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X-CYCLONE®, REVEN® 
and REVEX® Technologies
X-CYCLONE®	technology	protected	by	
international	PCT	patent	rights,	based	on	
further	improvement	of	the	arrow	geometry!

X-CYCLONE®	 technology	 was	 developed	 for	 the	
separation	of	air-borne	substances,	such	as	aerosols,	
fluid	 and	 spraying	mists	 and	 fine	 dusts	 that	 are	 re-
leased	during	manufacturing	and	finishing	processes	
in	the	food	processing	and	manufacturing	industry.

Thanks	 to	 decades	 of	 continuous	 research	 and	
development,	 we	 succeeded	 in	 presenting	 the	 fifth	
product	generation	of	the	X-CYCLONE®	air	cleaner	to	
the	world	in	2012.

The	new	air	cleaner	is	characterised	by	a	new	arrow	
geometry	 and	 an	 increase	 in	 separating	 efficiency	
of	20	%.	
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X-CYCLONE® – the Heart 
Piece of the REVEN® Product Line 

Made	entirely	of	stainless	steel Stainless	steel	frame	fitted

	with	aluminium	profile	sections

The	X-CYCLONE®	system	is	available	in	two	versions:

•	 Made	entirely	of	stainless	steel	for	food	industry
•	 With	a	frame	of	rustproof	stainless	steel	fitted	
	 with	profile	sections	of	seawater-resistant	aluminium	
 alloy for processing industry

In	practice,	the	X-CYCLONE®	system	consists	of	rectangular	elements	with	a	thickness	
of	50	mm.	The	correct	designation	is	X-CYCLONE®	basic	aerosol	separator	element.
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Rentschler REVEN Grants 
a Life-long Guarantee on the 
X-CYCLONE® Basic Elements.

The	 X-CYCLONE®	 basic	 element	 is	 self-cleaning	 and	
needs	 no	 maintenance!	 The	 aerosols	 separated	 in	
the	basic	element	run	down	as	fluid	mass	along	the	
X-CYCLONE®	 profile	 sections.	 As	 it	 runs	 off,	 the	
liquid	 washes	 away	 solids	 that	 accumulate	 on	 the	
profile	surfaces	of	the	basic	element.

Disposable	 products	 that	 must	 be	 replaced	 at	
regular	 intervals	 are	 not	 required.	 Operation	 and	
maintenance	 are	 therefore	 far	 more	 cost	 efficient	
than	with	conventional	air	cleaners.
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functional Description of the 
separation in the X-CYCLoNe® 
Separation	in	the	X-CYCLONE®	basic	aerosol	separator	element	
takes	place	in	four	stages:

STAGE 1
The	extracted	air	polluted	by	aerosols	flows	into	the	
X-CYCLONE®	 basic	 element.	 When	 entering	 the	
element 1 ,	 the	 airflow	 is	 accelerated	 consider-
ably.	 The	 acceleration	 produces	 a	 first	 separation.

STAGE 2
The	highly	accelerated	airflow	starts	 swirling	 2  in-
side	 the	 profile	 sections.	 The	 rotational	 vortex	 flow	
ejects	airborne	aerosols.

STAGE 3
The	rotational	vortex	flows	collide	with	non-rotation-

al	 airflows	at	 the	air	 outlet	 	 3  of	 the	X-CYCLONE®	
basic	 aerosol	 separator	 element,	 thus	 resulting	 in	
an	 agglomeration	 and	 further	 separation	 of	 smaller	
aerosol	particles.

STAGE 4
The	 aerosols	 separated	 in	 the	 X-CYCLONE®	 basic	
aerosol separator element accumulate on the pro-
file	 surfaces	 and	 run	down	as	 fluid	mass	 4  to the 
bottom	of	the	element.
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www.reven.de	(Technologies)

further information

Fine	dust	 is	 separated	 in	 the	 same	way.	 The	dust	
particles	do	not	run	down	like	the	fluids 4 ,	however.

