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Dear readers, dear experts, and friends

EDITORIAL

„Nobody climbs the same river twice,“ says the ancient 
Greek philosopher Heraclitus, meaning that between 
the first and the second bath, both person and the 
river have changed. Everything that exists is subject 
to constant change, everything is in flux. The classic 
formulation of the Greek philosopher has been handed 
down to us to this day: „pantha rhei“, everything flows 
and this has rarely become as clear to us as it is in the 
present.

Even our phenomenally successful foundry-lexicon.
com cannot escape this flow of constant change. They 
often take place slowly, so that we often only recognize 
them as such in retrospect. It is therefore all the more 
important not to miss the time to engage in these 
changes, to help shape them and to steer them in the 
right direction.

I would like to introduce to you, dear readers, the first 
edition of our C.O.M., the Casting Online magazine, 
by regularly reporting on news from the entire foundry 
industry and related industries on a scientific, technical, 
but also practical basis.

We are currently experiencing rapid technical progress 
when technical knowledge and current information from 
the industry are extremely important. We want you to 
do that with our C.O.M. offer and thus further expand 
foundry-lexicon.com as one of the most important 
know-how carriers in our industry.

You read in the C.O.M. articles from our industry that 
offer direct links to foundry-lexicon.com. We want 
to make work in this area easier and interesting for 
the specialists in the foundries and in the casting-
consuming industry, but also for learners and students 
who have to deal with casting.

We look forward to this new challenge and wish you 
lots of health, joy, and success.

Dr.mont. Stephan Hasse

Foundry Technologies & Engineering GmbH
Publisher of www.giessereilexikon.com 
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Time for a new inspection experience  
X-ray inspection in the foundry industry quick and easy
Gina Naujokat

These anomalies can be safely and reliably detected and 
analyzed using x-ray technology. According to the diffe-
rent requirements, radioscopy and computed tomogra-
phy systems are offered on the market which are used 
manually, semi-automatically or fully automatically in the 
laboratory, at the line or in the production line. 

While two-dimensional radioscopy quickly and reliably 
reveals defects, computed tomography provides much 
more detailed information about the internal structures of 
an inspection part. Using the reconstructed 3D volume, 
which is calculated from a large number of x-ray images 
taken from different angles, an object can be precisely 
analyzed, defects can be localized, and details can be 
measured, which is particularly important in prototyping.
For safety-relevant components, it is also extremely im-
portant to determine the remaining wall thickness after 
the casting process or finishing. The measurement pro-
vides information about the stability and thermal conduc-
tivity of the material. 

Once the tomogram of a component has been generated, 
the information is then available for a variety of analyses

Typical tasks include

■ Detection of blowholes and gas porosity
■ Geometry determination of internal structures (Fig. 2)
■ Wall thickness analyses
■ Target-actual comparisons

Spot checks and especially series tests can reveal 
tendencies that indicate errors in the production process. 
With the appropriate corrective measures, the production 
process can be optimized immediately, and the yield 
increased significantly.

In all casting techniques involving materials such as cast iron, aluminum, magnesium or zinc, casting 
defects such as microporosity, gas porosity (Fig. 1) and blisters, thermal cracking, dimensional deviations, 
and oxide inclusions can occur.

X-RAY INSPECTION 

Fig. 2: Mapping inner structure
Source: YXLON International GmbH

Fig. 1: Analysis of porosities of castings with YXLON CT 
Source: YXLON International GmbH
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Modern x-ray systems allow direct switching between ra-
dioscopy and computed tomography in a single inspec-
tion sequence without repositioning the object, changing 
the program or adjusting the parameters. This gives the 
possibility to look at only certain ROI (Regions of Inter-
est) in more detail. For the inspection of small series, in-
spection sequences can be created, saved, and recalled 
facilitating the process and ensure a uniform inspection 
process.

Older x-ray and CT systems require the user to have 
appropriate knowledge of x-ray technology to be able to 
make the optimal settings of the x-ray parameters for his 
inspection part, and at the same time require intensive 
training on the respective system. 

Also, changing or increasing requirements of the manu-
facturing plant usually make it necessary to invest in a 
new inspection system. 

With the new YXLON UX20 x-ray and CT inspection sys-
tem (Fig. 3), YXLON has embarked on a new path: In 
addition to the quality and reliability of the inspection re-
sults, the focus during development was on simple opera-
tion for users with different levels of prior knowledge and  
the possibilities for individual expansion of the system 
through numerous options and upgrades. 

