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w = radial displacement
PER := permanent enlargement ratio

Subseripts

¢ == langential

¢ == fadial

= longitudinal

p = plastic region

¢ - clustic region

o == 100 percent overstrain condition

HMTRODUCTION

The requirements for | ¢ vessels of high eladiv Toad varrying cape. Wy

is rapidly increasing as o cnced by the rapid advancements in such ficl
chemical processing and hydrostatic compacting. Similarly, in such fiel 5

cannon, there is a constunt aim towards inereasing the strength to weigli
ratio of wenpons. Along with this trend towards higher pressures in these and
other fields, the design and fabrication of prossure vessels becomes inereasingly
Jilieult, A point is reached where it is no longer feasible to simply increase
the digseter ratio and/or the basie material strengths and it becomes necessary
to consider oither means of increasing the elastic load crrying capacity. The
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¢ the elustic lond earrving capacity are
stafrettuge. All of ahiese techniques are bised
1 ostresses to counteract the operating stresses.
nost efficient. Tt has been the purpose of the
1o study the application of the autofrettage
sicated from current high strength materials.

ich a favorable residual stress distribution is
produced by subjecting U der to an internal pressurc of sufficient
magnitude 1o cause plastic sart or all of the eylinder wall. When the
pressure s released, residual . - - ses are set up which are compressive near

jockoting, wire Wy pis:
oit the use ol induaced
Autoflrettage, hawever.
work swamarized in 1l
principle to pressure yes..
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the bore chinnging to tensile tow e eds (he outside surface. These residual stresses
oppose the operating stresses, thus increasing the elastie load currying capacity
of the vessel,

Several investigators have studied the theoretical solution in terms of the
stresses dnd strains associated with the overstrain of thick-wall eylinders.
These solutions; however, are primarily based on the Tresca yield criterion
and. although simple by comparison, they are inherently inaccurate as
compared to those based on the von NMises yield criterion. Unfortunately.
however, the use of the van Mises eriterion results in very complex relution-
Jiips that often cannot be obtiined in closed form.

Ihe experimental study of the oserstrain of thick-wall cylinders i the past
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has been primarily limited to low-strength materials by today™s standards,
Consequently, much of the data is inaccurate and incomplete when applied to
current high strength materials.

This paper summarizes a portion of the results of an experimental program

ass©tvd with the study of 1o overstrain of thick-wall eylinders in the
di ororatio range of 1.4 ol nominal yicld strength level of 165.000
Pt crimental data are . ced for the pressure required for, and the

disy mients associated wit 100 pereent overstrain condition. Using
emp el relationships, the em for the open-end cylinder condition
using the von Mises criterion is presentsd. Simplificd relationships @y < iven

and campared to the experimental dat: 7 Soth the stresses and displs cwents
in the plastic and elastic portion,

I'n addition to these subjects covered - in this paper, other pho © 7 1he
stitdy of overstrained thick-wall eylinders ¢ under way and will be -+ -ied
dta Jater date, Included are experimental determinations of the - lazl

ress distribution, effeets of material removal and temperatus ihe

tstic strength, and progressive stress damage studies.

DESCRIPTION OF TESTS AND APPARATUS

st Specimens

The spacimen geometry consisted of a comme = Initial 1-in. bo wer
voithr a length of 17 in, This length was det: d to be greal oA
overcome end eflfeets in tie urgest diameter avestigated,

All specimens were obtained from 4340 st "y S0 0. Jong and <.
in dinmeter which were gun drilled and cut vwo 40 in, lengths. “tlhese
lengths were heat treated by austenitizing at 13257 F, oil quenching in the
longitudinal direction and tempering at 1075 1F -1 25" with a resuliant
nominal yield strength of 165,000 psi. Each heat treated bar was then finish
reamed 1o 1 in. 1D, and cut to obtain three 11 in. specimens. The remaining
7 in. of material provided tensile and charpy specimens.

Restraining Containers

Preliminary experimentation was conducted using several specimens,
raneing in diameter rutio from 1.4 to 2.4, to determine the wnifermity of
strain along the specimen length. Due to the natural inhomogeneity of
material, particularly at this hieh strength level, Targe variations in plastic
dilation were noted, both along the length and circumfercutindly. Therefore,
to insurc uniform deformation throughout, external restraining containers
vere utilized. These container- were splitat the half-length point and recessed
to allow the application of + _ain gages to the specimen surface as shown in
Fg 1k )




