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Experimental studies on the fabrication of thin fuel plates

with U;0,—Al cermets

By T. D. de Souza Santos, H. M. Haydt and C. T. de Freitas*

In the course of the experimental studies carried out
to establish the fabrication procedure for the fuel
elements of the ARGONAUT reactor of the Instituto
de Engenharia Nuclear, Rio de Janeiro, Brazil, it has
been found necessary to investigate the effect of the
main variables on the hot and cold workability of the
totally clad fuel plates.

In order to properly evaluate the behaviour of the
cermet, which during the rolling operations constitutes
the ““meat” of each fuel plate, it was found to be desir-
able to take both the hot and cold rolling operations
far beyond the final specified thickness of the mock-up
plates. These studies lead then to the actual production,
for experimental purposes, of very thin, only 0.70 mm
thick, fuel plates, which were totally clad with alu-
minium alloy. Such thin fuel plates are considered to
have some interest for some advanced research reac-
tors.

The paper describes the essential features of the
development work done on the production of such
thin fuel plates, containing a ‘“meat” which is a
plastically deformed cermet of a mixture of UsOg
(natural 235U content) and aluminium. Plates of
different widths and lengths were produced, including
some which were widened to allow further shaping
into corrugated sheets, giving a better geometry and
higher fuel volumetric densities in the final fuel
element assemblies.

SUMMARY OF THE EXPERIMENTAL STUDIES

Two different procedures were investigated for the
production of the thin clad fuel plates. Namely, roll
bonding of picture frame sets with a cermet inside the
frame component and cast cladding of the cermet with
a suitable aluminium alloy into a specially designed
ingot mould, following the successful idea developed
by Bergua et al. [1] which was used for fuel plates in a
materials testing reactor [2].

Considerable attention was paid to the cermet pre-
paration, which has required the study of the following
variables: (@) the production of U3Og from ammonium
diuranate with properties suitable for dispersion;
(b) the selection of the proper aluminium powder to be
used in the charge; (c) the conditioning of the charge
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mixture; (d) the pressing of the compacts into dies
under hydraulic pressure; (e) sintering the compacts;
(f) mounting the compacts for further processing.

The cermets obtained were to be used further,
either in picture-frame sets for roll bonding and final
rolling to the desired thickness, or for the production
of a cored ingot by a cast cladding technique which
was subsequently rolled into the finished thin plates.

The plates produced by both processes were evalu-
ated by metallographic examination of cut specimens,
by auto-radiography, by blister testing and by acceler-
ated corrosion tests in de-ionized water at 70°C for
100 hours.

CERMET PREPARATION

Figure 1 depicts the main steps of the cermet pre-
paration as evolved from the experimental develop-
ment work, carried out at the Institute’s laboratories
[3,4]. The details of the most important operations are
presented in the following sections.

The compacting behaviour of the charge mixtures
made from various proportions of UsOg and alu-
minium powder has been investigated by varying:
(@) the time, temperature and mass of the ammonium
diuranate in the calcining operation; (b) the fineness
of the produced UsOg; (c) the fineness of the alu-
minium powder; (d) the conditioning operation, which
was done in large rubber-lined jars with hard rubber
balls; (e) the charge and die lubrication; (f) the die
geometry and compacting pressure of the hydraulic
presses.

The results have shown that strict control of the
calcining variables was essential to obtain reproduci-
bility of powder properties for the further fabrication
steps. It was found that the best set of conditions was
875°C for two hours with 2 kg loads in the charging
trays in the electric muffle furnace. Once cooled the
charge was unloaded and classified with a 325 mesh
sieve, the oversize fraction was retained for other
purposes. Experience has shown that a lower calcining
temperature and shorter times lead to an undesirable
formation of blisters in the final annealing of the cold
rolled plates. The aluminium powder used was im-
ported from France and only the minus 100 mesh
fraction was used. The aluminium powder had the
following composition: 0.36 % Fe, 0.07 % Si, 0.12 %
Cu, 0229 Zn and 0.098 % Mg. Metallographic
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Figure 1. Flowsheet of the fabrication procedure

examination shows that coarser powder tends to pro-
duce an uneven distribution of the constituents.

