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STRENGTH ANALYSIS BY METHOD OF THE FINITE ELEMENTS IN CONSTRUCTION
OF SPRAY STERILIZER WITH RESTRICTIONS OF STANDARD E N 13445-3

Summary

The article describes the problem of stress anslisispray sterilizers according to EN 13445-3, elydused in the food
industry. Operating conditions of the test devierercharacterized and a method of design verificatising FEM was de-
fined. Conditions of computer implementation reshawvere determined and choice of a methods forsassg sterilizer
was made, based on stress analysis. It was fourritarial stress for material of which the vesselmade. The maps of
characteristic stress was generated, the area®ntentration was localized and confronted the rssof set limits. More-
over, the fatigue life of welds and base materiatevestimated. As a result, an effort of the stgtem was determined.
It was found that the structure is characterizeddyel of safety, which allows to build a prototypevalidation of numeri-
cal model by strain gauge methods.
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ANALIZA WYTRZYMALO SCIOWA METOD A ELEMENTOW SKO NCZONYCH
KONSTRUKCJI STERYLIZATORA NATRYSKOWEGO Z ZASTOSOWAN |EM
OBOSTRZEN NORMY EN 13445-3

Streszczenie

W artykule opisano problemagylnaliz wytrzymaléciowych sterylizatoréw natryskowych wedtug normy1B8M45-3, sze-
roko stosowanych w przeshy spaywczym. Scharakteryzowano warunki eksploatacyjaafego urzdzenia i okrélono
meto@ weryfikacji konstrukcji z ayciem MES. Wytyczono warunki realizacji komputeatwlyada i dokonano wyboru
metod oceny sterylizatora bazaych na analizie nagtei. Ustalono napgzenia kryterialne dla materiatu, z ktérego zbu-
dowany jest zbiornik. Wygenerowano mapy aagir charakterystycznych, zlokalizowano obszary komaejni skonfron-
towano wyniki badé&z przygtymi limitami. Przeprowadzono ponadto szacowaniatnsci zngczeniowej spoin i materiatu
rodzimego. W efekcie ustalono stane#gmia ustroju. Stwierdzong; konstrukcja charakteryzujeespoziomem bezpieocze
stwa umeliwiajgcym zbudowanie prototypu dla potrzeb walidacji niedeimerycznego metodami tensometrycznymi.

Stowa kluczowezbiornik cknieniowy, norma EN 13445-3, badaniacozeniowe, MES

1. Introduction

The sterilization process is one of the key stepthe
food processing industry. It consists in an intemghermal
impact on the food product in a relatively shoméi (an-
nealing step takes on average 15 to 30 minutesansor
hot water is usually a working medium. It can digtiish
basically two temperature ranges of process, i& thl

loading and unloading of batch units is carried loytthe
cover (blind system is equipped with a cap assendid

the passage arrangement with two cover bands om bot

sides of sterilizer).

The pressure used in the spray sterilizer is sfram
2 to 4 bar, in which a steam is used as the workirdium
(6].

Having regard to the specifics of the work steeil

121°C and 130 to 14%. Selection of appropriate processWwhich is subjected to cyclic changes of temperaamd
parameters are determined by processed food produgfessure and loaded with cargo, strength analysisps of

A consolidation of food through destroying all nuorgan-
isms and their form of survival structures is tlesult of
properly conducted sterilization process [1, 6].

To successfully carry out the process of stetiliraof
food products, while reducing energy inputs, appée in-
creased pressure within the working chamber. Byeas:
ing the pressure an increase of enthalpy in useding
medium is achieved. That results also in an ineedker-
modynamic potential of the system which is capatiie
more intense heat exchange with the sterilizedyrod

Described process in industrial applications isried
out usually using spray sterilizers [6]. The workicham-
ber of these devices is a thin-walled pressure axfsel

its construction requires a specific approach.

The subject of studies described later in thiglerin-
cludes spray sterilizer execution on four baskédtdlaw
system ie. loading and unloading takes place orosipg
sides of the work chamber (fig. 1).