Right at first glance, the compact design of the x-ray and 
CT system shows that it has been specially designed for 
use in harsh environments such as foundries in the auto-
motive and aviation industries. It is ideally suited for the 
inspection of castings, weld seams, plastic and ceramic 
components, and special alloys of sizes up to 800 mm in 
diameter and 1100 mm in height.

The system components such as the generator, cooler, 
and high-voltage cable are economically integrated into 
the cabin and at the same time easily accessible for main-
tenance work. Only two screws need to be loosened to 
pull the cooler out of the cabin on a pair of rails at an 
ergonomic height (Fig. 4). 

The control desk is attached directly to the system and 
is adjustable in height. It is reduced to the essentials that 
are necessary for operation: Manual x-ray inspection can 
be performed intuitively with joysticks and buttons. The 
basis for the simple operation of the UX20 is the Geminy 
software platform, which has been awarded the German 
Innovation Award 2018 and combines all the necessary 
programs. Graphic elements and a selection of pre-
settings and wizards support the inexperienced operator 
in achieving good inspection results quickly and safely. 

“…with the new YXLON UX20 x-ray system, 
YXLON has introduced a completely new opera-
ting concept to the market…”

Fig. 3: YXLON UX20 – compact radioscopy and CT system with 
clearly arranged and height-adjustable control desk. 
Source: YXLON International GmbH

Fig. 4: Low space requirements and easy maintenance thanks to 
integrated and at the same time easily accessible components such 
as cooler, generator, and high-voltage cable 
Source: YXLON International GmbH
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For the semi-automatic inspection of small batches, 
individual inspection sequences including filters, 
reference images, and markings can be easily saved with 
the help of clear menu navigation and called up whenever 
needed. The direct changeover between radioscopy and 
computer tomography is just as possible with UX20 as 
with the other YXLON inspection systems. And whether 
the automatic test report is displayed each time or only 
stored in the background together with all images and 
setting parameters is up to the operator. 

An additional highlight (Fig. 5) is the parts manipulator, 
which automatically moves into the correct test position 
when the loading door is closed and back into the 
loading position at the edge of the cabin when the door 
is opened after the test. Especially with heavy parts, this 
means a physical relief for the operator that should not be 
underestimated.

The YXLON UX20 grows with the user‘s requirements. 
Purchased as a basic system in the standard configuration, 
it evolves into an all-rounder or specialist according to the 
individual needs thanks to extensive options and upgrades 
such as a 600 mm turntable and a universal part holder 
made of carbon, a selection of detectors, the YXLON ruby 
ball gauge for checking measurement inaccuracy, and 
the separate CT analysis station and reconstruction PC in 
three different performance levels

Author:
Gina Naujokat
Marketing Communication Manager 
for YXLON International GmbH
gina.naujokat@hbg.yxlon.com
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Fig. 5: Large inspection envelope with multiple manipulation 
possibilities of part and x-ray components
Source: YXLON International GmbH

About YXLON
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The name YXLON stands for quality assurance for 
all types of cast parts, tires, electrical and electro-
nic components, turbine blades, welded joints, and 
a lot more. Our product portfolio includes X-ray 
systems for installation in radiological inspection 
envelopes, universal X-ray inspection systems on 
the basis of fully shielded devices, as well as so-
lutions specific to individual customers. Whether 
in manual, semi, or fully automated operation, our 
inspection systems are ideal for deployment in 
research and development and can be integrated 
into any production process.

Computed tomography systems have been an in-
tegral part of our product portfolio since 2003. CT 
provides a three-dimensional insight into inspec-
tion items thus enabling the analysis of inner struc-
tures, dimensional measurement tasks in metrolo-
gy applications, or actual-to-nominal comparisons 
to CAD data, to name a few. Besides delivering a 
more precise inspection evaluation (when compa-
red with radiography), computed tomography also 
provides valuable information about the produc-
tion process. Above and beyond such advantages, 
our microfocus systems permit highly detailed 
views into the most intricate structures and tiniest 
components.