A	 REVEX®	 system	 must	 therefore	 be	 integrated	 if	
dry	and	sticky	fine	dusts	are	separated.	The	REVEX®	
system	 is	 based	 on	 a	 patented	 spraying	 technology	
that	fulfils	two	functions:

A)	 It	 cleans	 the	 profile	 surfaces	 of	 the	 X-CYCLONE®	
basic	 aerosol	 separator	 element	 automatically	 and

B)	 cleans	 the	 air	 in	 the	 same	way	 as	 an	 air	washer	
in	 the	 chemical	 industry.	 The	 continuous	 air	 wash-
ing	by	the	REVEX®	spraying	system	washes	even	the	
smallest	aerosols	and	harmful	gases	out	of	the	airflow.
The	 illustration	 shows	 a	 compact	 X-CYCLONE®	 air	

cleaner	 of	 the	 CR	 series	with	 an	 integrated	REVEX®	
spraying	 system	 ensuring	 automatic	 cleaning	 and	
continuous	air	washing.
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CfD-simulation
For	years,	the	X-CYCLONE®	and	REVEN®	systems	have	been	continu-
ously	analysed	and	progressively	improved	with	the	help	of	CFD!

Airflows	are	complex	and	cannot	be	mapped	by	ana-
lytical	means.	 The	 only	way	 to	 examine	 and	 under-
stand	these	flows	and	gain	useful	knowledge	for	the	
improvement	of	processes	and	products	is	their	simu-
lation	with	computational	fluid	dynamics	(CFD).

Even	 highly	 complex	 airflows	 at	 the	 front	 and	 back	
spoilers	 of	 modern	 Formula	 One	 racing	 cars	 are	
analysed	and	optimised	by	today’s	racing	teams	with	
the	help	of	CFD	simulation.
The	 airflows	 outside	 and	 inside	 the	 chassis	 of	 a	

Formula	 One	 racing	 car,	 an	 air	 cleaner	 or	 an	 air-	
induction	capture	hood	are	decisive	 for	perfect	and	
efficient	functioning.
CFD	 simulation	 maps	 these	 important	 invisible	
processes	 in	 their	 entire	 complexity	 with	 sound	
physical	and	mathematical	models.	The	great	benefit	
in	 comparison	 to	 experimental	 methods	 and	 mea-
surements	lies	in	the	fact	that	CFD	maps	all	physical	
entities	 together	 in	 their	 interaction	 and	 provides	
evidence	 of	 the	 functioning	 instead	 of	 delivering	
values	merely	for	selected	points.
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further information

This	is	the	reason	why	we	have	used	CFD	simulation	
for	years	to	analyse	and	improve	our	equipment.

The	 X-CYCLONE®	 air-cleaning	 system	 and	 REVEN®	
air-induction	 system	were	 both	 developed	with	 the	
help	of	CFD	simulation!
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RSC and XSC
Computer-controlled	management	of	the	air	supply	and	
exhaust	as	well	as	of	the	extraction	power.	

rsC – reVeN® sPeeD CoNtroL 

To	 improve	 the	 economic	 efficiency	 of	 ventilation	
systems	 in	 commercial	 kitchens,	 Rentschler	 REVEN	
offer	 the	 intelligent	 automatic	 control	 system	 RSC.	
The	 system	adjusts	 the	 speed	of	 the	 air	 supply	 and	
exhaust	fans	continuously	to	the	cooking	activities,	as	
required	by	the	innovative	Industry	4.0	concept.

The temperature and humidity sensors are designed 
for	operation	in	commercial	kitchens	and	can	detect	
the	 cooking	 activity.	 The	 controller	 increases	 or	 de-
creases	 the	 air	 supply	 and	 extraction	 in	 accordance	

with	the	requirements.	At	the	same	time,	the	required	
air	volumes	are	distributed	over	the	respective	cook-
ing	zones	via	air	dampers.	The	sensor-driven	control	
allows	a	reduction	of	energy	consumption	costs	of	up	
to	50	%	and	extends	the	service	life	of	the	air	cleaners	
fitted	downstream.	Moreover,	draught	is	avoided.