Verification of safety level in sterilizer consttion was
based on analysis using the Finite Element Metbagk to
the fact that the developed sterilizer constructma very
responsible technical object, working under considie
pressure, it was decided that the preparation ofpca-
tional model, the relevant calculation and assestwokere-

armed with the supply system of working medium ancults will take place in accordance with the staddaN

proper control and measurement equipment. The psazie

Mikotaj SPADLO, Dominik DEMBICKI, Pawet WOZNIAK, Jan Szczepaniak 97

13445-3: 2014-11 Unfired pressure vessels - Pdde3ign.

,Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(2)



Source: own work Zrédlo: opracowanie wlasne

Fig. 1. View of the tested spray sterilizer witladting and
unloading system of batch

Rys. 1. Widok badanego sterylizatora natryskowega w
uktadem zatadunku i roztadunku wsadu

2. Evaluation procedure according to standard EN
13445-3

To evaluate the strength of vessel guidelines cizeq
in standard EN 13445-3 were used. In particulacides
tions of chapter 6 (defining the stresses limitettgpter 18
(detailed fatigue analysis) and annex C (procetueyalu-
ate load capacity based on stress analysis).

The standard specifies three types of loads, wiviakt
cope with vessel in use. These are:

Presented above limits are used to determine iialit
ues of stress characteristic, necessary for théyzew of
ranges. They summarize them in Table 1.

Table 1. Specification of stress limits for austiensteel
1.4541 [4]

Tab 1. Zestawienie limitbw nagieri dla stali austenitycz-
nej 1.4541 [4]

Tsg pm Teg pi-Ugg p Afecpag
Gog pm = 160 Toq pirny = 240 AGgn.p = 480
MPa MPa MPa
Normal for 20°C for 20°C for 20°C
operaﬁon ez om < 130 G 21171 < 195 Ao ccP+0 < 390
MPa MPa MPa
for 150°C for 150°C for 150°C
Tests and
Opq pm = 260 AGygp g <780
special z Goq iy S 390 MPa
MPa ti LA MPa
loads

These values are determined using the recommenslati
the EN 13445-3 listed in point. C.7.2. They aréolews:
These values are determined using the recommendatifo
the EN 13445-3 listed in point. C.7.2. They aréadisws:
Gaq Pm = f
Oag_Pl =15 f;

.Normal operating load cases”. The loads occurs |rb- p=15-f

normal operation derived from the pressure and sl
located inside vessel, mass vessel elements, rassm@s
attached to vessel, wind, snow, etc.

» ,Testing load cases”. The loads occurs duringirtgst
vessel, from the pressure and mass liquid locatsitie
vessel, mass vessel elements and mass elemegtsedtta
vessel, etc.

» ,Exceptional load cases”. The unexpected loadscasso

ated with probability of explosion inside the vdssarth-
guakes, etc.

Depending on the load case stress limit is defidiéd
ferently. For austenitic steel 1.4541, of which thessel
was made, and which takes elongation at least 36@ttii
mate tensile (according to 6), the standard previtie fol-
lowing values:

» for a load generated during normal exploitation:
« ifthe valueR,, ;' R, is unknown, stress limits are:

fi= RyoWiT 2

d= 45
(* Ultimate strength of material in tensile at the rapiag
temperature T).
(%Elastic limit is defined as the stress correspondirtensile
force causing in sample permanent elongation obi#heas-
uring length at the operating temperature T).

» if the valueR

as less value of two presented below:

mm[fd— > fTrfd—Rm—T]

=T IS Known, stress limits are determined

'ﬁGEII?P‘HQ = 3- f.
In case:
Tsgq_Pm to:
| 2 2
Teg Pm = .,Jl[Pm_mx} T {Pm_min} - Pm_mﬂx ' P?‘J‘l_mi?‘!’