With headquarters in Hamburg, we have sales and 
service locations in Yokohama, Hudson (Ohio), 
San Jose (California), Beijing, Shanghai, and Hat-
tingen, as well as a network of representatives in 
over 50 countries. At YXLON we are local for our 
customers all over the world.
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Rheocasting  
- lightweight construction with high-quality cast aluminum components 
in a sustainable product life cycle
Johannes Winklhofer

The principle underlying the rheo process, the thixotropy 
(Fig. 1) of light metal melts, was discovered in the 1970s 
at the Massachusetts Institute of Technology. Thixotropy 
refers to the property of molten metals to flow during 
solidification in the course of a stirring movement, whereas 
at rest they form a dimensionally stable doughy mass.  
 
The process has been continuously developed since the 
early 2000s and was industrialized by SAG in Europe 
from 2016.

In contrast to conventional casting processes, in which 
dendritically solidified α aluminum grains are characteristic 
of the microstructure, round grains, so-called globulites, 
are formed during rheocasting by controlled cooling of the 
melt and a stirring movement (Fig. 2). 

Innovative technologies for processing light metal alloys have undergone enormous development in recent 
years. One of these is rheocasting - a special casting process in which liquid aluminum is not processed 
in a completely liquid state as in conventional casting processes, but in a semi-solid state. The process 
is characterized by low susceptibility to casting defects such as pores, blowholes, and oxide inclusions. 
This enables the production of high-quality cast components for the automotive and commercial vehicle 
industry, which come close to the strength of iron castings and aluminum forged components. The 
associated lightweight construction potential and good recyclability have a positive effect on the CO2 
balance and the cost-effectiveness of the process.

RHEOCASTING

Fig. 1: Principle course of the viscosity of a thixotropic substance under
(variable) shear 
Source: Heidinger, M.: Messung rheologischer Eigenschaften unter 
Berücksichtigung des Rheomat-15. Contraves, Stuttgart (1965) 

Fig. 2: Typical microstructure between HPDC- and Rheocasting – process
Source: M. Wessen, Jönköping University)
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These favor the flowability during mold filling and fee-
ding during solidification. As the aluminum melt to be 
processed has already solidified to a large extent before 
mold filling, solidification shrinkage and distortion can be 
minimized. The high viscosity of the melt also prevents 
turbulence and thus gas porosity, which as pores in con-
ventional casting processes account for the largest and 
most damaging proportion of casting defect. The partially 
liquid melt is processed in a cold-chamber high-pressure 
die-casting machine, which enables high output and thus 
economic efficiency. Mainly conventional hypoeutectic 
aluminum alloy of the AlSiMg family but also wrought all-
oys can be processed.

The technological advantages (Fig. 3) that can be derived 
from the improved casting quality by rheocasting are pri-
marily the advantageous mechanical properties such as 
increased yield strength and elongation at break.

Due to the low pore volume fraction, bubble formation can 
be prevented in a downstream solution heat treatment 
process. In contrast to conventional high pressure die 
casting, the parts can therefore be T6 heat-treated. The 
achievable mechanical parameters thus come close to 
those of cast iron or aluminum forgings. In comparison to 
cast  iron, there is a considerable potential for lightweight 
design, which is approximately equivalent to the density 
advantage of aluminum, i.e. more than 60% weight sa-
vings. If all cost factors such as material use, corrosion 
protection, downstream processing and logistics are con-
sidered, the replacement of cast iron by rheocasting can 
even be carried out at no cost. Compared with aluminum 
forgings, rheocasting can be used as a cost-effective al-
ternative for safety-relevant chassis parts.

For customers from the automotive or commercial vehicle 
industry, freedom in the design of corresponding compo-
nents is decisive. Thanks to the good die filling and so-
lidification properties, both thin-walled and thick-walled 
structures can be realized in one component. The mate-
rial must only be used where it is important for the functio-
nality of the component. Together with the good mecha-
nical properties, a considerable potential for lightweight 
construction can be realized.

In addition to the advantageous mechanical properties 
and the good dimensional stability, the improved casting 
quality during rheocasting and, above all, the low propor-
tion of gas porosity has a positive effect on the tightness 
and weldability of cast components. SAG has taken ad-
vantage of this property and produces thin-walled - helium 
pressure-tight - weldable cast components for pressure 
vessels of air suspension chassis. The same application 
is also conceivable for battery pans, air-conditioning com-
pressors, and heat exchangers. 

