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FOREWORD

This report was prepared by the Metals Group of the Research Organization
of Rocketdyne, a Division of North'American Rockwell Corporation, in com-
pliance with Contract No. N00019-69-C-0339, Naval Air Systems Command, U.S.
Navy, covering the pericd from 1 April 1969 through 31 March 1970. The

contract monitor was Mr. R. Schmidt.

The principal investigetor was Dr. A. J. Jacobs with Dr. R. P. Frohmberg
providing technical supervision., Helpful discussions held with Dr. W. T.
Chandler and the experimental assistance provided by Messrs. G. E. Dyer

and d. G. Hayes are gratefully acknowledged.
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ABSTRACT
Yield strengths e -2eding 70,000 psi, coupled with stress-corrosion
times-to~-failuie in excess of 30 days (at applied stresses of 75%
of yleld), were obtai ' oy a two-step oversging/press forging
operation., These prcpart’ =s were achieved in the center of blocks
that were 3 to 4 inches thick before reductions of 10 to 20%.
Longitudinal reductions were found to produce improvements in short
transverse yield strength varying frow 10,500 to 13,400 psi. Such
results typified the strong dependence of mechanical properties on
working direction noted in this study. Exploratory heat treatments
incorporating several departures from standard practice gave en-

couraging results in another phase of the program.
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INTRODUCTION

The objective of earlier Rocketdyne programs with the Nuval Air
Systems Command was to determine the mechanism of stress-corrosion
cracking in ‘{075 and related aluminum alloys (Ref. 1 and 2). The
objective of the present and immediately preceding programs (Ref. 3)
is to apply the knowledge and improved understanding of the stress-
corrosicn mechanism so gained to the optimization of properties of
these alloys. Optimization in the case of TOT5 is meant to include
the yield strength of the -T6 temper (at least 70,000 psi) and the
stress-corrosion resistance of the-T73 temper (at least a 30-day
lifetime in an alternate immersion test under a= applied stress of
45,000 psi). The methods for achieving an optimum combination of
properties ipvolve thermal-mechanical treatments employing conventional

mill equipment.

It {8 well known that the age hardening of aluminum alloys is essociated
with a decrease in stress-corrosion resistance. The mechanistic phase

of the earlier programs (Ref. 1 and 2) showed that this decrease is WOSt
pronounced when the eging is accelerated by a prior mechanical treatment.
Furthermore, it has been shown that age hardening is more detrimentel to
stress-corrosion resistance than is strain hardening. It has become clear
that a certain amount of atrain hardening is required if an optimum com-

bination of strength and stress-corrosion resistance is tc ke achieved.




Strain hardening is most beneficial when carried out subsequent to
all aging operations and on well overaged material., Performed in
this manner, the strain hardening does not induce additional aging,
such as it does in an underaged condition (relative to -T6), in -T6

itself, or in a slightly overaged condition (relative to -T5).

The mechanistic studies (Ref. 2) disclosed an important correlation
between (Mgzne) particle size (d), yield 3trengt§ (Cg), and stress-
corrosion time-to-failure (tf). If 7075-T6 is overaged for increasing
times, t, up to t=10 hours at 350 F, d and tf increase rapidly while
C%;decreaSes rapidly. From t=10 to t=210 hours, the rates of increase
and of decrease in O, are much more gradual, Thus a critical

f J
)
particle size (~ 85A) is associated with the -T73 condition (10 hours at

in d and %

350 F) , and further aging of the -T73 effects little additional improve-

ment in the stress-corrosion resistance.

The present program consists of two parts. The first is an exploratory
heat treatment of 7075 alloy that incorporates several departures from
standard practice: a natural aging period prior to artificial aging ebove
the G.P. zone solwie temperature; slow heating to the artificial aging
temperature; and interruption of artificial aging. Nicholson and co-
wvorkers {Ref. 4 and 5) have shown that each of these procedures csn affect

the concentration and distribution of vacant lattice sites, which in turn

=T T - - T —— = ————r - - T

-8




control the homogeneous nucleation of precipitates within the grains

and the width of the precipitate-free zone (PFZ) adjucent to the grain
boundaries, Precipitate and PFZ characteristics are tied in with the
stress-corrosion mechanism. In a program conducted for NASA (Ref. 6),

a direct connection was demonstrated between the supersaturated vacancy
concentration and stress-corrosion susceptibility. .uenched-and-aged
specimens of TO7T5 alloy, which contalned the lowest concentration of
quenched-in vacancies, performed significantly better in stresa-corrosion
tests than specimens of higher vacancy concentration. The aging treatments
in the exploratory heat treatment were terminated after the MgZn, particle
size had reached a critical value (09852), as measured by x-ray line

broadening techniques.