The conditioning step is also of prime importance.
The first tests were done in polyvinyl jars with harden-
ed steel balls and gave erratic behaviour in the final
rolling of the fuel plates, resulting in irregular bonding
of the cermet with the cladding. This was particularly
severe with the picture-frame technique. The best
results were obtained by preparing the charge in a
3-1 polyvinyl jar, tightly closed, with a constant load
of hard rubber balls. Wilkinson [5] has shown the
superiority of rubber balls over steel balls in the
charge preparation of U3Og and aluminium.

The pressing step was done in dies fully Iubricated
with a solution of stearine in carbon tetrachloride.

The dies used allowed the production of com-
pacts of variable heights (from 6 to 12 mm) and of
rectangular cross sections, 32 X 64 mm, 65 X 50 mm
or 65 x 100 mm.

The influence of the compacting pressure on the
apparent densities of the compacts has been deter-
mined for various proportions of minus 325 mesh
U30s and/or minus 100 mesh aluminium powder. The
results are shown in Fig. 2. There was no measurable
influence of the cross section of the die on the density
for the same pressure and same charge composition,
for the range of thicknesses indicated above.

The experimental results for the mixtures from
40 % U308-60 9% Al to 60 9%, UzO0s—40 9 Al can be
represented by the equation log d =1log a -+ 0.141 log p,
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Figure 2. Variation of the density of compacts with composition
and compacting pressure

where d represents the apparent density in g/cm3, ais a
constant for each charge composition (apparent
density for 1 t/cm? compacting pressure) and p the
compacting pressure, in ton/cm?.

It has been found that the presence of even small
fissures in the compact impaired the plastic behaviour
of the pre-sintered cermet during hot rolling. Due
attention was therefore paid at the conditioning and
pressing steps to prevent the cermet losing its inherent
hot plasticity while still reaching the required density
in the final rolled plate.

The last important step in the fabrication procedure
was the pre-sintering of the compacts in an argon
atmosphere at 580°C in a continuous multi-zone
tubular electric furnace. This furnace was designed and
built by a local manufacturer.

Slow heating to the sintering temperature and slow
cooling to room temperature, at the rates of 200°C/h
and 150 °C/h respectively, have been provided to avoid
cracks due to thermal gradient stresses. The operation
was done in large rib-bottomed graphite boats of
special design to avoid distortions. The pre-sintering
did not alter substantially the cermet density, but does
improve appreciably its high temperature plasticity
during the hot rolling operations. It is also effective in
driving off residual moisture and volatile constituents
present in the conditioned charge.

Metallographic examination of the cermets after
pre-sintering did not show any evidence of reaction
having taken place between the U3Og and aluminium.

PICTURE-FRAME CLADDING

The pre-sintered cermets were wrapped with dead
annealed 0.10 mm thick 1100 aluminium foil before
they were hand set into the frame component, ma-
chined from 1100 pickled aluminium plate, 11.5 mm
thick. Special precautions were adopted to ensure
complete freedom of surface defects both in the frame
and in the two cover sheets, cut from 2.0 mm thick 1100
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aluminium plates. The composition of the aluminium
plates is: 0.37 9 Fe, 0.092 %, Zn, 0.034 9/ Si, 0.032 %
Mn; traces of Mg and Cu were not found. The frame
was machined carefully to assure a tight fit of the
wrapped cermet in the frame opening. At first, residual
air was evacuated from the inner space through a hole
drilled at the trailing end of the frame. It was found
later that this step was unnecessary.

A special jig was designed and built to assemble the
frame with the cermet inside and the two, cover plates
in the proper position before welding under an argon
arc with a tungsten tip. The welding was satisfactory
and the metallographic examinationis of the seam
welds did not disclose cracks or-clusters of entrapped
oxide.

CAST CLADDING

To avoid the erosion of the cermet by the impinge-
ment of the metal stream during pouring into the ingot
mould, the cermet was wrapped with a 0.25 mm thick
aluminium foil.

The alloyed cast iron ingot mould comprised three
parts, an inner U-shaped part, which determined the
dimensions of the ingot, and two outer plates. These
parts were assembled together with C-clamps. To
avoid sticking, all the surfaces which were to be in
contact with the molten alloy were thoroughly coated
with a thin suspension of calcined bone ash. The inner
part had holes, through which positioning stainless
steel screws could slide ensuring the proper position
of the cermet during the pouring operation. Some
auxiliary devices were provided to set the cermet at its
precise location. Any off-centring of the cermet
caused difficulties in the hot rolling operations and
unevenness in the cladding thickness of the final
plates.