Thermally stressed components also benefit from the hig-
her thermal conductivity of rheocasting compared to die 
casting.

In addition to the lightweight design potential with rheo-
casting, which has a positive effect on the CO2 balance 
of the components concerned in use, another aspect is 
the good recyclability of the process, which underlines its 
sustainability. The use of secondary aluminum requires 
only about 5% of the energy needed to produce primary 
aluminum. Both scrap, which is produced locally during 
production, and bought-in secondary material can be 
remelted during rheocasting and, with appropriate melt 
treatment, can be further processed into highly stressed 
components without any loss of casting quality.

“… in addition to the advantageous mechanical 
properties  the improved casting quality during 
rheocasting and, above all, the low proportion of 
gas porosity has a positive effect on the tightness 
and weldability …”  

Fig. 3: Lightweight construction potential combined with the best 
mechanical properties in the rheocasting-process
Source: SAG Salzburger Aluminium Group

Due to the low distortion and good surface quality of rheo-
casting, tight tolerances can be maintained even without 
subsequent mechanical processing. This also has a posi-
tive effect on cost-effectiveness.
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An application example from the commercial vehicle 
industry shows the potential of the technology. Together 
with Volvo Trucks, a cab holder (Fig. 4) was developed 
to replace an existing cast iron component. The weight 
saving for two installed parts per truck was 12 kg. SAG 
was rewarded for this with a series production order and 
received the Volvo Innovation Excellence Award. 

Similar applications can be found in the truck chassis 
which is currently still dominated by cast iron. A lightweight 
construction potential of 120 kg was determined for the 
classic two-axle semitrailer tractor. This corresponds 
to a savings potential of 120 l fuel or 0.3 t CO2 per year 
and truck. Furthermore, the payload is increased for 
weight-sensitive transports. This allows more freight to 
be transported with fewer trips, which reduces both CO2 
emissions and traffic volume.

Weight reduction will also become an increasingly 
important topic with regard to electric mobility due to 
the strict EU climate targets. In addition to the cost-
effectiveness of lightweight components, the recycling of 
the materials used, and their CO2 footprint will also play a 
major role in the future. Aluminum rheocasting can make 
a (light) weighty contribution to both aspects.

Author:
Dr. Johannes Winklhofer
Head of R&D Rheocasting
SAG Motion GmbH, 5651 Lend Nr. 25, Austria
johannes.winklhofer@sag.at

RHEOCASTING
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Fig. 4:Truck cabin holder 
Source: SAG Salzburger Aluminium Group

SAG Salzburger Aluminium Group is an Austrian 
family business with 1200 employees worldwide 
at 10 locations in Europe and México. The head-
quarter with two production sites is located in 
Lend/Austria. Further locations are in Sweden, 
France, the Netherlands, Slovakia, Spain, and 
Mexico. SAG is a world market leader for alu-
minum diesel tanks for trucks. Other products 
include air reservoirs, compressed air tanks 
and special components for the commercial ve-
hicle, railway, and special vehicle industry. The 
company is Europe‘s biggest manufacturer of 
cryo tanks for LNG (liquid natural gas) and tech-
nological leader in the field of rheocasting (se-
mi-solid casting process for aluminum). Custo-
mers include all major truck manufacturers and 
many international car manufacturers. In 2019, 
the turnover of the entire group of companies 
amounted to around EUR 220 million. 

SAG: A global player with 
local footprints in seven 
countries
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Magnetic Induction Casting   
– low-pressure casting at a new level
Harald Sehrschön

The innovation originated from a successful development 
project to improve the control and regulation technology 
for low-pressure casting plant Fig. 1. At the same time, 
the potential of decelerating the filling speed at the mol-
ten metal ingress, i.e., active braking and thereby calmer 
filling depending on the shaping of the cavity, was asses-
sed.

The pressure curve is modified subject to the height relati-
ve to the furnace bath level. Lowering of the furnace bath 
level must be compensated for in the control system. The 
filling level and the rate of pressure increase relative to 
the cross-section yield the volumetric flow rate that sets 
in once the molten metal is forced upwards by the over-
pressure in the furnace. Expansion of the cavity therefore 
results in a rise in the aluminum conveyed through the 
riser pipe.