Technology for 

automatic	control

www.speed-control.info

further information
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XsC – X-CYCLoNe® sPeeD CoNtroL 

As	an	alternative	to	the	conventional	on/off	control,	
Rentschler	 REVEN	 offer	 the	 digital	 power	 controller	
XSC	 in	 accordance	 with	 the	 innovative	 Industry	 4.0	
concept.	The	sensors	measure	the	processing	activi-
ty	on	the	machine	tool.	An	intelligent	control	system	
with	microprocessor	ensures	the	continuous	control	
of	 the	 extraction	 power	 via	 air	 dampers	 and	 a	 fre-
quency	 converter	 (available	on	option).	 The	 aerosol	
separator	communicates	with	the	machine	to	be	ex-

tracted.	The	continuous	automatic	control	cuts	ener-
gy	consumption	by	half	and	increases	the	separating	
rates	by	up	 to	50	%	 thanks	 to	 the	patented	Venturi	
ventilation	 and	 condensation	 system.	 In	 addition	 to	
this,	 the	 system	allows	 the	extension	of	 the	 service	
intervals	and	increases	the	service	life	of	the	filters.

www.speed-control.info

further information

Technology for 

automatic control
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In	 food	 processing	 as	 well	 as	 machining	 processes	
on	 machine	 tools,	 high	 concentrations	 of	 PM10
aerosols	are	released.
PM10	aerosols	are	airborne	particles	with	a	diameter	
of	less	than	10	µm.
The	comparison	with	a	human	hair	 illustrates	 the	
difference	in	size	between	a	five-micrometer	parti-
cle	and	a	human	hair.
PM10	 particles	 may	 occur	 in	 very	 high	 concen-
trations	 in	 certain	 processes.	 An	 air	 volume	 of	 a	
thousand	 cubic	 metres	 might	 contain	 PM10
concentrations	of	up	to	500	grams.

Workplace 
Exposure Limits
Clean	air	for	workers	in	industry	

Hair	diameter	of	approximately	80	µm
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The	WELs	for	air	pollution	in	the	processing	industry	
differ	considerably	from	country	to	country.	The	same	
applies	to	the	verification	and	control	of	compliance	
with	these	limits.	Many	studies	have	revealed	in	the	
meantime	that	even	outdoor	air	pollution	in	cities	has	
a	decisive	influence	on	the	health	and	mortality	rate	
of	exposed	people.	For	this	reason,	Rentschler	REVEN	
bases	the	design	and	dimensioning	of	its	equipment	
on	 the	 far	 more	 stringent	 outdoor	 exposure	 limits	
adopted	 in	 the	metropolises	 of	 the	world.	 In	many	
large	 cities,	 the	 maximum	 permitted	 concentration	
of	fine	dust	is	50	micrograms	per	cubic	metre	of	air.	
Rentschler	 REVEN	 is	 committed	 to	 the	 following	
quality	goal:	 the	air	quality	demanded	for	people	 in	
large	cities	and	the	limit	values	that	apply	there	must	
also	be	achieved	for	the	industrial	workers.

The	illustration	shows	the	city	centre	of	Brussels.	The	
air	in	industrial	factories	must	comply	with	the	same	
standards	of	purity!

You	should	also	 take	note	of	 the	 interview	with	our	
CEO	 Sven	 Rentschler	 published	 in	 Germany’s	 lead-
ing	 mechanical	 engineering	 magazine	 “maschine	 +	
werkzeug”,	edition	10/2011,	page	72.
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Rentschler	REVEN	technology	for	healthy	air	at	workplaces

Technologies

36 ©	All	rights	reserved		



BREATHING
gases,	vapours,	
dusts, aerosols

SWALLOWING
dusts	and	fluids

SKIN RESORPTION
dusts	and	fluids	

Nasal	space

Trachea

Lungs

Skin

Oesophagus

Bronchial	tubes

Alveoli

ticles	do	not	only	enter	the	body	via	the	respiratory	
tract,	they	can	also	be	ingested	via	the	oesophagus	or	
absorbed	by	the	skin.	

Possible	 harm	 to	 sensitive	 plant	 and	 machinery,	
buildings	 and	 the	 environment	 should	 not	 be	 for-
gotten	either.

Scientific	research	proved	that	fine	dust	and	airborne	
aerosols	with	a	droplet	diameter	of	less	than	5.0	µm	
constitute	 an	 increased	 health	 hazard	 to	 exposed	
personnel.	When	breathed	in,	the	particles	enter	the	
lungs	and	can	cause	severe	respiratory	ailments	such	
as	 asthma	 or	 pulmonary	 fibrosis.	 Fine	 particles	 are	
also	risk	factors	for	various	cancer	types.	The	fine	par-

