nol d surface. 65. A nmethod according to claim64 wherein said internediate

adhesige | 3y Gfotod aBfr@NS cifified wikhdh Bal MERENABRJREAR! QJERs spriybace after
sai d pol yurethane el astonmer surface has gelled. 66. A nethod according to

any onght®$aid bairEthore aislofer SETY dffek BAd bOIgurbmbAd 8B stshePsudthce hadf | ating the
nold and said I nterior polyurethane |ayer to ensure conplete contact with

and agnesi on to said fibre reinforced conposite. 67. A nethod according to
any one of clainms 42, 62 or 66 conprising the further step of allow ng the
resin of said fibre reinforced outer structural |ayer conposite to cure for
a .

66. A method according to any one of claims 62 and 63 comprising the further step of

inflating the mold and said interior polyurethane layer to ensure complete contact with and

adhesion to said fibre reinforced composite.

67. A method according to any one of claims 42, 62 or 66 comprising the further step of
allowing the resin of said fibre reinforced outer structural layer composite {o cure for a

predetermined period.

68. A method according to claim 67 wherein filaments of said fibre reinforced composite
are wound about and along said drum at angles of 10 degrees or greater and to a

predetermined thickness.

69. A method according to claim 68 comprising the further steps of
i) preparing a printed layer on a shell and covering said layer with a gel coat;
ii) applying to said gel coat a light layer of fibre reinforced composite;
whereupon while said resin of said composite is still liquid said shell is clamped about

said drum until excess resin is squeezed from said shell.
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predeterm ned period. 68. A nethod according to claim67 wherein filanents
of said fibre reinforced conposite are wound about and al ong said drum at
angl es of 10 degrees or greater and to a predeterm ned thi ckessPR G904 A
met hod according to claim®68 conprising the further steps of i) preparing a

printed layer on a shell and covering said |layer with a gel coat; ii)
applying to said gel coat a light layer of fibre reinforced conposite;
wher eupon while said resin of said conposite is still liquid said shell is
cl anped about said drumuntil excess resin is squeezed fromsaid shell. 39

7 APR 2004 70. A nmethod according to claim®69 including the further step of
i nj ectTthg oA aethed @serrding torslaimias inaHdinodhe furtherstennf ipiesting ACPBRPWY ring at t he
| ocati on of |oads applied by drum support rollers. 71. A nethod according
to cl dnigspy reeldshelide R@mtarﬁ'ﬁ?'ﬂfﬂﬁ Tgratdedpeaten pf lpadsappied by 45Wn $URRAene  nol d
with a chem cal which dissolves said polystyrene enabling rel ease of said
nol d dRWF™S:said nold insert fromsaid drum 72. A method according to claim
62 or claim63 wherein said first and/ or second steps applied in the
application of said interior |ayer are repeated at | east one nore tinme. 73.

?P?‘S;Zﬁ‘?' S‘f{%ﬁ";eﬂ‘is’?%c%%?f%?ﬁéﬁ’%ﬁéﬁ%%?*@&%@%@?ﬁl“@%gigilﬁﬂ?%%?‘%u'r o hane”
compr 1Ea RAERiopRERscRes pid polbiEhS R RILOR R TR B (. ¢

recessgsy Whbshefidom s flugie! i cal m xing blades, trowelling said bed to
forma groove therein and laying in said bed a continuous glass fibre

reinforced el astoner to

72. A method according to claim 62 or claim 63 wherein said first and/or second steps

applied in the application of said interior layer are repeated at least one more time.

73. A method according to ¢claim 72 wherein said intermediate adhesive layer is sprayed
onto said polyurethane elastomer surface after said polyurethane elastomer surface has

gelled.

74. A method according to claim 24 comprising the further steps of forming a bed of
polyurethane in said recesses which form said helical mixing blades, trowelling said bed to
form a groove therein and laying in said bed a continuous glass fibre reinforced elastomer to

reinforce said mixing blades along the length of said mixing blades.

75. A method according to claim 74 comprising the additional step of inserting a
polyurethane insert mold into said recesses such that a space is formed therein having a

blade profile.

