
. . 

120 

en 
a.. 

80 
o 
o 
Q 

w 
Q; 
:::> 
(I) 
(I) 

~ 40 
a.. 

161,000 PSI YIELD STRENGTH 
-- 2.0 WALL RATIO 

A BEFORE AUTOFRETTAGE 
o AFTER CONVENTIONAL HYDRAULIC 

AUTOFRETT AGE 
-~- 2.0 WALL RATIO, 157,000 PSI 

YIELD STRENGTH 
HYDRAULIC SWAGED .92% 

O~~ __ L-____ ~~ __ -L ____ ~~ __ ~ ____ ~~ ____ ~ 

.002 
EXTERIOR SURFACE 

Fig. !)-Pressure-strain response for hydraulic-push-swaged specimen 

or 

% E.R. 

where: 
D. = change in diameter 
Eb = tangential elastic strain at the bore 
Em = tangential elastic strain at mandrel surface 

For small deformations, eq (3) becomes 
% E.R. = (Em + fb) X 100 

From Lame's equations, 

. and 

PI(1 - /-I) + (1 + /-I)W 2 ] 

fIJ = E (W2 - 1) 

Em 
P (1 - /-I) 

E 

Putting eqs (5) and (6) into (4) yields: 

% E.R. = ~ [~~~~J 
and finally by using 

eq (7) becomes: 

P = 1.08 tr • • log W 
E = 30 X 106 psi 

(3) 

(4) 

(5) 

(6) 

(7) 

% E.R. = 7.2 ~2 tr~ l~f W X ' 1O -6 (8) 

Equation (8) is shown as solid lines and compared 
with experimental results in Fig. 7. The good agree­
ment indicated permits eq (8) to be utilized for de­
sign purposes if the deformation of the cylinder is 
sufficient to produce yielding throughout the wall. 

Mechanical-pull and Hydraulic-push Swaging 

The utilization of the pull swaging and hydraulic­
push swaging methods made it possible to study (1) 
the effectiveness of the lubricants under sustained 
high pressure and friction forces, (2) the ability of 

the mandrel to withstand these conditions over a 
longer period of time, (3) the general over-all ef­
fectiveness of the induced residual stresses in a long 
cylinder, and (4) the mechanical problems associated 
with these two methods. For these tests, four 40-in. 
specimens were swaged by pull swaging and two 40-
in. specimens by hydraulic pushing. Each specimen 
was later cut into three equal lengths for the hydro­
static-yield comparison tests. 

The pull-swaging-force records indicated force 
fluctuations varying in intensity according to the 
velocity of loading and the cylinder-wall ratio. 
These fluctuations were attributed to the elastic 
nature of the loading equipment and its inability to 
maintain a constant force. Reducing the wall 
ratio and increasing the velocity reduced the force 
required to overcome static friction and minimized 
the magnitude of the fluctuations_ 

In the specimen lengths tested, no apparent 
damage was done to the mandrel or the bore sur­
faces which, along with the small force magnitudes 
required, verified the practicality of the lubricants 
and the mandrel design. 

The hydraulic-push method utilized hydraulic 
pressure applied directly to the back face of the 
mandrel .in order to push it as shown in Fig. 2. The 
niandrel contact with the cylinder walls provided a 
very good forward movable seal with the initial seal 
being obtained from pressing the mandrel into posi­
tion. The required pressure for this method was ob­
tained from a 200,000 psi high-pressure system used 
for conventional autofrettage. Considerable fluctua­
tions in pressure revealed the inadequacy of the 
system to compress the liquid in sufficient volume to 
maintain a constant force against the mandrel. This 
condition, together with the higher force require­
ment needed to overcome static friction as compared 
with moving friction, resulted in nonuniform motion 


