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no. | heat treatment - single or two-stage | description | ,
f#1 |24w121°Cc- | single - - | current KLM practice, as
4 L R o ' | specified by military spec.
#2 | 3.25h/121 °C+3.250/162 °C - | two-stage =~ . | ’old’ KLM practice, also
: : “ PR L found in Nock and Wool
| : o (1947) '
#3 | 40/96 °C+8h/157 °C - | two-stage - | found in Fink et al (1945)

1. Ihtroduction

When the aluminium alloy 7075-T6 sheet is used to repair stringer or frames, and

- consequently has to be cold formed, the blank receives a solution heat treatment, is bended

and age hardened to reach the T62 temper. Up to 1990 KLM Royal Dutch Airlines used a

short two-stage hardening treatment (i.e., 3.25h at 121°C followed by 3.25h at 162°C) as
the age hardening process. The military spemﬁcatlon MIL-H-6088G only specifies a 24h

smgle-stage process at 121°C. Thls long process is not preferable from a malntenance point
of view. :

This report describes some literature on which the previously used short tWo-stageptoceSs

" is based and the results of tensile, hardness and conductivity tests on 7075-T6 clad sheet

material in four conditions: as delivered by the manufacturer, a treatment with the specified

‘single-stage process and two two-stage treatments. The aim is to extend the data base for a

p0351b1e certlﬁcatlon of one of the two-stage heat treatments

The several heat treatments that are mentioned in this report are summarized in Table 1.

Treatment #1 in this table is the specified process. Treatment #2 is the actual previously
used two-stage process, which was also found in Nock and Wool (1947). Treatment #3 is

‘also a two-stage process already described in old literature and used by other airlines.

Table 1. Heat treatments mentioned in the present report

and used by other airlines

_The alumxmum alloy 7075 was 1ntroduced as 7SS by ALCOA in 1944 The W-temper of .

the alloy naturally ages for a year or more, this in contrast with 2024 which reaches its

~ maximum strength within four days. The 7075 alloy has to be artificially aged. Due to this
. heat treatment the strength (and consequently the hardness) of the material increases up to

the maximum value at the T6 temper. When the aging process is continued the T73

~ overaged condition with a lower strength is reached. The conductivity of the material is
- . different for the W-, T6 and T76-temper as is indicated in Figure 1. With the conduct1v1ty

of the material it can be determined whether a material which is not at the max1mum
strength level (T6) is in the overaged or in the underaged condltlon ’
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Figure 1. Conductxvnty-hardness relatlonshlp for heat-trcatable alumlmum alloys ' in different tempers (DC-IO
Structural Repau' Manual) :

Old 11terature (ka et al., 1945) quoted by Altenpohl (1965) shows that shortly after the
introduction of the alloy a temperature treatment of - 121°C (250°F) .for 24h was
recommended and that a treatment at 135°C (275°F) at 12h occasionally was used to
shorten the cycle. This practice was changed because the 24h treatment did not show
enough formability for the dimpling process. A slight improvement of the formability was
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vrs also specrﬁed 1n MIL H-6088 (for plate matenal onIy)

’ka et al state that also another optron 1s‘ possrble progressrve aging,’ wrthout' coohng
_,_down the' sheet after each step Progresswe aglng is done at 200 ’250 and 315 °F for 4h at
s ‘each temperature._ ; ’- o S

.'They also show that the tensrle strength of the smgle stage treatment is sllghtly hlgher and
-the* y1eld stress shghtly lower; than the . two-stage hardened matenal For 7075-T6 clad,
' t—l 0 mm 1n L drrectron the va.lues grven 1n Table 2 were obtamed‘ e

“ka et'al.’ cla1m that accelerated corroswn tests revealed that the corrosmn resrstance of
the two-stage aged matenals is equal or better than the. s1ngle-stage aged. 7075-T6. (This
1nd1cates that the two-stage aged material i is'in the overaged condrtron) They only reported
negatrve effect is a reduction of the. tensrle strength ‘of the two-stage aged alloy after cold -
work (7 MPa lower for each percent permanent ‘strain). ThlS is especrally relevant for parts
formed by a kmd of stretchlng operatron F or bended parts tlus effect wrll be very local./ '

Table 2. Literature data.

