Cognitive Measuring
Case Studies: Industrial production processes automatically evaluated with
High-Frequency-Impulse-Measurement (HFIM)

High-Frequency-Impulse-Measurement (HFIM)
How it works
HFIM, acronym for high-frequency-impulse-measurement, is a certain kind of
measurement technique in acoustics, where structure-borne sound signals are
detected and processed with certain emphasis on short-lived, impulse-like signals
as they are indicative for crack formation in a solid body, mostly steel.
The basic idea is to use mathematical signal processing methods such as Fourier
analysis in combination with suitable computer hardware to allow for real-time
measurements of acoustic signal amplitudes as well as their frequency. The main
benefit of this technique is the enhanced signal-to-noise ratio when it comes to
the separation of acoustic emission from a certain source and other, unwanted
contamination by any kinds of noise.
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Fast Fourier Transformation
(FFT)

The technique is therefore mostly applied in industrial production processes, e.g.
cold forming or machining, where a 100 percent quality control is required or in
condition monitoring for e.g. quantifying tool wear.

Physical basics
High-frequency-impulse-measurement (HFIM) is an algorithm for obtaining frequency information of any structure- or air-borne sound source on the basis of
discrete signal transformations. This is mostly done using Fourier series to quantify the distribution of the energy content of a sound signal in frequency space. On
the software side, the tool used for this is the fast Fourier transform (FFT) implementation of this mathematical transformation.
This allows, in combination with specific hardware, to directly obtain frequency
information so that this is accessible in-line, e.g. during a production process. Contrary to classical, off-line frequency analysis methods, the signal is not unfolded
before transformation but is directly fed into the FFT computation.
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Structure-borne sound signal in the conventional 2-dimensional diagram „amplitude vs. time“ (1) and the same signal
as 3-dimensional HFIM process landscape (2). The enhanced signal-to-noise
ratio becomes obvious while an impulse-like signal (3) becomes directly evident in the HFIM picture whereas it is
not visible in the 2-dimensional diagram.

Real-Time Crack Detection During Straightening
Microscopic image of a cracked
component. The crack closed itself
at the surface of the part. Most
downstream quality control methods, like magnetic particle inspection or laser thermography do
not detect cracks that are closed at
the surface.

Crack Detection with QASS Optimizer4D-CiS.02. The signals are
shown on the three axes time, amplitude and frequency. A crack that
closed itself at the surface is negligible if crack detection takes place
in-process.
Optimizer4D-CiS.02
detects cracks in the very moment
they occur.

Detection of cracks that are closed at the surface
QASS develops the advantage of world market leader for destruction-free crack
detection during bending and straightening of steel shafts. The new and innovative crack detection system Optimizer4D-CiS.02 analyzes structure-borne sound
(acoustic emission) during the straightening process.
• No post-production testing with magnetic powder or laser-thermal imaging
necessary
• Reduction of costs by saving supplies (e.g. magnetic particle inspection)
• Higher product quality by highly accurate crack detection
• Reduction of pseudo-waste
• Non-destructive testing of component quality
• In real-time during the straightening process

Waste Reduction For Straightening Processes
Upper images
Left: Conventional structure-borne
sound analysis, during a straightening process, in detail on the
axes time and amplitude. The signals of real cracks are hard to distinguish from background emissions and perturbations.

Lower image

Crack detection 2.0 - less waste, higher quality
QASS is world market leader in the area of crack detection during straightening
processes. As of now, especially for straightening machines, we recommend our
new, innovative crack detection system: Optimizer4D-CiS.02 uses a new analysis
concept and reduces pseudo waste, which until now had been inevitable. This waste occurs when systems recognize perturbations as cracks.
Conventional crack detection systems analyse intensity and energy developments
of structure-borne sound. Optimizer4D-CiS.02 adds a third dimension to the analysis: Frequency.
With 25.000 spectroscopic analyses per second, Optimizer4D-CiS.02 reveals every
detail of the straightening process. This way a differentiation between real cracks
and perturbations can be made.
Additionally, it‘s possible to use these information to optimize the process in order
to reduce waste even further.
These information can be used to optimize the process and to reduce waste once
more: Avoiding cracks with the aid of an improved process cognition.