 If the molten metal level remains constant, the flow ve-
locity increases. Expansion of the cavity, especially after 
the sprue bush, consequently, results in a considerable 
increase in flow velocity in the riser. This increase leads 
to turbulence in the molten metal. In order to nevertheless 
achieve particularly low-turbulence mold filling, the mol-
ten metal must be actively decelerated. In the opinion of 
experienced casters, casting filter that hold back oxides 
(s. oxide inclusion) also perform particularly well in dece-
lerating the molten metal. This means that a casting filter 
can equally be interpreted as a mechanical flow retarder. 

Fill Machine Engineering has developed a new low-pressure casting process. A magnetic field and short-
circuit current at the end of the riser, directly before die ingress, facilitates a precise low-turbulence 
process for casting aluminum. Cast aluminum components offer tremendous lightweight construction 
potential. New methods for sand mold and sand core production enable increasingly complex cavities and 
casting structures. In addition, there is the trend towards electromobility in the automotive industry. New 
castings are finding their way into high-volume production. Fill has set itself the goal of optimizing the 
low-pressure casting technology successfully established in the marketplace.

LOW-PRESSURE CASTING PROCESS 

Fig. 1: Diagram of the low-pressure casting process
Source: Fill Maschinenbau

However, the sieves generate costs in the low-pressure 
casting process, on the one hand due to the sieves them-
selves, on the other due to automation of sieve setting 
and subsequently due to machine tools for drilling out the 
sieves. Depending on the material, it may be possible for 
the infused sieve to be melted down in the return scrap 
material. Otherwise, it has to be disposed of. The solution 
is an active flow retarder that can be integrated into the 
regulation and control technology. This means that the 
casting sieve can be omitted if it only serves to decelerate 
the molten metal. 
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Braking effect of eddy currents in the molten metal

Moving an electrical conductor – in this case aluminum 
through a magnetic field – causes eddy currents to be 
generated in the conductor, which decelerate the molten 
metal due to the opposing field formed. The effect of this 
eddy current brake depends on the speed. If the flow ve-
locity in the riser increases, so does the braking effect. 
When the cross-section of cavities changes significant-
ly normal to the filling level, the magnet box decelerates 
the molten metal and low-turbulence mold filling ensues. 
This effect is self-regulating and enables low-turbulence 
mold filling (s. mold filling time), irrespective of complica-
ted pressure curves that have to be adapted to the cavity. 
In addition, the magnet box compensates for errors that 
result from shifts in the pressure curve depending on the 
filling level.

For example, a changing furnace geometry and molten 
metal withdrawn through the casting lead to a deviation in 
pre-compression and the filling level. This shifts the pres-
sure-change points vertically and makes them deviate 
from the points in the casting system. The magnetic field 
is controllable. This means that it can be activated and 
changed in a field strength from 0 to 500 mT. This possi-
bility enables targeted influencing of the casting process. 
For a defined braking effect and casting process, it also 
allows permanent magnets to be used. 

This option offers great potential for series production of 
the same or similar castings. Fig. 2 shows the reduction 
in flow velocity in the riser pipe over time at a constant 
rate of pressure increase. The entry to the die is indicated 
on the time axis. The riser pipe with an inner diameter of 
60 mm expands into a cavity with an inner diameter of 
200 mm. 

The magenta line B=0 indicates an overshoot and an in-
crease in average flow velocity in the riser to over 500 
mm/s at a constant rate of pressure increase of 7 mbar/s. 
With an activated field, the braking effect results in a re-
duction compared to the maximum to 270 mm/s without 
any overshoot.

Fig. 2: Braking effect, increase in flow velocity in the riser pipe as 
a function of the field
Source: Fill Maschinenbau

„…the effect of this eddy current brake depends 
on the speed. If the flow velocity in the riser in-
creases, so does the braking effect...”

https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/aluminum-3646/?cHash=6cea453bdacdc702c9beb99a3c960d3d
https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/mold-filling-time-4680/?cHash=f23bad90680ebeb815631ca00f02db27
https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/casting-4228/?cHash=7a0d83c1a56044ddbb361dea36193220
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Short-circuit current

As well as the eddy current brake caused by the magnetic 
field, the magnet box from Fill has been designed such 
that a short-circuit current transverse to the magnetic field 
can be sent through the molten metal. The current density 
caused by the short-circuit current in addition, perpendi-
cular to the magnetic field, increases the braking effect on 
the molten metal to a significant extent. 

