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ALUMINUM ALLOYS - PHYSICALAND MECHANICAL PROPERTIES

DEVELOPMEN冒 OF∴F¦NE-GRA¦NED 7O75-O SHEE冒∴FOR AIRCRAF冒

TAPER_ROLLED STR工NGER

冒・ Uno芸プ H・ Yoshida芸 and Y. Baba芸
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Fine-grained 7075-O shee七s for aircr.af七

七aper-r.O¦1ed s七r`ingers have been deve¦oped.

甲he new ma七erial exhibi七s fine grain size

(40〃m) and no grairi gr.ow七h af七er s¦igh七

COld-reduc七ion followed by solu七ion
七r‘ea七men七〇 Because of the fine grain size,

七he new ma七er`ia¦ exhibi七s exce¦1en七 proper〇

七ies compared wi七h coarse-gr‘ained ma七er.ial

(200#m) fabI-ica七ed by conven七iona¦ prlOCeSS.

冒he new ma七erial is now massproduced and

applied to 七aper-rO¦1ed s七ringers for the

la七es七 eivil transpor`七S.

エN曹RODUC曹工ON

The pur.pose of this paper. is to describe the develop-

men七 of fine-grained 7075-O shee七 coi¦ s七ocks for

aircraf七 七aper.-r.Olled s七ringers. 冒he fuselage of civi¦

七ranspor七s is composed Qf s七ringers, frames and skin

Shee七s. 冒he s七ringer is a s七ruc七ural beam in the

¦ongi七udinal dir.ec七ion of the fuselage. 冒he s七ringer

WaS fabrica七ed fI.Om 7075 alloy ex七r.usions up to this

七ime. Wi七h increasing tendency of weigh七 saving,

Shee七-fabrica七ed 七aper-rO¦¦ed s七r.inger.s whose thickness

Vary in the longi七udinal direc七ion of the fuselage weI.e

developed and app¦ied to pr`aC七ical use.

エn the fabrica七ion of the taper-rOl¦ed s七ringer.,

7075-O shee七s ar‘e taPer.一r`Olled, SOlu七ionlZed, Wa七er-

quenched, r.O¦1-formed and aged to 曹6 te皿per. 7075

alloy shee七s fabrica七ed by a conven七ional process have

SOme PrOblems in applica七ion for the taper-rOI1ed

ii∴曹echnical Research Labora七or.ies of Sumi七omo Ligh七

Me七al エnd. L七d., Nagoya, Japan
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s七r’inger‘, tha七isプ CI.aCking in the rol¦ forming, and

七he decrease of fr`aC七ure tOughness and fa七igue

S七reng七h.

冒hese pr‘Oblems of the conven七ional ma七erial are due七o

coarse grain size (-200#m) and marked gI-ain growth

(_300〃m) af七er the sユigh七 taper-rO¦1ing reduc七ion(10-

30%) fol¦owed by the solu七ion trea七men七・

Al七hough many inves七igations (1)-(3) on grain

¦.efinemen七in 7000 series alloys have been car‘ried ou七,

fine-grained 7075-O shee七 coi¦ s七ocks which exhibi七 no

grain grow七h af七er the sligh七 cold-reduc七ion followed

by the solu七ion tr‘ea七men七 have no七 been deve¦oped ye七・

曹he pr.esen七 s七udy was carr.ied ou七 七o develop the new

fabI.ica七ion process of 7075-O shee七 coil s七ocks for the

taper-rOlled s七ringer`.

GRA工N REF工NEMEN冒

Exper.imen七a¦ PrOCedur‘e

A 6mm thick 7075 al¦oy p¦a七e produced by a

COnVen七iona¦ pr.ocess was used for all of gr`ain
refinemen七 tes七s described in this paper. 曹he chemical

COmPOSi七ion of the a¦¦oy is presen七ed in Table l.

Fig.1 shows a ther.momechanica¦ process for grain

refinemen七● inves七iga七ed in this s七udy compared wi七h a

COnVen七ional fabrica七ion pr‘OCeSS∴for 7075-O shee七 coil

S七OCks. The hew process includes defo.rma七ion, raPid-

hea七 annealing and low tempera七ure r.e-annealing.s七eps.

