Technical
Cleanliness

E 10.110.1.0/07.13

These days,
no longer an option,
but an obligation.

Technical Cleanliness:
These days, no longer an option but an obligation.
The expectations and requirements of manufacturers
and customers in respect of finished components and
production machinery are growing steadily. The power
densities are increasing; the tolerances are shrinking.
In the pursuit of energy and cost efficiency, as well as
environmental protection, weights in vehicles and machines are being drastically reduced. In addition, there
is a switch to lead-free materials, for example, which
means more exacting requirements in terms of the surface quality. Whereas in the past hard particles merely
dented materials containing lead, today with modern
new materials they cause immediate damage, leading
to stoppages. The tolerance to solid contamination is
constantly shrinking. Parallel to this, the manufacturer
has to guarantee his customers an ever higher level of
availability. So more and more companies are monitoring
and optimizing the technical cleanliness in production
processes. Production stage breakdowns are reduced,
quality and availability of machines and components are
increased and rectifications can be significantly reduced.
This saves on costs and there are fewer warranty claims
which in turn boosts customer satisfaction. This further
strengthens customer confidence and market acceptance.
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"The term "technical cleanliness" refers to minimizing contamination so that particles will not constrain or interfere with the
subsequent function of the technical component." (Source:
Wikipedia)

2

Damage caused by particles was recognized as being a problem at the beginning of the 1990s because of failures in the
field. Specialists from different sectors of the automotive industry were called together to devise a standard, in collaboration
with the Frauenhofer Institute, which would deal exclusively
with technical cleanliness. This saw the formation of "TecSa"
(industrial association for technical cleanliness) in 2001. As a
member of TecSa, HYDAC played a leading role in developing
the guidelines for cleanliness testing in the automotive industry.
As part of TecSa, the VDA Volume 19, Part 1, was compiled:
"Technical cleanliness - Inspection of particle contamination
of function-related automotive parts / 1st edition 2004". In
2010, the second volume of this study appeared, Volume 19
Part 2: "Technical cleanliness in installation - environment,
logistics, personnel and installation equipment" which deals
with technical cleanliness throughout the process chain. As
an international standard, ISO 16232 was developed in 2007:
»Road vehicles - Cleanliness of components of fluid circuits«.
It is the international equivalent of VDA Volume 19. Both
standards are fully compatible.
The above standards are the guidelines by which technical
cleanliness is tested today. They are, however, far from being
the whole story: at present a revised edition of the VDA Volume
19.1 is under discussion, for which the individual topics have

still to be specifically defined. HYDAC is again playing a key
role in developing the new guideline.
Plant-specific analysis regulations based on VDA Volume
19 / ISO 16232 guarantees representative analysis and
comparable data.
Determining residual contamination quantities on
components
The quantity of residual contamination on components is
determined according to quantitative and qualitative factors.
Quantitative factors
Gravimetric analysis (contamination load e.g. expressed in
mg/component)
Qualitative factors
Granulometry (number, size distribution and type of particle)
(Relevant particle sizes for the automotive sector are shown
in Fig. 3.)
It must be borne in mind that components differ dramatically
in shape, size, function and material. In VDA Volume 19 and
ISO 18413, components are classified in two different groups:
Group 1: C o m p o n e n t s w i t h e a s i l y a c c e s s i b l e
		
external and/or internal surfaces
		
(e.g. gearbox and pump housings)
Group 2: Pre-assembled components
		
Components on which the internal surfaces
		
are to be tested
Extraction methods (see Fig. 5 + 16)
Once the component is specified, the possible method of
extraction is considered.
The VDA Volume 19 specifies 4 methods of extraction:
1. Shaking
2. Ultrasonic
3. Spraying (pressure washing)
4. Flushing (test rig)
1. Shaking method
The test specimen is filled with test fluid and the openings
are plugged. The shaking helps to loosen the particles from
the surface and to transfer them to the fluid. Firstly, shaking
causes the fluid to exert a force in all directions on the particles
adhering to the component. Secondly, it ensures that dead
zones and undercuts are accessed and the particles are held
in suspension. The shaking process is repeated in the same
way. The fluids used in the analysis are collected and filtered.
This method is used only rarely because it is difficult to replicate
accurately as a manual process. When automated shakers
are used, the results are indeed reproducible. This method is
applicable for components in Group 1, for example, if easily
accessible internal surfaces are to be analysed.

