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8:30 Welcome & Introduction Dr Steffen ORwald, Head of Sales
9:15 Cleanliness inspection according to VDA 19 Part 1 \Ii/lorg Kotzian, Technical Cleanliness Laboratory
anager
10:00 Qualification and blank value Lisa Riese, TecSa Lab Dresden
10:45 Break -
_ Practical session — video (cleanliness inspection
11:00 -
procedure)
11:15 Microscopic particle analysis Dr. Nils Rotthowe, Application & Sales Engineer
12:10 Practical session — live (microscopy) Patrick Vogel, Microscopy Laboratory Supervisor
12:40 End of Day 1 -




SRR RRRARRRA R RN R Y
Technische Sauberkeit - PARTIKEL IM FOCUS

Controlling™"™

About any of the presentations

At any time via the chat function

« For more detailed questions, please contact us afterwards by email or ask at the end of
Day 2

 If a question remains unanswered, please send it to us by email

Afterwards by email to seminar@cleancontrolling.de
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Introduction to CleanControlling GmbH

Characteristics and nature of technical cleanliness

The future of VDA 19.1
Further standards and guidelines on technical
cleanliness
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CleanControlling at a glance
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Unser KnowHow
20 years of experience

over 140.000 analyses

400 international
consulting projects

ISO17025 accredited
ZLG recognised
GLP compliant

Over 25 in-house
developed products
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CleanControlling worldwide

|-

Leipferdingen

Emmingen-Liptingen

Dresden

Controlling™"™

2006
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Particulate contamination

¢

Cleanliness inspections according to VDA 19.1, ISO
16232 and more than 1,000 customer standards

Use of all extraction methods compliant with VDA 19.1

Microscopy using stereo, materials and scanning
electron microscopes

Particle material identification using SEM/EDX and IR

Particle determination in oils and greases
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Technical Cleanliness Laboratory
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Chemical and filmic contamination

¢

¢

¢

Determination of organic contamination using AGREE,
gravimetry, surface tension, IR, TOC and GC-MS

Determination of ionic contamination using IC and
ROSE

Detection and characterisation of chemical surface
residues using GC-MS, TOC and THC
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Particle vacuum extraction systems

¢ C|PS?*flex compact system:

Mobile on-site use in production environments.

Continuous development since 2018.

¢ C|PS®apex complete system:
A milestone featuring digital control.
Full ESD protection
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Particle monitoring (particle traps and
stamps)

¢ Comprehensive monitoring equipment for
technical cleanliness in production and logistics

environments

¢ User-friendly products for use in in-house or
external laboratories

¢ Customised solutions (design, QR codes, etc.)

28
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Technical cleanliness products

Particle monitoring (particle traps and
stamps)

Cooperation with Partikel ART (start-up from TU
Dortmund University)

Al-based particle monitoring using a smartphone
camera

Customised product portfolio enabled by 3D
printing

Clever Stamps & PartikelLens

- Fast, cost-effective, digital

Controlling* ™

29
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Consulting and training

Consulting

Auditing and assessment of production
according to VDA 19 Part 2

Assessment of manufacturing processes
Particle monitoring in production areas

Particle investigations in manufacturing
processes

Support with troubleshooting related to
residual contamination / technical cleanliness

Controlling* ™
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Consulting and training

Training / qualification
Basic technical cleanliness training
Online or on site

Quialification programmes
Technical Cleanliness Professional
Technical Cleanliness Specialist
Technical Cleanliness Auditor

Controlling™"™

2006
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What does “technical cleanliness” mean?

From Wikipedia:

“Technical cleanliness means a sufficiently low level of contamination of cleanliness-sensitive
technical components by harmful particles.”

Common definitions, standards and specifications for technical cleanliness are generally
limited to particulate contamination.

Please note!

Filmic and chemical contamination can also be function-critical for components.

Controlling™"™

2006
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What does “technical cleanliness” mean?

From Wikipedia:

“Technical cleanliness means a sufficiently low level of contamination of cleanliness-sensitive
technical components by harmful particles.”

Common definitions, standards and specifications for technical cleanliness are generally
limited to particulate contamination.