Crack detection with QASS Optimizer4D-CiS.02 – structure-borne
sound signals of a perturbation
that have been identified as a crack
by other detection devices. Optimizer4D-CiS.02 recognizes with
the help of the frequency analysis
that the signal actually is just a
perturbation. The innovative crack
detection system uses the three
axes time, amplitude, and frequency to display the structure-borne
sound emissions. Cracks, which occur inside the component during
the straightening process, show a
sharp rise at the beginning, a steady running down and portions in
the high-frequency area.

Stamping Split Detection
This figure shows an extract of
High-Frequency-Impulse-Measurement (HFIM) signals of a stamping
process. During this process, steel
sheets were formed to produce
a vehicle body component. The
HFIM-Piezo-Sensors were placed at
the stamping tool itself. The upper
depiction shows a flawless stamping process, the extract is limited
to emissions which originated in
friction between the steel sheet
and the forming tool and plastic
deformation.

Condition Monitoring
During stamping of components and semifinished products, damages may occur,
like splits, thinning, double draws or wrinkles.
Most production processes do not allow to analyze the product during the process,
due to safety, spatial or technological restrictions. Although it is possible to analyze a component to determine whether it’s damaged or not, this is only possible
after-process.
High-Frequency-Impulse-Measurement (HFIM) is a reasonable alternative to inprocess check systems. HFIM needs force fit contact of the piezoelectric sensors
with the die. Structure borne noise is emitted by component and machine, travels
through the whole installation and is detected by the sensors.
It‘s easy to monitor stamping by HFIM. The HFIM-signals show significant differences, if process parameter change and if the mass forming tool crosses thresholds.

This lower depiction shows signals
of the same stamping process as
the upper figure. The difference of
the HFIM-Signals is characterized
by risen amplitudes in all frequency bands. The reason for the increased amplitudes are splits inside of
the steel sheet which developed
because of modified parameters of
the stamping process.

Quality Monitoring For Joining And Pressing-In
This depiction shows a force fitting
process with an occuring crack.
This image basically shows the
same acoustic emissions as the
faultless process (image below).
The difference: Additional intensive single signals with high amplitudes and significant parts in the
high frequency area can be seen
- characteristic signals for occuring
cracks in metal.

Crack detection and check of correct joining
Optimizer4D is able to detect broken force fitted work pieces during the process
automatically. Simultaneously, the measurement system recognizes if a work piece
group was joined completely and correctly.
The graphics show the difference between acoustic signals of two force fitting
processes where two circled steel mechanical pieces are getting joined in an elastic
and plastic interference fit assembly by force fitting.
Machine, types of pieces and process parameters are identical. The only difference:
The image below shows the signals of work pieces that have been damaged during
the force fitting process.
The signal deciption of the force fitting process clearly shows occuring cracks during the process. A torn work piece (image above) generates another depiction as
a faultless work piece (image below). The same counts for work pieces which are
getting joined together out of several components.
A faulty joining process can be identified by its anomalous signals: If one component is missing, the corresponding signal is missing as well. The cognitive measurement system identifies this absence independently and e.g. can discharge construction parts via machine controlling.

This depiction shows the acoustic
signals of a faultless force fitting
process. At the beginning of the
process (on the right of the depiction) low amplitudes are shown up
which are getting more intensive
until the end of the process (on the
left of the depiction). Within the
high frequency area, there are no
signals - no cracks.

Initial point of the study was waste, which occurred during a force
fitting process: Problematically are
the smallest cracks near the joint.
If there is, e.g., no security snap
ring or something similar, there is
no according signal shown in the
depiction.

Quality Monitoring For Wire Machinery

Pic. 1

Drawing speed 6 m/s

Pic. 2

Comparison: The upper depiction
shows a faultless wire drawing process, at the bottom is a faulty one
due a lack of lubrication. In addition,
scoring is visible in the increased frequency range.

Drawing speed 12 m/s

These two images show two different drawing speeds. They cause
different HFIM-signals. If the drawing process is going too fast and
product quality is decreasing, anomalies will show up in the HFIMsignals.

Pic. 3

Threshold value analysis: The image
above shows the successful teach-in
of a wire drawing process into the
QASS System Optimizer4D. In the
image below, defined tolerance limits
are exceeded by a lack of lubrication.

