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Abstract

A vertical-type high-speed twin roll caster can cast aluminum alloy strip at speeds from 20
to 90 m/min; however, surface cracks occur on the cast strip. In Al-Si alloys, surface cracks
are known to occur when the Si content is less than 5 mass%. The condition of the surface
cracks in cast strips is affected by the roll load. When deep drawing is conducted on a
cold-rolled strip, surface cracks occur in the casting direction. The purpose of this study
was to investigate the use of a roll with a groove to eliminate the occurrence of surface
cracks. The grooves were formed by knurling in the width direction of the roll, and the
effect of groove shape on the occurrence of surface cracks was assessed. The roll speed was
60 m/min, and the roll load was 3 N/mm. Eight groove shapes with depths ranging from
0.1 to 0.3 mm were tested. Previous research investigated the effects of casting-direction
and diamond-pattern grooves on surface crack elimination, but these grooves were not
sufficiently effective. Width-direction grooves were expected to make deformation of the
strip surface at the roll bite more uniform and thus improve surface crack elimination.
However, this effect was not examined in previous studies. Surface crack elimination was
evaluated by penetrant testing of the cast and cold-rolled strips and by deep drawing of
the cold-rolled strip. The results showed that surface cracks could be eliminated using an
appropriately grooved roll.

Keywords: vertical type high speed twin roll caster; aluminum alloy strip; surface crack;
groove roll

1. Introduction

In a conventional twin roll caster for aluminum alloy (CTRCA), the cast strip travels
horizontally, and high roll loads and low roll speeds are used [1-5]. The casting speed is
usually less than 2 m/min. By contrast, in a twin roll caster for steel, the casting direction is
vertical [6-9]. A vertical-type high-speed twin roll caster for aluminum alloy (VHSTRCA)
was developed to increase the casting speed of aluminum alloy strip [10,11]. Several
properties distinguish the VHSTRCA from the CTRCA. In both the twin roll caster for steel
and the VHSTRCA, the two rolls are positioned horizontally. The twin roll caster for steel
is not equipped with nozzle plates, whereas the VHSTRCA is. The nozzle plates maintain
sound contact between the rolls and the molten metal through the melt head. The roll
materials used in the CTRCA and VHSTRCA are steel and copper, respectively. Copper has
higher thermal conductivity than steel and therefore solidifies molten metal more rapidly.
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This cooling capacity allows copper rolls to cast aluminum strip at lower roll loads than
steel rolls. The VHSTRCA can cast aluminum alloy strip at speeds from 20 to 90 m/min.
The CTRCA uses high roll loads and low roll speeds, whereas the VHSTRCA uses low roll
loads and high roll speeds. However, surface cracks occur in some aluminum alloys during
casting. For example, in Al-5i alloys, surface cracks occur when the Si content is less than
5 mass%. When the Si content is less than 6 mass%, a quasi-solidus line exists [12]. In an
Al-Si alloy with a Si content below 6 mass%, the ductility in the semisolid state is lower
than that of Al-Si alloys with a Si content above 6 mass%. This may be one cause of surface
crack formation [13].

The directions of cracks on the surface of the cast strip have been shown to be incon-
sistent. Surface cracks become more severe as the roll load increases and appear less severe
after cold rolling. When deep drawing was conducted on the cold-rolled and annealed
strip, surface cracks parallel to the casting and rolling directions occurred (the rolling and
casting directions were identical). The surface cracks present in the cast strip may have
been lengthened by cold rolling, and these cracks might have caused further cracking in
the deep-drawn cup. Eliminating these cracks is essential for casting a sound strip. In
previous studies, grooves oriented in the casting direction (roll rotation direction) and
diamond-pattern grooves were used to eliminate cracks caused by areas of delayed solidifi-
cation [14-16]. The solidification delay was thought to be caused by nonuniform contact
between the molten metal and the roll surface. Grooves in the roll rotation direction and
diamond-pattern grooves were effective in eliminating surface cracks caused by delayed
solidification, but they were insufficient for eliminating cracks that may have occurred for
other reasons, which remain unclear. However, the surface of strip cast using rolls with
these grooves was better than that of strip cast using flat rolls [14,16]. The grooves may
therefore have effects beyond improving contact between the molten metal and the roll.