Nk&wn Fink ;| Nock&Wooll | Fink ' | Nock&Wooll

treatment l_';'_

H1. |
’_24h/121°;3. :
anooce |-
: 8h/1579c,',>,
‘#3 fREt e B
,,3h/121°c‘,

"'3h/163°C Nl




.«-:..Nock and Wooll of ALCOA state in an arhcle of 1947 that the rwo-stage mterruptea’ ks

:  hardening is the standard procedure (4h/99°C+ 8h/1 57°C)' But they present another option S
.. because this practlce has the dlsadvantage that it takes more time than a smgle 8h sh1ft per .l
' day! Their shortened procedure is: 3h at 121°C (250°F), coolmg to about room temperature

- (100°F) then 3h at 163 °C (325°F). This corresponds approximately to the prevrously used
“KLM procedure that -was used for so many years. For both stages KLM used a time of .

" ’'.3.25h instead of 3h. Nock and WOOH did not find an influence of the time between the two e
| e ;'Steps at room temperature L5 ’ LR e D B "-”'>‘, ’ e .:‘ f;“”’ s e

b }'Nock and Wooll present tensrle test results of a companson between the two two-stage
“hardening' procedures carried out on three lots of .7075-T6 bare and clad' (t—l 6 mm). The . -

‘ results for the clad. matenal m L- drrectron are compxled in. Table 2 (the mean value of,fv G

v three batches is taken)

i shorter; treatment. Nick and ' Wooll also, state that the ‘only’ drsadvantage of the two-stage

-‘ when the sheet is cold worked after quenchmg

at l35°C These results are shown in Frgure 2.

, Y Ry rhzr?-;
, Warmaw/mrlmy:dm/a' (76'0°C)
. .S?ufe) S

o ;‘ The ﬁrst stage at‘ of 2 to 4h at 135°C '1s close to the treatment #2 Whlch is the prevrously e

Ehi Accelerated corrosron tests revealed better corrosron and stress corrosron propertres for the e

BT process compared with'the single. stage 24h process 1s the reductron in the tensrle strength‘-= s

l =

Altenpohl (1965) states that the short two-stage hardemng process is only used for cold‘,'f s
: formed products; not. for forgrngs, extrusions and hot rolled sheets. He also gives: results S
- "of ALUSUISSE with a variation of the’ second stage at 160°C after a ﬁrst stage of 2 to 4h/’_,§j £

© used KLM process, and also . found ‘in, Nock “and” Wool. Altenpohl indicates that the -

e strength’ drops as'a consequence of the second stage. ‘The second stage at,160°C (as in the
’old’- KLM procedure) has to be between 2.to 4h, because. for. longer penods the strength

'_'i!drop is unacceptable As can be seen m the ﬁgure a second stage of 2h glves a tensrle :




' strength of 61 kp/mm?’ (598 MPa) and at 4h 60 kp/mm? (588 MPa)

“The test results in the present report have to be judged in the light of the minimum values
on A- and B-basis specified by MIL-HDBK-5F for 7075-T6 clad sheet with a thickness of

2 mm (0.08 inch) as given in Table 3. MIL-6088G specifies that for 7075 the conductivity

- must be between 30.5 and 36.0 %IACS and the minimum required hardness is 84 HRb. -

Table 3. Design mechanical pfoperties @f_ 7075-T6 clad given by MILY-HDB’K-'SF

basis | F,, (MPa) | F, (MPa) |e (%)

{A . |L 510 (L 455 |L = -
LT "517 LT 441 |LT 9

B |L 530 |L 475 |-
LT 530 |LT 462 |-




2 Expenmental detalls

"-2A1 Solutlon heat treatment L "