The plate was cold-rlOlled by O -80湾, hea七ed 七o

recrys七a¦1iza七ion tempera七ure be七ween 680K and 760K a七

七he hea七ing ra七e of 8-7×103K/ks, amealed for 30-

2400s and cooled a七the ra七e of 8-1・6×104K/ks

曹hese annealed shee七s were re-annea¦ed a七 475-725K

for. 3.6ks and sIowly cooled a七the r‘a七e Of 8K/ks.

曹he re-annealed shee七s were processed ’ according

七o the fabrica七ion process for taper-rOl¦ed s七ringer as

TABLE l-Chemical composition of test alloy (mass%).

Si Fe Cu Mn Mg Cr Zn Ti Al

0.09 0.19 1.63 0.01 2.65 0.21 5.6 0.02 bal.
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ALUMINUM ALLOYS - PHYSICALAND MECHANICAL PROPERT!ES

TABLE 2-Fabrication process for taper-rO11ed stringer.

(1) Mat。rial : 7075-O Sh。。t (3̃4t脇x15脇×10物

(2) Taper Rolling : Cold Ro11ing by Oへ80%

(3) Solution Treatment : 733へ772Kx2.4Ks÷WQ・

(4) Roll For皿ing

(5) Joggling

(6) Aging : 393Kx86.4Ks

Shown in 曹able 2. The solu七ion trea七men七 of the alloy

WaS Carried ou七 by rapid hea七ing using a sa¦七
ba七h. Grain size measuremen七s and 冒EM observa七ions

Were Carried ou七 at the-main s七age of the fab¦.ica七ion

PrOCeSS for. 7075-O shee七s and taper-r.Ol¦ed s七ringers.

Exper.imen七a¦ Resul七s

Fig.2 shows the effect of cold r.educ七ion before the

rapid-hea七 annealing on the recrys七allized gr‘ain size

Of 7075 a¦1oy. 曹he gr‘ain size becomes fine wi七h

increasing the cold reduc七ion. Fine grain size smaller

七han 6〔恒m can be ob七ained by the cold I-educ七ion higher

七han 30男.

Fig.3 shows 七he effe6七 of hea七ing ra七es in the

firs七 s七ep annealing on the r.ecrys七allized grain size

Of 7O75 alloy. 曹he grain size is much inf¦uenced by

七he hea七ing r.a七e in r‘eCryS七alliza七ion process. The

fine gI-ain size sma¦1er. than 60#m Can be ob七ained a七

七he hea七ing ra七e of
7 x lO2 K/ks or over.・

On the

亡on七rar.y, the coarse graln Size (-1804‘m) is ob七ained in

‘七he case of sIow hea七ing ra七e (8K/ks) similar to tha七、

Of the conven七ional pI.OCeSS.

冒able 3 shows七he ’effec七 of annealing condi七ions in

七he firs七 s七ep annealing on the recrys七al¦ized gr`ain

Size of 7075 alloy.. 曹he fine gr.ain size sma¦1er. than

60〃m Can be ob七ained by the r.apid-hea七 annealing a七

七empera七ure higher than 700K regardless of the

annealing七ime.

冒he effect of cooling r.a七es af七er the rapid-hea七

annea¦ing on the gr‘ain size of 7075 alloy was

5。‰∴ rapi。¦y h黒岩諾¦黒3P謹言)W宝器書芸擢
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ALUMINUM ALLOYS - PHYSICAL AND MECHANICAL PROPERTIES

and cooled to room tempera七ur‘e a七the ra七e of 8-1.6
×

104K/ks.嘗he grain size was fine (-40#m) and unchanged

I.egardless of the cooling ra七e・

However'ブ there exis七ed a problem on the grain

grow七h of the sIowly coo¦ed a¦¦oy af七er the s¦igh七
cold

reduc七ion fol¦owed by the so¦u七ion tr`ea七ment・

TABLE 3-Effect of annealing conditions on grain size

of 7075 alloy cold-rOlled by 50%, raPid-

heated (3.3×1疎/Ks) 七〇 680̃760K for 30̃

2400s and quenched.

