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Full-life fatigue analysis of vertical retort based on fracture mechanics
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Abstract: Objective: The fatigue strength of a new type of
vertical retort under the cyclic load of heat engine was studied,
especially the residual fatigue life of the pot body after the crack
appeared and the factors affecting the fatigue crack propagation of
the germicidal pot. Methods: The mechanical characteristics of
retort under sterilization and three kinds of cyclic loads were
analyzed by Workbench, the design fatigue life of the retort under
three alternating stresses was studied based on the S-N curve.
The effect of the initial crack size. pressure and temperature on
the stress strength factor and residual fatigue life of the crack
retort were studied based on fracture mechanics. Results: The

design fatigue life of this type of vertical retort was calculated to
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be 5X10° times, which meet the design requirements, and has a
certain safety margin. Based on the fracture mechanics analysis,
the crack size life curve of the sterilization retort was obtained.,
and the residual life of the sterilization retort with defects was
predicted, which had certain innovation. Conclusion: Attention
should be paid to the occurrence and propagation of cracks in the
pot during use. The strength analysis and life prediction analysis
of crack defects in the sterilization retort can be carried out
according to the method proposed in this paper and experiment.

Keywords: food sterilization; vertical retort; S-N curve; fracture

mechanics; full-life fatigue analysis

TSR B A T Y O R A AT G A T R R
FHRR X S 5 B 1 TR B 5 0 I R A R ORI B
AR ROR SRR R A B Ak A 7R 4 b an DL TR B 2 A
AR AR AR, W E T A SRS E A R
B, KRR T A = 80R . (0% 2 1 i 76 8 F ok 32 1R
BE R T RS 0 A0 B 3 A T L 57 R R R O B IR
5 2% 11 S Ak ] f

38 H 2 57 SOR TR T 25 A% 1 9% 55 43 B v izt
FEEFHPEASBY BED . 78 TR 7 25 4% 08 95 19 43 BT 162 5 B B
PRSP RET SN I —Fh R 5 T2 b AT B0 57
SIAT TR T BT S5 AR B4 R R N 7 43 AT R Y 5 ik
IR A A V3 38 R P R R B R B IR AT B AS A TR
JCAAT S ARAT T T R AR R BE R S N ) BAE B A Y
A E LI S-N Il SR BT T 9 57 i B I 8 . AR ST
P72 1 %5 2% 00 9% 97 TR B AF 5 J7 T - Newman 450
P T R R BEY T R P AR 2 RE B 1 R
PR AR A 5 i B AT 36 F Wi 3 ) 2% DL % Newman
WO TR AR MRS K T REZ xR ey g
P52 0 LA 5 Susmikanti 458097 SR I 7 38 B A7 4 b 24
SUSH BT A PR T 3k 020 A0 (5 28 SO 8 o0 B T I N
FE 7745 4 3% T 24 80 TR LE R R g e (B X R 80T R Y R
Wi 5 4 6 B AT R T M U Bk I i B0 % 5 B A

85



86

BREEE5E4E4HE FOOD EQUIPMENT &. INTELLIGENT MANUFACTURING

PEAR 5 2% s Wu S0 HEST T 8 R A UM (4 3 55 5 i 000
s Liu G807 R FBUE A 5 00T 58 1 FA00 7 % 2 iy 4
JE 142 585 1 AL 24 8000 5% i 5 2 ) AL 35V SR F BE AL A
FR T 40T T TR K A5 5 i R 2R A 24 80K BEAR AT A
e E-ALT N

5% LA ST 2025 TR B O 43 BT 6 42 5 DR T A 5 3 B 1
BT 57 75 i A 2L 8000 o A% 9% 57 77 i W A T TH R 4
TP 5 W 5Y . AR B A TR R R TR IR R L oR A Workbench
ST A BRI R BT SN AR E
B BT 57 i 5 ST IR S R R R BUR
50 R A% 55 5 A, IR LA T R T VIR L B 4
PR 22 5% A% B i 7 T 24 0 N T B B TR T 1 R L, R R O I
Zear 2 A B B I T B AR
R i 3% A TR A ) A Tk
1.1 RERRERE

AR 52 o A= ™ A o 3 2 TR B R TR AR T 43S 5 A
B

(1) JERE A T P9 ACH IR G2 oK, ok AL T
HEA | T W05 W6 5 1%

(2) Fh R . e R 2 AR R R NR T &
121 ‘C.J HF+ = 0.2 MPa,

(3) ZATH BN 28 VR B ORFE 121 °C, xf ki AT &
[P

(4 B RTESE RGN 28088 5 HE U R 72
N H K 4 RETRBE R

(5) R WA R HTEE PR RT B O HEE 4
MEEEET -4~ TF.

H AR R B SR Y 32 7 B BE L R B R AR
AT 121 CHUE AT 0.2 MPa; — /2K JH
WA 3 MG . © K HEAE R 2 Ao 22 vh oK 1 2 800
KA B ROK AR s @ 3k H AR08 2R 4R A o 15 A 8 4 8
HEH B REHE S) @ i 2R 5 T R TR PR A

K Workbench 3 T # /7 22 B | 9% 25 4% #4044
SRR A A 43 BT 7 2 A% R R T A BB B B Y ) 2 R
L2 FERMONZHEST
121 AEWEA AR E R ILE RS mE 1 R,
A 55 5 URORN S P R VS 43 5 R TR AL AN IR 2 TR L R 4K
FH solid186 BT . 3% 2 Rl 5L £ R M solid187 BIT I 4T
A% I . R R R R AL R 304 AR S pE R E 2 X
10° MPa, JAA#A 11 0.28, A IE K R 8K 1.7 X 10 °°C ', fE #4
Z%0.016 W/(mm « ‘C),

1.2.2 RUARAY 20t MRS A B R X R B R AT
WS AL P a3 A A AR it il BE 3% f 7E 30 min N E R
22 °C SJ# T FE 121 C, Hy A R T T R A
22 °C AR B R R 5X10°° W/ (mm? » “C) KT 7
RN 25 S0 0 A IR B R A0 3R TR St IR E 22 C

it

S

BEoss #2023 F 1 B | RSN

b
(;}7UG T E
E
SHE
#1920 mm s|E
e
N o

E —
£
~ EtJ_M

A1 XFHBILATEAL

Figure 1 Geometric model of vertical retort
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Figure 2 The finite model of vertical retort
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Figure 3 Temperature distribution on the

vertical retort
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Figure 4 The stress intensity distribution of

the vertical retort
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Figure 5 Stress intensity distribution under

water pressure cycle
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Figure 6 Stress intensity distribution under

cycle in and out of cans
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Figure 7  Stress intensity distribution on the vertical
retort under in and out of the steam and

temperature cycle
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Figure 8 S-N curve of Auschwitz stainless steel

in JB4732 standard
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Figure 9 Three kinds of sterilization retort crack

location map
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Figure 12 Stress strength factors under different loads
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Figure 13 The remaining life of vertical retort with

different initial crack sizes
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