The ideal braking effect under short-circuit current can be 
seen in Fig. 3. A permanently applied short-circuit current 
induces a time lag in the braking effect due to the field 
(blue line). If, on the other hand, the short-circuit current is 
ramped up linearly from the die ingress to 200 amps, as 
shown in Fig. 4 (orange line), this yields an even greater 
braking effect that can be activated by the magnet box. 
The technical design permits magnetic flux densities of up 
to 500 mT and short-circuit currents up to 400 A. 
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Fig. 3: Braking effect with short-circuit current
Source: Fill Maschinenbau

Fig. 4: Braking effect with short-circuit current and even greater 
braking effect
Source: Fill Maschinenbau

LOW-PRESSURE CASTING PROCESS 



Fig. 5: Field distribution in the magnet box
Source: Fill Maschinenbau

Fig. 6: Braking effect: left with magnetic field; right without magnetic 
field
Source: Fill Maschinenbau

Simulation of the new process parameters

Due to the new process parameters of field strength and 
short-circuit current and their regulation, in addition to the 
pressure increase in the new magnetic induction casting 
process, a simulation of the magnet box has been de-
veloped (Fig. 5). The HZDR Helmholtz Center in Dres-
den-Rossendorf used OpenFOAM as a basis to develop 
implementation of the magnetic field and short-circuit cur-
rent. Fig.6 shows the simulation of the casting process in 
a cylindrical cavity, on the left with braking effect, on the 
right without braking effect. The simulation enables opti-
mization of the process parameters. 

Components that indicate oxide inclusions or critical 
areas in the filling simulation can be optimized using this 
tool. The aim of the magnet box is to improve existing 
products and raise the quality rate. In the case of new 
products, simulation of the casting process enables im-
provement through virtual testing and determination of 
the optimum casting parameters. This allows problematic 
areas to be identified at an early stage and solutions to be 
found thanks to additional options in the process.

Benefits, environmental impact, and outlook

In combination with the technically higher quality of sys-
tems, the following benefits can be expected:

■ Less scrap (s. casting defect, oxide film) thanks to 
   better component quality
■ More efficient resource utilization
■ Lower auxiliary material consumption 
   (for example, thanks to omitting the large sieve)
■ Optimizable control technology

The magnet box is currently being further enhanced to act 
as a sensor to supply data about the actual filling speed. 
This means that it should be possible via production data 
acquisition, in addition to the conventional machine data, 
to gain a detailed insight into the actual process  in future. 
A fully equipped Fill low-pressure casting plant with mag-
net box has been made available to SRI d.o.o. in Slove-
nia for test and small-scale casting operations. Due to the 
innovative technology, independent research center Ac-
cess e.V. (RWTH Aachen University) is likewise banking 
on collaboration with Fill. The focus here is on low-pres-
sure casting in complex precision-casting dies. There is 
great potential in this planned cooperation, particularly in 
the integration of digital simulation tools.
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Fill is a leading international machine and plant ma-
nufacturing company serving diverse branches of 
industry. The family-owned business excels in the 
use of the latest technology and methods in manage-
ment, communication, and production.

Business operations encompass the fields of metal, 
plastics and wood for the automotive, aircraft, wind 
energy, sport and building industries. The company is 
the global market and innovation leader in aluminum 
core removal technology, casting technology, wood 
bandsaw technology, as well as in ski and snowboard 
production machines. Andreas Fill (CEO), Alois Wie-
singer (CTO), and Günter Redhammer (COO) are the 
managing directors of the company founded in 1966, 
which is still completely family-owned and now has 
about 920 employees. In 2019 the company recorded 
sales of around 169 million euros.

Author: 
Dipl.-Ing. Harald Sehrschön
Head of R&D at Fill GmbH
harald.sehrschoen@fill.co.at
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Vacuum Impregnation
What Size of Porosity Can Vacuum Impregnation Seal?
Andrew Marin

Many times the question is asked “What size of porosity 
can vacuum impregnation seal?”  This is undoubtedly 
due to the customer attempting to seal a defect to the 
maximum specification.  For example, the assumption 
is that if the maximum defect is 5mm and vacuum 
impregnation can seal a 5mm defect then vacuum 
impregnation will be effective.
Unfortunately, this is an oversimplification of a much 
larger question.  If the goal is to produce die castings 
that do not leak fluids under pressure, then “What size of 
porosity can vacuum impregnation seal?” is the wrong 
question (Fig. 1). The challenge is not to seal individual 
pores. Instead, one needs to understand the leak path, 
which is created by a series of interconnected pores.