In the second part of the present program, various heat treated conditions
including 7075-T6 and -T73 were press forged to increesse strength, and
post-forging heat treatments were conducted in some cases to improve
stress~corrosion resistance. The material for press forging was derived
from rolled plate or hand forgings. The effectiveness of the foregoing
thermal-mechanical treatments wag determined from tensile and alternate

immersion tests.




EXPERIMENTAL PROCEDURE

MATERIAL

The starting material consisted of two TOT5-T651 rolled plates and
three 7075-T73 hand forgings. The rolled plates measured 24 by 12
by 2 3/4 inches and the forgings U4 by 6 by 8 inches. The forgings
conformed to MIL A-22771-B, Plate and forging compositions are shown
in Table I, and representative tensile properties reported by the
suppliers appear in Table II, The electrical conductivity reported

for the forgings was 38.5-40.0.

EXPLORATORY HEAT TREATMENT

An exploratory heat treatment was conducted as follows. Specimens of
7075-T651 were solution treated, water quenched, and naturally aged for

23 hours before being heated slowly (~ 90 F/hr.) to an artificial aging
temperature of 350 F, This temperature exceeds the G.P. zone solvus for
T075 alloy. One group of specimens was aged without interruption at 350 F,
The aging of two other groups was interrupted for 41 and 209 hours, res-
pectively; during these periods the specimens were again allowed to age
naturally. The finasl step in the treatment was & stabilization age at

250 F, vhich was necessitated by the metastability of the reverted

(artificially aged) structure.
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Structural changes were monitored by means of hardness messurements

and x-ray line broadening techniques, Comparison of N -phase (Mana)
intensities and linc breadths with the values obtaired from a 7075-T73
standard indicated the relative volume fractions and periicle gizes in
the samples, respectively. A correlation had been found earlier (Ref. 2)
between 7 -perticle size and stress-corrosion time-to-failure (t,) of
notched, overaged 7075 specimens. Tne tensile and stress~-corrosion
properties of the heat treated material were measured using smooth

specimens of short trensverse orientation.
PRESS FORGING

In this part of the program, four press forging operatiors were carried

out at a local shop (Carlton Forge Works) using a United 1500-ton ctesm
hydraulic press. Certain perameters were varied during the four operations.
These variables were: material origin, heat treatment, preheat, postheat,
forging temperature, forging direction, percent reduction, and material
thickness. The conditions under which each forging operation was performed

are sunmarized in Tables III through VI.

Operation No. 1: Overaged Tempers ~ Use of Preheat

The first press forging operation was carried out on eight overaged TOT75
aluninum blocks originating from as-received7075-T651 rolled plate (Table
III). These blocks measured (machined) spproximately 3 1/8 in. x 2 7/8 in.
x 2 5/8 in. and vere forged in the short transverse direction (2 5/8 in,

dimeision). The processing sequence was as follows. After being cut
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from the plate, the blocks were soluticn treated and aged to the -T6
temper. Four of the blocks were overaged to the ~T73 temper while
the other four were overaged for 15 hours at 350 F. A machining step,
vherein the edges and corners of the blocks were rounded off (0,250
inch radius) and the surfaces were given a smooth (RMS 63) finish,

' followed the heat treatment. The object of this step was to prevent
large stress concentrations during forging. The machined blocks were
preheated at a fexzerature between 325 and 350 F for 1 1/2 hours. Each
get of four blocks waes reduced incrementslly from a thickness of about
2 5/8 to 2 1/16 inches. The forging pesrameters are summarized in Table

III,

- Tensile tests were performed in triplicate on short transverse samples
taken from the center of the forged blocks. Hardness traverses were
also performed in tbe short transverse direction of the blocks.

3 Operation No. 2: Overaged Tempers - Stepwise Pressing
With Quenching After Each Step

The second operation differed in one important respect from the first.
Preheat was not used, to minimize the tendency toward overaging (see
Hesults-Operation No. 1). The eight starting blocks were sawed from
rolled plate and had the seme as-machined dimensions as the {irast group

of blocks, Half of the blocks were in the =T73 condition while the other
half had be@n overaged for an additional S5 hours at 350 F. The reductions,

varying from 9 to 23 percent, were carried out in the short transverse

13
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direction. An attempt was made to perform the reductions in one step,

or in two, three, or four equal steps with a water quench following

each step. Stepwise reduction-and-quenching was intended as a further
precaution against overaging. A summary of forging parameters is contained

in Table IV.

Tensile tests were conducted in triplicate on short transverse specimens
taken from the center of the forged blocks. The forged blocks were
sectioned and hardness traverses made in the (short transverse) direction
of wvorking.