Residual contamination on components

Fig. 1

Fig. 1:
Fig. 2:
Fig. 3:
Fig. 4:

Fig. 3

In the cleanliness laboratory at HYDAC, components are analysed for their cleanliness
Professional component cleaning helps to remove residual contamination
Typical particle sizes in the automotive sector
Rinsing a component in a Contamination Test Unit to determine the surface cleanliness

Fig. 4
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Fig. 2
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These days, no longer an option but an obligation.
2. Ultrasonic method
Ultrasonic extraction is defined as being the effect of mechanical vibrations exerted via a fluid medium on the surface of a
test specimen in the range 20-60 kHz. Cleaning is therefore
carried out either in tanks in which the floor and sides have
vibration elements or by radiating the fluid-filled cavities in the
component using ultrasound sonotrodes. This cleaning method
relies on the high pressure peaks which occur when cavitation
bubbles implode to loosen the particles.
The ultrasonic procedure is particularly suitable for small parts
and components where all the surfaces are to be analyzed.
Cast parts should not be treated with ultrasound if at all
possible because any carbon they contain can be detached
and this distorts the results.
3. Spraying / pressure washing
The terms "spraying / pressure washing" in connection with
component cleanliness refer to the topical application of test
fluid on the component using an open jet. Cleaning is achieved,
for the most part, by the transmission of pulses when the jet
impacts on the object. As the analysis fluid drains off, it has
a flushing effect.
This method is used for components with easily accessible
surfaces. In addition it is used for components on which only
part of the surfaces is to be inspected.
4. Flushing
The cleanliness of components and whole systems (such
as pumps, common-rail systems etc.) which are subjected
to flushing or testing on a rig, can be determined from the
cleanliness of the test fluid, under certain conditions. To
validate this indirect analysis method, parallel manual analyses are carried out at the start. If a correlation between the
manual and automatic / indirect value can be established, in
future, analysis using the indirect value can be selected as a
quality benchmark. This method is suitable for documenting the
cleanliness of supplied goods quickly and simply, in batch tests.
The aim of this continuous cleanliness monitoring is to monitor
process safety in respect of system cleanliness on delivery.
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The following applies to all types of extraction:
1. Rinsing must be carried out with the most turbulent flow
possible
2. The fluid used must have a dispersing effect
3. All relevant channels and surfaces must be rinsed/immersed
4. Pulsing during rinsing improves the
effectiveness of the rinsing

4

Fig. 5 shows a table overview of components and the particular
extraction method recommended.

Turbulent flow
A turbulent flow will increase the flow velocity in the vicinity
of the pipe wall. This effect is exploited, for example, when
flushing systems because the rise in flow velocity has the
effect of stripping particles deposited on the pipe wall, and
flushing them away.
Turbulent flow is determined by the Reynolds number (Re).
The Reynolds number describes the flow condition of fluids
as a dimensionless code.
When calculating the Reynolds number, the weight forces are
ignored. As a rule, only pressure forces, friction forces and
inertia forces affect fluid elements and objects subjected to
flow. These must be in equilibrium at all points in the flow. If
the ratio of friction and inertia force is equal in similar points
P1 and P2, then the flows are also similar.
The so-called critical Reynolds number Recrit depends on the
kinematic viscosity v, the flow rate Q of the fluid and geometry
of the pipe. If the Reynolds number of a flow is smaller than
Recrit, flow is laminar. For values higher than Recrit, the flow is
turbulent.
Example: Recrit for oils is between 1900 and 3000.
Taking into account the above mentioned characteristics, the
equation for the Reynolds number is as follows:
Re = average speed * internal pipe diameter
kinematic viscosity
Re = 21220 * (Q/di * v)
[applies to pipes and hoses]
Recrit ≈ 2040 ± 10
[applies to pipe flows]
Q = flow rate in l/min
v = kinematic viscosity in mm2/s
di = pipe internal diameter (mm)

Dispersing effect
The test medium used must have a dispersing effect so that
the particles can be detached and carried away. This can be
explained using the example of the automatic flushing / test
rig: special low viscosity flushing oils based on mineral oil can
contribute significantly to the flushing effect. They weaken the
adhesive forces between the particles of contamination and
the pipe wall.
These kinds of rinsing oil must be compatible with the
intended operating medium. Incompatible media can
lead to vigorous foaming, filter blinding and sludge
build-up in the system during subsequent operation.

