Dizajn procesnych zariadeni

Hygienic Design

Prednaska

Vypracoval: Ing. Martin Juriga, PhD.

Bratislava, november 2019

1.2



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Hygienic Design

Oblast priemyslu
Predovsetkym farmaceuticky a potravinarsky priemysel.

Legislativa

-Narodné a medzinarodné normy / napr. BPE, EN 1672-2, 1SO 14 159 /

-Interné firemné standardy / audit technického riesenia /

- Nezavislé organizacie ako napr. The European Hygienic Engineering & Design Group
(manufacturers, food industries, research institutes as well as public health authorities and was
founded in 1989 with the aim to promote hygiene during the processing and packing of food
products. EHEDG) is a consortium of equipment

Dobry hygienicky (sanitarny ) navrh zabezpecuje minimalizaciu moznosti kontaminacie
-Mikroorganizmy / patogény — choroboplodné organizmy /

-Neziaduce chemické latky / mazacie oleje, Cistiace prostriedky atd. /
-Fyzickych predmetov / kusy skla, kovu, plastu atd. /
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ASME BPE-2016 EUROPEAN STANDARD EN 1672-2:2005+A1
(Revision of ASME BPE-2014) NORME EUROPEENNE
EUROPAISCHE NORM March 2009

B i 0 p ro CeSSi n g ICS 67.260 Supersedes EN 1672-2:2005
Equipment

Food processing machinery - Basic concepts - Part 2: Hygiene
requirements

INTERNATIONAL ISO
STANDARD 14159
CS— i i
()2 The American Society of Safety of machinery — Hygiene

® Mechanical Engineers

requirements for the design of machinery
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Zakladné /vseobecné/ poziadavky pre hygienicky dizajn

-Volba vhodného materialu

-Kvalita povrch, ktora je v kontakte s vyrobnym procesom

-Dizajn neobsahuje oblasti kde moze dojst k zachyteniu a rastu mikroorganizmov

-Cistenie

-Preferovat nerozoberatelny spoj /zvar/. V pripadne nutnosti rozobratelnosti — vhodny névrh
napr. Srobenie, priruba, klamp.

-Zabranit konstrukénym rieSeniam s dierami a uzavretymi otvormi.

-Zabranit konstrukénym rieSeniam s kde sa kumuluje Spina a nedistoty.




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Hygienic Design

Zakladné /vseobecné/ poziadavky pre hygienicky dizajn

-Zabranit tvorbe mrtvych zén kde by sa mohol zachytit vyrabany produkt.

-Eliminacia ostrych hran

-Samospad a Cistitelnost ploch / pristup/

-Zabranit tvorbe kondenzatov / vodna para/, ktoré mézu kontaminovat produkt.
- — ‘;: e R a'} | RS ; g F o

Radius
Vyspadovanie
Cistitelnost

Pristup
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Zakladné /vSseobecné/ poziadavky pre hygienicky dizajn

-Vsetky doblezZité plochy musia byt pristupné pre vizualnu inSpekciu a manualne cCistenie .

- Armatury, meracie ¢leny vhodné pre hygienicky dizajn — d6lezita je aj instalacia

- Loziska, prevodovky, motory atd. mimo pracovny priestor. / zamedzit moznosti kontamindcie
mazadlom /

-Ovladacie panel zariadeni v hygienickom prevedeni — Cistitelnost.

From This s === TO This

Gasket Continuous Welds

Non-Functioning Openings
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Vyber vhodného materialu

-Uhlikova ocel- vSeobecne nevhodné / kordzia/. Nater /obsahuju Zn, Pb, Cd/, galvanizované
/¢asovo nestabilné/

-Nerezové ocele — najpouzivanejsie. / AISI 304, AISI 304L, AlSI 316 /. Je nutné preverit koréznu
odolnost voci niektorych latkam / napr. NaClO chldérnan sodny , H2S04 /, odolnost pri vysokych
teplotach a zataZeniach .

Sulphuric acid
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Vyber vhodného materialu

- Med' /Cu/ - vo véeobecne vhodny material pre potravinarsky priemysel. Casty v liehovarnictve a
vo vyrobe piva. Organolepticky efekt /vnimatelny zmyslami /- pozitivny aj negativny. Nevhodny
pre kyslé a slané latky.

-Hlinik . / hlave obalové félie /.

-Ostatné neZelezné kovy su zvacsa zakazané / olovo, cadmium, ortut ... /. Obsahuju ich hlavne
obsluzné ele. zariadenia.
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Vyber vhodného materialu

- Plasty - hlavne oblast pouZitia je na tesniace a trecie plochu / loZiskd, tesnenia / vo vSeobecne
vhodny material pre potravinarsky priemysel. Pri pouziti plastov v potravinarstve je dolezité
poznat hlavne teplotny limit / mali by vydrzat miniméalne 121 °C — sterilizacia / a mali by spliat
ostatné nalezitosti / nepdriovité, pevnost, odolnost voci oteru, atd. /.