Annealing Annealing Time (s)

Temp.(K) 30 60 180 300 600 1200 2400

0

0

0

0

0

8

0

2

4

6

6

7

7

7

7

0

0

0

0

5

7

4

4

4

3

0

0

0

〇
.
〇

9

5

4

3

3

0

0

0

0

5

6

4

4

4

3

0

5

5

0

0

6

4

3

3

3

0

0

5

5

0

6

4

3

3

3

0

0

5

0

0

6

4

3

3

3

0

0

5

0

0

.
6

4

3

3

3

TABLE 4-Effect of cooling rate on grain size of 7075

alloy taper-rOlled by O-80%, SOlutionized at

750K for 2Ks and quenched.

Cooling Rate Reduction of Taper Ro11ing (%)

(K/Ks) 0 10 20 30 50 80

8

0

0

0

0

0

0

6

8

0

0

0

0

1

4

6

2

0

0

1

3

8

61
〇
患
獲

0

0

0

5

5

0

0

3

3

3

2

2

3

2

5

5

5

0

0

0

0

3

3

3

3

3

3

3

0

5

0

0

5

5

5

6

5

6

4

3

3

3

0

0

0

0

0

0

5

8

8

5

6

4

4

3

1

1

1

0

0

0

0

5

5

5

4

4

4

4

3

3

3

5

5

5
・

5

"
○
○

5

5

3

3

3

3

3

3

3
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ALUMINUM ALLOYS - PHYSICAL AND MECHANICAL PROPERTIES

曹able 4 shows the effec七 of the coo¦ing ra七e on the

r.ecrys七allized grain size of 7O75 alloy af七er 七he taper.

rolling fol¦owed by the solu七ion trea七men七.

Even if the grain. size of 七he s¦owly cooled a¦1oy

WaS fine, mar.ked grain gr`OW七h occur.es af七er 20% taper

rol¦ing followed by the solu七ion tr`ea七men七. On the

O七her hand, the. rapidly cooled.alloy ( 〉1600K/ks)
exhibi七s fine gr.a¦n SIZe and no gra¦n gr.OW七h af七er.七he

S¦igh七 taper∴∴rOlling fol¦owed by the solu七ion
七r.ea七men七・ As men七ioned above,七he rapid cooling af七er

the rapid hea七ing is effec七ive to keep the grain size

fine af七er‘七he taper rolling followed by the solu七ion

七rea七men七.

However, the rapidly coo¦ed 7075 alloy does no七

Sa七isfy mechanical pr.oper七y limi七s for annealed sheet

S七OCks because i七 age-har‘dens a七 r.oom tempera七ur.e・

MoI.eOVer., the taper. rolling workabili七y of 七he

age-hardened al¦oy is no七 sufficien七 for the

fabrica七ion of the taper.-rO¦¦ed s七ringer ・

Consequen七¦y) r.e-annealing is I.equiI.ed af七er the rapid

COOling to con七rol mechanical proper七ies and to impr.ove

七he taper rolling wor‘kabili七y.

TABLE 5-Effect of re-armealing temp. on gram size

Of 7075 a11oy taper-rO11ed by O-80%, SOlutionized.

at 750K for 2Ks and quenched.

Re-annealing Reduction of Taper Ro11ing (%)

Te皿p.(K) 0 10 20 30 50 80

0

5

5

0

に
J
 
O

5

5

○
○

O

7

2

5

7

0

2

7

2

3

4

5

5

5

6

6

6

7

0

0

0

0

5

5

5

5

0

3

4

3

4

3

4

3

3

4

0

0

5

5

5

5

5

5

0

3

3

3

3

3

3

3

3

3

5

5

0

0

5

5

0

5

5

1

1

2

2

2

2

3

2

2

6

0

6

0

5

0

5

5

0

2

3

2

3

3

3

3

3

3

5

5

5

0

0

5

5

5

一
」
U

弱
4
0
4
0
4
0
4
0
4
5
脚
1
 
8
0
脚



ALUMINUM ALLOYS - PHYSICAL AND MECHANiCAL PROPERTIES

Fig.4 shows the effec七 of the re-annealing

七emper.a七ure on the mechanical proper七ies and the gr‘ain

size of rapid¦y cooled 7075 alloy・ The re-annea¦ing a七

七empera七ure higher. than 550K is r.equired t6 sa七isfy

mechanica¦ proper七y limi七s for 7075-O shee七s・ 冒he

gr‘ain size is a¦mos七 cons七an七 regar‘d¦ess of the r.e-

annealing tempera七ure ・

冒he re-annea¦ed shee七 was taper-rOlled and

st)1u七ionized a七 750K for 2ks. 曹able 5 shows the effec七

of the’ re-annealing tempera七ure and the taper-rOlling

reduc七ion on the r.ecr.ys七allized grain sIZe Of

SO¦u七ionized 7075 alloy.