Extraction methods
No decay behaviour

Extraction methods
Shaking

Pressure washing

Ultrasonic

Flushing /
Test rig

Pumps and
motors

Not
recommended

Not
recommended

Not
acceptable

Recommended

Valves and
cylinders

Not
recommended

Not
recommended

Not
acceptable

Recommended

Accumulators

Not
recommended

Recommended

Recommended

Recommended

Blocks

Recommended

Recommended

Not acceptable

Recommended

Modules

Cleanliness
values
Ci
1
6
11

Structural
elements and
components

Simple structural shapes and housings
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Recommended

Not acceptable

Rods, pistons

Acceptable

Recommended

Recommended

Not acceptable

Hardware and
seals

Acceptable

Recommended

Recommended

Not acceptable

Tanks and
reservoirs

Acceptable

Recommended

Not acceptable

Not
recommended

Recommended

Acceptable

Acceptable

Acceptable

Hollow parts

Hoses and pipes

Recommended

Acceptable

Acceptable

Recommended

Fittings

Acceptable

Recommended

Acceptable

Acceptable

Filter elements –
non-cleanable

Methods must be agreed between the manufacturer and buyer

Filter housing

Recommended

Acceptable

Acceptable

E = recommended, A = acceptable, NE = not recommended, NA = not acceptable

Result:
Number of
particles
Sample 1

15-25

25.797

Number of
particles
Sample 2
21.460

Number of
particles
Sample 3
15.594

Number of
particles
Sample 4
928

25-50

9.024

8.200

4.720

320

50-100

987

738

304

33

100-150
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64

27

3

150-200

29

24

6

1

200-400
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11

6

0

400-600

5

2

0

0

600-1000

1

0

0

0

> 1000

0

0

0

0

Largest particle
in µm

673

6
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157

1
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1
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4

5

6

Number of samples

-4

Filter elements –
cleanable

Size in µm

5

Poor decay behaviour

n

Cn ≤ 0,1∑ Ci

Gravimetrie [mg/BT]

Fig. 5

4

6

Filter components

3

Number of samples

Fig. 6

Cleanliness values Ci [mg/component]

Elbows and
manifolds

2

-4

Recommended

11

Acceptable

Cleanliness values Ci

Gearboxes,
shafts

i =1

Abklingkriterium
Decay
criterion

1

2

3

4

5

6

Beprobungsanzahl

Number of samples

Fig.   5:
Fig.   6 + 7:
Fig.   8:
Fig.   9:
Fig. 10:

Sample 4

Sample 3

Fig. 9

Extraction application table to ISO 18413 (depending on the component, different extraction methods are recommended)
From the decay behaviour, it can be seen if the selected method for component cleaning is correct or requires further adaptation or change.
Example of a successful decay behaviour
HYDAC mobile lab vehicle
Successful reduction of particle count
E 10.110.1.0/07.13

Fig. 10

Sample 2

Sample 1

Particle number

Size class 100 - 150
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Technical cleanliness:
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Pulsating flow
A pulsating flow or reversing the direction of flow is also more
effective at removing adhering particles. Thus the main effect
is created by alternating forces acting on the particles being
removed. The same effect is achieved, for example, with
ultrasound.
Determining the correct method of extraction
In order to be able to understand which method of extraction
is best for a particular component, the right procedure must
be determined using a so-called decay curve.
Decay curve
When preparing to sample a new component, it is important
to define precisely the most useful sampling method, so that
similar components can be analysed subsequently in exactly
the same way and representative results can be achieved.
To produce a so-called decay curve, a component is sampled several times one after another under previously-defined
conditions (method, environment, flow, pressure, etc). Following every sample procedure, the membrane obtained is
analysed. The decay characteristics are considered to be successful if the gravimetric analysis and particle count decrease
steadily. Figures 6 and 7 make clear that the decay process
is not suitable for the component being sampled.
By the 6th sampling, at the latest, the result should be ≤ 10 %
of the total obtained from all the samples (see Fig. 8). If this
is the case, the procedure is considered suitable under the
defined conditions, and the decay criterion is said to be fulfilled.
If the decay criterion has not be met, this can be as a result
of factors relating to the material, or dead zones, film-type
contamination or coatings. In these cases improbable decays
curves are obtained.
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If no decay behaviour can be established, this may be attributable to the characteristics of the material. When sampling
cast parts using ultrasound, carbon particles can be detached,
for example, which distorts the result. Reasons for modified
decay behaviour can also be film-type contamination which
can either be flushed away unobserved or it sticks to particles
and is removed unnoticed. In such cases, the analysis must
be repeated with different analysis parameters until the decay
criterion is met. A decay curve is only created once for an
assembly. The parameters for successful sampling are rigorously documented. Subsequent analyses are carried out according to these parameters to ensure representative results.
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Carrying out a component analysis
When supplied, the components should always be in the
original state, free of oil, grease and water contamination,
properly labelled and packed in individual transparent bags.