76. A method according to claim 75 comprising the additional step of setting an external

mold at a predetermined spacing from said drum mold and injecting into said external mold
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reinforce said mxing blades along the |l ength of said m xing blades. 75. A
nmet hod according to claim 74 conprising the additional step ofﬁ,gn}agkti ng a
pol yuret hane insert nold into said recesses such that a space' 1 $

therein having a blade profile. 76. A nethod according to claim75
conprising the additional step of setting an external nold at a '
predeterm ned spacing fromsaid drumnold and injecting into said external
mol d 40 ' APR 2004 pol yuret hane which fills said space bounded by said

i nser tPalgyrethangdvhichiflls §3idepasg bownded & saigiinsetmptd gichspgcisa betwes? er nal nol d.
77. A nmethod according to claim 76 wherein said space bounded by said

i nser tSAAHMRRihand saickexteraalmld solid core bl ade profile. 78. A nethod
according to claim 77 wherein each nould part includes a fornmation which
inparts to the druman internal archinedian spiral for both m xing and

di schajge of concrete, from.t rum 79. A pethod accordin o claim78
wher o, - sai AmPRPE R sTeinep R 6 uleteN paltsnege FRges bESST kSeRBolt eps. | he
first qf i onpLi,S i cation of said pol yurethane el astonmer bed
to theva‘v?anwécg#@mgsa?gghﬁé:??ec%% ?%E‘%ies formed in said nold parts and the
second of which conprises application of said pol yurethane el astoner the
remai nder of said nold surface by injection nolding. 80. A nethod

accor gigNg  t0methad echRinf 18 cRim 75 nereREabH hRARR indudeR BlibrRftidSiviigh & Spray
head which traverses a path which generally aligns wth said helical

I eces $@parkSo Hdl dum FRNAERAI dréHimédisn $phal BPdotRRiNG 4hd dischaYgé ef éBndietd i but i on

of pol yurethane al ong said recesses. 81. A nethod according to claim 24 or
cl ai mfidsh mbdruei.n said i nternedi ate adhesive bonding |ayer is sprayed onto
sai d pol yuret hane el astoner surface after said pol yurethane

79, A method according to claim 78 wherein said interior layer of said drum is prepared
in two steps, the first of which comprises the application of said polyurethane elastomer bed
to the wall of said helical grooves formed in said mold parts and the second of which
comprises application of said polyurethane elastomer the remainder of said mold surface by

injection malding.

80. A method according to claim 79 wherein said polyurethane is applied using a spray
head which traverses a path which generally aligns with said helical recesses as said

mandrel rotates thereby applying a uniform distribution of polyurethane along said recesses.
81. A method according to claim 24 or claim 32 wherein said intermediate adhesive
honding fayer is sprayed cnto said polyurethane elastomer surface after said polyurethane

elastomer surface has gelled.

82. A method according to claim 42 comprising the further step of allowing the resin of

said composite member to cure for a predetermined period.
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el astoner surface has gelled. 82. A nethod according to claim42 conprising
the further step of allowing the resin of said conposite nenber .é‘o re %or
a predeterm ned period. 41 7 APR 2004 83. A nethod according tG n@ﬁ H8lbf
clainms 42, 62-67 or 82 wherein filaments of said fibre reinforced
conposite are wound about and al ong said drum at angles of 10 degrees or
greater and to a predeterm ned thickness. 84. A nethod according to any one
of clainms 42, 62-67 or 83 conprising the further steps of i? preparing a
pri nt e88. | ayemetiod aceedingith amplode shaddiins 4RE2cR e G2ivdhesin tlamentepf sdid h a gel
coat; ii) applying to said gel coat a light |layer of fibre reinforced

c onposfibrereinfiteadeeppmositesie Weurdalput ard Flonsr saichdrdmed apes ¢fd0jdgdees P1 | i qui d
said shell is clanped about said drumuntil excess resin is squeezed from
sai d sdresdter angdo a pradeterpinedtNcsReRsng to clai m 84 including the further step
of injecting a conpound into said nold shell to forma stiffening ring at
the |l ocation of |oads applied by drum support rollers. 86. A nethod

according to claim53 wherein sajd.nolds | yst yr.en a rising
the f ¥4 her” @elhgd gecording oy on¢ & ‘S%’F‘?é?ﬁ%?&’%@l%”\ﬁ?"ﬂ? %‘eé‘#{@’%{ SR whi ch
di ssol yes said polystyrene enabling release of said and said nold insert
mol d f¥om said drum 87. A nethod accor di ng to claim86 wherein said

i nt er medi at, ive j el hAame & ast omer
cur ace. af VPOEE A HEnifa SEIR PRl el nd MG RE R AR 17 Tt o
accordiag to claim24 or claim32 includes the step of coloring said drum

i) applying to said gel coat a light layer of fibre reinforced composite; whereupon

while said resin of said composite is still liquid said shell is clamped about said drum until

excess resin is squeezed from said shell.