Tsq_ Pl to:

| 2 2
Tag P1 = .,,Jl{:PI_mﬂx} + {Pt_min} - Pt_mﬂx - Pt_m:'n:
where:
P,, — primary global membrane stresses (do not inclhee

effect of the notch, their presences are clearbibig of
large distances from discontinuity section).

P; — primary local membrane stresses. They are formed

near zones of stress concentration. StreFjesiay some-
where slightly exceed the yield strength. This agsion is
substantiated in [2], in the following way: aftexceeding
the yield strength loads are redistributed to rigi¢as of
vessel. Consequently there is no destruction asdepves
of the property object.

ValuesP,,, and.P; are defined from relation:
h

1z
PmJP:ZEJhGLEdX

&

Howevera.g pis:
c"_aq B = (Pmrz;r} + (szn}

?‘J‘IEI Pmirzl

« for loads generated during the research and inpexcewhere:

tional situations stress limits are determinedhesdreater
value of two presented below:

Baot/T

E m.-T]
1.05 '

mﬂﬂx[fsest: i frese = 2
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P=(B,VP)+P,.
P}, —it, in turn, primary bending stresses defined as:
h

. B
Py =% 0y pxdx,
z
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AG.gpsg IS the sum of primary and secondary stresset-. A

which differentiator according to [2] is ability tself-
limiting (self-limiting stress). This means locdhgtic de-
formation and smaller deformation leads to a rddoct
stresses without damaging the vessbkse stresses appear B
in areas of high geometrical discontinuities whichnifest — A\||| | e
as stress concentrations and are caused by changeat- 7T
ing plate thickness and temperature gradient (thber- wow
pansion).

To evaluate the fatigue strength another algorigho:
ceedings are used . It includes a statement thatahsel is Fig. 3. Types of joints used in the sterilizer
working of fatigue, joint quality for certain class the cal- Rys. 3. Typy spoin zastosowanych w sterylizatorze
culation of correction factors to calculate struatistresses
concentration in the place using extrapolative négles  Table 2. Specification of welds classes used istindizer [4]

"

Source: own work Zrodio: opracowanie wiasne

and characterization of fatigue (Wholer charts). Tab. 2. Zestawienie klas spoin zastosowanych wligtgorze [4]
h_,lb«.:cordmg to EN 13445-3 vessel working of fatigue " Welde No. the detail in standard
e The detail | classes PN EN 13445-3
Mgy = 500, (According to Table 18-4)
1 90 1.1
where: 2 80 6.1
5 .
ARy 3 80 6.1
M., = ;" (p_) .
eq X i . 4 80 6.3
. . . 5 80 6.1
While n; is the predicted number of cycles of pressur 6 9 11
changeAP; during normal operation, ang,,,, is maxi- 7 80 6.1
mum pressure limits. If inequality is satisfiedvias consid- 8 80 6.1
ered that the vessel is not working of fatigueinfquality 9 80 6.1
is not satisfied calculations are performed ofgfadi, In the 10 80 6.1
present case: 11 63 2.1c
N, = 10 vears -250operation days - 8 cyeies datiy = 20000 cycles 12 80 6.1
13 63 2.1c
AF; = 4 bar — a pressure difference during normal opera 14 63 2.1c
tion, B, .. = 6,4 bar — is a maximum pressure limits (ad- 15 63 7.3b
justed by pressure relief valve). Hence: 16 63 2.1c
17 63 2.1c
442 18 63 2.1c
mn., = 20000- 64 = 4882 cycles 19 63 2.1c
. e . 20 63 2.1c
— the test object working of fatigue. 51 63 510
. 22 63 2.1c
The standard EN 13445-3 includes 10 weld class >3 63 > 1c
(from 32 to 100). These classes define the fatgjtength 24 30 6.1
of welded joints in function of the number cyclég.(2). 25 63 21c
_ _ 26 71 5.2
Assignment of welds classes for each categorynar a 27 90 1.1

lyzed vessel presents fig. 3 and table 2.
Correction factors were determined according te th
procedures contained in the standard are as fallows
10000 = For welded joints:
« Factor dependent on coating thickness:
[ = 1, while g< 25mm.
1000 « Factor dependent on temperature:

g S fraoc=1, frisec =097
o TS ? For base material:
« roughness factor dependent on parameter
S R.: f. = 1, while it was accepteR ., < 6um.
i JHTT T « [fe — coating thickness factdz =1 fz =1  while g
1,0E+02 1,0E+03 1,0E+04 1,0E+05 1,0E+06 1,0E+07 1,0E+08 < 25mm.
N « fm - influence coefficient of average stress. Deter-