-Guma / hlavne tesnenia /.
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Vyber vhodného materialu

TABLE 26.1 Resistance Characteristics of Different Rubber Materials (Plett and GraBhoff, 2006)

Ethylene

Natural glclg(l;g::le Silicone gri?r?;lene Neoprene Fluor
Contact Medium Rubber Rubber Rubber Monomer Chloroprene  Elastomer
Temperature range —60 to 80°C  -35t0 120°C =70 t0 200°C  —60 to 135°C  —40 to 230°C ~ -30 to 180°C
Hot water (120°C)  — e e e e +++ +++ A
Hot water (145°C) - - +++ +++ - R
NaOH (5%; 90°C)  ++ ——t e+ et —— -
NaOH (5%; 140°C) - - - ++ + +4+
H3PO, (2%;90°C)  — - +++ - +++ -
H3POy (2%;140°C) - - - —— — ——
HNO; (1%; 70°C) - - - - - o+ ++
+++ = unlimited resistance; ++ = limited resistance; + = only short contact; — = non-resistant; — — = absolutely non-resistant.

Teflon /PTFE/ Polytetrafludretylén
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Vyber vhodného materidlu

- Drevo - nepoufZiva sa./ potravinarstvo napr. sudy /

-Sklo. MnoZstvo vyhod, hlavna nevyhoda je krehkost. Stale v miestach kde je potrebna vizualna
inSpekcia deja. Pripadne nahradeny priehladnym plastom napr. PERSPEX /prepusta viac svetla /
-Keramika. Nevyhoda krehkost a poérozita. /napr. filtre, membrany /
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Kvalita povrchu
-Kvalita povrchu je velmi dolezitym parametrov. Vo vSseobecnosti by mala byt mensia ako 0,4 um

pre farmaceuticky priemysel, pre potravinarstvo je prijatelna hodnota mensia ako 0,8 um.
Material by nemal obsahovat Ziadne dutiny, trhliny aby nedochadzalo k tvorbe usad.

Figure 5:10. Hot rolled 1D/No. 1 Figure 5:11. Cold rolled 2B/2B Figure 5:12. Cold rolled 2E/2D Figure 5:13. Cold rolled 2R/BA
finish surface. surface. surface. surface.
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Spoje ACCEPTABLE

- rozoberatelné /nerozoberatelné
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Spoje
- rozoberatelné /nerozoberatelné

HYGIENE RISK ACCEPTABLE
HYGIENE RISK
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Nit. spoj

Spoje
nevhodny

- rozoberatelné /nerozoberatelné
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Spoje

- rozoberatelné /nerozoberatelné

HYGIENE RISK
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Spoje

- rozoberatelné /nerozoberatelné

HYGIENE RISK
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X
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Spoje

- rozoberatelné /nerozoberatelné

STATIC SEALS

O-rings

O-ring seals usually require a narrow gap which is very
difficult to clean.

As a rule the seal should be as close to food product as
possible to provide acceptable cleanability.

N
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov
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Cold water
no insulation ©

Stirrer shaft from above,
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov
According EHEDG
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

o
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

X

/7

[~

u




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Hygienic Design

Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

Key

a) Food area

b) Food product
c) Non food area

~d) Splash area
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

HYGIENE RISK ACCEPTABLE

> @
AN

Key
a) Rpjp=3mm
b) Smooth surface
Cleanability improves up to R = 20 mm

Figure A.14 — Internal angles and corners
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

ol

(a) (b)
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

Rozdielna
tepelna
roztaznost :

SS

16.E-06 1/°C
PTFE
100.E-06 1/°C

Heating
—_—

Cooling
E—
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov
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Figure A.17 — Bearing and shaft entry point
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

(a) (b) (c) (d)
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

PREVENT SOLUTIONS FROM EVAPORATING AND CONCENTRATING

Level

Water can
Collect

Concrete Pipe

Support

Reinforcing
Saddle
Seal Welded

to Pipe \

Wims ama

Preferred
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

Hygiene risk Acceptable Key
1 Soil
O AN 2 Closed
3 Open
a) Open cross-section 2 /_\

3

b) Cross-section

O«

3 2 d) With cladding

¢) Without cladding
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

Key

Hygiene risk Acceptable

Small clearance feet without radius and sealing
Rounded pedestal

Sealed to the floor

Soil, dust

Small clearance

Radius

Slope

Sealing

|
|
|
|
|
© ®NO O BAWwN S

Clearance
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Konstrukcia nddob, zasobnikov, prevoznych kontajnerov