Operation No. 3: 7075-T6 ard Overaged Tempers - Stepwise

Pressing With or wWithout Quenching After Each Step.
Ambient and Cryogenic Temperatures

The eight starting blocks for this operation were in the -6, -T73, or
intermediate heat treated condition; two were in the -T6, four in the
-T73, and two in the intermediate condition. All blocks originated
from the -T651 rolled plate and had the same as-machined dimensions as
the blocks in Operations 1 and 2. One of the -T6 blocks was reduced by
~~10 percent. Otherwise the reductions amounted to ~20 percent. All

reductions were made in the short transverse direction.

The two -T6 blocks were pressed in one step, without water quenching,

in an attempt to induce some overaging. The two intermediate heat treated
blocks were pressed in two equal steps, with water quenching after the
first step only, to induce somewhat less overaging. Two of the four -173
blocks were pressed in four equal steps, with water quenching after each
step, *o minimize or eliminate overaging. These blocks were pressed at

room temperature. The remaining two -T73 blocks were pressed after a

L
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precooling treatment in liquid nitrogen, the object being to obtain
greater work hardening at the lower temperature. The full reduction
wes accomplished in four equal steps with cooling in liquid nitrogen
following each step. The forging parameters for this operaticn are

summarized in Table V,

Tensile tests werc conducted in duplicate on short transverse specl-
mens from each of the forged blocks and on longitudinal specimens from
those blocks in the intermediate heat treated condition. These speci-
mens were centrally located with respenct to the short transverse and
longitudinal dimensions of the blocks, respectively. Alternate immersion
stress-corrosicon tests ware conducted on short transverse specimens from
each of the forged blocks as well as from the as-received -T651 plate.
Thes~ tesis were conducted in duplicate at 75 percent of the yield
strength. Additional stress-corrosion tests were conducted on short
transverse specimens from the intermediate heat trested-and-forged
material at applied stress levels of 25 and 35 psi. The object of these
tests was to determine the threshold stress for cracking. Hardness
traverses were carried out in the short transverse direction, as in the

previous twe operations,

Material was taken from one of the upset 7075-T6 blocks (C2) and overaged
for 20 min., 40 min., 1 hr., 2 hr,, or 3 hr, at 350 F. Short transverse

tensile and stress-corrosion specimens were machined and tested.




Operation No. 4: Overaged Tempers - Comparison of
Different Starting Forms and Pressing Directions

The fourth and last in the present series of press forging operations
was carried out on (12) 7075 aluminum biocks. Half of these blocks
originated from -T651 rolled plate and the other half from -T73 hand
forgings. The blocks were solution treated, aged to the ~-T6 temper,

and finally overaged at 350 F for times varying from 1 to 10 hours.
Those blocks which hed been overaged for 1 to 4 hours were reduced by
~s10 percent in the short transverse direction, and the .locks which

had been overaged for 5 or 10 hours were given a larger reduction (~ 20%)
in the longitudinal direction. The object of the longitudinal reduction
was to determine if exceptional short transverse strengthening could be
obtained. A summary of parameters for this operations is presented in

Table VI.

Tensile tests were conducted in duplicate on short transverse specimens
machined from the center of the unforged cuntrol blocks and of the forged
blocks. Additional tensile tests were performed on longitudinal specimens
from those forged blocks possessing short transverse yleld strengths in
excess of 70,000 psi. Stress-corrosion tests were conducted on short
transverse specimens from the same forged blocks (i.e., with short
transverse yield strengths exceeding 70,000 psi) and on specimens from

the unforged control blocks.

16




The press forged material originating from rolled plate and having a
short transverse yield strength of 70,000 psi or more was given a short
(1/4% or 1/2 hour) overaging treatment at 350 F. Tensile and stress-
corrosion specimens were machined from the overaged material and tested.

The stress-corrosion tests were conducted at 75$ of the yleld strength,

Hardness traverses were carried out not only in the short transverse
but also in the longitudinal direction for the D and E series of blocks,
Specifically, the following blocks were examined: D1, D2, Dll, D12; Ek,
E5, ElL, E15.

17




RESULTS

EXPLORAT(RY HEAT TREATMENT

The hardness and x-ray results are summarized in Table VII. Interrupted
aging under the selected experimental conditions had an insignificant effect
on the measured properties. With short (5.3 hrs.) artificial aging times
(Sample No. 6, Table VII) hardnesses comparable with that of 7075-T6 and
particle sizes comparable with that of 7075-TT3 were obtained. This very
rapid growth of "[ particles is somewhat surprising. Comparable volume
fractions with respect to -T73 were not obtained until longer ( ~ 10 hrs.)

aging times.

