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Fatigue Strength of Thick Wall Cylinders Subjected to
Very High Internal Pressures

by

Yoshihiro YaMAGUCHI, Shigeo HATTORI
(Central Research Laboratory, Kobe Steel, Ltd., Kobe)
and Hiroshi YANAI
(Structural Engineering Laboratory, Kobe Steel, Ltd., Amagasaki)

Recently, very high fluid pressure is being used in some chemical and metal working pro-
cesses. The fatigue design of a very high pressure container is one of the most important works
for applying these processes to industrial fields.

The object of the present work is to study experimentally the effects of cylinder material,
diameter ratio, inner bore protection and mean hoop stress on the fatigue behaviour of elastic
open-ended thick wall cylinders subjected to very high internal pressures. Cylinders with the
diameter ratio from 1.4 to 1.8 made from 0.4%C-Ni-Cr-Mo steel (SNCM8), 18 Ni maraging steel
(KMS18-17) and 1.5% C-12% Cr tool steel (SKDI11) were tested. The inner bores of some mono-
bloc cylinders were protected by an elastmer film. The compressive mean hoop stress was
applied by autofrettaging and static fluid supporting.

From the viewpoint of hoop stress at inner bore, the fatigue strength of the monobloc
cylinders decreases with the diameter ratio. The protection of the bore surface with the
elastmer film is effective to improve the fatigue life of the cylinders because the elastmer
prevents the penetration of high pressure liquid into the fatigue crack. It seems, however,
that long fatigue lives cannot be achieved with simple monobloc cylinders made from any kind
of high strength material under very high cyclic internal pressure. On this point of view,
prestressing is a powerful means for obtaining long life. The test results show that the fatigue
life of the cylinder is significantly improved with the compressive mean hoop stress. The effect
of the mean hoop stress on fatigue life becomes larger as the static strength of the cylinder
materials increases.

The autofrettaged cylinder has long fatigue life in comparison with nonautofrettaged one,
but the effect of autofrettage is far less than that of fluid supporting. This trend may be
caused by the redistribution of residual stress of the autofrettaged cylinder during pressure
cycling.

When the cylinders made from the hard tool steel are sufficiently strengthened in hoop
direction, axial tensile stress at sealing position of inner bore causes a circumferential cracking
of the cylinders. (Received Apr. 11, 1974)
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Table 1.

Chemical composition and heat treatment of steels tested.

Chemical composition (%)

Cc Si | Mn | P S Ni Mo

Heat treatment
Al

JISSNCM 8 0.40 | 0.20 | 0.70 | 0.015| 0.015| 1.80
KMS 18-17% 0.01 | 0.10 | 0.10 | 0.007| 0.005| 18.0
JIS SKD 11| 1.55 | 0.36 | 0.38 | 0.023| 0.008| 0.11

0.030| Oil-hardened from 850°C Tempered at 625C

0.10 | Sclution annealed at 815C
. Age-hardened at 500C

— | Air-cooled from 1020°C Tempered at 575C

* Kobe Maraging Steel 250 ksi grade
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Table II. Mechaﬁical properties of steels tested.

Ultimate | 0.2 per
tensile | cent proof Xai:}i(s;:s :
Steels strength | stress ntdber

(kg/rmm®) | Ceg/mmey | @ (%) Ho

Reduction
in area

SNCM 8 121.0 112.3 59.4 360
KMS 18-17 176.1 171.0 59.8 550
SKD 11 = 240.0 — 750
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Fig. 1. Test cylinders.
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Fig. 2. Schematic diagram of fatigue test rig for
monobloc cylinders.
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Fig. 3. Schematic diagram of fatigue test rig for
fluid supported cylinders.
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Fig. 4. Applied load-pressure diagram.

T 14
g 14000

[0}
8
o

Cyclic internal pressure Pi (kg /
o
8
o
vl
0

»
o
o
o

o

. 1 .
10+ 0 | 410
Cycles to failure N

B

Fig. 5. Life of high pressure seals.
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Fig. 6. Stress changes in the bore of a thick
wall cylinders subjected to internal pres-
sure between O and Pymax.

CTREORBEE T LDHTHL.
K : AERREL
P R LHE
Pimax © #38 ULAE D Al
Py: TRE '
0p: FRFAEH (T2 TRRECHBETRIG %R X
D)
T RKRAMIE S (& TS BRI S A
)
day = PNEEZ 313 % FI R 5 180 I 7 R
dr 2 NEEC 1) Bk AT IG i
Oom » NEEIC 381 5 FH R A
T REEIC BT 258 AW
ek, WML LEHMKAET, TCREREA
T@%ﬁ%ﬁfi s,
3 HBERHELVER
3.1 HEFMEBONERS

ry

| ROEBREHE L Lo HEESRBEEY

Fig. 7 (SNCM 8), Fig. 8 (KMS 18-17) =7+

(115)




792 WoEeL, JREES, M fE
7000 T PIEEE A S MRy 1 SNCM 8 #IMfE ©-70

| k=18
6000} ————N\Ng—

|
K= |. 8 Autofrettaged

Cyclic internal pressure Pi (kg /cm®)

¥ 10°
Cycles to failure N

Fig. 7. Cyclic internal pressure tests on monobloc
cylinders made from SNCM 8.