Packing and transport must not alter the production-related
contamination. The packaging must guarantee that friction
cannot occur during transport and that there is no subsequent
contamination.
If using the spray function in the extraction unit (for example in
the HYDAC Contamination Test Unit "CTU"), the unit should be
prepared and cleaned several times. The analysis membranes
should then be prepared by pre-rinsing with test fluid and dried
in a controlled environment, cooled and weighed.
Next a blank value is set for the extraction unit to define its
base contamination. Then the component is sampled according to a pre-defined extraction method. The extraction unit is
rinsed with a controlled volume and the analysis membrane
is removed, dried in a controlled environment, cooled and
weighed. Afterwards the membrane can be analysed visually
and an analysis report can be prepared.
Evaluation of the analysis membrane
Quantitative analysis
Gravimetric analysis according to ISO 4405:
The particle load of the test specimen is determined by the
differential weight. To do this, the dried analysis membrane
before and after filtration is weighed using a suitable analytical
balance. The gravimetric analysis cannot however provide
meaningful information on the size distribution of the particles.
Qualitative analysis
Granulometry by visual analysis / microscopy to ISO 16232:
This method is suitable for evaluating analysis membranes
in respect of particle distribution. The particles removed by
filtering the analysis fluid can be measured and counted.
Depending on what is required, light-optical microscopes
and/or scanning electron microscopes can be used. The
result provided is the particle size distribution, in particular the
number, type and size of the particles captured in the analysis
membrane. The microscope detects contrast between light
and dark on the membrane and records these as particles.
Reflective particles are detected in the same way, indicating
possible metallic particles (see Fig. 14). Fig. 11 shows an
example of the analysis.
Cleanliness specifications
Companies in the automotive, agricultural and construction
machine industry apply and use these procedures to determine
the technical cleanliness. So-called cleanliness specifications
are drawn up and forwarded to suppliers so that component
requirements can be met and monitored. These analyses are
carried out predominantly in-house or in independent laboratories established specifically to analyse component cleanliness.
Customers can apply to the HYDAC FluidCareCenter, to have
component cleanliness analyses carried out (in addition to
media and filter analyses). HYDAC also offers an "on-site

Evaluation / Analysis
Particle size
in µm

Total number of
particles

Number of
reflecting particles

5-15

39.731

6.873

15-25

8.287

1.877

25-50

4.352

2.195

50-100

856

619

100-150

98

79

150-200

42

37

200-400

29

25

400-600

3

3

600-1000

0

0

> 1000

1

1

Pore size of the
membrane

5 µm

Total per
component

0.6 mg

Fig. 11

Fig. 13

Fig. 12

70000

63958

60000
50000

Fig. 14

Component requirements:
C:
Particles not permitted >600µm
Assessment: component non-compliant!

40000
30000

Ultrasonic

6154

10000

Fig. 15

Component

Extraction procedure

16943

20000

0

Direct inspection

22727

1121 307
5-15

15-25 25-50 50-100 100150

Particle sizes in µm

150200

214
200400

15
400600

4

2

Spraying
(pressure washing)

600- > 1000
1000

Shaking

Filtration via
membrane

Analysis procedure
Gravimetric analysis

Flushing/test rig

Microscopy

SEM-EDX

Light-based particle
counter (fluids)