Grooves in the rolls reduce deformation, making the surface cracks less severe, possibly
by promoting uniform contact between the molten metal and the roll surface and thereby
reducing deformation of the strip surface. On the other hand, solidified metal adhering
to the nozzle tip affects the strip surface and may be another cause of surface cracks.
From a broader perspective, an uneven roll surface may eliminate surface cracks more
effectively than a flat roll surface. The effects of grooves oriented in the roll rotation
direction and grooves with diamond patterns on eliminating surface cracks in the strip
have been investigated in previous studies. Surface cracks have been demonstrated to
become more severe as the roll load increases [13]. In the VHSTRCA, the strip may be
semisolid at the roll bite, and its surface may be deformed by the roll load. Surface cracks
are more severe in aluminum alloys with a quasi-solidus semisolid region than in those
without such a region. Surface deformation increases with roll load, which may explain
why surface cracks become more severe as the roll load increases. Nonuniform deformation
of the strip surface in the casting direction under the roll load may cause surface cracks
under these conditions. Width-direction grooves may make this deformation more uniform
and may also prevent solidified metal from adhering to the nozzle tip. However, the effect
of grooves in the width direction of the roll (perpendicular to the casting direction) on
surface cracks has not been investigated. Width-direction grooves may therefore help
reduce cracks on the strip surface.

No previous research has examined the effect of grooves in the roll width direction on
cracks in strip cast using the VHSTRCA. In this study, the effect of width-direction grooves
on reducing surface cracks in strip cast at 60 m/min using the VHSTRCA was investigated.
The effect of groove shape on the elimination of cracks was examined, and suitable groove
shapes are discussed.

https:/ /doi.org/10.3390/met16101114


https://doi.org/10.3390/met16101114

Metals 2026, 16, 1114

3o0f14

2. Experimental Conditions

The VHSTRCA is shown in Figure 1a. The roll caster used in this study was designed
and assembled by students in our laboratory at the Osaka Institute of Technology (Osaka
City, Japan). The rotating rolls were stopped, and the molten metal was allowed to solidify.
This process is referred to as a roll-stop in this study. A schematic diagram of the roll-stop
and the solidified metal is shown in Figure 1b. The roll-stop was conducted to investigate
the condition of the molten metal at the nozzle tip. The diameter and width of the copper
rolls were 300 and 50 mm, respectively. The rolls were not equipped with cooling systems
and were cooled naturally. Flat and grooved rolls were used, and the roll speed was
60 m/min. The solidification length and melt head were both 100 mm. The molten metal
was poured through a launder into a pool formed by the nozzles and side dam plates. A
2.3 mm thick mild steel plate was covered with a 2 mm thick insulating sheet. The gap
between the nozzle and roll surface was 0.5 mm. The side dam plates were made from the
same mild steel plate and insulating sheet and contacted the sides of the rolls. One roll was
movable and was pushed by coil springs, whereas the other roll was fixed. The initial roll
loads were set at 3 or 20 N/mm using the coil springs. The initial roll-to-roll gap was 1 mm,
and the roll gap varied with the strip thickness. The roll surfaces were buff polished.

Molten me:& Nozzle Solidified metal Solidified metal

Melt head

Strip
(a)

| / m
Side dam plate

olidification length :

Strip Strip
(b)

Figure 1. Schematic diagram of vertical-type high-speed twin roll caster for aluminum alloy.
(a) Vertical-type high-speed twin roll caste; (b) Roll-stop and investigation of solidified metal.

The chemical composition of the aluminum alloy used in this study is summarized
in Table 1. This aluminum alloy was prepared as a model recycled aluminum alloy made
from A383 and 6022 alloys. Given that the Si content of this alloy was approximately
3 mass%, the alloy likely had a quasi-solidus line. The casting temperature of the aluminum
alloy was 645 °C. Penetrant testing was conducted on the cast and cold-rolled strips to
investigate the occurrence of surface cracks.