Hygiene risk

O B W N =

Condensate
Motor

Pump
Clearance
Valve

Acceptable




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Hygienic Design

Potrubné systémy

Hygienické prevedenie
-potrubia

- rozoberatelné spoje
-armatury

-MaR

-zariadenia
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Potrubné systémy - Armatury
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Potrubné systémy - Armatury
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Potrubné systémy - Armatury
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Potrubné systémy

Rurka znutra,
manuadlne
zvaranie

Orbitalne
zvaranie
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Potrubné systémy
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Potrubné systémy

(a)

Neda sa odkalit
/vypustit /
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Potrubné systémy

K 2
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Potrubné systémy

ONLY ACCEPTABLE IF UNAVOIDABLE

b)

a)

C {

----- _

d)

N [

< N

k )

NOTE Acceptable length of deadleg mainly depends on
viscosity and flow velocity and direclion of flow.

Key
a) Toolong d) Short
b) Dead space insufficient exchange with mainflow e) Dead space can be drained

Figure A.15 — Dead space

c) Sufficient exchange with main flow
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Potrubné systémy

At=80 x 10%sec |3\
Vi, = 3.0 m/sec L -3
d =50 mm S ""ﬂ

In-line measuring nozzle
v

_E_____ i : R

vEo
RS
Ha T

FIGURE 14.11 Fluid motion in a branched pipe. Marking the migration of particles which were photographed
by a high speed cine camera within 80 msec. Frequency 500 frames/sec. (From GraBhoff, A. 1980. Kieler

Milchwirtschafiliche Forschungsberichte 32: 273. With permission.)
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Potrubné systémy

ACCEPTABLE
HYGIENE RISK

|
I

|
‘Y“: ___"—v\

Key
a) Dead space, air trap and condensation
b) Short

1 Probe
2 Swept T-piece

Figure A.19 — Instrumentation
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Potrubné systémy

ad

(b)
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Potrubné systémy
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Potrubné systémy

Type Hygiene Characteristics Application
Dairy coupling DIN 11851 - There is an internal annular crevice between the Often found in the
standard gasket ends of the coupling parts and the bore of the gasket. food industry (pipes
o Product may be retained during production and /or and tanks) due to
after CIP. An additional potential problem with the the fact that it is

AN\

Dairy coupling DIN 11851 -
non-standard collared gasket

—_
\\\\\\\*\\
IIIIII

S|
II 1/11 -\

\\\\\\\\\\
—

design of this fitting is that it has a clearance on the
cone fitting; as a consequence the two pipes are not
automatically aligned. This could give rise to a
potential step in the pipe joint. Does not comply
with 3-A or EHEDG sanitary design criteria.

It provides a smooth crevice-free internal surface
when correctly fitted and assembled. However,
because of the mobility of this type of coupling
and of the alternating expansion and contraction of
the gasket, this gasket may be damaged by shear.
Does not comply with 3-A or EHEDG sanitary
design criteria.

reasonably priced.
Not considered as
suitable for CIP, which
means that the fitting
should only be used
where the pipework is
manually cleaned.

Not recommended for
use in hygienic plant
process lines and CIP
installations.
Expensive and does
not fulfill standard
hygienic design
criteria.
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Potrubné systémy




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Hygienic Design

Potrubné systémy

Type Hygiene Characteristics Application
Coupling DIN 11864 form A A smooth interface within the pipe work while Optimal for aseptic
Y 7 simultaneously achieving a metal-to-metal seat operations because
T //// \\\\\\\\w behind the joint. A sufficient gap is created between they are successfully

n\\\\\\\\\\\‘

Coupling DIN 11864 form B

» -

the seal and the product space to facilitate rinsing in
cleaning processes. This gap also serves as an
expansion space that can accommodate volume
expansions in the material as a result of heat or the
influence of media without forces that can result in
shearing. The groove is designed to minimize
protrusion of the O-ring into the pipe bore. Complies
with EHEDG and 3-A design criteria.

The volume of the functional part of the gasket
(diamond section) is minimal to limit the effects of
thermal expansion. A small area of the gasket is
exposed to the product. The width of the gasket is
only 1 mm. The block of elastomer behind the seal
will accommodate the thermal expansion, relieve
stress build-up on the sealing faces and limit
expansion into the product stream to a minimum.
The small functional part of the gasket can expand
in two directions. To prevent air from being trapped
between the gasket shoulder and the male part
groove small slits are provided on the outside,
acting as vents.

tested for CIP-ability,
steam sterilizability
and bacteria tightness.

