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©  Disclosed  are  a  method  for  manufacturing  an  aluminum  alloy  sheet  for  use  in  body  panel  material,  and  the 
aluminum  alloy  sheet  manufactured  by  this  method.  The  method  of  the  present  invention  having  the  steps  of 
obtaining  an  ingot  by  casting  a  melted  aluminum  alloy  whose  Mg  content  is  4  to  10  wt%,  and  whose  contents  of 
Fe,  Mn,  Cr,  Ti,  and  Zr  are  restricted  to  the  value  f  satisfying  the  following  equation  I,  and  the  rest  of  which  is 
balanced  up  with  A*,  obtaining  a  rolled  sheet  by  applying  a  cold  rolling  treatment  to  the  ingot  at  a  cold  reduction 
R  satisfying  the  following  equation  II,  after  the  ingot  is  subjected  to  a  hot  rolling  treatment,  subjecting  the  rolled 
sheet  to  a  final  annealing  treatment  including  the  processes  of  raising  the  temperature  to  450  to  550  °  C  at  a  rate 
of  100°C/min  or  more,  and  being  kept  at  the  attained  temperature  for  300  second  or  less,  and  obtaining  an 
aluminum  alloy  sheet  by  subjecting  the  rolled  sheet  to  a  cooling  treatment  at  a  cooling  rate  of  100°C/min  or 
more. 

0.4  wt%   ̂ f   ̂ 1  .5  wt%  (I) 

O   wherein,  f  =  [Fe]  +  1  .1  [Mn]  +  1  .1  [Cr]  +  3[Ti]  +  3[Zr], 
t_  [Fe],  [Mn],  [Cr],  [Ti],  and  [Zr]  represent  the  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr,  respectively,  in  terms  of 
00  percentages  by  weight. 
CO 
©  -log(f-0.2)  +  8   ̂ R   ̂ -60  log(f-0.2)  +  50  (II) 
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The  present  invention  relates  to  a  method  of  manufacturing  an  aluminum  alloy  sheet  for  use  in  body 
panel  material  for  automobile  and  the  like,  and  to  the  aluminum  alloy  sheet  manufactured  by  this  method. 
More  particularly,  the  present  invention  is  concerned  with  an  aluminum  alloy  sheet  capable  for  recycling 
and  excellent  in  formability  such  as  deep  drawing  and  bulging. 

5  Recently,  for  the  purpose  of  environmental  protection  and  reducing  fuel  consumption,  light-weight 
structural  materials  have  been  demanded.  In  particular,  endeavor  to  develop  light-weight  automobile  parts, 
which  have  been  conventionally  formed  of  mild  steel  sheet,  is  aggressively  in  proceed.  In  an  attempt,  an 
aluminum  alloy  sheet  has  started  to  be  used  for  automobile  parts,  automotive  wheel  parts,  and  structural 
materials  such  as  a  constructional  material. 

io  The  aluminum  alloy  sheet  used  as  the  structural  material  is  required  to  be  excellent  in  all  properties 
including  strength,  formability,  and  corrosion  resistance.  For  this  reason,  an  AI-Mg  alloy  being  well- 
balanced  in  the  above-mentioned  properties,  is  generally  used. 

However,  the  conventional  aluminum  alloy  sheet  is  inferior  in  formability  due  to  poor  ductility  compared 
to  a  mild  steel  sheet.  The  poor  ductility  is  caused  by  the  presence  of  a  coarse  intermetallic  compound  in 

75  the  aluminum  alloy  sheet.  Attempts  have  been  made  to  improve  the  ductility  by  increasing  the  purity  of  the 
alloy  metal  matrix  or  subjecting  an  aluminum  alloy,  whose  Mg  content  has  been  increased,  to  an  annealing 
treatment  at  high  temperature  so  as  to  decrease  the  content  of  the  coarse  intermetallic  compound.  It  is 
expected  that  any  of  these  attempts  are  inevitably  increase  manufacturing  cost,  causing  significant 
problems  when  the  attempts  are  put  into  practice. 

20  An  aluminum  material  is  easily  recyclable  as  well  as  light-weight.  However,  the  recycling  produces 
contamination  with  impurities,  namely,  elements  other  than  the  alloy  elements.  The  coarse  intermetallic 
compound  derived  from  the  impurities  present  in  the  alloy  metal  matrix  decreases  the  ductility,  leading  to 
poor  formability. 