After the cermet was set in the ingot mould, it was
transferred to an electric oven furnace for soaking at
500°C for 30 minutes.

Most of the experimental heats were produced with
aluminium of the following composition: 0.23 % Fe,
0.024 9 Si, 0.084 9 Zn, 0.014 9, Mn; traces of Mg and
Cu were not found. Further work is under way with
other aluminium alloys. The metal charge was melted
in a graphite crucible in an electric furnace kept at
790-800°C; this was found to be the most convenient
temperature for the experimental set-up utilized.
Pouring was done carefully to assure a fast and uni-
form rate of filling the ingot mould up to the top. After
filling, more hot metal was poured into the shrinkage
cavity to fill it properly and to avoid casting defects in
the upper zone of the ingot.

Soon after the pouring was completed and the
upper zone had solidified, the positioning screws were
removed, the C-clamps unfastened and the ingot
removed from the inner part. The holes left by the
removal of the positioning screws were immediately
welded electrically with aluminium of the same com-
position, in an argon arc. After cooling to room tem-
perature, the ingots were inspected for residual minor
surface and casting defects, which, if localized (small

-~

dross inclusions or small punctures), were removed by
light hand filling.

HOT AND COLD ROLLING

It must be stressed that the actual welding by diffu-
sion of the components of picture-frame assemblies is
done by the hot roll bonding, which requires proper
heating and soaking and an adequate rate of deforma-
tion. For the cored ingots obtained by cast cladding,
the hot rolling is also a very important step, as it
determines the properties for further mechanical
processing.

Using the conventional picture frame cermet, the
assembled set was 150 mm X 115 mm X 15.4 mm thick,
with an enclosed cermet of 100 mm X 64 mm x 11.4
mm. The cast ingot, when the cermet was 64 mm X
32 mm X 12.5 mm, was 130 mm X 62 mm X 29.5 mm,
with a taper of 4° along its thickness. Larger cast clad
ingots were also used, with a cross section of 64 mm X
50 mm and of the same thickness, and still Iarger ones
are to be used in further work.

Ingot and picture-frame assemblies were soaked in a
muffle electric furnace at temperatures of 590-600°C
for 20 and 30 minutes respectively, before removal to
the rolling mill. Intermediate anneals and blister tests
after completion of the rolling schedule were also done
in this temperature range, for 10 to 20 minutes,
depending upon the thickness of the plate being
processed.

The hot and cold rolling operations were carried out
in a Stannat-Mann high precision rolling mill. It has
been found experimentally that, in the breaking down
phase, passes giving more than a 129, reduction
tended to warp the stock unduly and that much
lighter reductions between passes impaired the roll
bonding or the initial breaking down of the cast struc-
ture of the clad metal.

For picture-frame assemblies the treatment schedule
was as follows: 59 9/ reduction by hot rolling, a fur-
nace anneal for 20 minutes, 61 9 reduction by hot
rolling, a second furnace anneal, 61 % reduction by
hot rolling, followed by cooling to room temperature
for edge and end cutting. After a 10-minute furnace
anneal, a 30 9 reduction by cold rolling was followed
by a 10-minute anneal and a final 72 9% reduction by
cold rolling to the required 0.7 mm thickness. This was
followed by a blister test for 45 minutes at 590°C. The
thickness of the processed plate is 3.4 mm at the end of
the hot rolling stage and the trimming is done when the
plate reaches 2.5 mm. Final trimming gives the thin
plate with the final dimensions of 0.5 mm side cladding

“and an end cladding of 5 to 8 mm.

The reduction schedule required for the cast clad
ingots was heavier so as to break down the cast struc-
ture, cross rolling was used to achieve the final speci-
fied width of the “meat”. After furnace soaking for
30 minutes, the ingot was hot rolled to a 66 9 reduc-
tion, annealed for 20 minutes, hot rolled again to a
64 9, reduction and reheated for 10 minutes, hot
rolled once more to a 56 % reduction, annealed for
10 minutes and finally hot rolled down to 3.2 mm.
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The central wider plate was obtained by the picture-frame tech-

nique and has a 0.5 mm thick and 103 mm wide “meat”, with

0.1 mm cladding. The others were obtained by cast cladding and

have a 0.4 mm thick and 34 mm wide “meat”, with 0.2 mm
cladding
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Figure 4. Micrograph of a longitudinal section of a 0.7 mm thick
fuel plate with 54.36%, UsOs~45.64%; Al showing the dispersion
of the “meat” and the bonding with cladding (x 260)