Proof of process quality
Optimizer4D is able to monitor complete wire drawing processes. If a ring has
been running faultless, the quality is documented. This is possible by a depiction of the signals, on the basis of HFIM (High-Frequency-Impulse-Measurement).
Optimizer4D records these signals in real-time. Anomalies during the production
process show up in the HFIM depiction.
The speed of the production process can be increased or optimated by Optimizer4D. The faster a process, the higher the risk of deviations. Optimizer4D detects
deviations in real time and makes it possible to increase the speed of production
processes up to the point of losing quality (Pic. 1).
Furthermore the measurement system is able to monitor various other process
parameters, such as scoring (see Pic. 2) or a lack of lubrication (Pic. 2 and 3).

Wire with clearly visible die
marks.

Tool Monitoring For Plastic Injection Molding
In this picture on hand: two depictions generated via High-Frequency-Impulse-Measurement (HFIM)
by the QASS measurement system
Optimizer4D. A plastic injection
molding process is shown. In the
green marked area there is the
injection phase. The upper image
shows a tool shortly after its maintenance, the image below shows
up the same tool after 5000 shots.
The raised emissions prompt
compressed air and damaged material.

Tool-establishment

Extension of maintenance cycles; ventilation control
When is the time ripe for maintenance of plastic injection molding tools? Optimizer4D allows the maintenance at the right time, instead of trusting in fixed cycles:
Maintenance based on the actual condition instead of fixed intervals.
The QASS-system generates via HFIM (High-Frequency-Impulse-Measurement) a
depiction of the injection process. This depiction varies according to the level of
wear of the tool. A worn tool generates an obvious different depiction as a new
one.
This test takes place in real-time and it is non-destructive. The system does a complete process monitoring, detecting in many cases sluggish bolts and worn out
ejectors.
Via Optimizer4D from QASS, it is also possible to monitor work pieces downstreamed. Examples are movable plastic parts for speakers, ashtrays, navigation systems or similar components - sound design is not a “nice-to-have“ anymore. The
measurement system sorts out faulty work pieces by detecting unfitting sound
emissions.

The HFIM system Optimizer4D
from QASS helps at establishing a
plastic injection mold correctly. If
the mold is settled wrong, it will
show up on the HFIM depiction.

Cooling control
In many cases, plastic injection
molds have problems with ventilation. From time to time, ventilation channels get clogged, often
due to additives that can degas. If
the ventilation falls out, the tool is
getting too hot. If this air is getting
compressed while the tools are
closing, the tools are getting even
more hotter. Optimizer4D enables
users to detect clogged ventilation
channels.

Quality Monitoring During Welding
This depiction shows High-Frequency-Impulse-Measurement
(HFIM) signals of a flawless MAG
welding seam. The signals are
smooth and without a flaw, just as
the seam itself.

This image depicts a faulty MAG
welding seam. The signals show
deviations from the ideal case (upper depiction): short, broad band
signals (marked with a green oval).
These signals go across the time
axes - typical HFIM-signals that originate from welding pores.

Detection of welding pores, cracks and incomplete fusion
(also during laser-welding)
Optimizer4D is able to detect and document faults in a welding seam in the moment the flaws occur. This includes detection of fl awless seams.
Detectable welding faults: cracks (cold cracks), welding pores, incomplete fusion
and (under circumstances) burn-through.
Under certain circumstances, the following faults are detectable: weld seam position and fusion penetration. Optimizer4D is able to evaluate the quality of welding
seams. By this, the measuring system contributes to render security welding seams superfluous - up to a certain percentage.
Additionally, in an ideal case, Optimizer4D can reduce rework. Automated detection of faults and emitting a signal via signal light or PLC is possible.

Tool Monitoring For Machining
The image shows how High-Frequency-Impulse-Measurement
(HFIM) of QASS depicts a machining process. Especially obvious is
the single, broadband signal in the
middle of the 3D-graphic. Signals
with that forming are characteristic for cracks. In this case the
depiction shows exactly that - the
break of an cutting edge of the machining tool.