X-CYCLONE® in Compliance 
with Protective regulations 
Protection	of	personnel	and	machines
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What are the limits of pollutant concentra-
tions in air treated with air cleaners?
The	fine	dust	pollution	in	the	outside	air	has	been	a	
matter	 of	 discussion	 for	 several	 years	 now.	 Vehicle	
and	industry	emissions	are	the	focus	of	attention.	The	
term	‘fine	dust’	refers	to	the	mass	of	all	particles	with	
a diameter of less than 10 micrometres included in 
the	 total	dust	quantity.	According	 to	 the	findings	of	
the	World	Health	Organisation,	 respiratory	 and	 car-
diovascular	ailments	 increase	with	exposure	 to	high	
concentrations	 of	 these	 fine	 particles.	 In	 order	 to	
ensure	 health	 protection,	 exposure	 limits	 for	 out-

Interview with Sven Rentschler
Excerpt	on	the	topic	of	WELs
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Interview	 in	 Germany’s	 leading	 mechanical	

engineering	magazine	 “maschine	 +	werkzeug”,	

edition	08/2011,	page	72

Interview in Germany’s leading mechanical

engineering magazine

maschine+werkzeug   Oktober 2011 
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TITEL DREHTISCHE

Gastl stimmt dem zu: »Da die Gehäuseteile 

 sicherheitsrelevant sind, ist die geforderte 

Qualität besonders hoch. Wir müssen bei den 

Bauteilen gewisse Winkellagen, Plan- und 

Rundläufe einhalten, die nicht nur von den drei 

Achsen des Drehbearbeitungszentrums beein-

fl usst werden, sondern ebenso vom Lehmann-

Tisch. Da haben wir auf die Schweizer Genau-

igkeit vertraut und festgestellt, dass die Posi-

tioniergenauigkeit alle Anforderungen erfüllt. 

Auch als es Klärungsbedarf mit dem von uns 

beauftragten Vorrichtungsbauer gab, war ein 

kompetenter Lehmann-Vertreter stets inner-

halb von Stunden zur Stelle.«Beste Zusammenarbeit
Die Zusammenarbeit mit der Peter Lehmann 

AG war vor allem für die Installation der Versor-

gungs- und Steuerleitungen von großer Bedeu-

tung. Jörg Gastl erklärt: »Wir haben sehr 

schnell erkannt, dass wir für diese aufwendige 

Spannvorrichtung viele Versorgungs- und Über-

wachungsmedien brauchen, wie zum Bei -

spiel eine Luftanlagekontrolle, ohne die eine 

qualitativ hochwertige Bearbeitung nicht zu 

gewährleisten wäre. Wir haben jedoch alle 

 Hydraulikleitungen fürs Spannen sowie Pneu-

matikleitungen für die Air-Sensorik durch die 

Drehdurchführung der Achse legen können. 

Diesbezüglich war die Betreuung und Projekt-

abwicklung durch W&R in Kombination mit der 

Performance von Lehmann sehr gut.«
Auch das Ausrichten der Gussteile verlangte 

nach einer pfi ffi gen Lösung, deren Ausführung 

Jörg Gastl als kleines Kunstwerk bezeichnet – 

aber lieber nicht näher beschreibt. Die kom-

plette Anlage sorgt bei allen Beteiligten für 

Zufriedenheit. Die Taktzeit, eines der wichtigs-

ten Kriterien für die wirtschaftliche Produk tion, 

liegt bei zirka zehn Sekunden pro Werkstück 

für die Bearbeitung inklusive Be- und Entlade-

zeit. Und die Verfügbarkeit der Anlage beträgt 

annähernd 90 Prozent, »ein bisschen mehr, als 

wir kalkuliert haben«, resümieren die Firmen-

chefs erfreut. Sie bezeichnen das Konzept als 

rundum schlüssig.Die guten Erfahrungen hatten zur Folge, 

dass Klingel inzwischen bei W&R eine weitere 

Anlage mit Brother-Maschinen und aufgesetz-

tem Lehmann-Getriebe-Drehtisch bestellt hat. 

Hier sollen in Zukunft Kettenkastendeckel aus 

Magnesium gefertigt werden, die zur Abde-

ckung von Nockenwellen dienen. Laut Projekt-

leiter Jörg Gastl ist die Automatisierung noch 

ein Tick komplexer, da in diesem Fall zusätz-

lich eine Dichtheitsprüfung der Teile und ein 

automatisierter Waschprozess integriert ist.