The requrred temperature for a solutron heat treatment must’ be w1thm the range grven by'.-' S
. military specification MIL-H-6088G: 460-499°C (860- -930°F). The: specrﬁed time in an air - .
.7 furnace for 2 mm (0.08 inch) sheet is: a minimum of 25 and a maximum of 35 rmnutes T
. The current KLM procedure M16 glves a temperature range of 475-485 °C.- P
il For the present program ‘on 2 mm sheet a temperature of 460 to 471 °C durmg 35 mmutes","’” o
RS :1n an air fumace was chosen SR - ; : SR N

T j,The nommal solutron heat treatment ternperature was 465 °C The mlmmum recorded';""f.';'

Sits jtemperature of maxrmal 37 °C after quenchmg

s 2 5 Age ha’de“'"g

Szngle stage ’The followmg temperature range is specrfied by MIL-H 6088G 116 127°C;/
e _(240 260°F) for 24h The current KLM-practrce 24h at 121 °C was used SRR

e The solutron heat treatment was. carned out in an a1r fumace All agmg heat treatments

L1 were performed in oil- baths (Shell “Thermia A).’ 'The 'heat treatments were carried out.
: 05 accordmg to MIL-H- 6088G Temperatures were measured with: thermocouples attached to - |
the specimens and were recorded as functron of time. The size of the Al 7075-T6 clad t=2 -
‘.. mm sheet matenal was 200x300 mm From each sheet 14 tensrle specrmens could be
',l_;".'mrlled e L PETEX : SE

The four hardenmg procedures as shown in Table l were applred

5 '*'f-."i-j:':#l The specrﬁed pro : edure 24h at 121°C (the rmmmal recorded temperature measured o
vw1th a thermocouple attached to the speclmen was 120°C the maxrmum 121°C) o

DR vv,_'#2 The old’ two-stage hardemng procedure as. was used by KLM 3 25h at 121°C thenf?j R
Lo i 3.25hat 162°C. For the first step the recorded temperatures were between 120 and 123°C _: By
R *,:"}"for the second one between 162 and 164°C A i R A

et #3 The ’long two-stage hardemng procedure glven by the hterature of 1945/47 4h at 96 -
.-+ .°C, then 8h at 157°C. For the first step the recorded temperatures were’ between 95 and s
f97°C for the second one between 156 and 159°C 2R L e ey e ! :

e A variant on #2 usmg a lower temperature in the ﬁrst step 3. 25h at 96 °C followed by' P

. 325hat 162 °C (this freatment was tested by mistake, but is close to a process found in the "
. literature). For the first step the recorded temperatures were. between 96 and 98 °C for the : {
S second one between 162 and 164°C R RN s U Cae




Also tests were carned out on the matenal as was dehvered in the Té6-temper by the

manufacturer

Al materials were tested both in L- and LT-direction. All L-specimens were from the same

batch, while all LT-specimens were also from the same batch but a different one as the L-

- specimens. The tensile tests were carried out with the computerized Zwick 2-tons machine
. on tensile specimens according to ASTM B557 M-84. For each heat treatment 14.
- specimens were tested. The specimen dimensions are shown in Figure 3. .

Erg—t——r
| . R I | -M-

Figure 3.’ Specimen geometry (W——125 mm, L=150 mm, R—125 mm, C—20mm, B=35 mm, A=60 mm. The
gauge length for the elongation measurements was 50 mm). ‘ ’

~ Also Rockwell hardness HRb tests were performed on a Wilson Rockwell Hardness Tester
Model B524T. Conductivity measurements were performed using a Forster Sigmatest
~+.Model :2.067. The hardness and conductivity tests were done on samples after an etching
. process to remove the clad layers. Five hardness and three conductivity measurements were

~ performed evenly dlstnbuted in the length dlrectlon of a strip of 300 x 30 mm sheet
material.




faveraged values of the hardness and conductrvrty measurements in Table 4. The results of |

"";,"the pairs of hardness and’ conduct1v1ty measurements are plotted in Flgure 4, together wnh e
" the -boundaries ‘as specrﬁed by MIL-H-6088." ‘The results. for the two-stage processes are -