With  increasing  the  constituent  particles  by  recycling,  precipitates  and  recrystallization  are  facilitated, 
25  with  the  result  that  the  grain  size  decreases.  When  the  grain  size  of  the  aluminum  alloy  sheet  decreases, 

ductility  and  formability  deteriorate.  Further,  with  decreasing  grain  size,  the  Ruders  line  frequently  appears, 
affecting  the  appearance  of  the  aluminum  alloy  sheet. 

Then,  in  order  to  increase  the  grain  size,  a  method  is  employed  involving  application  of  a  cold  rolling 
treatment  to  the  aluminum  alloy  at  a  relatively  small  cold  reduction  to  lower  the  driving  force  of  the 

30  recrystallization.  On  the  other  hand,  when  the  grain  size  is  excessively  large,  ductility  and  formability  also 
deteriorate,  forming  an  orange  peel  on  the  aluminum  alloy  sheet.  Accordingly,  to  realize  the  material 
excellent  in  ductility  and  formability  having  good  appearance  after  sheet  formation,  it  is  necessary  to  select 
an  appropriate  cold  reduction. 

The  present  invention  has  been  made  based  on  the  above  mentioned  circumstances.  The  object  of  the 
35  present  invention  is  to  provide  an  aluminum  alloy  sheet  excellent  in  ductility  and  formability  maintaining  a 

good  appearance  after  sheet  formation. 
The  present  inventors  have  found  that  by  selecting  an  appropriate  cold  reduction  in  accordance  with  an 

increased  amount  of  the  impurities,  the  grain  size  can  be  adjusted,  and  sufficient  ductility  can  be  achieved, 
thereby  improving  the  formability.  Based  on  the  above  novel  findings,  the  present  invention  has  been 

40  achieved. 
To  be  more  specific,  the  present  invention  provides  a  method  for  manufacturing  an  aluminum  alloy 

sheet  for  use  in  body  panel  material,  comprising  the  steps  of:  obtaining  an  ingot  by  casting  a  melted 
aluminum  alloy  whose  Mg  content  is  4  to  10  wt%,  and  whose  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr  are 
restricted  to  the  value  f  satisfying  the  following  equation  I,  and  the  rest  of  which  is  balanced  up  with  A*; 

45  obtaining  a  rolled  sheet  by  applying  a  cold  rolling  treatment  to  the  ingot  at  a  cold  reduction  R  satisfying  the 
following  equation  II,  after  the  ingot  is  subjected  to  a  hot  rolling  treatment;  subjecting  the  rolled  sheet  to  a 
final  annealing  treatment  including  the  processes  of  raising  the  temperature  to  450  to  550  °C  at  a  rate  of 
100°C/min  or  more,  and  being  kept  at  the  attained  temperature  for  300  second  or  less;  and  obtaining  an 
aluminum  alloy  sheet  by  subjecting  the  rolled  sheet  to  a  cooling  treatment  at  a  cooling  rate  of  100°C/min  or 

50  more. 

0.4  wt%   ̂ f   ̂ 1  .5  wt%  (I) 

wherein,  f  =  [Fe]  +  1.1[Mn]  +  1.1[Cr]  +  3[Ti]  +  3[Zr], 
55  [Fe],  [Mn],  [Cr],  [Ti],  and  [Zr]  represent  the  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr,  respectively,  in  terms  of 

percentages  by  weight. 

-Iog(f-0.2)  +  8   ̂ R   ̂ -60  log(f-0.2)  +  50  (II) 
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In  the  above-mentioned  method,  to  adjust  the  cold  reduction  R  within  the  above-mentioned  range,  a 
process  annealing  treatment  is  appropriately  performed  in  the  middle  course  of  the  processing. 

Further,  the  present  invention  provides  an  aluminum  alloy  sheet  for  use  in  body  panel  material,  having  a 
5  grain  size  of  20  to  80  urn  and  obtained  by  restricting  the  Mg  content  to  4  to  10  wt%  and  the  contents  of  Fe, 

Mn,  Cr,  Ti,  and  Zr  to  the  value  f  satisfying  the  following  equation  I,  and  balancing  the  rest  with  A*; 

0.4  wt%   ̂ f   ̂ 1  .5  wt%  (I) 

70  wherein,  f  =  [Fe]  +  1  .1  [Mn]  +  1  .1  [Cr]  +  3[Ti]  +  3[Zr], 
[Fe],  [Mn],  [Cr],  [Ti],  and  [Zr]  represent  the  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr,  respectively,  in  terms  of 

percentages  by  weight. 
Further,  in  the  present  invention,  Cu  may  be  added  to  the  aluminum  alloy  in  an  amount  of  0.5  wt%  or 

less. 
75  This  invention  can  be  more  fully  understood  from  the  following  detailed  description  when  taken  in 

conjunction  with  the  accompanying  drawings,  in  which: 
FIG.  1  is  a  graph  showing  the  relationship  between  Fe  equivalent  in  the  aluminum  alloy  and  the  cold 
reduction. 