Optimal for aseptic
operations because
they are successfully
tested for CIP-ability,
steam sterilizability
and bacteria tightness.
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Potrubné systémy

il‘i_

'zéﬁffi‘erte, produktbiindige u'ﬁ
defini v

—_— “Spaltfre|" |
‘-l |
|

e

77\
Illllllllllllly/ //l%\k\\\\\\\\\\\\\\ N




Hygienic Design

Potrubné systémy — DIN 11864-1




Hygienic Design

Potrubné systémy — DIN 11864-2

Nutflansch
Nut flange

Bundflansch

/ Collar flange

Sechskantschraube

\

Hexanoonal bolt

\@ o Sechskantmutter

\@ Hexagonal nut
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Potrubné systémy — DIN 11864-3

Klemm-Nutstutzen

Clamp-nut T

elenkklammer
avy duty clamp

Klemm-Bundstutzen

Clamp-liner
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Potrubné systémy

Type

Hygiene Characteristics

Application

IDF coupling ISO 2853 with
L-gasket

/ JW// /Af,

o N\

‘&\\\&\\\"

IDF coupling ISO 2853 with
non-standard T-shaped gasket

//’/7/// /1// A ‘%\ SUNNRARARAAARN

PNNANNN \\\\‘\\\\\ /4///// AT,

IDF coupling ISO 2853 with
metal-backed T-shaped gasket

R

\X\'\X%\'\\\'.\‘

When the coupling is correctly fitted and assembled,
a smooth continuous bore and internal surface
without crevice is obtained, so that cleaning may be
performed without any problems.

When properly made up, the joint is crevice free and
has a smooth bore, flush with the pipe walls. If
overtightened, the gasket may expand into the bore
of the pipe, which creates a step where product can
become trapped. Unless the nut is tightened
correctly, the coupling will not be bacteria tight.

By supporting the seal with a stainless steel ring,
both axial stop and centering can be achieved,
allowing the connection to meet the requirements of
hygienic design. The rubber is specifically shaped to
give a flush interior joint when the union is
tightened.

This coupling is
recommended for
applications where
CIP is normally
practiced. Widely used
for pasteurized circuits
where dismantling is
infrequent.

Most suitable for
permanent or
semi-permanent
installations that are
going to be cleaned
in-place. If the seal
material is suitable,
then it can be
sterilized.

Most suitable for
permanent or
semi-permanent
installations that are
going to be cleaned
in-place. If the seal
material is suitable,
then it can be
sterilized.
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Hygienic Design

Potrubné systémy

Type Hygiene Characteristics

Application

*

Varivent® flange coupling Varivent® flange coupling ensures a smooth
transition, free of dead space. It complies with
EHEDG and 3-A design criteria.

Neumo Bioconnect® The seal is almost completely encapsulated. The
P — highest press-on power is found at the transitions to

L\\'y\\\\‘\\"

- //I/////{C;\\\\\m wetted areas, preventing dirt and germs from

penetrating into the sealing space behind the sealing
element. Dead volume is minimized. Complies with
EHEDG and 3-A design criteria. Successfully tested
for CIP-ability.

R iy
e

Successfully tested for
CIP-ability. Suitable
for aseptic processes.

Optimal for aseptic
operations because it
has been successfully
tested for CIP-ability,
steam sterilizability
and bacteria tightness.



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Hygienic Design

Potrubné systémy - hadice

Flexible element

Securing collar or ring Band type clamp
/ Flexible element Gap
UL LY /A

T
region |} § 1111
T ‘Q\vaienicfitting | ‘é\-Hygienicfitting

Uniform sealing force with hose barbs Nonuniform sealing force with hose barbs

(c) Accepted (d) Not Accepted

Substantially
flush
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Hygienic Design

Potrubné systémy - hadice

Low point
Equipment Equipment
Drainable Flex hose in horizontal
(a) Accepted (b) Not Accepted
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Fakul

Hygienic Design

Potrubné systémy - Cerpadlo
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Hygienic Design

Potrubné systémy - ¢erpadlo
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Hygienic Design

Potrubné systémy - Cerpadlo
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Cistenie - CIP
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Cistenie - CIP




Hygienic Design

Cistenie - CIP
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Hygienic Design

Cistenie - CIP
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Hygienic Design

Cistenie — Pig-ovanie
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Hygienic Design

Cistenie — Pig-ovanie

1. Product Cycle - 2. Pig Cycle -
The pig is entirely streamed by the product. The product is discharged from the pipeworks.

Secured pig

3. Receiving Cycle - 4_Returning Cycle -
The pig is safely stopped hy the receiving station. The pig is returning.

Drive

pressure
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Hygienic Design
Cistenie — Pig-ovanie

5. Capture Cycle - 6. Cleaning Cycle -
The pig reaches its starting position. The pig is entirely streamed by CIP medium.

Secured pig

Re!ease \ =
—» CIP