Zum Einsatz kommen wieder zwei drei-

achsige Brother-Bohr-Fräs-Zentren vom Typ 

TC-S2D-0, die jeweils mit einem Getriebe-

Drehtisch EA-510 von pL Lehmann aufgerüs-

tet sind. Sie werden von einem Roboter be- und 

entladen, ein weiterer übernimmt die Zufüh-

rung der Teile zur Waschstation und Dicht-

heitsprüfung.
Komplexes problemlos im Griff
Die Vorrichtung reizt die Drehachse hinsicht-

lich Größe und Gewicht weitgehend aus. Jörg 

Gastl erklärt: »Es ist uns gelungen, sechs Bau-

teile zu platzieren, wodurch wir gegenüber Mit-

bewerbern einen Taktzeit- und Kostenvorteil 

generieren. Das ist unter anderem das Ver-

dienst von W&R und Herrn Zugck, der für die 

Automatisierung verantwortlich war.«
Das Werkstück ist ein relativ dünnes Magne-

siumteil, das leicht in Schwingungen gerät. 

 Daher werden sechs Spanner pro Bauteil ein-

gesetzt, die zusätzlich von unten durch hydrau-

lische Gegenhalter unterstützt werden. Zur 

 Sicherheit fragen zwei Air-Sensorik-Leitungen, 

quasi Luftdüsen, das Bauteil ab. Die Lehmann-

Achse ermöglichte es, alle erforderlichen Lei-

tungen unterzubringen und durch das relativ 

klein dimensionierte Gegenlager zu führen.
Optimale KombinationJörg Gastl hält die Kombination Brother-Ma-

schine mit Lehmann-Achse für äußerst 

 geglückt: »Die passen optimal zusammen. 

Denn so können wir sogar in einem kleinen 

 Maschineninnenraum relativ große Bauteile 

bearbeiten. Gerade bei der Magnesiumbear-

beitung, für die eine Brandschutzeinrichtung 

benötigt wird, ist das ideal. Denn je kleiner der 

Maschineninnenraum ist, desto weniger Argon 

müssen wir im Falle eines Brandes einströmen 

lassen.«
Zurzeit befi ndet sich die Anlage noch im 

Aufbau. Es steht bislang erst eine der beiden 

Brother TC-S2D-0 in der Halle. Sie wird bis 

Weihnachten im Handbetrieb laufen. Dann 

wird die zweite Maschine aufgebaut und die 

komplette Automatisierung installiert.
 

 www.lehmann-rotary-tables.com

4 Die von Klingel und W&R 
konzipierte Fertigungszelle ist 
komplett automatisiert. Ein 
Transportsystem fördert die 
Rohteile zur Bearbeitung und 
anschließend die Fertigteile 
zur Prüf- und Waschstation.5 Sie sind mit der Leistung 

von W&R und den Brother-
Maschinen mit Lehmann-
Drehtisch sehr zufrieden (von 
links): Ulrich Klingel, Jörg 
Gastl und Bernd Klingel.

4 5

extra

STRAHLENRösler sorgt dafür, dass selbst 
große Windkraftteile optimal 
gesäubert werden. 62 INTERVIEWAbsurd hohe Feinstaubgrenz-

werte treiben Reven-Geschäfts-
führer Sven Rentschler um. 72

KORROSIONSSCHUTZ
Rost & Co. haben keine Chan-
ce, wenn Tipps von Bantleon 
beachtet werden. 66

Betriebsmittel
Betriebsmittel
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for	outdoor	air.	Professional	associations	should	take	
the	matter	in	hand	without	delay	and	update	and	har-
monise	the	WEL	regulations	to	a	reasonable	level.	

You also conduct measurements in companies. 
What are your findings there?
The	 total	 bandwidth	 of	 air	 pollution	 can	 be	 found,	
from	 the	proper	manufacturing	 company	with	 clini-
cally	clean	workplace	air	to	factories	where	the	WEL	
of	 10	milligrams	 is	 exceeded	 by	 far.	 The	 processing	
machines	may	have	the	CE	label	applied	to	them,	but	
they	 can	 still	 be	 put	 into	 operation	without	 an	 effi-
cient	filter	because	many	manufacturers	offer	the	fil-
ters	as	an	optional	extra.	I	cannot	understand	that.