Please note!

Filmic and chemical contamination can also be function-critical for components.

Controlling™"™

2006
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Growing importance of technical cleanliness

Controlling* ™
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Residual contamination becomes technical cleanliness: permissible particle cleanliness limits are defined

Ausfalle

Phase 1

Phase 2

Phase 3

Betriebszeit

o
»

Source: VDA 19/1 industry consortium
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Growing importance of technical cleanliness

4 :
Increasing
importance of

technical cleanliness
. Lead-free
bearing shells

Dual-clutch and -~
automatic transmissions =
Variable

Hydraulic

Control electronic
steering % &

Diesel direct
injection systems

ABS systems

Turbochargers

camshaft phasers

Gasoline direct
injection systems

Cameras

High-voltage and
power electronics

1990 2000

Controlling* ™

2006

Classical applications:

B (Engine) oil area

B Fuel system

B Brake system

B Cooling and air conditioning

system

B Intake manifold

B Exhaust system

B Manual, automatic and
axle transmissions

B Control electronics

B Steering systems

With the upcoming e-mobility:

B High-voltage and
power electronics

B Batteries
B Fuelcells

Source: VDA 19/1 industry consortium
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Examples of damage mechanisms

Particle-related failure mechanisms — Fluid systems, sealing and surfaces

. Jamming of bearings

Blocking of valves

| Clogging of nozzles

or sliding surfaces or filters - Control electronics | K
- Anti-lock braking 77 7 : | - Power electronics - High-voltage =+ Battery pac
- Turbochargers | system (ABS) Z é - Injectors {‘ \ applications 1 - Battery cell
. - Crankshaft bearings - Hydraulics Z > % i (e sy I . V7
| - Metering pumps . - Brake booster 2%%5 il t' ,
| - Cylinder liners I % \ ‘
| . ¥ 7 |
| : 2 | I
! : L
P |
' . Influence on contact - Optical soilin Optical blockage
Leakage at seals . Surface damage  Fesistance s i : :
’ i . - Headlamps | - Sensors
- Lines | - Ballbearings - - Connectors - Instruments - Cameras
}‘ - Tanks . - Sensors \ ¢ 1 - glon:a.cts' ' ‘ g
- Electrical screw
‘ - Battery trays l - Headlamp lenses \ il connections | | %
- Electronic housings o ' v
| (l . “ i %
| 1 I [ é
G . s \ § 5 =

Controlling™"™

2006

Particle-related failure mechanisms — Electrical, insulation and optical effects

“ Impairment of
. insulation layers

Short circuit of contacts Reduction of air and

| - creepage distances

Source: VDA 19.1 industry consortium 2025
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Standards and specification documents
INTERNATIONAL IS0 A T T 1
STANDARD 16232 BMW Qualitétsvorschrift aQvi1 111 AR \\\ MR \‘\ 1
BMW Quality Specification 3 ™y s s ™y T o l
e 2 m- - - - S
= .
r
™, \‘\. ™, \‘\.\ R “ ’ o
Anforderungsgerechte Technische Sauberkeit T \~\ " \\%a\:
= von Bauteilen und Fluiden in BMW Antrieben - L, = .
Prufung der Road vehicles — Cleanliness of " - -~ =
Technischen Sauberkeit components and systems 120 .
Véhicules routiers — Propreté des composanes et des systimes

Der Anwender dieses Dokumentes ist verpflichiet, sich Gber den glfigen Stand zu informieren.