曹he fine grain size can be ob七ained in 七he a¦¦oy

r.e-annealed a七temperla七ur lower七han 600K.

On the o七her. hand, mar.ked grain gr.ow七h occures in the

alloy re二annealed at te皿pera七ure higher‘ than 625K af七er`

20% taper∴∴rOlling followed by the solu七ion
trea七men七.

Consequen七ly, the r.e-annea¦ing at 550-600K is

requir.ed af七er the r.apid c9O¦ing for. the grain

refinemen七 and the i皿proved taper. ro¦1ing wor‘kabili七y・

曹o summerize tes七 r.esul七s, fine-gr.aind 7075-O

Shee七s which exhibi七 no grain grow七h af七er the s¦igh七

COld-r.educ七ion followed by the solu七ion 七rea七men七 can

be ob七ained by七he ther.momechanical process as shown in

Fig.5.

Discussion

The mechanism of 七he g富ain I.efinemen七 in the

fabrica七ion pr.ocess is discussed in 七he following.

fine-grained 7075-O shee七 can be ob七ained by

SPeCial two-S七ep annealing process which inc¦udes

r.apid-hea七 annealing and the low temper.a七ure

annealing.

W
 
e
 
e
 
e
一

e
 
h
 
h
 
h
 
e

n
 
T
一
七
・
℃
∴
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工n the firs七 s七ep of the annealing process, COld-

r.o¦¦ed shee七s ar`e r‘aPidly hea七ed to so¦u七ion

七empera七ur‘e and r.ecrys七allized・ 工n a¦uminum al¦oys, i七

is genera¦¦y accep七ed that recrys七a¦1ized grain size

becomes′ fine wi七h incr.easing hea七ing ra七e. Wer七 e七

al(4)-(5) repor七ed simillar resul七s for 7075 alloy.

曹herefore, the fine recr`yS七allized grain ob七ained in

七he fir.s七 s七ep of the new pr.ocess is due to the rapid-

heat annea¦ing.

エn the second s七ep, ∴raPidly hea七ed shee七s are re-
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ALUMINUM ALLOYS葛PHYSICALAND MECHANICAL PROPERTIES.

annea¦ed a七 r.ela七ive¦y low tempera七ure to con七r.ol

mechanical proper‘七ies. Even if the original grain size

af七er‘ the first s七ep annea¦ing was∴fine, the grain size

af七er the sligh七 cold-reduc七ion fo¦1owed by the

SOlu七ion 七rea七men七 is much influenced by the re-

annea¦ing tempera七ur‘e.

Pho七o.1 shows 冒EM s七r.uc七ur.es of 7075 alloy af七er.

七he second s七ep annea¦ing" 工n the case of high

七emper.a七ur‘e r.e-annealing (675K) , 1arge second-Phase

Par七icles (-1#m) iden七ified as AICuMgZn phase and MgZn2

phase, and small par七icles (0.1-0.2#m) iden七ified as E

phase (AL8M観3Cr2 ) are obser.ved. Large par七ic¦es

PreCipi七a七e during annealing a七 high tempera七ur.e and

SIow coo¦ing.

E phase precipi七a七es during homogenizing and ho七

WOr.king of a ingo七.

工n the case of low temperature re-annealing (575K),

Sma¦¦ second-Phase par七icles(0・1-0.2〃m) and E pヰase are

Observed.

According to previous investiga七ions (6)-(9), 七he

recrys七alliza七ion process of alloys con七aining second-

Phase par七ic¦es is known to be much influenced by the

Size and the dispersion of par七icles. Dispersions of

large par七ides accelerate ¦.eCryS七a¦1iza七ion r.a七es by

七he increase of nuclea七ion si七es for‘ reCryStallizing

gr‘ains. On the o七her hand, dispeI`Sions of smal¦

Par‘七icles decrease recrys七alliza七ion ra七es by in七erfer‘二

ing wi七h 七he for.ma七ion of recrys七allization nuclei and

by r.e七ar.ding the growth of∴r‘eCryS七alliza七ioh grains.