8000

|

K= I. 8 Autofrettaged
K18 Airpfren

7000

u o
o [}
o o
o =]

4000

Cyclic internal pressure Pi (kg /cm*)

n w
o o
o o
o o

1000 . o
Cycles to failure N

Fig. 8. Cyclic internal pressure tests on monobloc
cylinders made from KMS 18-17.
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Fig. 10. Typical failure of monobloc cylinder
made from KMS 18-17.

3.2 SEREZFHEOAERES

Fig. 11~13 141 BEME FE 2 R I 18 o PIEESR 7 ik B
BART. 54— 2L LTHEBERORKMREHRIG
H#% &b, Fig. 11 (SNCM 8), Fig. 12 (KMS 18-17)

5 g 10000 [Flmd supported (K=1.8
9000——— 0y max=80 (kg /mm*) ———
£ 8000|— "~ O)max=50 (kg /mn’)
€ 7000 o .} / O'Hmax 30 (kg /mm*)
£ 6000, 2 J’— <
2 ~
4 5000/——— .__.'_).‘_\:\q\ _ie\______
S 4000 A Nt |
] Y o e T
§ 3000/——/ //K=1.47= == 0=
£ 2000} K=1L6 | ° ‘\-——T» ==
o K= 1. 8 Monobloc
£ 1000 ;
5* fo) It N | ]
10° 10¢ 4.10°
Cycles to failure N
Fig. 11. Cyclic internal pressure tests on fluid

supported cylinders made from SNCM 8.
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Fig. 12. Cyclic internal pressure tests on fluid
supported cylinders made from KMS 18-17.
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Fig. 13. Cyclic internal pressure tests on fluid
supported cylinders made from SKD 11.

FICIX BB ORBE S BER CHE L. chbnX
PoBbLMIR LS, TREXELT53E, Thb
Bl KMARARIE %N E 503 KRS RETEA
THI bbb, ELICHEEOREL LSO
ZhRE LTI T 5 e bR LENZ <5 2 — &
L L, —Pl& UCHtEC BRI 31 5 [ B 5 186
%, GO FEIE % AV TR L0 Fig.
14~16 TH5. chboOR X AEESCRIETT
BIEHOBHBEHED » 5 THBA, = OBEECIIH
EMEIC 31T 5 KIEREEC S W CETFREXEB LT
VB X5 THhD, KPR TR LcHERBRTK
& 1.6 DFfCoWT, Tresca DORERILHEIZE S

Static yield limit|

(K~l_6_) }
™~
/ (ls)

\\ Monobloc
K I6)
7 \Monobloc
/ Autofretta \(\K-—l 8)
/' (K=1.8)
// N 3/I0*C A
= IOO —50 0 50 IOO
Mean hoop stress Oum (kg / mm®)

P stress range
QA0 (kg /mm?)

00

B
m / é/ﬂ

Fluid supported

Fig. 14. ogm-4o, diagram of cylinders made from
SNCM 8.

(g /m)

Static yield limit /
(K=1.6)

e
%

b Fluid supported

<|§
St —Is
\\\
&< 2
S :
v Hoop stress range
200

15
// A i
!/ A
£ 5N 100\ /g
/ \\ e K=1.4
‘Autofrettaged | (K=1.8)
(K= |.‘;§\5°
\ N=3x10:C.
~Too —80 0 50 100

Mean hoop stress.Oym (kg /mm*)

Fig. 15. opm-4do, diagram of cylinders made
from KMS 18-17.

/

o
Longitudinal crack %
// N= 3x|o~c

200 or £.0z) (kg /mm?)

i(

(=
o
s
S 4
o
:-
m

/ N 3x|o«é?\

Statlc yleld limit

i \\ Circumferential crack

N=3xI10°C.

|
| “N=3x10C

—100 —50 o 5‘0 160
Mean stress Om (Oym or O'zm) (kg /mm*)

Fig. 16. opm-do, diagram of cylinders made
from SKD 11.
THELIHERETHS. ¥, Fig. 14 (SNCM 8),
Fig. 15 (KMS 18-17) rfcix HRMMORSE b KR
STV 2A, PHREEO»TFEEHE LTHST
% & LI URER TR BER E ST R I O R & K& /x
EREL, SRAUOMEY 25 Licics.

Fig. 17, 18 13 KMS 18-17 & SKD 11 4Bk
FESZREFIf O BIEAE 55 X OB 2R Th, B
KMS 18-17 Tia¥ifh I & Rix v, 5% 22031 Be
ETHAL, 2o, PEERCEZADO ML SR
SERPHZLNTERY, XZEREE K LPEEHD
BRBKRENZ L2 E, —F, SKD 11 i@\ T
IEFEITEL T EL‘TCbﬁﬁéﬁkﬁgfgb LM T,
FORKIAHEY 1 5 TH5.,

FRF49429 A (117)




794 iaEaL, REGER, M 1E

Fig. 17. Typical failure of fluid supported cylinder
made from KMS 18-17.
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Fig. 18. Typical failure of fluid supported cylinder
made from SKD 11.
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