Documentation

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

11: Evaluation of an analysis membrane
12: A casting particle under the microscope
13: Laboratory work station at the HYDAC FluidCareCenter
14: Contamination in the form of metal and fibre
15: Component requirement in relation to particle size
16: Various extraction methods for determining the quantity of residual contamination on components
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Fig. 16
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Technical cleanliness:
These days, no longer an option but an obligation.
service": HYDAC laboratory vehicles are equipped with extraction units (e.g. CTUs) and analysis equipment (e.g. an
automated counter microscope). Analyses can therefore be
carried out on-the-spot. If problems are found, HYDAC provides advice and support "just in time".
Technical cleanliness – worldwide
Germany is at the forefront of "technical cleanliness". Interest
in this subject is also gathering pace internationally. HYDAC
is therefore ready with experts on "technical cleanliness" to
provide support abroad as well. With their knowledge of technical cleanliness, HYDAC experts not only provide component
analysis and support in process optimization, but also give
advice in the planning, set-up and equipping of cleanliness
laboratories. Extraction units from HYDAC are used worldwide. For every customer, requirement and component we
can provide the right system from our range.
Technical cleanliness covers component cleanliness
analysis, process chain analysis, laboratory systems and
analysis equipment, including "cleanliness specifications".
HYDAC creates cleanliness specifications for customers as
well as for its own products.
Specifications are usually based on the principles of the VDA
Volume 19 / ISO 16232 and the limits relate mainly to the
contamination load and the max. permitted number and size
of particles on the components.
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Creation and structure of a cleanliness
specification
Production of components and systems according to cleanliness specifications ensures that the supplied quality is
consistent. Before drawing up the specification it is important
to establish which are the most sensitive components in the
system. Individual components or system areas should be
divided into categories according to sensitivity.
A = not very particle-sensitive, e.g. low pressure systems with
large gap tolerances
B = particle-sensitive, e.g. low pressure systems with small
gap tolerances
C = highly particle-sensitive, e.g. high pressure systems
with small gap tolerances and exacting requirements,
safety-related systems. For each of these cleanliness
categories a maximum value for the particle contamination is specified. In addition the fluid cleanliness for
the individual system and process fluids is defined.
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The following points are generally included in the cleanliness
specification for the components:
  1. Objective of the cleanliness specification
  2. Scope of application
  3. Scope of tests and test cycles
  4. Sample taking
  5. Analysis procedure
  6. Evaluation procedure
  7. Accuracy
  8. Test fluid to be used
  9. Documentation
10. Limits
11. Procedure for non-compliance with the specification
If just one component in a large batch is classed as noncompliant, this can safely be considered to be an outlier. Rules
regarding outliers should be clearly stated in the cleanliness
specifications. If several components in a batch are classed
as non-compliant, or a whole batch fails the analysis, then
it is recommended that the process chain for that particular
component is examined and scrutinized more closely. When
limits are exceeded this is an indication of weak points in the
process chain.
Process chain analysis: tracing contamination
Process chain analysis is carried out in an effort to ascertain
where critical particles originate or where they are carried to.
In addition, support is offered to remove this contamination
from the system in future, to prevent particles being produced
and to optimize the entire process. Close collaboration with
the customer is very important here. In some cases it is necessary and helpful to hold joint discussions with the machine
builder and operator to consider the problems together. The
entire process chain is looked at and incorporated, individual
process steps are documented and weak points recorded.
Together with the customer, the results are discussed and
the possibilities for optimization considered, and these can
be implemented quickly and cost-effectively.
Once the optimization measures have been carried out, their
effectiveness is tested using controlled cleanliness analyses.
The guiding principle of the process chain analysis should
always be "maximum benefit at minimum cost".

Specification and analysis
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Fig. 20

Fig. 21

Fig. 22
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Fig. 19: Process chain analysis considers the whole production line, as shown
in this example from the automotive sector.
Fig. 21: Determining the particle contamination of an analysis membrane
in the HYDAC laboratory
Fig. 22: Contamination Test Unit from HYDAC
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General process chain analyses
Which process stages are looked at in detail? What questions
are asked?
Here are some examples:
Suppliers:
How are the components delivered? Cleanliness condition?
Logistics:
Does the cleanliness of the packaging correspond to the
component cleanliness required?
Production:
Condition and type of machining tools?
Industrial part washers:
How are the components washed and with what?
Effectiveness?
Nozzle geometry? Filtration of cleaning media?
Installation of the component:
Does the installation of valves or other components generate
particles?
Test rig:
Monitoring of media quality, e.g. by measuring oil condition?
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Main causes of contamination
Employees have a large influence on technical cleanliness
in individual process stages. They can, through ignorance or
lack of awareness of technical cleanliness and poor engagement with the product, contribute significantly to the ingress
and spread of particles. Through training, involvement in the
process (as well as in process chain analyses), suggestion
schemes or discussion forums, staff can be more closely
engaged in the subject. Staff can approach their work with
the product more sensitively and experience more "ownership" of their work. Technical cleanliness relies on trained
and responsive personnel. Just a few simple steps can save
significant costs.
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Usually the process chain is looked at as a whole:
If from the component analyses, it is found that the system
being used for parts washing is not effective in cleaning the
contamination from the component, but is merely "spreading
the contamination", the process chain analysis can focus on
this process stage in order to target the optimization.
By changing and monitoring the rinsing medium and the
filtration, finding the correct position of the components during
rinsing, the correct nozzle geometries and the correct cleaning
method, optimum cleanliness values can be achieved. Equally
important is the correct placement of the industrial part washer
within the process chain. This can be crucial for component
cleanliness.
Over the years, HYDAC has carried out numerous process
chain analyses on industrial part washers. It was possible to
improve the cleanliness values up to 19-fold, for example.
These analyses are carried out by specialist HYDAC staff
who can call on many years' experience. Today analysis is