Table 1. Chemical composition of aluminum alloy (mass%).

Si Fe Cu Mn Mg Zn Al
3.0 1.0 0.8 0.2 0.5 0.4 Bal.

The cast strip was homogenized at 400 °C for 1 h, cold-rolled down to a thickness of
1 mm, and annealed at 400 °C for 1 h, after which deep drawing was conducted. Cold
rolling was conducted in the casting direction. The diameter of the blank used for deep
drawing was 50 mm. The punch diameter and blank holding force of the deep drawing
were 32 mm and 1.2 kN, respectively. A 180° bending test was conducted on a cold-rolled
and annealed strip cast using the flat roll to investigate the occurrence of cracks in the
casting direction. The bending direction was perpendicular to the casting direction. A
schematic diagram of the bending test is shown in Figure 2.
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1 mm-thickness spacer
1 mm-thickness cold rolled and annealed strip /

Figure 2. Schematic diagram of 180° bending test of cold-rolled and annealed 1 mm thickness.

Grooves were formed by knurling the roll surface. The groove shapes on the roll
surface are shown in Figure 3. The shapes, dimensions, and spacing of the grooves, which
were expected to affect the strip surface, were selected, and the effect of the grooves on the
strip surface was investigated. The groove shapes shown in Figure 3 were measured using
replicas of the roll surface that were made using silicone putty (Exafine putty type, GC
Dental Products Corp., Kasugai City, Aichi, Japan), and dimensions are shown in Table 2.
In Figure 3a,b, sharp grooves are formed in a continuous pattern. In Figure 3c,d, flat areas
are present between the sharp grooves. In Figure 3e—g, the grooves and protrusions are
curved. In Figure 3h, the distance between the grooves is wide.

Figure 3. Shapes of grooves used in this study. Dimensions of (a—h) are shown in Table 2.

Table 2. Dimensions of grooves from Figure 3a-h.

Shape Dimensions
Groove d (mm) wg (mm) a(®)
AL (a) 0.1 1.0 150
(b) 0.2 1.0 120
dg Groove d(mm)  wg(mm) a (%) dg (mm)

0.15 0.4 90 0.3

(c) . .
\Q—\/\I d d) 0.3 0.7 90 0.7

Groove d (mm) wg (mm) rl (mm) r2 (mm)
(e) 0.1 04 0.07 0.14

T
W }d () 0.1 0.7 0.25 04

(8) 0.15 1.3 1.8 0.6
. dg Groove d (mm) wg (mm) r (mm) dg (mm)
Y \_/ {d (h) 0.3 0.8 0.15 7.0
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Photographs for visual inspection of the surfaces of the cast strips were taken with
a camera (COOLPIX W300, NIKON, Shinagawa, Tokyo, Japan). Cross sections near the
surfaces were observed using a microscope to investigate the surface morphology (ECLIPSE
LV150N, NIKON, Shinagawa, Tokyo, Japan).

Three casting trials were conducted for each groove shape. The steady-state region,
approximately 3 m long, was examined after excluding the first 1 m and final 1.5 m of
each strip. Because visual inspection showed no differences among the three strips, one
strip was randomly selected, and a 200 mm section was cut from it for cross-sectional
observation and cold rolling. For cold rolling, the central section along the strip length was
selected as representative. Deep drawing tests were performed three times on the rolled
sheet. The specimen showing the second-best condition among the three tests was selected
as representative.