85. A method according to claim 84 including the further step of injecting a compound
into said mold shell to form a stiffening ring at the location of loads applied by drum support

rollers.

86. A method according to claim 53 wherein said molds are polystyrene, and comprising
the further step of filling said polystyrene mold with a chemical which dissolves said

polystyrene enabling release of said and said mold insert mold from said drum.

87. A method according to claim 86 wherein said intermediate adhesive layer is sprayed
onto said polyurethane elastomer surface after said polyurethane elastomer surface has

gelled.

88. A method according to claim 24 or claim 32 includes the step of coloring said drum

iayers as wear indicators.
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| ayers as wear indicators. 42 7 APR 2004 89. A heavy duty rotary concrete
m xi ng drum according to claim2 wherein said |ayers are col ored as wear

i ndi cators. 90. A nethod according to claim24 conprising the“ferAFHérZ[]ggep
of spraying a wall of said recesses with polyurethane to a predeterm ned
t hi ckness along said wall formng a blade profile termnating in a free
end. 91. A heavy duty rotary concrete m xing drumaccording to claim1l
wherein the internal formations radially project toward an axi al

cent erg9. ne Aheaviidulyretanyaauicreieeninngdnmeadcendng iablaint Hwhereineals e a radi cal
m dportion formed entirely fromone or nore layers of substantially

non- neEAr@reipred gamveps iggisators?. The heavy duty rotary concrete m xi ng drum of
claiml1l wherein at |least a portion of the internal formations has a pitch
of 2 meters. 93. The heavy duty rotary concrete mixing drumof any one of

clains. 1 to 21 d 92 wh th t h havi
i UTgr et GFERAFCOLTIATZE SrEPTRyIE PRI S Ry PR G SOhcr ot e o

1 Xi d 92 mh t t I
YRERIATL R AR R SRR T L TS
th t dt {. f t thick wh the t h d
1L bR RS 7, 1111, ckness, wherel the 1y p fas 2 secon

concrete m xing drumof claim94 wherein the tip includes an enbedded
rei nforcenent nenber. 43 | APR 2004 96. The heavy duty rotary concrete

m Xi ngy1dr Uy Qv gl M8 HREER nfixikd'8rufticebing %8B 1 wherein the internal
formations radially project toward an axial centerline of the drum and wherein the internal
formations have a radical midportion formed entirely from one or more layers of substantially

non-metallic materials.

92. The heavy duty rotary concrete mixing drum of claim 1 wherein at least a portion of

the internal formations has a pitch of 2 meters.

93. The heavy duty rotary concrete mixing drum of any one of claims 1 to 21 and 92

wherein the internal formations have a root having a radius greater than 10 millimeters.

94, The heavy duty rotary concrete mixing drum of any one of claims 1 to 21 and 92
wherein the internal formations have a root, a tip opposite the root and a midportion between
the root and the tip having a first thickness, wherein the tip has a second thickness greater

than the first thickness.

95. The heavy duty rotary concrete mixing drum of claim 94 wherein the tip includes an

embedded reinforcement member.
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menber continuously extends as a single unitary body froma first axial end
of the drum across an axial mdpoint of the drum 97. The haawyAtletg%4
rotary concrete m xing drumof claim96 wherein the reinforcement nenber
continuously extends as a single unitary body proximate to a second axi al
end of the drum 98. The heavy duty rotary concrete m xi ng drum of any one
of claimse 1 to 21 and 92 to 97 wherein the internal formations
continuously extend as a single unitary body froma first axial end of the
dr um a8 os sTherheayy euty retaty opnerete mixingedrdm whelaigpds Wiasein dhpsreinfuceneandt ar y
concrete m xing drumof any one of clainms 1 to 21 and 92 to 98 including:
a fir smempgrapnigropdy eiends @s @esingle Witapyhedy tipm @ fisst axiakend chthestymon of t he

i nner surface of the dru and a second | ayer external to the first |ayer,
wher ei 3@ sxRbRGPPIBAS thec BT nuousl y extends as a single unitary body from
a first axial end of the drum across an axial mdpoint of the drum 100.
The heavy duty rotary concrete m xing drumof claim99 wherein the second