An average yield strength of 66,600 psi was obtained from three tensile
tests, which is the same as the short transveraé value for the as-received
7075-T651 plate (67,000 psi). The stress-corrosion resistance seemed to be
significantly better, however, for the experimental materisl. The times-to-
failure of three specimens loaded to 75% of the yield strength varied from
10 to 17 days, compared to 1 to 3 days for the as-received material (four

specimens ).

18
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TABIE VII

HARDNESS AND X-RAY RESULTS OBTAINED FROM
EXPLORATCRY HEAT TREATMENT

fardness Integral | Relative
Semple (Superficial Breadth | Intensity
No. Heat Treatment Rockwell, 30-T): N Phase*] V] Phase *#

1l SHT 895F, W, 23 hr. T3.0 0.015 0.56
natural age, 6 hr. age
at 350 P,

2 Sawse as Sample No. 1, ex- T70.8 0.012 0.67
cept 41 hr. interruption
after 350 F age, followed
by additional 4 hr. age at
350 F.

3 Same as Sample No. 2, ex- 68.5 0.013 1.03
cept interruptioa followed
by sdditiomal 13 hr. age at
350 F.

h Sm as s.mh NO. 1’ eXe~ 7100 00012 0081
- cept 209 hr. interruption

after 350 F age, followed
by additional I hr. age at :
350 F.

S Sm a8 S.mle NO. lt, ex- 68.6 00013 101
oept interruption followed
by additional 13 hr. age at
350 F.

6 Same as Sample No. 1, except 75.3 0.012 0.60
3 hr. age at 350 F after
natursl age,

T : Same as Sample No. 1, except .o 0.013 1.04
11 hr. age at 350 F after
netural sge.

8 Same a8 Sezple No. 1, except 69.1 0.012 ;  0.97
19 hr. age at 350 F after
natural age.

9 TOTS-173 69.3 0.012 0.90

S

#Measure of n\-pnl;;; varticle size.
*iMeasure of volume fraction of Y] phase.

19
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PRESS FORGING

Operation No, 1

A photograph of the press forged blocks is shown in Fig. 1. No

cracking occurred in any of the blocks.

The tensile results are summarized in Table VIII. A comparison of the
results obtaired from the forged blocke with those obtained from the
unforged control blocks (BL and B6, see Table IX) indicates a de-

crease in the s=trength and hardness properties instead of the expected
increase, Thus either recrystallization or overaging had t#ken place

as 8 result of the warm working. A light microscopic examination revealed
no difference between the worked and unworked material, leading to the
conclusion that overaging wes the correct explanation for the lower
properties. (Preheat was omitted and stepwise reduction ani quenching

were used in the second forging operation to minimize overaging.)

The results of the hardness traverses are shown in Fig. 2. No gradients

between the surface and center of the blocks were found.

Operation No., 2

A photograph of the pressed blocks is shown in Fig. 3. RNo cracks were

obgserved in any of the blocks,

20
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TABIE VIIT

TENSILE PROPERTIES OBTAINED (IN TRIPLICATE) FOR SHORT TRANSVERSE

SPECIMENS MACHAINED FROM "A" SERIES OF BLOCKS (PRESS FORGING OPERATION NO. 1)

Block Yield Strength Ultimate Strength 4 Elongation
No. (psi) (pst) (4~in. G. L.)
Al 49,590) 58,680 ; k.0

52,230 ¥ 51,890 6t 050 62,420 5.0 Y b7
53,850 6k, 530 | ) 5.0 )
A2 ,340° 59, 060 6.0
h9,610 L9,850 58,660 ‘, 59,230 6.0%6.0
49,590, 59,350 | 6.0
A3 50,250 59,660 6.0
49,230 49,690 59,300 ', 59,030 6.07 6.0
49,59, 58,130 ; 6.0
Al 50,810 _ 58,130 , 6.0
51,630y 50,550 58,540 , 58,220 6.0 ,5.7
49,200 58 000 ; 5.0
AS k7,170 ,270 6.0
47,240 Y} 47,680 57,090((5 6.0 ;6.0
48,620 / 6.01‘
A6 48,780 48,780 -
47,240 ) 47,760 56,690 54,190 6.0 ,6.0
47,240 57,090 6.0 |
-~ (I
AT 47,240 57,090 6.0
48, , 430 ,h7 910 57,870 \ 57,570 6.0 6.0
h8, 060 - 57,750 6.0 .
A8 47,240) 56,690 | 6.0
7,840 rh7,67o 56,000 ; 56,360 6.0 86.0
l&7,920 56,1&00 6.0)
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The tensile test results (Table IX) 1indicated that overaging had

not occurred. Yield strength increments (as measured halfway through
the short transverse thickness) varied from ~,3 to 5 ksi in the -T73
specimens and from ~0 to 3 1/2 ksi in the specimens which had been
overaged for 15 hours at 350 F. In the most favorable case, the yield
strength had increased from 54,000 to 59,000 psi. Lecause the latter
value vas still below the desired level (70,000 psi), stress-corrosion

tests were not conducted,

Whether a given reduction was accomplished in one step or in two equal
steps, with quenching after each step, seemed to have little or no effect

on strengthening (cf. results for B2 and B3 and for B7 and B8, Table IX).
Increasing the amount of reduction from 9 to 23 percent also had no signi-

ficant erfect on the strength increment.