. -.?'normahzed usrng the smgle stage results as a reference ThJs comparlson is grven m Table SR

,/As can be concluded from Table 4 the drfference between the as dehvered materlal and SRS

. the materials which received a heat treatment is equal to the difference between the single = -

“ and the two- stage processes (4%). The long two-stage heat treatment #3 - gave the best "

. ,-,J'propertles of the two-stage processes Only a dlfference of 2 to 3% relatlve to a smgle RN
R ?,stage treatment was found o By G : POESLACE

;'_f,,'As can be concluded from the conductxvrty measurements, the two-stage processes cause a ) e
f, somewhat overaged condrtlon relatlve to. the smgle stage treatment RS E L

asCaanisTC |




heat
treatment

Table 4. Test results

#0
as delivered

#1
24h/121°C

4
3.25h/121
°C+3.25h/
162 °C)

#3
4h/96°C+8h/
157°C

#4 '
3.25h/96°C+
3.250/162
OC )




bt T able 5,,T§st }ésu'ltsy'va‘ith ’iﬁe" smgle s“t'ay‘gé'p;roc;fe,ss’ as a 're”fe;eﬁpé

heat -

treatment LT |

as delivered

#1 |
24h/121°C

#2 U
3.250/121
0C+3. 25h/
162°C

#3
1 57°C

44

°c:.

3. 25h/96°C+
3. 25h/ 162 .

4h/96°C+8h/ IR IS PN e




-4 Discussion and conclusions

1. The 24h single-stage process according to MIL-H-6088 causes a 3 to 4% lower tensﬂe

- strength than the as dehvered 7075-T6 material.

2. The 1945/47 and 1965 hterature based on ALCOA-data shows that the long two-stage
process (4h/96°C+8h/157°C) was the regular process in these days. The two-stage processes -
result in equal (stress) corrosion properties and a somewhat better formablhty, ‘which
indicates an overaged condition.

3, Present test results showed that the two- stage processes give 2 to 4 % lower tensile

strengths than the single-stage process. This slightly lower stength is consistent with the
literature data. The long two-stage process, which is specified in the Metals Handbook for

. plate material (4h/96°C+8h/157°C) is slightly better than the previously used KLM-process

(3.25W/121 °C+3.25h/162 °C). However, both processes lead to hardness and conduct1v1ty

values within the spec1ﬁed limits of MIL-H-6088.

4, The tested two-stage processes resulted in a slightly overaged condition. The literature

'shows that for the long two-stage aging process an equal strength can be obtained as for
~ the s1ngle-stage process This mlght be due to a somewhat shorter second stage

-13-
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~ Appendix

- Table Al. As delivered, L-direction.

specimen

0-1
0-2 -

0-3
0-4
0-5

0-6

0-7




specimen |

klm1 001"

200 |

kim10_02 -

1’;1'm‘1 0,03

200 |

kim10_04.

Kim10_05

1249 -

S124

klm10_06

199

| s12.s

13524 0

199 -

| 1‘2‘.‘”5 1+

| s0s e

1343 0 00

klm10_08

19974

112515

5754

1532500

klm10_09

577.1

| 514

kim10_10

198

12517

5764

5093

[

kim10_ 11"

1987

-12.49

S5

1 1329 L

kim1012.

198

5789 -

095+

1331

kim10_.13

1403 s

kKim10 14

L99 -

<5105




~ Table A3. Single stage hardened (24h/121 °C), L-direction

specimen

2-1
2-2
2-3
2-4

2-5
2-6
2-7
2-8
2-9
2-10

2-11
2-12

2-13

2-14
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it Table A4 Smgle stagehardened (24h/121 ’ C),LT-dlrecuOn 1 S

Specimﬁifw b (mm) | o,

i

Kml 01 200 [1250 |
Kiml1 02 - [200 |1249 |
Klm1 03 - 199 | 12.50 ol
1249 |
1256 |
| 1249 |
s |
elas2 f
|12 ]

