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FEASIBILITY OF STABILIZING 
HEAT-TREATED AWMINUM AUlJf. FORGINGS 

ABSTRACT 

Aluminum forgings were stabilized by super cooling with liquid 

nitrogen followed by rapid heating with high pressure steam immediately 

after solution heat-treat quenching. Distortion, during subsequent 

machining, was not reduced in the stabilized forgings in relation to 

non-stabilized forgings. The large variation in the forging contour 

apparently was a critical deterrent to reduction of residual stresses 

by this method of stabilizing. 
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1. PR()j,ECT TrI'LE: FEASIBILITY OF STABILIZING HEAT-TREATED 
ALUMINUM AI.JJJ'i FORGINGS. 

2. STATEMENT OF PROBLEM: 

3. , 

Heat-treated aluminum alloy forgings tend to warp erratically, 

as machining removes portions of metal containing high degrees of 

residual stresses. The residual stresses were introduced in the 

forgings by thermal gradient action during the water quenching phase 

of the heat-treatment. 
/ 

OBJECTIVE: . .,_,, 

To st,abilize aluminum alloy forgings by the Alcoa method during 

heat-treaU11ent and measure the amount of distortion which occurs 

during machining of the stabilized forgings in comparison to forgings 

which were not stabilized. 

4. PURPOSE: 

To evaluate the degree of distortion redu.,:::tion, if any, during 

machining of the stabilized forgings and to detennine the feasibi~~'!;.Y· 

of adapting the stabilizing treatment on a production basis. 

5. CONCWSION: 

Forgings stabilized by the Alcoa method distorted overall as 

extensively as the non-stabilized forgings during the machining opera­

tions. The forgings tested contained large, heavy walled pockets with 

thin walled liners at the base of the pockets. Apparently, the thin 

walled sections yield to a degree seconds prior to the yielding in 

the heavy section. The yielding in the heavy sections at a later 

time interval then :promotes additional stresses in the thinner sections. 

The resulting complex nature of yielding in one area developing new 

stresses in other ureas tends to result in negligible stress relief 
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5. CONCLUSION: 

overall in the final condition. 

6 • RECOMMENDA'l'ION'-3 : 

(1) Concluct stubilizution on the so.me type forgings by a heat flash 

method which operates at temperatures roughly 300 to 400.°F 

hie;her them the temperatures of the Alcon method. At these 

higher ter.1JX:!ratures , the yielci. st1·en13th r.iny be only 1/8 to 1/2 

the value at the lowe1· tempc :cctures. The higher relief tei:ipera­

tu:res should 1·csult in a. very r.mch loue:c level of net residual 

stresses. 

(2) Conduct sto:oilizin~ by both the Alcoa and the heo.t flash methods 

0:1 for3in50 oi' re latively unii'orn cross sections in order to de-

ten:1inc if eithe r p:coccss is applicable to forgings l ir:lited to 

uniform sections only. (This P ,H. would be undertaken only if the 

invcsticc.tion proposed in Iten 1 turnen out negative.) 

7. PROC~UIIB: 

l 

7.1 Background: 

The Alcoa Corporation1 has applied f'or a patent on stabilizing 

of heat-treated alunin1.L~ alloy forgings. Stabilizing is intended 

to reduce residual st:cesses which were introduced by the then.ml grad­

ient action of ·,-mte:c quenching <lur·ing heat-treatment. The residual 

stresses promote er-re.tic warpagc of the :parts as subsequent mo.chining 

rci:1oves portions of' the st:i:·esscu r.1etal. Alcoa.' s process reverses the 

quenching a(.!tio:1 by super cooling the pa1·ts followed by rapid heatinG 

with hieh :p1·e::1su·:•c 1:· v~ steam. rrhiG reverse thermal action is intended 

to rever::;c the gu,]:1ci.1 st::·essc1,1 •..;i th a net result that most residual 

The Thenno-Mcchu.nical Method ot' Hclievb~ Residual Quenching Stresses 
i!1 /l.lwninu:11 Alloy::; . By :! . N. Hill ancl L ,A. Willey, ASM Transaction 
V-52, P3GCS 657-67l;., 
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7. PROCEDURE: 

7.1 Backgr ound: (Cont'd) 

stresses are cancelled out. 

7.2 Fo_!];ing Treatmentu : 

Four forgings, Part No. 8-18782 rib wing pa:r·ts of 7075-'J.16 alwni­

num alloy were selected for testing. Parts number 1 and 2 were stab­

ilized as follows: 

a. Solution heat-treated per MPS 51,01. 

b. After water quenching at 160°F, the parts were cooled to -280° 

to -290°F, first in cold water, then trichlorethylene and dry 

ice, then in a liquid nitrogen cell, The cooling took approxi­

mately fou.r houri; . 

c. The parts were then heated rapidly with 375°F live steam for 

45 minutes. 

ci. The parts were aged per MPS 51.02. 