The results of the hardness traverses are shown in Fig. 4. No gradients
between the surface and center of the blocks were observed except in the
case of the unpressed control blocks, Bl and B6, where the hardness fell

below average in the middle of the blocks.

Operation No. 3

A photograph of the blocks taken after pressing is shown in Fig. 5. The
only block that showed any cracking was Cl. This block, which was in the

-T6 condition, had received a 20 percent reduction.

25




TABLE IX

TENSILE PROPERTIES OBTAINED (IN TRIPLICATE) FOR SHORT
TRANSVERSE SPECIMENS MACHINED FROM "B" SERIES

OF BLOCKS (PRESS FORGING OPE...TION NO. 2)

»
b i)

Block Yield Strength Ultimate Strength % Elongation

No. (ps1) (pst) (1/2=in. G.L.)

Bl 54,470 6k,230 4.0

(Control)| 54,2005 sk,230 | 64,450 7 64,150 4,07 4.0
54,000 63,760 4.0

B2 57,080 ) 67,260 2.0 |
57,320 7 57,400 | 68,290 } 67,890 2.0 2.3
57,870 68,110 3.0 }

B3 57,980 66,980 - 2.0
58,130$ 58,040 | 67,480 ; 67,490 3.0, 2.3
58,000 | 68,000 2.0 )

BY 57,870 | 67,320 ) . 3.0}
56,980 ; 57,880 | 66,050 ) 66,860 2.0, 2.3
58,800 67,200 2.0;

B5 59,060 68,900 2,0)
58,800 ) 58,710 | 67,600 \ 68,010 2.0} 2.0
58,260 67,520 2.0 J

B6 54,880 | 63,980 | 4.0

(Control) 5&,550? 54,710 | 6,050 Y 64,250 4,0 4,0
54,710 64,710 h.oJ

B7 57,480 67,720° 2.0
58,260 ; 58,090 | 67,770 % 67,930 3.04 2.3
58, 540 J 68,290 2.0

B3 55,690 65,040 3.0
54,876 - su,700 | 64,780 \ 64,660 3.0, 3.0
53,540 64,170 3.0,

B9 56,610 60, TkO 1.0
55,690 % 55,750 | 63,980 \ 63,120 2.0, 1.7
sk, 960 ) 64,630 2.0/

B10 57,320 | 64,880 | 2.0
56,300 ) 56,330 | 65,250 } 64,880 2.0 { 2.0
55,370 61,460 | 2.0 |

7/
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The results of tensile tests (Table X) indicated that the yield strength
of the 7075-T6 blocks had been increased by ~7,000 psi (compared to the
value for the as-received -T651 plate) to 7,000 psi; the intermediate

heat treated blocks had been strengthened to the as-received -T651 level;
and the -T73 blocks had been strengthened by ~-6,000 psi, from 5k,000

(Bl value) to 60,000 psi. The stepwise reduction-and-quenching sequences
and the precooling in liquid nitrogen had no apparent effect on the tinal

strength properties.

The results of aiternate immersion stress-corrosion tests conducted on
duplicate specimens from each of the forged blocks in the C-series are
ghown 1in Table XI. The results obtained for specimens machined directly
from the as-received -T651 plate are shown for comparison. The most
striking result is that the intermediate heat treatment followed by up-
setting gave a substantial increase in stress-corrosion lifetime, at

no sacrifice in yield strength, compared to the as-received -T651 plate.’

The results of the longitudinal tensile tests and of the 25 and 35 ksi
short transverse stress-corrosion tests are shown in Tables XII and XIII
respectively. These tests were conducted on intermedlate heat treated/

upset material because the properties reported above appeared so promising.