are there positive examples too?
Yes,	of	course.	Groups	of	companies	increasingly	adopt	
their	own	standards	and	apply	them	to	their	sites	all	
over	 the	world.	Volkswagen,	 for	 instance,	maintains	
a	very	high	level	of	air	purity	in	their	factories.	I	also	
know	that	GM	and	Ford	have	internal	guidelines	that	
go	far	beyond	government	regulations.	

side	air	concentrations	have	been	introduced	by	the	
authorities.	Since	2005,	a	 limiting	value	for	daily	ex-
posure	of	50	micrograms	per	cubic	metre	of	air	has	
been	adopted	throughout	Europe.	In	the	wake	of	this	
regulation,	the	badge	system	for	urban	traffic	was	one	
of	the	measures	introduced	in	Germany.

And which exposure limits apply at the work-
place?
The	permissible	air	pollution	WEL	is	10	milligrams	per	
cubic	metre	 for	 cooling	 lubricant	 vapours	 and	aero-
sols	with	a	flash	point	above	100	degrees	Celsius	that	
are	emitted	during	metal	processing.	The	same	expo-
sure	limit	applies	to	processing	machines	with	a	min-
imum	 lubrication	 system.	 This	WEL	 is	 two	 hundred	
times	higher	than	the	limit	for	outdoor	air	pollution!

is fine dust always the same?
Fine	dust	 in	 city	 traffic	pollution	 is	 certainly	not	 the	
same	as	that	generated	on	processing	machines.	The	
latter	is	not	fine	dust	in	the	traditional	sense.	It	con-
sists	 of	 cooling	 lubricant	 particles	 that	 are	 emitted	
during	 machining	 processes.	 However,	 those	 cool-
ing	 lubricant	 vapours	 and	 aerosols	 are	 very	 similar	
to	fine	dust	with	regard	to	the	particle	sizes	and	the	
health	hazards	involved.	With	a	diameter	of	less	than	
10	micrometres,	these	cooling	lubricant	particles	en-
ter	the	vascular	system	via	the	lungs.	They	are	there-
fore	 considered	 particularly	 harmful.	 Even	 though	
several	 studies	have	proven	 that	a	fine	dust	 load	of	
50	micrograms	in	the	outdoor	air	measurably	reduces	
the	life	expectancy	of	exposed	people,	we	still	allow	
processing	machine	 operators	 to	 be	 exposed	 to	 in-
door	levels	that	are	200	times	higher.	I	can	hardly	un-
derstand	that.	These	regulations	are	not	consistent.

Is there only a health risk in the immediate 
proximity of the machine?
No.	 In	 metal	 processing	 workshops,	 the	 indoor	 air	
is	extracted	frequently,	cleaned	and	returned	to	the	
workshop.	 In	our	experience,	many	of	 these	extrac-
tion	systems	achieve	a	filtering	performance	of	only	
two	milligrams	of	cooling	lubricant	vapours	and	aer-
osols	per	cubic	metre	of	cleaned	air.	The	concentra-
tion	of	pollutants	imposed	on	the	operators	is	still	40	
times	higher	than	the	permissible	limit	concentration	
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further information

Test Stand for 
flame exposure testing
Flame	exposure	testing	in	accordance	with	DIN	18869-5,	
DIN	EN	16282-6	and	UL	1046

In	 connection	 with	 manufacturing	 and	 finishing	
processes in mechanical engineering and the food 
industry,	 high	 concentrations	 of	 highly	 inflammable	
aerosols	often	have	to	be	extracted	and	separated.

If	 the	 aerosols	 ignite	 in	 the	 exhaust	 air	 duct,	 the	
flames	can	spread	into	the	whole	building	via	the	duct	
and	set	entire	building	complexes	on	fire	within	a	few	
minutes.

In	 order	 to	 prevent	 rapid	 flame	 propagation,	 the	
flame-arresting	 capability	 of	 all	 our	 X-CYCLONE®	
basic	aerosol	separator	elements	is	tested	in	accord-
ance	with	national	and	international	standards.
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REVEN® Oil Mist Separators 
Successfully Pass Explosion Tests 

This	 is	 why	 all	 our	 X-CYCLONE®	
basic	elements	comply	with	all	Ger-
man,	European	and	North	American	
requirements	 with	 regard	 to	 their	
flame-arresting	capability.
Even	 their	 behaviour	 in	 explosive	
environments	 has	 been	 tested	 and	
documented.
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