undertaken in all sectors where critical particles can cause
stoppages in systems. In the factories belonging to the HYDAC group, process chains are also analysed regularly to raise
quality, meet customer requirements even more exactly and
to safeguard and further promote customer satisfaction and
confidence.
Development and outlook
In the last 10-15 years there have been a lot of changes in the
field of technical cleanliness. Development and optimization
continue apace. The requirements for technical cleanliness
are rising steadily, as is the number of industries which
must comply with it and which recognize the benefits and
necessity of technical cleanliness. Now it is not just the automotive with the agricultural, construction and commercial machinery industries, but also includes power plants, wind energy,
aviation and aerospace technology, the electrical industry,
medical technology, solar and environmental technology, as
well as the optical industry and aeronautics.
The desire for production-integrated component cleanliness
analysis is a growing trend. Nowadays, analysis usually
takes place in centralized cleanliness laboratories. Processintegrated analysis is all but impossible for capacity reasons
and waiting times for results of analysis are inevitable. In
response to this demand, the Fluid Analyzer (CTM-FA) was
developed by HYDAC. This Fluid Analyzer has been designed as a module to determine the particle count according
to ISO 16232. The analysis fluid is processed automatically
and evaluated immediately using an optical particle counter.
This solution can be used in both the automotive and supplier
industries and also in engine and gearbox manufacture as well
as in mobile hydraulics.
The advances in technology in all sectors, for example in
terms of environmental protection, cost-saving and energy
efficiency, has prompted the development of new processes
which must also address the topic of technical cleanliness.
Particularly in the automotive industry, there have been numerous developments in "alternative" types of drive. In response to a customer's request, HYDAC developed a sampling
tool for hydrogen filling (see the article "Determining the contamination in hydrogen fuel pumps" in the section on "Filtration
and Condition Monitoring"). The cleanliness of the fuel for
hydrogen-powered vehicles is a crucial factor in the service
life and efficiency of the fuel cell used. The Sampling Tool
PSA-H70 enables you to test the technical cleanliness of the
hydrogen right at the point of filling. Connected directly to the
H2 fuel pump, contamination is captured on the membrane
during filling. Once re-fuelling has finished, the sampling
tool is uncoupled, the membrane removed and analysed in
the laboratory. Once the membrane has been replaced, the
sampling tool is immediately ready for use again. Cleaning
and analysis are offered as a service by HYDAC.

In response to the increased demands for technical cleanliness, HYDAC has designed a "final" flushing rig which is
used in production. With this system, different fuel lines are
flushed to a final cleanliness of 0 particles > 50 µm. Since
then a second system has been put into operation as well.
Any future increase in the requirements for technical cleanliness in other components can be implemented using
specially adapted HYDAC flushing rigs.

Sources:
Contamination Management in Practice (HYDAC Filter Systems)
HYDAC Standard: HN 18-50 Technical Cleanliness,
Specifications, Tests QA
Wikipedia

These are just two examples of how technical cleanliness
is finding its way into more and more processes and is
being recognized as a tool to improve quality in manufactured components. The effect is to reduce rectifications and
warranty claims, to lower costs and thus to secure,
maintain, and increase customer satisfaction. In combination with process chain analysis, technical cleanliness is used as a tool to optimize processes according
to the principle "minimum cost for maximum benefit".

Fig. 23

Fig. 23: Final flushing rig in operation for cleaning fuel lines
to a final cleanliness of 0 particles > 50 µm

Technical cleanliness at a glance:

Considerable improvement in quality and prevention
of so-called production stage failures
Extremely important for the automotive and
supplier industry

Residual contamination analysis to determine the
actual component and fluid cleanliness
Process chain analysis (PCA) is the key
to achieving technical cleanliness
throughout the production process
With PCA, all process chains are
examined thoroughly
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Industry demands quantifiably clean components
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HYDAC Head Office
HYDAC Companies
HYDAC Sales and Service Partners

Accumulator Technology E 30.000
Filtration Technology E 70.000
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