As indicated in Table XII, an exceptionally high longitudinal yield strength
(80,600 psi), compared to the short transverse yield strength (66,000 psi),

was obtained by press forging in the short transverse direction. The




TABLE X

TENSILE PROPERTIES OBTAINED (IN DUPLICATE) FOR SHORT

TRANSVERSE SPECIMENS MACHINED FROM "C" SERIES OF
BLOCK (PRESS FORGING OPERATION NO. 3)

Block |Yield Sirength Ultimate Strength % Elongation
No. {pei) (psi) (1/2-in. G.L.)
c1 73,660 83,970 2,0
7hyiizo | T4 B 730 3% 20 2
ce2 74,400 86,000 2.0
71‘:“00.71&,1&00 86:800 86,400 1o 1.8
c3 65,750 7h, 570 2.0
66:370 66,060 78:320 76,440 2'0 2.0
ch 65,450 . 72,680 1.5
67,200 96,320 Th,000 13,340 1.5 13
59’350 59,840 67,640 68,120 2ea 20
c6 60,510 68,970 2.0
so.2h0 27580 g8 00 005 2.0 20
cT 59,500 60,430 68,350 68,710 2.0 2,0
61,350 69,080 2.0
c8 59,500 59100 66,280 g7 110 2.0 2,
59,500 67,930 1 2.0
co 67,480 67,140 77,890 77,940 2.5 2.5
(Control)| 66,800 76,000 2.5
(As-
Received)
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TABLE XI
RESULTS OF ALTERNATE IMMERSION STRESS-CORROSION TESTS
(IN DUPLICATE) ON SPECIMENS IN FOUR HEAT TREATED CONDITIONS.
APPLIED STRESS WAS 75% OF YIELD STRENGTH
Heat Treated Block Yield Strength Time-to-
Condition ¥o. (psi) Failure (days)
7075-1651 (as- co 67,140 b
received rolled 1l
plate, 2 3/h-in,
thicks
7075-16 Cl T4,040 3
3
c2 Th, 400 3
1
Intermediate c3 66,060 23
30
ch 66, 320 33
33
7075-T73 c5 59,640 30
64 1/2
cé 59,880 69
36
c7 60,430 5h
(pre-~cooled 1iq.N) 50 1/2
c8 59, 500 48
(pre-cooled liq.N) 30
31
p




TABLE XII

LONGITUDINAL TENSILE PROPERTIES OF INTERMEDIATE

HEAT TREATED/UPSET 7075 ALUMINUM

Bleck Specimen Yield Strength Ultimate Strength % Elongation
No. No. (psi) (psi) (1/2-in. G.L.)
c3 1 78,050) 81,300] 8.0
2 82,110 \ 80,600 8k, 960 83,200 10.0 18.7%
3 81,620 / 83,330] 8.0
TABLE XIII
RESULTS OF SHORT TRANSVERSE STRESS-CORROSION TESTS
CONDUCTED ON INTERMEDIATE HEAT TREATED/UPSET
MATERIAL AT APPLIED STRESS LEVELS OF 25 AND 35 KSI
Block Specimen Applied Time~to-~
No. No. Streus (ksi) Failure (days)
C3 1 35 43
2 35 79
3 25 119 (NF)
L 25 119 (NF)
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longitudinal ductility (8.7% elongation) was also high compared to
the short transverse ductility (2.0% elongation).

The results shown in TableXIII indicate that the threshold stress for
cracking in the intermediate heat treated/upset material lies between
25 and 35 kei. Numerous further tests would be required to substantiate
this conclusion. No attempt wes made to determine the threshcld for the
as-received -T651 plate. A threshold stress of 7 ksi has been reported
by Alcoa personnel (Ref. 7), as a result of 103 tests performed on short

transverse specimens from 7075~T6 plate.

The tensile and stress-corrosion properties of the upset/overaged 7075~
76 (Block No. C2) are presented in Tables XIV and XV. None of the
five groups of specimens had as good a combination of properties as the

intermediate heat treated/pressed material,

The results of the hardness traverses are shown in Fig. 6. No gradients

were found,

Operation No. U

A photograph of the press forged blocks is shown in Mg. 7. One fine
crack was observed in each of Blocks Dk and D8 (not apparent in photo-
graph); several cracks were found in Blocks D10 (Fig. 7) and D12 (not
apparent in photograph). The cracks did not interfere with specimen

preparation.
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TABLE XIV

SHORT TRANSVERSE YIELD STRENGTH PROPERTIES OF UPSET/OVERAGED 7075-176

Overaging Time Specimen Yield Strength Av, Yield
at 350 F (hr) No. (psi) Strength (psi)
1/3 ho 67,480 67,460
b1 67,440
2/3 50 69,110 69,000
51 68,900
1 10 63,180 64,270
11 65,350
2 20 60,000 59,800
21 59,600
3 30 58,660 58,720
31 58,780
TABLE XV