Pho七o.2 shows 七he TEM s七ructure of∴re-annealed 7075

alloy after cold reductions by 2O% and 50% followed by

the solution trea七ment. 工n the al¦oy cold上r‘Olled by

20%,七he alloy r`e-annealed at 575K don'七I.eCr.yS七al¦ize

due to the dispersion of s皿a¦1 par七icles and exhibi七s

fine gr.ain size, While the a¦1oy re-annealed a七 675K

recrys七al¦izes co皿p¦e七ely and exhibi七s marked grain

gr‘OW七h as shown in 冒ab¦e 5, due to the low cold-

deforma七ion befor‘e the solu七ion tr.ea七men七.

On 七he o七her. hand, the a¦1oy cold-rOlled by 50%

rleCryS七a¦¦izes co皿ple七ely regardless of the r.e-

annea¦ing temper.a七ur.e and exhibi七s fine grain size as

Shown in 嘗able 5.

According七o the r‘eSul七s men七ioned above) the cause

Of grain refinemen七in the new pI.OCeSS Can be exp¦ained
as follows. エn the firs七 s七ep annea¦ing, fine
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r‘eCr`yS七a¦1ized gr.ains are ob七ained by the r'aPid-hea七

annealing・ 工n the second s七ep re-annealing, the al¦oy

shee七s ar‘e rle-annealed at low tempera七ur.e to

precipi七a七e fine second-Phase par‘七icles which re七ar‘d

七he grow七h of recrys七allized grains・ 曹her`efoI.e, the

fine-grained alloy re-annealed a七low tempera七ur.e donI七

recrys七allize after the s¦igh七 cold reduc七ion fo¦1owed

by the solu七ion trea七men七・ Consequen七ly, the fine

gr.ain size produced by 七he rapid-hea七 annea¦ing is

main七ained to the fina¦ s七age of the fabr.ica七ion

PrOCeSS foI. the taPer.-I.Olled s七r.inger・

工n the case of the conven七ional¦y pr.ocessed a¦¦oy

and the sIowly cooled al¦oy af七er the r.apid-hea七

annealing in the new proces.s, 冒EM s七r.uc七ures of

annealed shee七s are simi¦ar 七o tha七 of the re-annealed

alloy at high temper`a七ur.e (675K) as shown in Pho七o.1.

Marked gI.ain grow七h occur‘eS in these al¦oys af七er

七he sligh七 cold-r‘educ七ion (20%) followed by the

SOlu七ion trea七men七. .曹he cause of marked grain grow七h

Of the al¦oys can be explained in a si皿ilar way of

七hinking 七o tha七 of 七he r‘e-annealed alloy a七 high

七empera七ure ・(675K) in the new process.

PROPER冒工ES OF NEW MA冒ER工AL

冒o evalua七e the pr.oper七ies of fine-grained 7075

alloy, 4mm thick 7075-O shee七 coil s七ocks were pr‘Oduced

by 七he new pr‘OCeSS. 冒he rapid-hea七 annea¦ing in the

new process was carried ou七 by the use of a con七inuous

annealing fur.nace.

曹able 6 shows the mechapical proper七ies and the

grain sIZe Of new ma七erial compared wi七h the
COnVen七iona¦ one.

皿e new ma七erial exhibi七s fine grain size (40A!m),

While the conven七ional one exhibi七s coarse gr.ain size

(180l`m).

Fig・6 shows the effec七 of taper ro¦1ing reduction

On the recrys七allized grain size of the a¦¦oy af七er the

COld r.educ七ion fo¦1owed by the solu七ion trea七men七. The

new ma七erial exhibits fine grain size (-50 #m)

regardless of the co¦d reduc七ion.

On the o七her hand, the conven七iona¦ ma七erial

exhibi七s no七 only coar.se grain size (180/`m) bu七 also

皿ar.ked grain growth (-300〃m) af七er the sligh七 cold-

I.educ七ion fo¦1owed by the solu七ion trea七men七.