Part lJ was reheat-treated per MPS 5L01 and 51.02, but was not 

stabilized per steps band c above. 

Part #4 was retained in the original T-6 condition. 

The reheat-treatment and Gtabilizing was subcontracted and con­

ducted by Cal Doran, Los lmgeJ.es. 

7,3 Machining: 

Photographs of the forgings taken during the machining operations 

are as shm,m in Figures 1 and 2. Forging /µ+ in Figure l has not been 

machined. The edges of the forgings are marked 1st or 2nd as thP­

machining sequenc~ proceeded. . The pockets in the forgings are identi­

fied by m.L.'!lbcrs · from 1 to 5 ip each photograph. The pocket sides were 

also identified as first or second to ci.enote the machining sequence. 

3 

-----· -------···---------------------- - . -

., 
'"', r • 

• f 



+
 

..,
 

I I l 
,.

-.')
 

.M
ac

hi
ne

d 
F

or
gi

ng
s 

N
os

. 
2 

an
d 

3 
U

nm
ac

hi
ne

a 
F

o
rg

in
g

 N
o.

 
4 

F
ig

u
re

 
1 

~
 

C
o

n
n

.i
.r

 P
ri

n
t 

70
07

8 

0 0 ~ .. Ii
 lo
 

~ ti
 .. CD

 

~
 



Conva.ir-San Diego 

)£ 
8 
r:-
+) 

~ 
.._,.,, 

~ 
f-i 
•r-i 

~ 
0 u 

---- -- . - ----·------···---- ------·-----



Convair-San Diego 

7. PROCEDURE: 

7,3 .Machinin~: (Cont'd) 

The forgings were machined in a Sunstrand Profile1", part of 

which is visible in Figure 2. The edges of the forgings were ma­

chinec1 with a 10" face mill, with a 0.o60" radius. The pockets, 

as shown in Figure 2, were milled out with a 1-1/4 11 flute end mill 

with a 0.125" radius run at 180 rpm. Tl).e pockets were flooded . 
with spray mist coolant during millins to assure that the forging 

remained cool in order to avoid distortion from hot spots caused 

by milling. 

8. RESULTS: 

8.1 Distortion During Machining: 

Distortion measurements taken as each machining sequence was 

completed are tabulated in Table I, 

The degree of twist in the over-all forging was measured as each 

ma.chining sequence was completed. The bottom of each pocket was 

measured for distortion after the final machining operation. 

Each forging ,re.s machined similarly, except forging 4 which con­

tained a rather drast.ic "oil canning" in pocket 2 before the machining 

operation started. During the .first side machining of the pockets, 

the "oil canning" of the /f2. pocket became so bad that the machining 

tool went right through the pocket before the first rough machining 

of the pockets could be accomplished. The twist of the n'Ul:lber 4 

forging ws simila:c to the number 3 forging up to that point. Fur­

ther machining of nwJber 4 forging was then discontinued. 

1lhen the average distortion twist in each forging was compared, 
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8. RESULTS: 

8.1 Distortion During Machining: (Cont'd) 
' 

it was found that the two stabilized forgings twisted an average 

0.030" for each measurement. The nwuber 3 forging, not stabilized, 

twisted an average of 0.01011 per reading. The number 1.i- forging 

twisted similarly to forging number 3, as far as the machining was 

conducted. 

The degree of "oil Canning" distortion at the bottom of each 

pocket for the two stabilized forgings averaged o.o67". The non­

stabilized forging number 3 "oil canned" 0.09'.:i" average. Forging 4 

was not measured for "oil canning" because the machining operations 

could not be fully accomplished. 

rt is evident from the above measurements that the degree of 

distortion over-all was not improved by the stabilizing treatment. 

The wide variation from heavy to thin sections probably was a decisive 

factor in the erratic distortions that resulted, 

8.2 Metallographic Examination: 

Metallographic examinations were made of the thin pocket liner 

areas and the heavier edge section of each forging .as located at A 

and B, respectively, in pocket .3 of the forging of Figure 2. There 

was no apparent difference in microstructure of the stabilized forg­

ing shown in Figures 3 and 4, compared to the non-stabilized forgings 

of Figures 5 and 6. 

.o 
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Stabilized Forging No. l 
Kellers Etch 

Figure 3 

Area·A 
200X 

Material & Process Lab. Print 2769 

Figu.1·e 5 

9 

Stabilized Forging No. 1 

Figure 4 

Aree. B 
200X 
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Figure 6 
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