3. Results and Discussion

The surfaces of strips cast using flat rolls and of cold-rolled strips after penetrant
testing are shown in Figure 4, with red areas indicating surface cracks. The roll loads were
3 and 20 N/mm. The cracks in cast strips produced at a roll load of 20 N/mm were more
severe than those produced at a roll load of 3 N/mm, as judged by crack width. This
indicates that roll load is one cause of surface cracks and that the cracks may occur at the
roll bite. The number of surface cracks in the width direction appears to be greater than
that in other directions, and these cracks are more severe. The surface of the cast strip may
be deformed in the casting direction at the roll bite, and width-direction cracks may be
caused by tensile stress in the casting direction. The cracks in cold-rolled strips made from
strips cast at a roll load of 20 N/mm were more severe than those made from strips cast at
aroll load of 3 N/mm, as judged by the number of cracks. Cold rolling appeared to reduce
the cracks in the cast strips. The width-direction cracks appeared to have been eliminated,
whereas diagonal cracks remained in the cold-rolled strips. It is not clear whether the
diagonal cracks developed from the width-direction cracks or were caused by cold rolling.

3 R e
" | ' ¢ 1
fh f i g ¥
TaE = o
v rg ) Casting direction
=\ 7= K —_—
St - ol
n\a i 10mm

Cold rolling direction
(Casting direction)

© @)

Figure 4. Surfaces of cast and cold-rolled strips, cast using a flat roll, after penetrant testing. Red
areas indicate surface cracks. Roll speed of casting was 60 m/min. (a,b) are cast strips. Roll loads of
(a,b) are 3 N/mm and 20 N/mm, respectively. (c,d) were cold-rolled from (a,b), respectively.

Deep drawing was conducted on cold-rolled strips with a thickness of 1 mm. The
results are shown in Figure 5. Cracks were present in the deep-drawing cups, and the
cracks in cups made from strip cast at a roll load of 20 N/mm were more severe than those
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in cups made from strip cast at a roll load of 3 N/mm. Width-direction cracks were severe
in the cast strip, whereas diagonal cracks were severe in the cold-rolled strip. In the deep
drawn cup, cracks in the casting and rolling directions were more severe. For the cast and
cold-rolled strips, penetrant testing was used to detect severe cracks in the casting and
rolling directions that formed during a bending test.

Casting and rolling direction
_—

10 mm

Figure 5. Result of deep drawing of cold-rolled strips. The strips used for cold rolling were cast using
the flat roll. Arrows show cracks. Roll speed was 60 m/min. Roll loads of (a,b) were 3 N/mm and
20 N/mm, respectively.

The cold-rolled strip was bent, and its surfaces and cross sections were observed, as
shown in Figure 6. A crack, which had not been confirmed before bending, occurred on the
outer surface after bending perpendicular to the casting and rolling directions, as shown
in Figure 6a. The strip shown in Figure 6a was bent perpendicular to the width direction,
as shown in Figure 6b. Cracks parallel to the casting and rolling directions occurred. The
cross section near a crack in Figure 6b is shown in Figure 6¢. The crack near the surface
appeared to have been depressed and closed by cold rolling, as shown in Figure 6d. This
closed crack might not have been detectable by penetrant testing. Furthermore, it was not
bonded and might have reopened during deep drawing or bending. At present, it is not
clear at what stage the cracks parallel to the casting and rolling directions formed.

Width direction
: |

o T e—— Crack
c & C ;
= .= ast strip
®

= 5
F2] o~ [
U = Bending

—p- Cold rolled strip
(d)

Figure 6. Bending of cold-rolled and annealed strips. The strip was cast using the flat roll. Roll speed
was 60 m/min. Roll load was 3 N/mm. (a) Bending perpendicular to the casting and cold rolling
direction. (b) Bending perpendicular to width direction of (a,c). Cross section near cracks in (b,d).
Schematic diagram showing crack deformation near the surface after cold rolling.

The strip-width-direction cracks appeared to decrease. These cracks might have been
reduced by the process shown in Figure 7, in which the strip became thinner and longer
during cold rolling. The depth of the width-direction cracks was predicted to decrease,
and their width to increase during cold rolling. Although this may have led to the elimina-
tion of the width-direction cracks, evidence of this process could not be identified in the
present study.
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Figure 7. Schematic diagram showing expected improvement of the cracks in the width direction
after rolling.