After cooling to room temperature and edge and end
trimming, it was annealed for 10 minutes, cold rolled
down to 2.2 mm, once more annealed for 10 minutes
and finally rolled down to the final 0.7 mm thickness.
A final blister test annealing was then carried out for
45 minutes at 590°C. The final dimensions of the
cladding material were substantially the same as that of
the thin plates from the picture-frame process.

Figure 3 shows the extremities of some of the long
thin plates produced.

Some of the wider plates obtained with cross rolling
in the earlier stages of hot working were subsequently
corrugated in a die in a hydraulic press, with waves
20 mm long and 6 to 8 mm deep.

EVALUATION OF THE PLATES

Many of the thin plates produced were cut and the
mounted specimens were examined under a Leitz

MMS35 metallographic microscope, after suitable
polishing and etching, to disclose the “meat’ structure
and the bonding with the cladding material. At the
beginning of the development work on the picture-
frame technique, bonding defects caused considerable
difficulty. These defects were removed when the
individual operations were examined in detail.

Figure 4 shows one of the micrographs of 2 0.7 mm
cast clad plate, with a 0.15 mm aluminium alloy clad-
ding and a final deformed “‘meat” of 0.40 mm thick-
ness. The uniformity of the dispersion and the good
bond achieved should be noted. Blister tests did not
disclose unwanted defects.

Accelerated corrosion tests were performed on
several end sections of the thin plates in de-ionized
water at 70°C for 100 hours. The mean rate of mass
increase was 0.036 mg/cm2/d. A more extensive pro-
gramme of testing at higher temperatures will be
carried out.

Auto-radiographic examinations are carried out as a
routine inspection, both for determining the precise
location of the “meat’’ and for checking the uniformity
of the dispersion. The density of the “meat™ at the
edges is, as expected, slightly lower than the mean core
value. No major irregularities were found at tiie ends
of the “meat” in the plate, its contour line being rather
sharp and not showing the “dog boning” effect.

CONCLUSIONS

The fabrication of 0.7 mm thin fuel plates com-
pletely clad at their ends was studied extensively, both
by roll bonding of picture-frame sets and by cast
cladding, using a cermet with 40 to 60 9 UsOsg dis-
persed in aluminium powder.

The compaction of the properly conditioned charges
was studied-and the obtained results show that the
densities varied with the compacting pressure accord-
ing to Fig. 2.

The pre-sintering of the compacts, which was done
under argon in a continuous electric furnace of local
construction, assured freedom from blisters in the
fabrication steps and improved the hot plasticity of
the cermet during hot rolling.

The structure of the thin clad plates was homo-
geneous and no major irregularities were found by
metallographic examination of cut specimens. The
cladding is regular and the corrosion tests done at
70°C during 100 hours in de-ionized water have not
disclosed unexpected abnormalities.
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A/486 Breésil

Etude expérimentale de la fabrication
de plaques de combustible minces
avec des cermets UsOg— Al

par T. D. de Souza Santos et al.

Le mémoire décrit I’étude expérimentale de la
fabrication de plaques de combustible, de 0,7 mm
d’épaisseur, gainées d’un alliage d’aluminium et con-
tenant un coeur en cermet de UszOg, en vue de leur
utilisation pour les ensembles combustibles de réac-
teurs de recherche de type poussé. La fabrication de
plaques de combustibles aussi minces, entiérement
gainées, présente de nombreuses difficultés, que I’on
a pu surmonter grace a 1’étude systématique des
variables de fabrication.

Les plaques avaient une longueur de 75 4 110 mm,
avec un gainage des faces de 0,15 4 0,20 mm d’épaisseur
sur un cceur déformé plastiquement de 0,30 4 0,40 mm,
qui contenait de 40 & 60 9, de U3Og dispersé dans de
I’aluminium.