Name, Uniersehiift /| =

AS r_Marcus Bolig

Sauberkeitsforderung gemas TV 2023 - SK I
AGZME | Fritz Steinparzer

AT s Siemon —_— == = felevanle Kontrollflichs s Sauberdsitsanalyse = 13455 cmz
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Technical cleanliness as a measurable and binding product characteristic

Current drawing specifications and manufacturer requirements

Tab 2 Sauberkeitsklassen SK und max. zulassige Partikelanzahl pro 1000 cm ?
Sauber- Art der
keitsklasse | Partikel K J | H G F E
>1000 |(600-1000| 400-600 | 200-400 | 150 -200 | 100 - 150 50 -100
SK pm pm pm pm pm pm pm
| gesamt* 1 8 8 64 130 250 1.000
metallisch** 0 0 1 16 32 64 130
] gesamt* 4 16 32 250 500 1.000 4.000
metallisch** 0 0 2 64 130 250 500
mn gesamt* 16 32 130 1.000 2.000 4.000 16.000
metallisch** 0 0 4 250 500 1.000 2.000
\Y gesamt* 16 32 500 4.000 8.000| 16.000 64.000
metallisch** 0 1 8 1.000 2.000 4.000 8.000
v gesamt* 32 64 2.000| 16.000( 32.000( 64.000( 250.000
metallisch** 1 2 16 2.000 4.000 8.000 16.000
vi gesamt* 32 64 8.000( 64.000| 128.000| 250.000( 1.000.000
metallisch** 1 4 32 4.000 8.000| 16.000 32.000
*gesamt max. zulassige Anzahl aller Partikel je GroRenklasse

“*metallisch

davon max. zuldssige Anzahl der Partikel mit metallischem Glanz je GréRenklasse
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CHARACTERISTICS AND NATURE OF TECHNICAL CLEANLINESS
Standards and specification documents

aANn.

CleanControlling

. . Analyseprotokoll . j:j-
I?n}lfvor?ﬁ‘:htr'lﬂ inC i 3 Aralyssrepert CleanControlling™"
est specification ontro H‘IS Sauberkeitspriifung (baass_ C - _ g
Cleaniiness ﬁiﬁm' e

53xxx_PV_Kugel 5 mm_Musterkugel

CC-Artikel-Nr.: | 53300 | Analyse Nr. 12346
Analysis No.
Analyseuaum 12.42014

Kunde Kumide ! customer Musterfirma of Analysis
Pr ifberichtsdatu
Cumzmar Strafle ! steet Mustersiralie 1 m:dw m 12.4.2014
Stadtf ooy 12245 Musterstadt Kunden Mr. 123
Land ! country Musterand ‘Customer No.
Hontakt Technik Max Mustermann Identifikation des Bauteils / identification of component
| |
kdentFikation des Bauteils! Bauteilbezeichnung
Kugel 5 mm
Bauteilnummer
.
12345
Datum E ilei g /B
Dafe part received’ Order number
10.4.2014
Entnahmeort
-Sampling site
Cleancontrolling Artikel Nr.
| Cieanconirolling ariicle no.
Bauteilbezeichnung
Kugel §
Component rame: mm Analyseergehms (Zusammenfassung) [ Analysis result {summary)
Bauteilummer Musterkuge!
Compenent Ne.
Oberflache pro Bautsil 7854 ot VDA 197150 16232
Surface of component 0 Soll Ist Ergebnis
Bemerkung Losgrie 500 rated value actual value result
Commer Gravimetrie <2mg/1000en® | 0,03mg /1000 cm* “
Gravimetric resuft mg ;U3 mg
Kundenanfordemng W‘B Partikel <300 pm 180 pm “
) Grofbtes nicht glanzendes Partikel ©
VDA 18150 16232 | Lorgest nofsinin pricie =300 um 183 pm @
Gmm%!hmges Partikel <3000 pm 536 um a
Sollwert ] Nld'luam:endeF'atlndem-u Furm siehe im Fapitel Mikroskopie der Prifvorschii)
Aarad vaive shining particies wso fibers (fiber definiton see - =
S‘wrrem:” <2 mg/ 1000 e 2) memsdnmwuhuf?hm
— - Quarz, Sand, Stein wurde Ober eine manuelle, visuelle Begutachtung des Prifers iiber das Stereomikroskop
Gralites metalisch glanzendes Partikel <300 pm durchgefihrt: Es konnten keine auffallenden Partikel dieser Gruppe erkannt werden. —
fargest medi chining partcie stone are and shecked, We found no noticeabls out of this T
Grolites nicht glanzendes Partiel ¥
et mmg::m\ = <300pm Restschmutzanforderungen erfiillt/passed
Cleanliness specifications
L sieme Faphe
""mm“mmmmmm Die Analyse wurde erstelit von Pn'ﬁ.lrgurliFra’gdePrmmmm -
Prepared by -
Fasem @ | Gez. Annamaria Borelli [Labor Gez. Dr. Oliver Podlech I Té Leitung -
<3000 pm
Abers® Laborafory ‘ﬂ’{?)ﬁ il Technical management ) ‘