Hereinafter  the  reasons  for  restricting  the  alloy  component  as  described  above  in  the  present  invention 
20  will  be  described. 

Mg  is  an  important  element  to  increase  the  strength  and  the  ductility,  as  well  as  to  improve  the 
formability  of  an  aluminum  alloy  sheet.  The  Mg  content  should  be  restricted  to  4  to  10  wt%.  If  the  Mg 
content  is  less  than  4  wt%,  the  formability  would  not  be  sufficiently  improved,  and  if  Mg  is  added  in  excess 
of  10  wt%,  the  improvement  proportional  to  the  content  increase  would  not  be  observed.  High  Mg  content 

25  inevitably  raises  manufacturing  cost.  As  a  result,  difficulties  are  encountered  when  the  aluminum  sheet  is 
industrially  manufactured. 

Cu  is  an  element  to  increase  the  strength  and  the  ductility  of  an  aluminum  alloy  sheet  in  the  same  way 
as  Mg. 

The  Cu  content  should  be  0.5  wt%  or  less.  If  the  Cu  content  exceeds  0.5  wt%,  the  corrosion  resistance 
30  and  the  casting  ability  as  well  as  the  hot  rolling  processability  of  the  aluminum  alloy  sheet  would 

deteriorate.  As  a  result,  it  will  be  very  difficult  to  produce  the  aluminum  alloy  sheet  industrially. 
Fe,  Mn,  Cr,  Zr,  and  Ti  are  effective  to  form  fine  crystal  grains  at  the  time  of  recrystallization.  However,  if 

they  are  present  in  the  aluminum  alloy  in  a  large  amount,  corrosion  resistance,  toughness,  and  formability 
would  deteriorate.  Hence,  it  is  preferred  that  Fe  be  contained  in  an  amount  of  1.0  wt%  or  less,  Mn  in  an 

35  amount  of  1  .0  wt%  or  less,  Cr  in  an  amount  of  0.3  wt%  or  less,  Ti  in  an  amount  of  0.2%  or  less,  and  Zr  in 
an  amount  of  0.3%  or  less. 

These  five  elements  were  specifically  evaluated  on  their  refinement  using  Fe  as  a  criterion.  As  a  result, 
it  was  found  that  Mn  and  Cr  was  1.1  times  more  effective  than  Fe  in  the  refinement,  and  that  Ti  and  Zr  were 
3  times  more  effective  than  Fe.  If  the  ability  of  Mn,  Cr,  Ti,  and  Zr  to  form  fine-grained  crystal  are  expressed 

40  in  terms  of  Fe  equivalent,  the  effect  of  each  element  may  be  indicated  thus:  1.1  [Mn],  1.1  [Cr],  3[Ti],  and  3- 
[Zr].  [Mn],  [Cr],  [Ti],  and  [Zr]  are  the  contents  (wt%)  of  Mn,  Cr,  Ti,  and  Zr,  respectively. 

Therefore,  the  effect  provided  by  the  mixture  of  all  elements  present  in  the  impurities  on  the  refinement 
can  be  expressed  by  the  total  of  the  Fe  equivalent  of  each  elements  as  shown  in  the  following: 

45  f  =  [Fe]  +  1.1[Mn]  +  1.1[Cr]  +  3[Ti]  +  3[Zr] 

In  the  present  invention,  f  should  be  restricted  to  satisfy  0.4  wt%   ̂ f   ̂ 1.5  wt%.  If  the  f  value  is  less 
than  0.4  wt%,  the  manufacturing  cost  would  be  high,  and  if  the  f  value  exceeds  1.5  wt%,  corrosion 
resistance,  toughness,  and  formability  of  the  aluminum  alloy  sheet  would  deteriorate. 