Les recherches ont porté sur la liaison par laminage
de cadres (picture frame) ainsi que sur le gainage par
coulée. Les expériences relatives & la liaison par
laminage de cadres concernaient Passemblage des
cermets apres frittage sous argon, I’assemblage des
composants du cadre, la soudure sous argon des
ensembles assemblés; la liaison par laminage & chaud
et le laminage a froid final destiné & donner aux plaques
les dimensions et propriétés physiques voulues. Les
expériences relatives au gainage par coulée concer-
naient la préparation des cermets aprés frittage sous
argon, I'influence des variables de coulée des alliages
les plus intéressants, le conditionnement et le traite-

ment thermique des lingots contenant 1’ame, le .

Y

laminage a4 chaud et le laminage a froid final. Les
plaques minces ainsi préparées ont été soumises a un
examen par autoradiographie et par des procédés
métallographiques, ainsi qu’a des essais de corrosion
dans de I’eau chaude désionisée.

On a également étudié le fagonnage de larges bandes
minces en ondulés destinés a4 former des éléments de
combustible de conception simple permettant d’ob-
tenir des rapports UsOg/Al élevés.

Les résultats obtenus prouvent que les deux pro-

cédés peuvent étre utilisés, le gainage par coulée con-

venant pour la production de plaques minces de trés
grande largeur.

A/486 Bpasunusn

OKcnepuMeHTanbHbLie  HCCNEepoBaHUA
METOJ[0OB H3rOTOBIEHUA TOHKHX TOMIHB-
HbIX MJaCTHH U3 HEPMETOB Ha OCHOBE
3aKMCH-OKHCH ypaHa W allOMHHHUA

T. A. ne Cysa CaHtoc ef al.

B noxnage onmcansr sKcmepuMeHTaubHEIC pabo-
THl II0 M3TOTOBJIEHHMIO TOILUIMBHEIX IIACTHH B 000-
J0YKe U3 alJIOMIHNEeBOro ciitaBa ToanmuHon 0,7 mm
C CepeYHHKOM U3 KepMeTa Ha OCHOBE 3aKHCH-
okucu ypaHa. Taxue miacTHHBI npeacTaBAAOT HH-
Tepec A M3rOTOBIEHNA TOILIUBHBIX CGOPOK yco-
BepIICHCTBOBAHHBIX HCCIE0BATEIBCKEX pPeaKTo-
poB. IIpousBojcTBo TakuX oYeHh TOHKUX ILIACTHH,
HOJHOCTBIO HOKPBITHIX 000JOYKOM, IIpefcTaBiadeT
OonbIze TPYRHOCTH, KOTOPHIe OBLLINM B KOHI[E KOH-
L{OB TIpeojoJieHEl 6iarofaps CHCTeMaTHYeCKOMY
H3YYeHHI0 IPOU3BOJCTBEHHEIX IIapaMeTpoB.

ITnactussl umenn mmpudy ot 75 mo 110 wma.
Tommuua 060M09eKk B MIOCKON YacTH IIACTHHBI
coctasager oT 0,15 mo 0,20 mm. Ilnactuueckn ne-
(OpMHIPOBAHHEI CEPIEYHHK HMeeT TOJIIMHY OT
0,30 7o 0,40 mm. Cepmeunur cogepsxur or 40 10
60% UsOs, aucrneprupoBaHnoii B aTOMHHWH.

Uccnenosanme BRIIOYAIO H3YUYeHHe MeTOda ode-
XJOBKIH TBAJIOB JIMTHEM M MeTOda CoequHEeHHUs
000JI0YKH € TOIVINBOM IIyTeM IIPOKaTKM PAaMKI,
HAIOJHEeHHO} TOILIMBOM M 3aKPbHITOH ¢ obeux cro-
POH INIACTUHAMM U3 ANIOMUHHA.