Source: own work Zrédio: opracowanie wiasne mined by equation:

Fig. 2. Stress limits for fatigue tests, in funatiof the for Ageg < 2+ Regyr

number of cycles for different welds classes [4] _ M2+ M) (Zﬂ ﬂeq)]ns
Rys. 2. Naprzenia dopuszczalne dla batlameczeniowych, fm =1- 1+M A,

w funkcji liczby cykli dla rénych klas spoin [4]
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where:
Az, 4 — equivalent stress range,

A, — stress range at which fatigue crack occursgitten
number of cycles.

» fr — temperature dependent. Calculated as for welded :

joints.

The statement if the object was characterizeduiigitde
fatigue strength being after confronted so-calledcsural
stresses with graphs fig. 2. The standard EN 13p¥e-
vides three techniques for determining these siseissheat
affected zone:

e Linear extrapolation for components bending slightl
according to scheme (a) shown in fig. 4, when thigefel-
ement has most equal length to two times of thdirmpa
thickness.

» Parabolic extrapolation for components bendingisig
icantly, according to the scheme (b) shown in figvhen
the finite element has most equal length to tweesraf the
coating thickness.

» The linear extrapolation, according to the schegje (
shown in fig. 4, when finite element has at leasice
length of thickness.

(®)

1l |

() ?,3.: <1,5¢
| |I e

Fig. 4. Methods of stress extrapolation to cradkiation
place according to standard [4]

Rys. 4. Sposoby ekstrapolacji neg@: do miejsca inicjacji
peknie¢ wedtug normy [4]

@ 0,4¢ 0,6e‘
l—ple—
N

0,4e 05e 0,5e
N
| e o e

Z
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3. Preparation of analyzes — construction of a comp
tional model

The computational model of vessel was developatus
FEM fig. 5 (according to [7]). In detall all the miact feed-
back occurring between the covers, covers clampstize
vessel was modeled (according to [5]). There weesfor
this purpose elements GAP (fig. 6).

Source: own work Zrodio: opracowanie wiasne

Fig. 5. A complete computational model of the §iteai
Rys. 5. Kompletny model obliczeniowy sterylizatora
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[ El. 2D placed on 3D

— weld model @éﬁ@ﬁﬂ UDADD
Source: own work Zrodio: opracowanie wiasne

Fig. 6. The calculation model of cover
Rys. 6. Model obliczeniowy pokrywy

It proposed two major load cases, correspondingto
quirements of standard:

e Test - Pressure load 6.4 bar, in temperature 20°C

(strength test of vessel).

« Normal exploitation — Pressure load 4 bar, in tempe
ture 150°C (the impact of thermal expansion stodemng-
es) and distributed force continuously applied todgs
with beam (35000N). This force is combined with glei
of baskets and sterilized container placed on tfreonmal
exploitation).

In both load cases, the model supported as #tesdrin
fig. 7.