STRESS-CORROSION TIME-TO-FAILURE DATA FOR UPSET/OVERAGED

7075-T6 SPECIMENS STRESSED TO 75% OF YIELD STRENGTH IN SHORT

TRANSVERSE DIRECTION

Overaging Time Specimen Time-to-
at 350 F (hr) No. Failure (days)
1/3 42 5
43 1
2/3 52 2
53 3
1l 12 NF in 30 days
13 14
2 22 NF in 30 days
a3 NF in 30 days
3 32 NF in 30 days
33 NF in 3C days
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The results of tensile tests conducted on short transverse specimens,
which had been wachined from the forged blccks and the unforged control
blocks, are shown in Fig. 8. The desired yield strength of 70,000 psi

or better was attained in material which had been overaged for 1 hour
(rolled and forged stock) and upset in the short transverse direction;

and also in material which had been overaged for 5 or 10 hours (rolled

and forged stock) and upset in the longitudinal direction. Theae results
are summarized in Table XVI, This table also contains the results obtained

for longitudinally oriented specimens.

It was found in Operation No. 3 that if a rolled plate of 7075 is press
forged in the short transverse direction, the degree of strengthening is
considerably higher in the longitudinal direction (perpendicular to short
transverse direction) than in the short transverse direction. This result
is re-presented in Table XVI, At the same time, the short transverse
ductility is more adversely affected than the longitudinal ductility
(Table XVI), Conversely, if a rolled plate or a hand forging of 7075

is press forged in the longitudinal direction, the resultant strengthening
in the short transverse &irection is unusually high (10,500-13,400 psi),
and, for the rolled plate only, there is no deleterious effect on the
ghort transverse ductility. It is interesting to note that the longi-

tudinal yield strength of the rolled plate actually decreases,

The stress-corrosion results are swmearized in the graphs of Fig. 9 ard 10,
for rolled plate and hand forgings, respectively. Time-to-failure (tg) is

shown plotted as a function of overaging treatment. The following two
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conclusions can be drewn from the graphs: (1) tf increases with over-
aging time up to an overaging time of 5 hours and then levels off or
decreases, for both pressed and unpressed material, and (2) there is no
significant difference in the stress-corrosion performance of pressed and
unpressed material, except in the case of rolled plate which has been
overaged for 5 or 10 hours at 350 F, where the pressed material has from
2 to 3 times the lifetime of the unpressed mate:'ial. Thus, the press
forged material has at least as high, or better, stress-corrosion resis-

tance than the unpressed TO75-T73 or other overaged material.

The changes in yield strength as a result of overesging Blocks D2, D10,

and D12 are shown in Table XVII; the corresponding times-to-failure appear
in the last column of the same table. The yield strength of Block D2 is
observed to decrease monotonically with overaging time. Following an
initial decrease in the yield strength of Blocks D10 and D12, this property
increases with overaging time after an overaging time of l/h hour. The
significance of this increase is uncertain. Overaging D10 and D12 has
effected a slight increase in an elongation value that was already relative-

ly high and the stress-corrosion resistance is also observed to remain high.

The results of the hardness traverses are plotted in Figs. 11 and 12. Hard-
ness troughs, in which the hardness values fall bslow the average value,

are observed in the center of Blocks D1, Dil, Ei, and Ell4, i.e., the un-
pressed control blocks. Except in the case of Block D12, the hardness

troughs are eliminated by the pressing operation.




TABLE XVII

TENSILE AND STRESS-CORROSION PROPERTIES OF PRESS FORGED
BLOCKS D2, D10, AND D12, AFTER AN OVERAGING TREATMENT OF 350 F AS INDICATED

Time at
Block | 350F Specimen | Yield % Elongation | Specimen | Time-to-Feilure
No. {br.) ¥No. Strength (psi) | (1/2-in. G.L.)]| No. (days)
D2 0 25 70,090 2.0
26 72:690} 350 3.0} 2.3
27 1
/b 4 66,94 @ ’
1 7 9k0 3.0
48 672320} 67,130 2.0}2‘5
bs 4
/ ¢ . Lé 1
1/2 51 5,950 2.0( .
52 63:10056“’525 2.0}""0
k9 8 1/2
D10 0 b1 4, 400 1 ® !
7 7.0
43 NP (61)*
" § \ Lk 59 1/2
1 25 5,040 9.0
56 66:670} 65,855 8.0 j 8.5
;»3 KF (38)
1/2 59 66,600 8.0
57 1"
12 0 bs 70,730 8.0 ? '
D 5 ’ .
46 71,11.0} 70,935 8.o> 8.0
47 NF (61)
/s 6 6 ° "
1 2 3,030{ g5 gos 9 0}9 o
63 62 820} ’ of”
’ ? 60 NF (38)
61 "
1/2 66 66,450 8.0
6 "
65 11

