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A Study on the Fatigue Life of Autofrettaged Compound Cylinder
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Abstract

Thick-walled cylinder with high pressure have had wide application in the armament industry. In the
thick-walled cylinder, fatigue crack is generated at inner radius and developed toward the outer radius.
To prevent generation of fatigue crack, the autofrettage process had been used. The compressive
residual stress induced by the autofrettage process extends loading pressure and fatigue life of the
thick-walled cylinder. In this study, the residual stress of single and compound cylinder by the
autofrettage process was evaluated. The analytical compressive residual stress of single cylinder was
good agreement with experimental result at inner radius. The analysis on the residual stress of
compound cylinder was conducted. The compressive residual stress at inner radius was increased with
the overstrain level. And fatigue life of the compound cylinder with initial crack was evaluated. The
considered initial crack shape was straight and semi-elliptical. The fatigue life was extended with the
overstrain level. The fatigue life of the compound cylinder with semi-elliptical crack was longer than
straight crack. The suitable way to extend fatigue life of the compound cylinder was proposed.
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Table 1 Mechanical properties of AlSI 4340®

Young's modulus, E (GPa) 205
Tensile strength, o0y (MPa) 1,272
Yield strength, o, (MPa) 1,180
Poisson ratio, v 0.29
Hardness, HRB 109.6
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Fig. 5 Stress-strain curve of elastic-perfectly using elastic-perfectly plastic model

plastic model .
::: _____________________ B
2499y BAdddeln e HAEESH(op) 1180 |- 4
& theol 4L olgste] Augt
2
ol =(—\/2§ )ay[ln;Jr; 1+%3 ] (5a) F=205 GPa Op= 1742 MPa
forr, <r<p 5
£
2 p? ( rﬁ) -485
P =(—=)o, 5|1+ 5b
ey 2L LR (5b)
forp<r<r,
A71rE S A A w wAlE= wAwE @ A Fig. 7 Stress-strain curve of strain hardening model
A BRSO o) T e o) wrolt, ol FEE AU FHAUE B
2 2
or= 1T 1—’“_;) forr, <r<p (62) Aetrg s} o) 7bE4grde Fig 749
oL Agel gH-MFEAES v5EA AndYge
—py? 2 5 Ol XIA] BIEOE (s VT or=a] FEO
of = 2 sz2 l—r—;) torp<r<r, (6b) sto), Q17 A] o—10—1(0'y)“)r A=A S
=T T
BN (0,)9) Aol= g Y AmT} 7HEHsE
o]FFFAANY AFEHLE 4 2 ~ B)F & z}i_o_aoﬂ .
gaelel Wipddd Sl Ay <p<n)t TOT L G aEs oA AB
14‘ — . o R R A< B B = vy I\ -y ]
9’]‘]-?—‘}&]%]:‘10“ 991'11.“ 73“?‘(7""1 <=p= 7"0)E ]/]_Tq A D E~/] L’ﬂ ?Zl—gi ]/]_l'——_qxl:ﬂ‘ 7_]'—21— 47H4 Al O
Aop W wARgel ARsEe T 2 o gaan
e FHAS A (DI ok Fig. 79 S@-W&E4E: O-A AB, B-D,
cl=0ol+o'+0of (7a) D-ES] Y T7ro @ uUirolx i 7b7h 47)e] Ao
A oL e s = Fdg
oy = o)+ oy + o (7b) (1) 5}@3} (O-A-B +3h)
G T7k (0-AT3Y)
24 JBHEHBHUS 0|3 RS A o=k  (e<e¢) ®)
Fig. 6 ol ZFSdurle] gyozy p o 5 7be st (AT

=
A 2 edele] Mol n p= AFA 24 =4+ A" (e=¢) ©)



- ¥FH

rz

300 o294 - ol

CRAE - ANY - FAT

Table 2 Calculation parameters of AISI 4340

o E Ay As

Op E’ Aj Ay

(MPa)  (GPa)  (MPa)  (MPa) Bi (MPa) (GPa)  (MPa)  (MPa) Bz
1,180 205 1,165 3,384 1.00 1,742 178 0.49 3,826 0.44
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01 Single cylinder using elastic-perfectly plastic model

= — Single cylinder using strain hardening model
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Fig. 8 Compressive residual stress at internal radius
under various overstrain level
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Table 3 Radius and autofrettage pressure®