2t o IR, e e IR o B RN SRS (2
1 X| | ai i i nclud
oL o R LY A 0. b SRR GBS R LTS U,

drum %eﬁlluﬁ'i m 99 wherein at |least a portion of the first |ayer
continuously extends as a single unitary body fromthe first axial end of
the drum across the axial mdpoint of the drum

98. The heavy duty rotary concrete mixing drum of any one of claims 1 to 21 and 92 to

a7 wherein the internal formations continuously extend as a singfe unitary body from a first

axial end of the drum across an axial midpoint of the drum.

99. The heavy duty rotary concrete mixing drum of any one of claims 1 to 21 and 92 to
98 including:

a first layer of polymeric material providing at least a portion of the inner surface of
the drum; and

a second layer external to the first layer,

wherein the second layer continuously extends as a single unitary body from a first

axial end of the drum across an axial midpoint of the drum.
100.  The heavy duty rotary concrete mixing drum of claim 98 wherein the second layer
continuously extends as a single unitary body from the first axial end of the drum to a second

axial end of the drum.

101.  The heavy duty rotary concrete mixing drum of claim 99 wherein the second layer

includes reinforced fibers.
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103. The rotary concrete m xing drumof claim 102 wherein the first |ayer
continuously extends as a single unitary body fromthe first axial end of
the drum proxi mate to the second axial end of the drum 104. ..TrpeApRa?gM
duty rotary concrete m xing drumof any one of clains 1 to 21 and 92 to
103 wherein the radial mdportion has a thickness provided by a single
honogenous naterial. 105. The heavy duty rotary concrete m xi ng drum of
claim 104 wherein a single honbgenous material is a urethane-based

mat er i @R 16 heavydubergitapy enicipte Biximodres AEFaINOTWhereipy ateestrdrt@AYf one of
clainms 1 to 21 and 92 to 105 wherein_the radial mdportion_ is configured
to defPelpt lpyir gonfinuglsly eende gs & sinplscitary BpadTon BedbiieXrledditifet e when

experiencing concrete |oading. 107. The heavy duty rotary concrete m xi ng
drum d*“rﬁlaﬁﬁ%ﬁ?'%ééx'?mpﬁﬂmﬂ%w@i d tension nenber along a radial end
portion of the internal formations. 108. The heavy duty rotary concrete

m xi ng drum of any one of clains 1 to 21 and 92 to 107 wherein the drumis

pear - pe i j.ni: i ially
bt enday aBoe=fiihasteBehe BurtRaRE' 6 Uineh G hot Gl SHIBEESHY: %1 08, he
heavy Suh)is 508 Shdle BRI B HBndhBArsB5xiNeRl oPRY dRIE pRkinfoto e dechfi 21 and 92
- 108%&‘%%@ etrlac r(ﬁng orrr{esd )yrgm for@er ranflorced pl aesctic. 110. A
heavy gl ¥nd @4 ugoncrete m xing drum having a first axial end and a
second axial end and configured to be supported by a vehicle, the drum
conprising: a first layer of at |east one polyneric material form ng at
| east a portion of an interior surface of the drum a second |ayer
ext er nakt. t ahelheadyidugt rolagy@increte mixing drum of any one of claims 1 to 21 and 92 to

103 wherein the radial midportion has a thickness provided by a single homogenous

material.

105. The heavy duty rotary concrete mixing drum of claim 104 wherein a single

homogenous material is a urethane-based material.

106. The heavy duty rotary concrete mixing drum of any one of claims 1 to 21 and 92 to
105 wherein the radial midportion is configured to deflect into a sail-shaped surface cupped

to contain concrete when experiencing concrete loading.