50  When  the  aluminum  alloy  is  recycled,  the  Si  contamination  level  does  not  change  as  much  as  Fe. 
Hence,  we  will  not  refer  to  Si  herein,  but  the  Si  content  should  be  suppressed  to  an  amount  of  0.5  wt%  or 
less  from  the  formability  viewpoint.  In  the  AI-Mg  alloy  of  the  present  invention,  B,  Be  and  mish  metal  are 
added  so  as  to  improve  the  refinement,  castability,  and  the  like.  As  long  as  B,  Be  and  mish  metal  are  added 
in  an  amount  of  0.1  wt%  or  less,  0.2  wt%  or  less,  and  0.2  wt%  or  less,  respectively,  the  effect  of  the 

55  present  invention  would  not  be  prevented. 
Hereinbelow,  the  manufacturing  steps  will  be  described. 
In  the  aluminum  alloy  sheet  of  the  present  invention,  the  formability  does  not  deteriorate  even  if 

amounts  of  the  elements  of  impurities  increase  as  long  as  the  grain  size  is  within  the  range  20  to  80  urn.  If 
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the  grain  size  is  less  than  20  urn,  the  ductility  and  the  formability  of  the  aluminum  alloy  sheet  would 
deteriorate  and  Ruders  line  would  be  generated.  On  the  other  hand,  if  the  grain  size  is  in  excess  of  80  urn, 
the  formability  would  also  deteriorate,  forming  an  orange  peel  on  the  aluminum  alloy  sheet. 

In  order  to  obtain  the  above-mentioned  aluminum  alloy  sheet,  the  following  steps  are  required. 
5  The  cold  reduction  R  (%)  in  the  cold  rolling  treatment  performed  after  subjecting  an  ingot  satisfying  the 

above-mentioned  equation  I  to  the  hot  rolling  treatment  should  be  within  the  range  defined  by  the  following 
equation  II. 

-Iog(f-0.2)  +  8   ̂ R   ̂ -60  log(f-0.2)  +  50  (II) 
10 

When  the  cold  reduction  R  is  less  than  a  minimum  value  defined  by  equation  II,  the  recrystallization  of 
the  aluminum  alloy  becomes  slow,  thereby  growing  the  coarse  crystal  grain  and  increasing  the  grain  size 
beyond  80  urn.  On  the  other  hand,  when  the  cold  reduction  R  exceeds  a  maximum  value  defined  by 
equation  II,  the  recrystallization  of  the  aluminum  alloy  is  facilitated.  As  a  result,  the  grain  size  reduces 

is  excessively  to  less  than  20  urn.  It  is  not  desirable.  Then,  in  order  to  adjust  the  cold  reduction  R  within  the 
above-mentioned  range,  a  process  annealing  treatment  is  performed  in  the  middle  course  of  the  processing. 

In  the  final  annealing  treatment,  the  aluminum  alloy  is  heated  up  at  a  rate  of  100°C/min  or  more  to  450 
to  550  °  C,  and  is  kept  at  the  attained  temperature  for  300  seconds  or  less.  If  the  annealing  temperature  is 
less  than  450  °C,  recrystallization  proceeds  preferentially  in  a  specific  orientation,  with  the  result  that  the 

20  obtained  crystal  is  undesirably  high  in  regards  to  the  degree  of  anisotrophy.  On  the  other  hand,  if  the 
annealing  temperature  exceeds  550  °  C,  the  coarse  recrystallized  grain  grows  undesirably. 

In  the  final  annealing  treatment,  the  heating  rate  should  be  set  to  100°C/min  or  more.  If  the  heating  rate 
is  less  than  100°C,  the  recrystallization  proceeds  preferentially  in  a  specific  orientation,  with  the  result  that 
the  obtained  crystal  undesirably  high  in  regards  to  the  degree  of  anisotrophy. 

25  In  the  final  annealing  treatment,  the  aluminum  alloy  should  be  kept  at  the  attained  temperature  in  the 
tempering  treatment  for  300  sec.  or  less.  If  the  annealing  time  exceeds  300  sec,  the  coarse  grain  would  be 
readily  generated. 

In  the  final  annealing  treatment,  the  cooling  rate  should  be  set  to  100°C/min  or  more.  If  the  cooling  rate 
is  less  than  100°C,  Ruders  line  would  be  readily  generated. 