Prevention of breaks and detection of worn edges
A machining process delivers as long excellent results, as the sharpness of the
cutting tool is within the quality ensuring tolerance thresholds. If the edge is too
worn, the surface of the work piece will become useless in the worst case.
Optimizer4D of QASS analyses pulsed acoustic signals, which occur during machining. The sharper the cutting tool, the more regular the emissions. With decreasing sharpness the high frequencied impulses are getting irregular, due to a tool
that is decreasingly cutting and increasingly cracking the material.
Once the limits of tolerance are entered into, Optimizer4D is, automatically, in-process and in real-time, able to trigger a signal for changing if an edge reaches the
limit of wear. That means maintenance in time instead of constant, fixed cycles.
Optimizer4D detects the condition of a cutting edge with an integrated pattern recognition. The system reacts to deviations in the cutting emissions. Characteristic
patterns in the Optimizer4D signal landscape indicate the milling cutter breakage in advance. The processing machine can react immediately to these signals, so
that a breakdown can be prevented as a preventive measure and without further
rejects caused by a damaged milling head.

Monitoring of sharpness:
Optimizer4D measures pulsed
acoustic signals during the process,
which occur by machining.
The duller a cutting tool, the
more irregular and rougher are
the signals in the HFIM-depiction
(High-Frequency-Impulse-Measurement). The left depiction shows
signals of an intact machining tool,
the tool on the right depiction is
worn out.

Evaluation Of Bearings & Lubricants
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HFIM-signals of the normal lubricant with corrosion and abrasion
protection additives. After about
1800 minutes strong structure-borne sound emissions can be detected, which are caused by pitting in
the bearing.

HFIM-signals of the high-end lubricant with corrosion protection
additives. Initially strong HFIM-signals are detected, during which
the high-end lubricant shows noticeable HFIM-signals and thus a
strong strain on the bearing. This
turbulent beginning phase can be
minimized with help of the machine’s controls. The long-term strain
is crucial here, which speaks for the
high-end lubricant in comparison
with the normal version. It shows
no damages to the bearing.

HFIM analyzes the quality of lubricants
Optimizer4D can automatically classify lubricants in terms of their mechanical and
dynamic properties. The charts show the difference in structure-borne sound emissions between two different lubricants during a wear test, according to DIN51819,
of axial cylinder roller bearings.
During the testing at a FE-8 test bench, an axial load has been raised upon a laminated disc spring.
Composition of lubricant A: lubricant SAE 75W-80 with wear protection additives.
Composition of lubricant B: same as lubricant A, but with additional anticorrosive
coating additives.

Starting point for this testing in
cooperation with Schaeffler was
the search for the cause of sudden
machine failures without warning
(machine failure with consequential loss). Among the results of
the testing in May 2014 is the insight, that the Optimizer4D can
recognize the impact of different
lubricants on the bearing, as the
high-frequency-impulse-measuring graphs show.

This is
The Problem
During many production processes, enormous forces occur and even during carefully monitored production a certain percentage of products will be faulty. Cracks,
missing components or many other types of faults are possible. Many production
processes are nearly inaccessible for conventional test methods.

The Idea
QASS is the worldwide market leader for crack detection from hardened steel
shafts. With a new structure-born analytical method, we are able to detect even
the smallest cracks. The new method analyzes the structure-born emissions in 3D
in addition to time and signal amplitude, it also examines frequencies.

The Solution
QASS Optimizer4D reliably recognizes cracks and anomalies of the process. Faulty
components emit other types of signals than impeccable parts. The same applies
to machine and tool. High-Frequency-Impulse-Measurement is the key to an extensive and automated process evaluation in real-time.

Contact
The everlasting innovative commitment: QASS is a medium sized company in the city of Wetter (Ruhr) in NRW
in Germany and world leader for crack
detection in straightening.

Companies that are using QASS
measuring systems are: BMW, Bosch,
Caterpillar, Chery Automotive, Daimler, FAW, Ford, Fiat, Galdabini, Getrag,
Harley-Davidson, Hyundai, John Deere,
Kokusai, MAE, MAN, Renault, Skoda,
Volkswagen, Volvo, ZF and more.

The innovative QASS measuring system makes it possible to optimize nu- Sales and service partners are located
merous production processes and to in China, South Korea, Japan, Mexico
monitor work pieces and tools.
as well as North- and South America.

QASS GmbH
Schöllinger Feld 28
58300 Wetter (Ruhr)
Germany
Phone
Fax
Email
Web

+49 (0) 2335 - 80 20 - 0
+49 (0) 2335 - 80 20 - 20
info@qass.net
www.qass.net