107. The heavy duty rotary concrete mixing drum of claim 106 including a rigid tension

member along a radial end portion of the internal formations.
108. The heavy duty rotary concrete mixing drum of any one of claims 1 o 21 and 92 to

107 wherein the drum is pear-shaped and omits internal and external seams

circumferentially extending about the axial center fine of the drum.
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wherein the second | ayer continuously extends as a single unitary body from
the first axial end of the drum across an axial mdpoint of the drum and
a spiral mxing blade extending along the interior surface ofwthe

111. The drum of claim 110 wherein the second | ayer continuously extends’ as
a single unitary body fromthe first axial end to proximate a second axi al
end of the drum 112. The drum of any one of clains 110 to 111 wherein the
first layer continuously extends as a single unitary body fromone of the
first @9 alThemgagrdiitt letarns earorede ardngldrem af anyangosclaims 1dRi2alandPdpoi nt of t he
drum 113. The drum of claim 112 wherein the first |ayer continuously

ext end§8inclugingiadck rips faraey fres diberreinforesdiniPaie t he other of the first axial
end and the second axial end. 114. The drum of any one of clains 110 to 113
wherein the second | ayer conprises fiber reinforced polyneric nmaterial.

115. The drum of claim 114 wherein the fjrst layer includes urethane-based
mat er i AP ABNeAVABKY SUR CORECte PHANIYM wmaﬁﬁ%ﬁéa@@d@a@ﬁscw@% 115

ni 1 S%@:EB@@&M%Ee%é%w“&gﬁéf@&%e?iile?%%g#ﬁ%'céw:a%i%'f "any bne of c?aiSirrggllzo |
g _ ' FHE dPhiR _
about 2.0 rarEer ofF8 WesfuBohnRRe e Aiaiihd & el EEBG0g bR R85, P DL ol

| east It .the spiral mxing blade continuously extends as a
si ngl esa'ﬂf%%téfalrﬂ%%@ﬁy fromone of the first axial end and the second axi al

across an gXde@bndthfll @kinaPh thdfsdayem 119. The drum of claim 118 wherein at
| east a portion of the spiral m xing bl ade conti nuously extends proxinate

to the ot hgeffin thB8eddntIdyeP¥drlihuciRl ekiads 8L Biflglaxhitdry Ba.froh2@e filthe dr um of
any one of clainms 110 to 119 wherein the spiral mxing blade has a root,
axial end of the drum across an axial midpoint of the drum; and a spiral mixing blade

extending along the interior surface of the drum.

111.  The drum of claim 110 wherein the second layer continuously extends as a single

unitary body from the first axial end to proximate a second axial end of the drum.
112.  The drum of any one of claims 110 to 111 wherein the first layer continuously
extends as a single unitary body from one of the first axial end and the second axial end

across the axial midpoint of the drum.

113.  The drum of claim 112 wherein the first layer continuously extends as a single unitary

body to proximate the other of the first axial end and the second axial end.

114.  The drum of any one of claims 110 to 113 wherein the second layer comprises fiber-

reinforced polymeric material.

115.  The drum of ¢laim 114 wherein the first layer includes urethane-based material.
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atip and a mdportion between the root and the tip, wherein at |east a
portion of the mdportion is fornmed entirely fromone or nore | ayers of
substantially non-nmetallic materials. 121. The drum of any one. pf ApRapim
110 to 120 wherein the spiral mxing blade has a root, a tip and a

m dportion between the root and the tip and wherein the mdportion has a
t hi ckness fornmed by a single honogenous polyneric material. 122. The drum
of claim 120 wherein the single honbgenous polyneric material is a

ur et hatié- bahedirerapbaryne of dlaimsTHe tal Thwhsrein e spifal roFing bladeds integralyo 121
wherein the spiral m xing blade includes a reinforcenment nenber. 47 7 APR
2004 lfQﬂlned‘ﬁﬁé’aﬂpﬁﬁrﬁﬁgle@ﬂgﬁwq(yﬂ'm@? dish'ay§le spiral mixing blade has a tip
and wherein the reinforcenent nenber extends along the tip. 125. The drum
of claim 122 wherein the reinforcenent nenber continuously extends as a
single ry, bo from jrst .axjal ,end . and cond axi al