* No failure in 61 days
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A composite light micrograph of Block D10 is shown in Fig. 13. Comparison
of the microstructure with that of the as-received plate reveals that ex-
tensive changes have resulted from the 20% longitudinal reduction. The mor-
phological transformations that have occurred in the "B" and "C" planes

are consistent with the excellent short transverse properties (tensile and
stress-corrosion) of the press-forged block. The predominant grain orienta-
tion in plane "C" is observed to be parallel to the short transverse direc-
tion of this block. It is recognized that each of the three micrographs
shown in Fig. 13b is representative of a single location in Block D10. .Addi-
tional metallography would be required to establish any dependence of micro-

structure on position in the block.
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Figure 13a. Light Micrograph of As-Received T075-T651 Plate.
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DISCUSSION

The feasibility of combining -T6 yield strength and -T73 stress-
corroeion resistance in a single thermal-mechanically treated form
of 7075, using conventional equipment, has been demonstrated con-

clusively in this program,

Yield strengths in the 70,000 to 75,000 psi range, together with stress-
corrosion lifetimes at lesst as long as or longer than those of T075-T73
specimens, were achieved by a simple two-step process, This process
consisted of (1) an overaging treatment wherein 7075-T6 was heated for

5 or 10 hours at 350 F; and (2) a press forging operation wherein the
overaged material was given a 20% reduction in the longitudinal direction
of grain orientation (tensile and stress-corrosion properties were
measured in the short transverse direction). The elimination of high
stress concentrations, particularly those due to sharp edges and corners,
in the pressed material, made i1t possible to perform the press forging
at ambient temperature. The risk of overaging and of a concomitant loss
in strength was thus reduced. A postheat treatment following the forging

was found to be unnecessary.

The desired properties were obtained in the center (or as close to the
center as it was possible to measure) of rolled stock originally..3 1/8
inches in thickness, and in the center of forged stock measuring ~ 4

inches originally. The results of hardness traverses indicated that

k9




the hardness gradients which were present in the blocks following heat
treatment were nearly always eliminated by preas forging. A 20% press
tforging reduction was thus highly effective in imparting uniform proper-

ties to 3 to 4 inch-thick blocks.

A very important principle has been demonstrated in this stidy, viz,

that the directionality of grain structure and associated structures
(such as undissolved particles) in 7075 aluminum can strongly affect

the outcome of & mechanical working operation, depending on the direction
in which the working forces are applied. It was shown that if the
starting material was press forged in the short transverse direction,

the degree of strengthening was considerably higher in the longitudinal
direction than in the short transverse direction, and the converse was
shown also. The large strength increments that were obtained in plate
vere accompanied by little or no loss in ductility. There is no obvious

explanation for this interesting finding.

The present method of maximizing the work hardening in a particular

direction by the application of forces in another (perpendicular)
direction may be applicable to all structurally anisotropic alloys.
With the proper selection of starting material (e.g., rolled plute
instead of hand forging) it appears possible to achieve strengthening

at no sacrifice in ductility.
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2.

3.

CONCLUSIONS

It 1s possible to obtain the yield strength (270,000 psi) of 7075-T6
together with the stress-corrosion resistance ot the -173 temper in
a single thermal-mechanically treated form of TOTS alloy.

The thermal-mecnunicel tiaatment that proved most successful in
ralsing the short transverse properties consisted of an overaging
treatment followed by a press forging reduction in the longitudinal
direction of grain ovientation., When this treatment was performed
on plate stock, the strengthening was accompanied by little or no
loss in ductility.

The results of an exploratory heat tresiment incorporating several
departures from stendard practice were encouraging, but much work

remains to be done before the optimum parsmeters can be established.
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FUTURE WORK

The results reported herein open a whole new area for study. A
fundemental program should be undertaken, which seeks essentially

to correlate certain orientaticn-dependent structural and property
characteristics. This program should include an extensive (1light,
scanning and thin film electron) microscopy study of plate and forged
stock that has been press forged in one of the three main directions
of grain flow., The starting blocks shoulcd include thicknesses as
large us 8 inches. The program should include also a texture study

using X-ray diffraction techniques.

A program conducted salong the suggested lines should contribute

further to the elucidation of the stress-corrosion mechanism in 7075
and other high strength aluminum alloys. The work hardening mechanism,
particularly its dependence on grain orientation and its effect on
stress-corrosion properties, should &lso become clearer for this group
of alloys. The results of the fundamental program should reap numerous
practical benefits. Potential applications include all structures and
parts based on structurally anisotropic alloys (ferrcus and non-ferrous)
where high strength/ductility combinations are required. These appli-

cations may or may not involve stress-corrosion cracking.
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