Source: own work Zrodlo: opracowanie wiasne

Fig. 7. Method of receiving degrees of freedom eegr
vectors represent the direction along which thesibigy
of movement is received. The angles of rotationaienun-
fettered for each node

Rys. 7. Spos6b odebrania stopni swobody — zielekéovy
przedstawiaj kierunki, wzdta ktorych odebrano nzt-
wasé ruchu. Kgty obrotéw pozostgj nieskepowane dla
kazdego wzta

4. The results of analyzes

The results of analyzes for normal operation idelu
figures from 8 to 13.
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Data on Top Face : -21 N/mm ~2
Data on -

ttom Face : -18 Nfmm ~2

Source: own work Zrédio: opracowanie wlasne

Fig. 8. Map of Huber-Mises stresses, for normalratien.
The view from the top of the vessel. Displacemeotts
nodes in scale 50:1

Rys. 8. Mapa naptei Hubera-Misesa, dla normalnej ek-
sploatacji. Widok od géry na zbiornik. Przemiesnazew-
ztow w skali 50:1

Source: own work Zrodlo: opracowanie wlasne

Fig. 11. Map of the minimum principal stresses (imam
in relation to absolute value) for normal operatigiew of
the area of concentration A from fig. 8 .Displaceiseof
nodes in scale 50:1

Rys. 11. Mapa naptei gtdwnych minimalnych (maksy-
malnych co do wartei bezwzgldnej), dla normalnej eks-
ploatacji. Widok na obszar koncentracji A z rys.P8ze-
mieszczenia gztéw w skali 50:1

Source: own work Zrodlo: opracowanie wlasne

Fig. 9. Huber-Mises stresses (and the maximum jpéhc
stresses for the approximation of "B") for normpération.

View from the bottom of the vessel. Displacements o
nodes in scale 50:1 Source: own work Zrodto: opracowanie wiasne

Rys. 9. Napzenia Hubera-Misesa (oraz gtéwnych maksy-rig. 12. Map of the maximum principal stresses,normal
malnych dla zbfienia ,B"), dla normalnej eksploatacji. operation. View of the area of concentration B fréign 9.
Widok od dotu na zbiornik. Przemieszczengahdw w skali Displacements of nodes in scale 50:1

50:1 Rys. 12. Mapa naptei gléwnych maksymalnych, dla nor-
malnej eksploatacji. Widok na obszar koncentracji B
z rys. 9. Przemieszczeniazéw w skali 50:1

Source: own work Zrodlo: opracowanie wlasne

Fig. 10. Map of membrane stresses, reduced by theeiH Source: own work Zrédio: opracowanie wiasne

Mises hypothesis, for normal operation. The vieanfrthe  Fig. 13. Map of the maximum principal stresses,nomal
top of the vessel. Displacements of nodes in Ssaile operation. View of the area of concentration ofi@ 8.
Rys. 10. Mapa napterr membranowych, zredukowanych Displacements of nodes in scale 50:1

wedtug hipotezy Hubera-Misesa, dla normalnej eksfplo  Rys. 13. Mapa napter gtéwnych maksymalnych, dla nor-
cji. Widok od gory na zbiornik. Przemieszczenigztdw  malnej eksploatacji. Widok na obszar koncentracji C
w skali 50:1 z rys. 8. Przemieszczeniazdow w skali 50:1
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Based on drawings for the analyzes of acute states
* Primary global membrane stressgg; g, do not ex-
ceed the limit of 130 MPa. These stresses reachle v
about 50 MPa (fig. 10).
* Primary local membrane stressgg; p; and 5,5 pdo
not exceed the limit of 195 MPa. This is shownhe draw-
ings presenting concentrations. The stress limitgea

Adgap+p = 390 MPa is not exceeded. This range is calculat-

ed as the difference stresses during normal operatid dur-
ing unloading, when the pressure inside it is etpuaéro.