i d - of th i h
end ac1r1§ 2 Ist 5 daym H?Ia”yrﬁna ﬁga%fn%&ﬁ b Itcﬁﬁdd‘?’ it flzlg?'StﬂPé’ 9P Q Fr{th% p%ﬁai m 122

wherein the reinfor. n ontinuously extends as a single unitary
body t%'x'ﬂggg?fjﬁh?seaP'ﬁc’g%@?%’eﬁ@?ﬁ%ﬁ%‘ first axial end and the second axial end

of the drum 127. The drum of any one of clains 110 to 119 wherein the
spiral m xing blade includes a root, a tip and a mdportion between the

root ang thl%gtdnﬁn Pg‘éc}gro%%f&@ﬁ\s%dﬁ@ﬁﬂ PRerbif af Ileﬁgfia\?ﬁﬁioﬁ%fthéépi?é? deflect into

a sail -shaped sur cupped to contain concrete en experiencing concrete

| oadi ngixingd BRde ESRinGEUSIP Xfendis 88Rgeiunfarbbdy flohPoledof irbfirehiRiaem drige drum

omts external and internal seans circunferentially extendi ng about an
axi al thesdcdhd hkiaiRicRlss b xi@msidpoint of the drum.

119.  The drum of claim 118 wherein at least a portion of the spiral mixing blade

continuously extends proximate to the other of the first axial and the second axial end.

120. The drum of any one of claims 110 to 119 wherein the spiral mixing blade has a root,
a tip and a midportion between the root and the tip, wherein at least a portion of the

midportion is formed entirely from one or more layers of substantially non-metallic materials.

121.  The drum of any one of claims 110 to 120 wherein the spiral mixing blade has a root,
a tip and a midportion between the root and the tip and wherein the midportion has a

thickness formed by a single homogenous polymeric material.

122.  The drum of ¢laim 120 wherein the single homogenous polymeric material is a

urethane-based material.

123. The drum of any one of claims 110 to 121 wherein the spiral mixing blade includes a

reinforcement member.
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129. The drum of any one of clains 110 to 119 wherein the spiral m xing
blade is integrally formed as part of a single unitary body with the first
| ayer, wherein the spiral mixing blade has a root, a tip and=a7nABRo?8l4on
between the root and the tip and wherein the mdportion has a thickness
provi ded by a single honbgenous polyneric material. 130. The drum of claim
128 wherein the single honbgenous polyneric material is a urethane-based
material. 48 '- 7 APR 2004 131. A heavy duty rotary concrete m xi ng drum
confi g@ded Tthe diem sigigior L28avheleinthe shirat mixing kigde s atircppiesaimije a fir st
non-netallic |ayer at |east partially formng an interior of the drum and
a hel ireigforgemenhemperrxteaddalgng e ibnt eri or of the drum wherein at |east a
portion of the blade is integrally formed as part of a single unitary body
with the first layer, the blade having a root, a tip opposite the root and

id [ b th .and t ' wher ei h ' ' h
P R P e AR S S

ar ger'“degr K8 ‘B 1 & tht f .
when. S UATRY Raeh@plnS st afol3R6 fadte'sREmRPEh fosk 3R A" 0TI P

tip i edded rei nforcenent nenber. 133. The drum of any one of
cl ai rrs%lfﬂgtgﬁ?gﬁ%i?ﬁmMerei n the root has a radius greater than 10 nm 134.

The drum of any one of clainms 130 to 132 wherein at |east a portion of the
bl ade has a pitch of about 2 neters. 135. The drum of any one of clainms 130

to 133 ¢hergiehinidh 8f dBiRPRR WHRRIH he FNifBREMERIGRRMbES cBftinGo R @RS S apol yneri ¢
material. 136. The drum of claim 134 wherein the single honbgenous
pol y medirigle WARbi§Hoday t fioxmate the other of the first axial end and the second axial end of

the drum,

127.  The drum of any one of claims 110 to 119 wherein the spiral mixing blade includes a
root, a tip and a midportion between the root and the tip, wherein the midportion is flexible so
as to deflect into a sail-shaped surface cupped to contain concrete when experiencing

concrete loading.

128. The drum of any one of claims 110 to 126 wherein the drum omits external and

internal seams circumferentially extending about an axial center line of the drum.