B BVE
1283




* Table AS. Long two-stage hardening (4h/96 °C+8h/157 °C), L-direction

specimen

& (50mm) (%)

6-1

11.12

1170

12.82

12.44

12.13

11.90

12.02

12.89

12.64

12.17

11.32

12.14

12.16 ~

-19-
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specimen | |

Kim7.01. | 201~ |1250 "~ [5417 "0

4813

Km7_ 02 .| 2.00 .0 | 1251, [543 -} 4874.0 | 1167 L0
Km7:03. |2.01 | 1249 -|'5405 ..|4813 . & . [1331, .
Kim7_04 - | 20100 [ 12510 [ 5400 .. .| 4826 .. | 12220 . .
KIm7.05.. [ 2.00~ | 1250 . |542.7 . [4849. " .| 11.87 .. i
km7.06. 201, | 1248 5384 Jao7 ot
Kim7.07 | 2,00 ... [12.48 [539.9 . | 4812 .. .| 1166 "
Km?7.08 - | 200 . - | 12.50°. |:539.0 | 4821 . . 1195 .. -
Kim7_09 - [2.00 .| 1248 . [537.8 .. | 4808+ | 1112 oo
Kim7.10 .| 2.00 .| 1250|5370 4772 . |1139. 0o
Kim7:11 . |2.00 - .| 12.50. | 537.0 . | 482.9 .0 ..[ 1133 0.
Km7/12 (2,00 - [1249.0 | 5382 .. [4817 . |1213 . o
Km7.13|2.00 .| 1248% 5411 4821 .| 1LS1

' 8 Cioal 105

Kim7-14" |




 Table A7. T ning A (3.250/96 °C+3.25h/162 °C), L-direction




Cp L

- Table A8TW0'5tage hafdemng(325h/121°c+325h/162 °C), L- dll'ectlon

specimen ‘.

t (mm) ;

b (mm) | g,

kimé6_01.

1248

475.5.. 0

6 (SOmm) (%) I
210 |-

kim6_02 .

199

1250

1215 0 00

klm6_03

2,000 )

lr2‘. 49 ‘1 S

152310

4718

1190 1

KIm6_04 -

201

1250

[5205

47110

klm6_05 "

1248

5239 -

474370

s

klm6-06.

2017

5209

4712

Kim6_07 -

4735 .

Klm6_08' -

12,510

5200

Kim6_09 -

2.00 -

1250 2

5280

47800

13200 o

klm6_10

2010 0

52

a2

1225 R

kim6_11 -

13.06 .

kKim6 12 -

2020

12.50 ;‘("':’ : f-A

519.9 0.

466.0°.": i

12330000

khﬁs_ig, o

2025

: 1248 ‘/f'; /"f'.

466.7

12500

1340

st




© Table A9. Two-stage hardening (3.25/121 °C+3.25W/162 °C), LT-direction-

specimen [ t (mm) | b (mm) g, (MPa) 002 (MPa) 6 (50mm) (%)
klm5_01 | 1.99 12.50 5343 | 4738 13.43 J
kim5_02 .| 1.98 1250 | 538.3 479.5 | 12.48

kim5_03' | 2.00 12.48 533.7 4730 12.31

kim5_04 |2.00 12.50 534.5 4768 = | 11.86

klm5_05 | 2.01 12.50 5331|4724 | 1247

Klm5_ 06 |2.00  |12.49 5315 | 4752 11227 |
klm5_07 | 2.00 12.47 535.0 474.6 12.50 J
Kim5_08 | 2.01 12.51 5302 | 4704 12.64

klm5_09 | 2.00 12.47 5329 472.2 | 12.58

Klm5_10 | 2.00 12.50 531.7 | 4747 12.61

kim5_11 |2.00. | 1247 530.5 471.8 11.95

Kim5_12- | 2.00 1251|5288 470.3 13.08

klm5_12 | 2.00 1247  |5284 | 4681 12.77

kim5_13 [ 1.99 12.50 529.8 4705 11.98

Kim5_14 | 1.99 12.50 510.0 393.3 11.46
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