378



十
十
十
享
十
十
十
十
十
十
十
十
十
古
宇

ALUMINUM ALLOYS - PHYSICAL AND MECHANICAL PROPERTIES

Formabili七y of new ma七er.ia¦ was evalua七ed by a bend

七es七. 冒he tes七 was car.ried ou七 within l.8ks af七er 七he

COld-reduc七ion fo¦1owed by the solu七ion 七rea七men七.

Fig.7 shows the effec七 of cold I.educ七ion on 90Obend

r.adius of the alloy af七er the cold r.educ七ion followed

by the solu七ion trea七men七. Because of the fine gr.ain

SIZe, the new ma七er.ial exhibi七s superior fo±.mabili七y

COmPared wi七h the conven七ional one・

Fabrica七ion tes七s for. taper`-rOl¦ed s七ringer wer.e

Car‘ried ou七 by the use of the new ma七eria¦・ As the

new ma七erial exhibi七s fine grain size and excellen七

formabi¦i七y, ther‘e eXis七ed no problems in the

fabr‘ica七ion process.

冒he new ma七erial is now mass-PrOduced and applied

七o the prac七ical use foI. the taper‘-r‘Ol¦ed s七ringer. of

七he la七es七 civil 七ranspor.ts.

S UMMAR曹

A new ther.momechanica¦ pr‘OCeSS for the grain

r‘efinemen七 of 7075 alloy for‘ aircr.af七 七aper.一rOlled

S七r.inger` has been deve¦oped・ 冒he new process in this

S七udy has 七wo s七eps, tha七is, the rapid-hea七 annealing

and the ¦ow temper.a七ure r.e-annea¦ing. 工n the fir.s七

S七eP, COld-r.Olled alloY/ is rapid¦y hea七ed to the

SOlu七ion tempera七ure to ob七ain 七he fine recrystallized

gr‘ain.

工n 七he second s七ep, the alloy is annealed a七

rela七ively low temperla七ure tO Pr.eVen七 the gI.ain gr‘OW七h

af七er. 七he sligh七 cold-reduc七ion followed by the
SOlu七ion trea七men七・ According to the.new pr‘OCeSS,

fine-grained 7075-O shee七 coi¦ s七ocks can be ob七ained.

The new ma七er`ial exhibi七s fine gr‘ain size and no

grain grow七h af七er the sligh七 cold-reduc七ion fol¦owed

by the solu七ion trea七men七・ Because of the fine gr.ain

SIZe, the new ma七erial exhibi七s excellen七 pr‘OPer七ies

for taper-rOl¦ed stringer.s compared wi七h 七he coar.se-

gr‘ained ma七er.ial fabriCa七ed by the conven七ional

Pr`OCeSS・ As the new ma七er‘ial exhibi七s optimum

Pr‘OPer.七ies for. taper.-r.Olled s七ringers’ i七is now mass-

Pr.Oduced and app¦ied to 七he ¦a七es七 civil 七ranspor七s.
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TABLE 6-Mechanical properties and grain size of 7075-O

sheet fabricated by new and conventional process

Process

T.S. Y.S. EL Grain size.

(MPa) (MPa) (%) “m)

New 233 118 20 40

Conventiona1 225 ’ユ10 19 180
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Fig. 2 Effect of cold reduction on grain size of 7075 alloy cold-

rolled by Oへ80%, raPid-heated (3.3×103K/Ks) t6 740K for
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Fig. 5 Recommended annealing process for fine grained 7075-O

sheet

(1) 575K re-annealing

Photo. 1 TEM structure of 7075 alloy cold-rOlled by 50%, raPid-

heated (3.3×103K/Ks) to 740K for 300s, raPid-COOled (6.6

×103K/Ks) and re-annealed for 3.6Ks
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575K re-annealing

鎧二王豊里霊山

675K re-annealing

(1) 20% cold reduction

(2) 50% cold reduction

Photo. 2 TEM structure of 7075 a11oy cold-rO11ed by 50%, raPid-

heated (3・3xpO3K/Ks) to 740K for. 300s, raPid-COOled

(6.6×103K/Ks), re-amealed for 3.6Ks, COld-rOlled by 20%

and 50% and solutionized at 750K for 2Ks
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