30  Hereinbelow,  the  present  invention  will  be  described  in  detail. 
Various  types  of  aluminum  alloys  having  compositions  indicated  in  Table  1  were  subjected  to  cast  by 

the  direct  chill  casting  process  to  form  ingots  having  a  thickness  of  100  mm,  a  width  of  300  mm,  and  a 
height  of  250  mm.  The  ingot,  after  both  sides  entire  surface  thereof  was  facing-worked  in  a  depth  of  each  of 
10  mm,  was  subjected  to  the  hot  rolling  treatment  to  form  hot  rolled  sheets  of  5  mm  in  thickness.  Then,  a 

35  final  cold  rolling  was  applied  to  the  hot  rolled  sheet  at  a  cold  reduction  indicated  in  Table  2.  Thereafter,  the 
cold  rolled  sheet  was  subjected  to  a  final  annealing  treatment  under  a  condition  shown  in  the  following 
Table  2  so  as  to  form  aluminum  alloy  sheets  of  1  mm  in  thickness.  To  some  of  the  hot  rolled  sheets,  the 
process  annealing  treatment  was  appropriately  applied  at  360  °  C  for  2  hours  in  the  middle  of  the  cold  rolling 
process.  In  Table  2,  the  range  of  an  adaptable  cold  reduction  used  in  the  final  cold  rolling  treatment  is 

40  shown.  The  range  was  calculated  from  the  composition  shown  in  Table  1. 
The  grain  size  of  aluminum  alloy  sheets  was  measured  by  means  of  an  intercept  method.  Then,  tension 

test  pieces  defined  by  the  Japanese  Industrial  Standard  (JIS)  No.  5  were  prepared  from  the  aluminum  alloy 
sheets.  The  tension  test  was  performed  at  a  tensile  rate  of  10  mm/min.  As  a  result,  ultimate  tensile  strength, 
yield  tensile  strength,  and  elongation  were  determined,  and  finally  the  ductility  was  evaluated. 

45  Further,  the  formability  was  evaluated  by  testing  stretch  forming  and  draw  forming.  The  results  are 
shown  in  Table  3.  Stretch  forming  test  was  performed  by  measuring  the  height  of  stretch  forming  by  use  of 
a  punch  having  a  spherical  head  of  50  mmf  As  the  height  of  stretch  forming  is  desirably  18  mm  or  more. 
Draw  forming  test  was  performed  by  measuring  the  depth  of  the  draw  forming  by  use  of  a  punch  having  a 
circular  head  of  50  mm<#>  at  a  draw  ratio  of  2.2.  The  depth  of  draw  forming  is  desirably  13  mm  or  more. 

50  Stretch  forming  test  and  draw  forming  test  were  performed  under  a  lubricating  condition  using  an  anti- 
corrosive  oil  having  a  viscosity  of  5  cSt.  The  change  in  appearance  depending  on  the  grain  size  was 
evaluated  by  observing  the  appearance  after  the  aluminum  alloy  sheet  was  formed.  The  results  of  the 
change  in  appearance  are  shown  in  Table  3. 

As  is  apparent  from  Table  3,  in  examples  of  the  present  invention,  the  aluminum  alloy  sheet  whose  the 
55  grain  size  has  the  diameter  range  of  20  to  80  urn  exhibits  satisfactory  results  in  the  ductility,  the  formability, 

and  the  appearance  after  sheet  formation  (see  FIG.  1)  In  contrast,  in  comparative  examples,  any  of 
aluminum  alloy  sheets  whose  the  grain  size  has  a  diameter  out  of  the  range  of  20  to  80  urn  do  not  exhibit 
satisfactory  ductility,  formability,  and  appearance  after  sheet  formation. 
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From  the  foregoing,  according  to  the  method  for  manufacturing  the  aluminum  alloy  sheet  of  the  present 
invention,  the  aluminum  alloy  sheet  satisfying  all  properties  including  ductility,  formability,  and  the  appear- 
ance  after  the  sheet  formation  can  be  efficiently  obtained  as  long  as  the  manufacturing  is  performed  within 
the  range  of  the  present  invention  even  if  impurities  are  increased  by  recycling. 