(i) | (i) | (hy | ool | o FBa) | 6B

19.3 43.7 28 20.6 740 658
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Fig. 9 Residual stress distribution of single cylinder
under 36 % overstrain level”
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Fig. 10 Compressive residual stress at internal radius
under various overstrain level

0.2

01 —— r, =156 mm
0.0 - --r,=195mm
0.1 -'\'\ === r =234 mm

02 fF W
0.3+
-0.4 -
-05
-0.6 -
-0.7
-0.8 |

Residual stress / Yield stress

09
-1.0 -

Overstrain level (%)
Fig. 11 Compressive residual stress at internal radius
under various overstrain level
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Fig. 12 Compressive residual stress at internal radius
under various overstrain level
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AsHA 100 % A7bEE FEAAE el
Al

AAddel g sdaAse et 2 33 ATl

AR = Ko~ Ko = Kot Iy (19) FHAYT Y] WA LA ﬁ"é—_% id%j%
sttt Aol thrtEd EQAe s
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K, =112 % (1885—847) vma (20) ddols F8l7] ek A2 vEIt o] vEhd
= 1.12x1038 v7a = 1163/ma At
@l 552wt Table 5 A,/ v/ra value of straight crack
K, =1.2x (1857—950) V/7a (21)
=1.12x907 V7a = 1016+/7a Overstrain K,/ Vra
9ol HAL wHEste] ALt gLl g level (%) Single Compound
K,/ v7a 32 Table 59 2t} cylinder cylinder
100 1163 1016
3.2.2 HIE}I & 7 90 1164 1018
kgl Ael FAZol7k FAG vl Frhw i 1180 1033
7F43kal von Mises &5321S o] &3sto] 275 70 1201 1054
e = 60 1233 1087
S Aakeld 100 % A7FEE 54U 50 1278 1132
g o] wretd e del dig YN AT= o 40 1332 1186
= 2k 30 1404 1257
K= 07x112(c% + o) Vra 22) ig iggg 1;‘23

Table 4 Residual stress using strain hardening model Table 6 K,/ v/ma value of semi-elliptical crack

Overstrain _ Residual stress (MPa) Oversirain K,/ Vra
level (%) Single Compound level (%) Single Compound
cylinder cylinder cylinder cylinder
100 -847 -950 100 814 711
90 -846 -948 90 815 712
80 -832 -934 80 826 723
70 -813 -916 70 840 738
60 -784 -887 60 863 761
50 -744 -846 50 895 792
40 -696 -798 40 932 830
30 -632 -734 30 983 880
20 -457 -559 20 1120 1017
10 -248 -350 10 1284 1181
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Table 7 Critical crack length under various over-

strain level
Straight crack Semi-elliptical crack
Overstain (mm) (mm)
level (%) Single Compound| Single | Compound
cylinder,  cylinder cylinder,  cylinder
100 4.0 5.3 8.2 10.8
90 4.0 5.3 8.2 10.8
80 3.9 51 8.0 104
70 3.8 4.9 7.7 10.0
60 3.6 4.6 7.3 9.4
50 3.3 4.3 6.8 8.7
40 3.1 3.9 6.3 7.9
30 2.8 3.5 5.7 7.1
20 2.1 2.6 4.4 5.3
10 1.6 1.9 3.3 3.9

(1) A4
AK = Kpt+ Kp= Ky, = 131 MPa/m
(2 REtd P
AK = 07X (Kpt Ky) = K, = 131 MPa/m  (24)
el ArkA S o] gsto] AX7bEEC] wE ¢
Ad Dol S Table 701 A 2lsH3itt.

(23)

1 a R

N= ‘/'“/ da  _
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Table 8 Comparison between Koh™ and present

Inner Outer Yield |Young's
Models | radius radius | stress |modulus
(mm) (mm) | (MPa) | (GPa)

Koh™ | 77.8 155 1189 206

Present 78 156 1180 205
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Fig. 16 Fatigue life under with 0.1 mm initial crack
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Fig. 19 Fatigue life with initial 0.5 mm crack length
under various overstrain level
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Fig. 20 Fatigue life prediction with initial 0.5 mm
crack length and 60 % overstrain level under
various middle radius
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