B otHOmeHMN MeToma coefmHeHHA 00ONOUKH C
TOIJIABOM IIyTeM IPOKATKM PaMKM H3yd9aJoch
IPUrOTOBIEHHE KepMeTa II0CTe CHeKaHHs B Cpefie
aproHa, c60pKa KOMIOHEHTOB PaMKH, aproHO-Iyro-
BaA CBapKa jAerajeil cGOPKH, coefMHEHUe TOIIN-
Ba ¢ 060J0YKOH ropsAdeil MPOKATKOR ¥ OKOHYa-
TeJbHAasA XOJIOIHAA IPOKAaTKA C LeJIbI0 ollpegele-
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HMA PasMepPHBIX M (QU3NYECKUX XapPaKTePHCTHR
jracTuH. B OTHOINGHMM MeToja 0YeXJOBKH TOH-
JAMBHBIX NJACTHH JHTheM M3y4asuoch IPHUIOTOBJE-
HHe KepMeTa T[ocje CIeKaHHMA B cpejie aproHa,
BIMAHMC XapaKTEePUCTUK JUTLA Ha IoJyUYeHHe Ha-
nboliee MOAXOOALINX CINIABOB, YCJIOBUA JHMTBSA I
TepMo0o6GpaboTKa CINTKOB, TopAvYas IMPOKATKA M
OKOHYaTeJpHAsA XoJomHas Ipokarka. Ilomyden-
HBIe TaKuM 00pa3oM TOHKME ILIACTHHBI HMCCIe/0-
BallMCh pajHoaBTOrpapuuecKuM M Merajorpafu-
YecKUM MeTofaMi, a TakKe I0[Beprajuch MCIIbI-
TAHUAM Ha KOpPpO3WI0 B Tropsdeil [eMOHW3HPOBAH-
HOM Bojie.

ITpoBopuanch MCCaASOBAHMA 1O TONTYYSHHIO I~
POKHX TOHKHX moioc pudueroit GopMBL AuA MO-
caefyiomei cGOPKI TeIIOBBIIENIANINIX dIeMEHTOB
IPOCTONl KOHCTPYKIMHU C BHICOKHM OTHOIIEHHEM
OKHCH-33KUCH YpaHa K AJIOMUHUIO.

IlonyyenHsle pe3yJbTATHI MOKA3AJIM, YTO MOTYT
ObITH MpHHATHL 06a Merofa. JliA WM3rOTOBIEHHA
OYeHb NIMPOKUX INIACTHH IOJXOMHT MeTOJ O4Yex-
JIOBKM TBYJIOB JMTHEM.

A/486 Brasil

Estudios experimentales sobre fabricacién

de placas delgadas que contengan cermets
de Uaos—Al

por T. D. de Souza Santos et al.

La memoria describe los estudios experimentales
realizados con miras a la fabricacién de placas de
0,7 mm de espesor, con revestimiento de aleacion de
aluminio, y que contengan un cermet de UsOs y
aluminio, destinadas a formar parte de los elementos
combustibles de reactores de investigacién de pro-

yecto avanzado. La produccion de tales placas del-
gadas y totalmente revestidas presenta muchas dificul-
tades, que fueron superadas finalmente después de
estudiar con caracter sistematico las principales
variables de fabricacion.

Las placas debian tener entre 75 y 110 mm de ancho
con revestimiento de 0,15 a 0,20 mm de espesor sobre
el nucleo deformado pldsticamente a partir del cermet
de 0,30 a 0,40 mm de espesor. El nucleo debia estar
constituido por mezclas de 40 a 60 9, de UsOg con
aluminio.

La investigacion comprendio tanto el colingotaje de
conjuntos de molduras como la soldadura por lamina-
ciéon. En el caso del colingotaje, el trabajo experi-
mental incluyé la preparacion del cermet, después de
sinterizado bajo argoén; el montaje de los componentes
de los conjuntos de molduras; la soldadura del con-
junto al arco eléctrico en atmoésfera de argon; la solda-
dura por laminacién en caliente y la laminacion final
en frio para satisfacer las especificaciones dimensio-
nales y fisicas de las placas. En el caso de la soldadura
por laminacion, el trabajo incluy6 el montaje del
cermet, después de sinterizado bajo argoén; la influen-
cia de las variables de fundicion en las aleaciones mds
convenientes; el acondicionamiento y tratamiento
térmico de los lingotes y operaciones de laminacion en
caliente, asi como la laminacién final en frio. Las cha-
pas producidas fueron examinadas mediante autorra-
diografia, estudios metalograficos y se sometieron a
ensayos de corrosion realizados en agua desonizada
caliente. '

Se efectuaron estudios sobre la conformacion de las
chapas delgadas en elementos corrugados destinados a
su montaje en elementos combustibles de disefio
simple que permitan una relacién U3sOg—Al favorable.

Los resultados obtenidos muestran que los dos
procedimientos pueden ser adoptados y que el proceso
de colingotaje es el mds conveniente para la fabrica-
cion de chapas anchas y delgadas.