A roll-stop experiment was conducted using flat and grooved rolls. The rolls were
stopped, the molten metal between the rolls was allowed to solidify, and the condition of
the solidified metal in contact with the rolls was observed, as shown in Figure 8. When
flat rolls were used, solidified metal adhered at both edges of the metal obtained in the
roll-stop experiment, as shown in Figure 8a. When grooved rolls were used, adhered
solidified metal was not observed, as shown in Figure 8b. Grooves in the casting direction
were present both in areas with adhered metal and in areas without adhered metal. These
grooves may develop into cracks in the casting direction. Moreover, the condition of the
molten or solidifying metal at the nozzle tip might affect crack occurrence. If solidifying
metal forms at the nozzle tip when a flat roll is used, as shown in Figure 9a, a roll with a
finely uneven surface may affect the contact between the molten metal and the nozzle tip
and the formation of solidifying metal, as shown in Figure 9b. Thus, a roll with a finely
uneven surface may eliminate cracks, especially those in the casting direction. To confirm
this, a surface with width-direction grooves was adopted as the finely uneven surface, and
the rolls with width-direction grooves shown in Figure 3 were tested.

Contacting point with tip of nozzle

Solidified and

adhered metal

10 mm

10 mm

(b)

Figure 8. Solidified metal near tip of nozzle after roll-stopping. Roll speed was 60 m/min. Roll load
was 3 N/mm. (a) Flat roll, (b) grooved roll (Figure 3d).
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| (b)
()

Nozzleplate Nozzle plate

Solidified and adhered metal Semi-solid metal
~

Flat surface Finely uneven surface

(a) (b)

Figure 9. Schematic diagram showing behavior of metal near the nozzle tip. (a) Flat roll; metal
solidified and adhered to the nozzle tip. (b) Roll with finely uneven surface; solidified metal did not
adhere to the nozzle tip.

The surfaces of strips cast using the grooved rolls shown in Figure 3 after penetrant
testing are presented in Figure 10. Panels (a,h) in Figure 10 correspond to panels (a-h) in
Figure 3. The roll speed and roll load were set at 60 m/min and 3 N/mm, respectively.
The grooves affected the surfaces of the cast strips, and protrusions formed on the strip
surfaces. The protrusions on the cast-strip surfaces appeared to be affected by the groove
shapes. Cracks such as those in Figure 4 did not occur on the surfaces of the strips cast
using grooved rolls. In Figure 10h, a width-direction crack was observed, but it was not as
severe as those in Figure 4. This crack is indicated by an arrow in Figure 10h. Figure 10
shows that width-direction grooves are effective in eliminating surface cracks. When the
distance between the grooves is large, cracks may occur adjacent to the grooves, as shown
in Figure 10h. Differences among the effects of the groove shapes on the elimination of
surface cracks are not clear from the results shown in Figure 10.

(®) (h)
Casting direction
e

Figure 10. Surfaces of penetrant-tested cast strip cast using grooved rolls. (a-h) match the respective
patterns shown in Figure 3. The arrow indicates a surface crack. Roll speed was 60 m/min. Roll load
was 3 N/mm.
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The solidified and adhered metal shown in Figure 8 was not observed when the
grooved roll was used. The grooves affected the solidification of the molten metal at the
nozzle tip. In Figure 3h, the distance between the grooves was 7 mm, which was greater
than that for the other groove shapes. Assuming that each groove on the rotating roll scoops
away molten metal and thereby prevents solidified metal from adhering, the scraping
frequency was calculated by dividing the roll speed of 60 m/min (1 m/s) by the 7 mm
groove spacing. The resulting frequency was approximately 143 Hz. This frequency may be
sufficient to prevent metal from adhering to the nozzle tip; however, the minimum effective
scraping frequency remains unclear. Moreover, the grooves were predicted to prevent
crack occurrence at the roll bite. Before strip casting using the grooved roll, the grooves
were expected to promote crack occurrence, especially in the width direction. Instead, the
grooves prevented crack occurrence at the roll bite. Deformation of the solidified layer at
the roll bite might have been prevented, and cracks did not occur.