129. The drum of any one of claims 110 to 119 wherein the spiral mixing blade is integrally
formed as part of a single unitary body with the first layer, wherein the spiral mixing blade
has a root, a tip and a midportion between the root and the tip and wherein the midportion

has a thickness provided by a single homogenous polymeric material.

130. The drum of claim 128 wherein the single homogenous polymeric material is a

urethane-based material.
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ur et hane- based material. 137. The drum of any one of clainms 130 to 133
wherein the mdportion is fornmed entirely fromone or nore | ayers of
substantially non-nmetallic materials. 49 - 7 APR 2004 138, Theg ?drALF’E? 2[] ?ny
one of clainms 130 to 136 wherein the mdportion has a first thickhes g;l d
wherein the tip has a second thickness greater than the first thickness.
139. A nethod for naking a vehicle nounted concrete m xing drum the nethod
conprising: formng a first |ayer of at |east one polyneric nmaterial,

wher ei 131t heA heaw dulyaglery deagrete mixing drEecefiowrd taks %‘Pptpl'éﬂsﬁy avehiste i on of an
i nner surface of the drum and formng a second |ayer on the formed first
| ayer .tha doim oomprig®8hod of clai m 138 including the step of fornming a spiral
m xi ng bl ade_on the fjrst layer. 141. The nethod of claim 139 including

i ntegral |y & BeiRoRgneleli¢ layrrat Rasfpaptiaiyogning Aa indgsior 8 the M g%l ade as part of
i ngl it had ith the first . 142, . T th f.claim 139
BRI U TR R TP e RN
RSO T TR R S R

singl g dipf %%P%ﬁg;?%ﬁ% F}queﬂ?ﬁ?ﬁd%ihﬁéiﬁ onicﬂﬁ%e%{v)?é?@ﬂe R;ot% hQ'EiH'Rrgaféir?ﬁT% an_axi al

m dpoi nt 6 t alm I'ncludi ng conti nuously

ext eNthidBorlidlhRAREr 4SS oA N Re KOt 4R tHe O Qch!Rat MieMIRBEn @ second

axi al end of t rfum
deforms into a sail-shaped surface cupped to contain concrete when experiencing concrete

loading.
132. The drum of claim 130 wherein the tip includes an embedded reinforcement member.

133.  The drum of any one of claims 130 to 131 wherein the root has a radius greater than

10 mm.

134. The drum of any one of claims 130 to 132 wherein at least a portion of the blade has

a pitch of about 2 meters.

135. The drum of any one of claims 130 to 133 wherein the midportion is formed from a

single homogenous polymeric material.

136. The drum of claim 134 wherein the single homogenous polymeric material is a

urethane-based material.

137.  The drum of any cne of claims 130 to 133 wherein the midportion is formed entirely

from one or more layers of substantially non-metallic materials.
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145. The nethod of any one of clains 138 to 143 wherein the step of formng
the first |layer includes continuously extending the first |ayer as a
single unitary body froma first axial end of the drum across- gnARRI ahg4

m dpoi nt of the drum 146. The nethod of cl aim 144 includi ng continuously
extending the first layer as a single unitary body to proximte the second
axial end of the drum 147. The nethod of any one of clains 138 to 145
wherein the second | ayer includes a fiber reinforced plastic. 148. The

met hod!3  cThs dimabanrsed plaimse! 38de deRiwhergiathe @'dP@?'%gasfﬁ/ﬁrﬁi ndi ng the fiber
reinforced plastic about an axial center line of the drum 149. The met hod
of cl afivkresy aGhwhereln ek hasiiesecprd thickesa grestesdhandne Wstigignessn a pattern
such that fibers of the fiber reinforced plastics are aligned at a first
angle at an axial mdpoint of the drumso that a second | arger angle

ds,.a dj d of the d 150, . The nethod of clai m 148 wher ei
he 1180 oo edon &5 piinach shiR iR ronCiis MERS B e iad horein the |

fiber {Oﬁpﬂgiﬂ ced plastic wound about the axial center line of the drum has
afirs Ickness at an axial mdpoint of the drumand a second | arger

thi ckness thmdj?ﬁrfsﬂﬁyé?ioFEﬂéés%rfp nﬁ’érictnh‘ﬁer%rl,‘émere]#%e gﬁﬁyé’iﬁﬁg%d of claim