Furthermore,  according  to  the  present  invention,  even  if  impurities  is  increased  by  recycling  as  long  as 
the  final  cold  reduction  is  appropriately  selected,  the  aluminum  alloy  sheet  for  use  in  a  body  panel  material 
excellent  in  the  appearance  after  sheet  formation  can  be  obtained.  Therefore,  the  present  invention  provides 
industrially  prominent  effect. 
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1.  A  method  for  manufacturing  an  aluminum  alloy  sheet  for  use  in  body  panel  material,  comprising  the 
steps  of: 
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obtaining  an  ingot  by  casting  a  melted  aluminum  alloy  whose  Mg  content  is  4  to  10  wt%,  and 
whose  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr  are  restricted  to  the  value  f  satisfying  the  following  equation  I, 
and  the  rest  of  which  is  balanced  up  with  A*; 

obtaining  a  rolled  sheet  by  applying  a  cold  rolling  treatment  to  the  ingot  at  a  cold  rolling  rate  R 
5  satisfying  the  following  equation  II,  after  said  ingot  is  subjected  to  a  hot  rolling  treatment; 

subjecting  said  rolled  sheet  to  a  final  annealing  treatment  including  the  processes  of  raising  the 
temperature  to  450  to  550  °C  at  a  rate  of  100°C/min  or  more,  and  being  kept  at  the  attained 
temperature  for  300  second  or  less;  and 

obtaining  an  aluminum  alloy  sheet  by  subjecting  said  rolled  sheet  to  a  cooling  treatment  at  a 
io  cooling  rate  of  100  °  C/min  or  more. 

0.4  wt%   ̂ f   ̂ 1  .5  wt%  (I) 

wherein,  f  =  [Fe]  +  1.1[Mn]  +  1.1[Cr]  +  3[Ti]  +  3[Zr], 
is  [Fe],  [Mn],  [Cr],  [Ti],  and  [Zr]  represent  the  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr,  respectively,  in 

terms  of  percentages  by  weight. 

-Iog(f-0.2)  +  8   ̂ R   ̂ -60  log(f-0.2)  +  50  (II) 

20 
2.  The  method  according  to  claim  1  ,  characterized  in  that  the  rolled  sheet  after  said  hot  rolling  treatment 

is  subjected  to  a  process  annealing  treatment  in  the  middle  of  the  cold  rolling  process. 

3.  The  method  according  to  claim  1  ,  characterized  in  that  said  aluminum  alloy  contains  Cu  in  an  amount 
25  of  0.5  wt%  or  less. 

4.  The  method  according  to  claim  1  ,  characterized  in  that  said  aluminum  alloy  is  restricted  to  contain  Fe 
in  an  amount  of  1  .0  wt%  or  less,  Mn  in  an  amount  of  1  .0  wt%  or  less,  Cr  in  an  amount  of  0.3  wt%  or 
less,  Ti  in  an  amount  of  0.2%  or  less,  and  Zr  in  an  amount  of  0.3%  or  less. 

30 
5.  The  method  according  to  claim  1  ,  characterized  in  that  said  aluminum  alloy  is  restricted  to  contain  Si  in 

an  amount  of  0.5  wt%  or  less. 

6.  An  aluminum  alloy  sheet  for  use  in  body  panel  material,  having  a  crystal  grain  of  20  to  80  urn  in 
35  diameter,  and  formed  by  an  aluminum  alloy  whose  Mg  content  is  4  to  10  wt%,  and  whose  contents  of 

Fe,  Mn,  Cr,  Ti,  and  Zr  is  restricted  to  the  value  f  satisfying  the  following  equation  I,  and  balancing  the 
rest  with  Al  ; 

0.4  wt%   ̂ f   ̂ 1  .5  wt%  (I) 
40 

wherein,  f  =  [Fe]  +  1.1[Mn]  +  1.1[Cr]  +  3[Ti]  +  3[Zr], 
[Fe],  [Mn],  [Cr],  [Ti],  and  [Zr]  represent  the  contents  of  Fe,  Mn,  Cr,  Ti,  and  Zr,  respectively,  in 

terms  of  percentages  by  weight. 

45  7.  The  aluminum  alloy  sheet  according  to  claim  6,  characterized  in  that  said  aluminum  alloy  contains  Cu 
in  an  amount  of  0.5%  or  less. 

8.  The  aluminium  alloy  sheet  according  to  claim  6,  characterized  in  that  said  aluminum  alloy  is  restricted 
to  contain  Fe  in  an  amount  of  1  .0  wt%  or  less,  Mn  in  an  amount  of  1  .0  wt%  or  less,  Cr  in  an  amount  of 

50  0.3  wt%  or  less,  Ti  in  an  amount  of  0.2%  or  less,  and  Zr  in  an  amount  of  0.3%  or  less. 

9.  The  aluminium  alloy  sheet  according  to  claim  6,  characterized  in  that  said  aluminum  alloy  is  restricted 
to  contain  Si  in  an  amount  of  0.5  wt%  or  less. 
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