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Increments of Elastic Load Carrying Capacity of Compound Cylinder
by Using Modified-Shrink-Fit Method

S. C. Chung and C. S. Hong

Abstract

Modified-Shrink-Fit(MSF) method of compound cylinder is studied to increase elastic load
carrying capacity (ELCC) of pressure vessel. The autofrettage and the shrink-fit processes
are used to study the MSF process. Theoretical analyses based on the Tresca yield criterion,
Hencky’s total strain theory and elastic linearly strain-hardening material are carried out to
derive closed form solutions. Experimental results are compared with theoretical results with
various diameter ratios between outer (SM45C) and inner (SM20C) bloc cylinder.

For various diameter ratios, increments of ELCC have errors in strains vs. internal loading
pressures between experimental and theoretical results. But experimental results show good
agreements with theoretical results in reyield pressurizing state. The increments of ELCC of
compound cylinder manufactured by the MSF process is proved by measuring the residual

stresses.
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Table 1 Comparison of partially plastic thick-walled cylinder theories

Inelastic Compressibility Strain Axial
Authors : Flow . Type of
Ref. No. it{;f;ss-stram Elastic [Inelastic| criterion hr?é’dsnéng Bogg%?rgs solutions
region |region nduce onaitio
1 Hencky ‘ C* ‘ I** ' Von Mises ! No Plane strain Closed form
2 Hencky C C Tresca No Either e,=0 or | Closed form
closed ends or
open ends
3 Hencky ILor C I Tresca | Yes Either open Closed form
ends or closed
ends
4 Hencky Tor C 1 Von Mises Yes Either ¢,=0 or | Closed form
open ends or
closed ends
5 Prandtl-Reuss C C Tresca No Plane strain | Numerical
6 gr%léiri@euss C C Von Mises No Plane strain Numerical
7 Prandtl-Reuss C C Von Mises Yes Closed ends & | Numerical
open ends
8 Prandtl-Reuss C C Von Mises Yes Either ¢,=0 or | Numerical
any combinat-
ion of internal-
external pres-
sure and end
load
Theory | Hencky C C Tresca Yes Open ends Closed form
in this
paper

*C—Compressible
*[—Incompressible
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Elasto-plastic compound cylinder subjected
to Internal pressure P:
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Fig. 5 Tension specimens in the first machined bar
for SM20C(1) and SM45C(2), and tension
specimen dimension

40
35_
= sasc
£30- == =
>~
£ | f— —
B $20C
2 201 ’I
? -
& True Curve
_ 5 === (deglized
o
£=4
E 10}
o
=z
5
o) { 1 1 | ! | 1 [ {
0 2 4 6 8 10 12 4 16 18 20

Nominal Strain  &(™™/ ) x(03
Fig. 6 Idealized nominal stress-strain curve of full
annealed SM20C and SM45C based on Ave-
raged data.

Bk B &

+ EaEM A9E 3744 dgicl. Fig. 63 Table 2
t Fig. 59 Ao zds dojzxl AmY 744
A,

BEADTEE 435ty 18l Fig. 79 o424z
A5 gEYeh o] FAE KBRS 22 % 4 70
kg/mm* 8] BEHE w4 + Jd=5 FF7(SKD61)
+ dug3te] el EFY RS 0.03mm FA
2 2E35F¢ 5o S|l&2Ed HEgickolo] FAukA 2}
3% k5l shglul, of o] AyE S BIEA

! press)] P& A BEas A

[' RAM 'l SES FAYAES A"
N
. o

[

S

LAY

T wee=ss mmse %
't ol AAste As] Alade
(218mm)ol] wj gt JEHE 2

£ 339 el ust 0.04
7t HEE S,
A f4 = 9285 5
%% 150kg/mm? 74z A&
s BEHoR R4 4 9
£ Aube0s Apgsty
o, EHE S AE fEae
AR 2HFT AW 4
Bl BpEe mhAs &
BmHE 2 2 £
E3) gl A o] 2} (KFC-2-C1-11,
KYOWA CodE ALg3ld
z#stgvl. Fig. 82 s
AgFA 9] A% Eo] 2 Fig.9
L AA rEEgR e &

Fig. 7 Pressure mak- <
ing die set-up A=A o]},

Table 2 Mechanical properties of SM20C
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SM20C| 26.46 | 45.12 | 32.00 | 21000 | 0.275
SM45C| 30.11 | 61.04’ 53.25 | 21400 | 0.280
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Fig. 10 Deformed and compound cylinder specimens
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