147 wherein I ber” reil nforce asti1 c bei ng woun axi al center

l'i ne ofyrthfeprdViding SR b PBioR of Hihfer Wtk @brtidgt! & roving. 51 7 APR 2004
153. The net hod of claim 147 wherein w ndings of the fiber reinforced

pl astic ar gomiey 4 stRRE lagkidh RO RnABPHikEEyer154. The nethod of claim 147
wherein the fiber reinforced plastic is continuously wound froma first

axi al end of the drum across an axial m dpoint of the drum 155. The net hod
of claim 153 wherein the fiber reinforced plastic is continuously wound
140. The method of claim 138 including the step of forming a spiral mixing blade cn the

first layer.

141.  The method of claim 139 including integrally forming at least a portion of the spiral

mixing blade as part of a single unitary body with the first layer.

142. The method of ¢claim 139 including embedding a reinforcement member within the

spiral mixing blade.
143. The method of any one of claims 138 to 141 wherein the step of forming the second
layer includes continuously extending the second layer as a single unitary body from a first

axial end of the drum across an axial midpoint of the drum.

144,  The method of ¢laim 142 including continuously extending the second layer as a

single unitary body to proximate a second axial end of the drum.
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fromthe first axial end of the drumto proximate a second axial end of the
drum 156. The nethod of any one of clains 110-152 wherein the first |ayer

i ncl udes a urethane based material. 157. The method of any one DfARR a2(@%
110- 155 including the step of formng a spiral mxing blade on the first

| ayer so that the blade continuously extends as a single unitary body from
a first axial end of the drum across an axial mdpoint of the drum 158.

The met hod of claim 156 including continuously extending the spiral m xing
bl ade H$ a @%?téoﬁ@fiaﬂ’&ﬁye pioipims g3§)ﬁ°dﬁﬁﬁﬁ'?@'fht g elepwlifoaminathediigt of the drum
159. The npethod cl ainms 153 and 154 wherein the step of formng a spiral

i xi nd@Y5r kidgHcontipgeusiy exienting e firs{ EyagRssa ?'Pﬂ'%@rr"ﬁ‘ﬂ body diom %E{S%HX'Q' east a

POr L O ;@[;jgwﬁ%grgss' an bl Mg af g s ¢ Of @ single unitary body with

146. The method of claim 144 including continuously extending the first layer as a single

unitary body to proximate the second axial end of the drum.

147. The method of any one of claims 138 to 145 wherein the second layer includes a

fiber reinforced plastic.

148. The method of claim 146 wherein the second layer is formed by winding the fiber

reinforced plastic about an axial center line of the drum.

149. The method of claim 147 wherein the fiber reinforced plastic is wound in a pattern
such that fibers of the fiber reinforced plastics are aligned at a first angle at an axiat midpoint
of the drum so that a second larger angle towards a discharge end of the drum.

150. The method of claim 148 wherein the first angle is 10 degrees.

151. The method of claim 147 wherein the fiber reinforced plastic wound about the axial
center line of the drum has a first thickness at an axial midpoint of the drum and a second

larger thickness towards the discharge end of the drum.

152. The method of claim 147 wherein the fiber reinforced plastic being wound about the

axial center line of the drum comprises a resin wetted fiberglass roving.
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153.  The method of claim 147 wherein windings of the fiber reinforced plastic are

overlapped with one another.

154. The methaod of claim 147 wherein the fiber reinforced plastic is continuously wound

from a first axial end of the drum across an axial midpoint of the drum.

155. The method of claim 153 wherein the fiber reinforced plastic is continuously wound

from the first axial end of the drum to proximate a second axial end of the drum.

156. The method of any one of claims 110-152 wherein the first layer includes a urethane-

based material.

157. The method of any one of claims 110-155 including the step of forming a spiral
mixing blade on the first layer so that the blade continucusly extends as a single unitary body

from a first axial end of the drum across an axial midpoint of the drum.

158. The method of claim 156 including continuously extending the spiral mixing blade as

a single unitary body to proximate a second axial end of the drum.

1569. The method claims 153 and 154 wherein the step of forming a spiral mixing blade on
the first layer includes integrally forming at least a portion of the spiral mixing blade as part of

a single unitary body with the first layer.
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