With regard to the fatigue strength of constructio
was located several areas of stress concentration:
* Inthe place where the flange connects to the yppeline.
* In the place where the tube connects to the loteams
circuit with a vessel.
* In weld metal supports, with the base plate.
» In strengthening sheet metal of rotation mechamtm
cover with buckles

According to EN 13445-3 and the data includedhia t
area of 1. corresponds to type of connection wékigha-
tion 7.3b and it has a class 63, the area of 2.lia — class
63, the area of 3. is 6.3 — class 80, area of4lis- class 80
(fig. 14).

| Area 1. ‘

| Area 2.|

I Area3.| | Area4.|

LA

Fig. 14. Types of welded joints according to PNE3¥45-3 [4]
Rys. 14. Zestawienie typow patei spawanych wedtug PN
EN 13445-3 [4]

For the area 1. 100 MPa determined by the extatipel
stresses techniques as it was described in, far Zre 250
MPa, for area 3. - 160 MPa, for area 4. - 250 MR&h
these levels of stresses and with the establistzesses of
welds, it is estimated that a fatigue crack ocevhien:

» Areal - 48500 cycles;

» Area 2 - 31040 cycles;

» Area 3 — 241552 cycles;

* Area4 - 63321 cycles.

These values are determined using the relationship:
c

N = = fu-

Text'
The size of C and m are given in standards EN 3314
according to weld classes, afu is a factor correction.
The results of analyzes for tests are presentdéidgunes
from 15 to 18.

,,,,,,,,,

Source: own work Zrodlo: opracowanie wlasne

Fig. 15. Map of Huber-Misses stresses, for pressese

The view from the top of the vessel. Displacemeoits
nodes in scale 50:1

Rys. 15. Mapa napter Hubera-Misesa, dla préby

Fig. 16. Map of Huber-Misses stresses, for pressese
View of the area of stress concentration A from fig.
Displacements of nodes in scale 50:1

Rys. 16. Mapa napter Hubera-Misesa, dla préby
cisnieniowej. Widok na obszar koncentracji nar A
z rys. 15. Przemieszczeniazbw w skali 50:1

Source: own work Zrodto: opracowanie wiasne

Fig. 17. Map of Huber-Misses stresses, for pressese
View of the area of stress concentration B from fi.
Displacements of nodes in scale 50:1

Rys. 17. Mapa napter Hubera-Misesa, dla préby
cisnieniowej. Widok na obszar koncentracji nagy B
z rys. 15. Przemieszczeniazbw w skali 50:1

Source: own work Zrodio: opracowanie wiasne

Fig. 18. Map of Huber-Misses stresses, for pressese
View from the bottom of the vessel. Displacements o
nodes in scale 50:1

Rys. 18. Mapa napteir Hubera-Misesa, dla proby
cisnieniowej. Widok od dotu na zbiornik. Przemieszizzen
weztow w skali 50:1

For the tests also found no exceedances of theJat
ues. Especially:

* The primary global membrane stresg; p,, does not
exceed the limit values 260 MPa.

The primary local membrane stresgsg; pz and
Taq_pdoes not exceed the limit values 390 MPa. This is
shown in drawings presenting concentrations.

The limit stress rangélo. g+ = 780 MPa has not
been exceeded. This range is calculated as treratiife of

cisnieniowej. Widok od géry na zbiornik. Przemiesziezen Stresses during normal operation and during uniggdi

weztow w skali 50:1
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when the pressure inside it is equal to zero.
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5. Summary and conclusions

Based on the stress analysis FEM of vessel itfawasd
that the stresses do not exceed the limit valuebyseec-
ommendations of standard EN 13445-3 for statiocngtie
both for pressure tests, as well as for normal atjer.
Therefore, it is concluded that there is a podgibiod build
a sterilizer and conduct further research usingpéopype.

However, it was noted areas of stress concentratio
which can lead to the destruction of structure ¢ating of
vessel) over a longer period of operation. Prelanmesti-
mation of fatigue strength using recommendationstafid-
ard EN 13445-3 takes place by calculating the nunatbe
cycles at which destruction occurs. For the indiaidcase,
it was found that the destruction occurs after mnoyeles
than planned 20000. Therefore, it was found injtisthat
object is of sufficient fatigue strength to work fi0 years.

Nevertheless, at stress it is clearly indicategistgauge
measurements to confirm theoretical consideratidhgse
measurements must be performed in accordance eith r
quirements of standard EN 13445-3, ie. by methotiaif
Spot using extrapolative techniques.
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