To evaluate the effectiveness of the width-direction grooves, Figure 11 shows the
results of penetrant testing on strips cast using the grooved rolls shown in Figure 3g,h at a
roll load of 20 N/mm. Comparison with Figure 4b, which shows the surface condition of a
strip cast using flat rolls, indicates that crack occurrence was suppressed in the strips shown
in Figure 11. Two types of cracks were present in Figure 11b: casting-direction cracks,
indicated by yellow arrows, and width-direction cracks beside the protrusions, indicated
by black arrows. The cracks beside the protrusions were caused by the grooves. When the
distance between the grooves is large and the roll load increases, casting-direction cracks
may not be eliminated.

5mn’i

(2) (b)
Figure 11. Surfaces of penetrant-tested cast strip cast using grooved rolls. (a,b) match the respective
patterns shown in Figure 3g,h. Red areas indicate surface cracks. The black arrow indicates a crack

beside a protrusion. The yellow arrow indicates a casting direction crack. Roll speed was 60 m/min.
Roll load was 20 N/mm.

Cross sections of strips cast using the grooved rolls are shown in Figure 12. Panels (a)
to (h) in Figure 12 correspond to panels (a) to (h) in Figures 3 and 10. Protrusions formed
on the surfaces of the cast strips, and the shapes of these protrusions were affected by the
groove shapes. The protrusion shapes in Figure 12a,f,g appear to be almost the same as
the roll groove shapes. In Figure 12b—e h, the molten metal appears not to have completely
filled the grooves. In Figure 12, when the groove width, “wg,” and groove-tip angle,
“a,” were small, the molten metal did not fill the grooves. This may indicate that the molten
metal could not enter the grooves, but grooves with arc-shaped tips were filled. These
results suggest that whether the grooves are filled does not affect the occurrence of surface
cracks. The protrusion in Figure 12e was very small, likely indicating that the groove had
very little effect on the molten metal at the nozzle tip. However, the solidified and adhered
metal shown in Figure 8 was not observed in this case. This may mean that the small
groove helped prevent solidifying metal from adhering to the nozzle tip. Crack occurrence
at the roll bite could also be prevented, which may indicate that the small groove prevented
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deformation of the strip surface. As shown in Figure 12h, cracks occurred at the bottom of
the protrusion, but their cause is not clear.

Strip ' s s sl SRR S e ER
(a) (b)

Strip oy

Strip

Strip

(f)

Casting direction

Figure 12. Cross sections of cast strip cast using groove rolls. (a-h) match the respective panels in
Figures 3 and 10. Arrows indicate cracks. Roll speed was 60 m/min. Roll load was 3 N/mm.

Annealing, cold rolling, and penetrant testing were conducted on the strips shown in
Figure 10, and the results are shown in Figure 13. Panels (a) to (h) in Figure 13 correspond
to panels (a) to (h) in Figures 3, 10 and 12.

Traces of the grooves remained after cold rolling, and as the protrusion height in-
creased, the protrusion trace became clearer. Moreover, the distance between the protru-
sions increased during cold rolling. In Figure 13, except for panels (d) and (h), cracks did
not occur during cold rolling. Only in panel (d) did the protrusions cause cracks during
cold rolling, for which there are two possible reasons. First, a crack or weak area may
have been present near a protrusion in the cast strip but may not have been detected in
Figures 10 and 12. Second, the crack may have occurred when the protrusion was com-
pressed during cold rolling. The protrusion in panel (d) was higher than those in the other
panels. Deformation near the base of a protrusion may increase with protrusion height;
therefore, deformation near the base of the protrusion in panel (d) may have been greater
than in the other panels. As a result, a crack occurred only in panel (d). Cracks are visible
in Figure 10h, and the cracks became longer in the width direction in Figure 13h. There
are two possible causes of the cracks shown in panel (h). First, a crack may have formed
during cold rolling. Second, a preexisting fine crack may have enlarged during cold rolling,
as suggested by Figure 12h. The protrusion traces could not be eliminated by cold rolling.