& TazeryrtenuT siehe Kapde MRrDSRODE.
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Interpretation of cleanliness requirements

Technical cleanliness is subject to greater variation than deliberately manufactured characteristics

1) Casting, 2) Turning,

3) Milling, 4) ... 1) Particle extraction

Defined manufactured feature Undefined by-product generated

Source: TecSa 2.0 industry consortium
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CHARACTERISTICS AND NATURE OF TECHNICAL CLEANLINESS
Interpretation of cleanliness requirements

AN.
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Process capability studies are not applicable to technical cleanliness!

8 Source: TecSa 2.0 industry consortium
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CHARACTERISTICS AND NATURE OF TECHNICAL CLEANLINESS
Relevant STANDARDS and REGULATIONS ﬁ U

AN.

CleanControlling™®

Particle sizes and applicable standards

0,1 pm 5 um 10 ym 15 pm 50 uym 100 um > 1000 pm

Particle size
43
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THE FUTURE OF VDA 19.1
Growing importance of technical cleanliness

AN,

CleanControlling's ™

From a simple quality

characteristic on the

drawing and sample-
based inspection

to a

safety-critical drawing
specification
effectively requiring
100% inspection

\
=

Source: VDA 19.1 industry consortium 2025
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THE FUTURE OF VDA 19.1
Motivation & objectives

Motivation: transition to electromobility and
autonomous driving

¢ Large / heavy components
¢ Energised components

¢ Dry process chains
4

Different / additional materials (plastics,
ceramics, etc.)

¢ New damage mechanisms

¢ Small particles (< 50 ym, below the
standard analysis range) are relevant
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Motivation & objectives

Objectives

Integration of new dry extraction methods and new
analytical techniques

Retention of comparable standard analyses and
creation of more flexible, problem-specific tests within

defined requirements

More precise description of testing for particles < 50
um

Development of a standard SEM/EDX analysis with
uniform material classes

Numerous optimisations and clarifications of test
procedures and initial parameters based on many
years of experience

Controlling* ™

2006
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FURTHER STANDARDS AND GUIDELINES
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ZVEI guideline

VDI 2083-21 VDI 2083-23 DIN 4878-1
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FURTHER STANDARDS AND GUIDELINES
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ZVEI guideline
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FURTHER STANDARDS AND GUIDELINES
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DIN 4878-1
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FURTHER STANDARDS AND GUIDELINES
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FURTHER STANDARDS AND GUIDELINES

CleanControlling

ZVEI guideline VDI 2083-21

VDI 2083-23

)IN 4878-1
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FURTHER STANDARDS AND GUIDELINES

CleanControllin

3

ZVEI guideline VDI 2083-21

VDI 2083-23

®
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FURTHER STANDARDS AND GUIDELINES
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ZVEI guideline

VDI 2083-21 VDI 2083-23
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FURTHER STANDARDS AND GUIDELINES

AN.

CleanControlling™®

ZVEI guideline

VDI 2083-21 VDI 2083-23
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QUESTIONS

@ Do you have any questions about

¥

seminar@cleancontrolling.de

the presentation?

¥
m
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Thank you for your attention

TECHNISCHE SAUBERKEIT

CleanControlling®

Dr. rer. nat.

ad Lo

*

* o

* *
* ¢ o

*

*

L K K 2

CleanControlling GmbH

Steffen OBwald
Leitung Vertrieb
Sales Manager

N

£

Gehrenstr. 11a
D-78576 Emmingen-Liptingen

Phone +49 74 65/92 96 78-17
Fax  +497465/9296 78-10

s.osswald@cleancontrolling.de
www.cleancontrolling.de

.
®
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