Deep drawing was conducted on the strips shown in Figure 13, and the results are
shown in Figure 14. Panels (a) to (h) in Figure 14 correspond to those in Figures 3 and 13.
In Figure 14a,c,d,h, cracks occurred at the positions of the groove traces.

https:/ /doi.org/10.3390/met16101114


https://doi.org/10.3390/met16101114

Metals 2026, 16, 1114

11 0f 14

Casting and rolling direction
—_—

10 mm

Figure 13. Surfaces of penetrant-tested cold-rolled strips cast using grooved rolls after penetrant
testing. (a—h) Match the respective panels in Figures 10 and 12. Arrows indicate surface cracks
occurring at protrusions on the cast strip. Roll speed was 60 m/min. Roll load was 3 N/mm.

Under conditions other than those shown in Figure 14a,c,d,h, cracks did not occur
along the groove traces. The results shown in Figure 13 suggest a tendency for cracks
to occur along the protrusion traces when the traces remain clear after cold rolling. In
other words, cracks tend to occur along large protrusions. Thus, when the grooves are
large, cracks occur along the protrusions. These cracks originated during cold rolling
rather than during casting, although their positions were associated with the groove traces.
Cracks in the casting direction are shown in Figure 14a,e. When the grooves are too small,
cracks occur in the casting direction; therefore, grooves that are too small will not eliminate
casting-direction cracks. By contrast, the casting-direction cracks originated during roll
casting. When the protrusions are higher than 0.2 mm, cracks occur along the protrusions,
but casting-direction cracks are eliminated. When the protrusions are lower than 0.03 mm,
casting-direction cracks occur, but their number and severity decrease. Ultimately, crack
occurrence is considered to be determined not by the groove width or depth alone but by a
combination of the two. The grooves shown in Figure 3b,f,g are suitable for eliminating
cracks in the groove direction and in the casting and rolling directions in the deep drawn
cups. Traces of the grooves remained after deep drawing. The trace in Figure 14f appears
fainter than those in Figure 14b,g.
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© (d)

Casting and rolling direction —_—
R

Figure 14. Result of deep drawing of cold-rolled strips. Roll speed was 60 m/min. Roll load:
3 N/mm. Black arrows show cracks in the protrusion (groove) direction. Yellow arrow shows cracks
in the casting and cold rolling direction. (a—h) Match the respective panels in Figures 10, 12 and 13.
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Table 3 summarizes whether cracks occurred during each process. Rows (a) to (h)
correspond to panels (a) to (h) in Figure 3.

Table 3. Occurrence of crack at each process.

Groove Roll Casting Cold Rolling Deep Drawing
(a) No crack No crack Crack
(b) No crack No crack No crack
(c) No crack No crack Crack
(d) No crack Crack Crack
(e) No crack No crack Crack
(f) No crack No crack No crack
(8) No crack No crack No crack
(h) Crack Crack Crack

4. Conclusions

(1) Using a high-speed twin-roll caster for aluminum alloy, the effect of eight types of
grooves in the width direction of the roll on preventing cracks was investigated using
cast strips, cold-rolled strips, and cups produced by deep drawing. The strips were
cast at a roll speed of 60 m/min and a roll load of 3 N/mm.

(2) In the cast strip, there were two areas where cracks occurred: the nozzle tip and the
roll bite.

(3) Protrusions were formed on the cast strip by using grooved rolls. The protrusion size
was affected by the groove size.

(4) When the groove width and depth were 0.4 and 0.1 mm, respectively, the protrusion
height was less than 0.03 mm. This condition did not prevent cracks at the nozzle tip
but helped prevent cracks at the roll bite, indicating that this groove may be too small.

(5) When the groove width and depth were 0.7 and 0.3 mm, respectively, the protrusion
height was greater than 0.2 mm. This condition helped prevent cracks at both the
nozzle tip and the roll bite. However, cracks occurred along the protrusions, indicating
that this groove may be too large.

(6) The protrusion traces became less distinct after cold rolling when the protrusions were
smaller; however, they could not be completely eliminated.

(7) The appropriate groove shapes were determined based on the deep drawing results.
Traces of the grooves remained after deep drawing.
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