What is Porosity?

While some refer to porosity as a defect, it occurs 
naturally and is found in most materials, both man-
made and in nature.  In metal castings, microporosity 
is typically considered any void found in the casting. 
Casting porosity can be caused by gas formation 
(see gas blister, gas porosity)   or solidification while 
the metal is being moved from a liquid state to a solid 
state. This porosity can range in size, from sub-micron 
to voids greater than 10 mm wide, depending on the 
casting.

Metal casting porosity can affect the part’s structu-
ral integrity, creating a casting defect. Porosity can 
also prevent the part from being pressure tight. This 
will impact performance if the part is designed to 
hold gases or fluids.

Understanding Leak Paths

Generally speaking, one pore does not cause a leak 
path. Instead, a leak path is usually created through 
a series of interconnected pores. For this reason, it 
is difficult to pinpoint a generic porosity range that 
vacuum impregnation can seal. 

The goal of a foundry is to produce high quality die castings that meet or exceed the customer’s 
specifications at a competitive cost.  In some cases, those specifications call out maximum defect size 
and/or require that the part must hold pressurized fluid or gasses.

Foundries use vacuum impregnation process when the defect size is less than the maximum allowed 
amount, yet the part still is not capable of holding fluids or gasses under pressure. Impregnation is a 
proven process that seals internal defects without impacting any other feature of the manufactured part.  

“…Metal casting porosity can affect the part’s 
structural integrity…” creating casting defects.

VACUUM IMPREGNATION

Fig. 1: Instead of analyzing these individual pores, one needs to 
understand if the pores create a leak path by being interconnected.
Source: Godfrey & Wing
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Air vs. Liquid Leak Testing

Most automotive components operate with liquid. Ho-
wever, air is primarily used in leak rate testing for the 
following reasons: 

1. Air is compressible and has a lower viscosity than 
liquid. Air can travel through a leak approximately 
100-400 times faster than a liquid.  

2. Air has no surface tension. This allows it to escape 
a leak more easily than a liquid. 

3.Overall, testing methods using air are faster to con-
duct than those using a liquid.

Understanding Testing Protocols 

To save time and resources, most manufacturers use 
the industry-recognized leak rates that are available for 
many products. Table 1 shows typical ranges for exis-
ting parts.

For example, a breach caused by a 5mm pore inter-
connected with a series of smaller pores will be easily 
sealed (Fig. 2).

Conversely, the same 5 mm pore breaching a 5 mm wall 
will be difficult—if not impossible—to seal, as there is 
little casting material for the sealant to adhere (Fig. 3). A 
pore of that nature has characteristics similar to surface 
porosity which is not a candidate for sealing through va-
cuum impregnation process. The large open pore brea-
ches both casting walls and is sometimes called “see 
through” porosity. 

It is important to understand that all materials permit 
leakage over time. In order for vacuum impregnation 
to effectively seal the leak and maximize the amount of 
acceptable parts, the manufacturer needs to define the 
part’s performance requirements, and develop measu-
rable and repeatable standards around those needs. 
Defining these standards is done through leak rate tes-
ting. Vacuum impregnation is then used to seal specific 
leak paths to achieve the pre-defined leak rate.

Purpose of Leak Rate Testing

The purpose of leak rate testing is to confirm that the 
manufacturing process is performing to specification 
and making acceptable parts. Finding defective parts 
early in the manufacturing process will reduce field fai-
lures, minimize unforeseen costs, and improve custo-
mer satisfaction.

Setting a Leak Rate Standard

Inspecting die castings requires quantitative, measu-
rable values that define what is and isn’t acceptable 
given a part’s intended use. The fact is even materials 
cast with careful processes will allow some leakage, 
given enough time. Casting manufacturers develop 
and adhere to leak rate standards. Such standards de-
fine the maximum tolerable leakage for a part, typically 
specified by cc/min at a specified pressure and time 
duration.

Fig. 2: This sectioned casting shows a 5 mm pore that is 
interconnected to a series of smaller pores. 
Vacuum impregnation can seal this leak path.
Source: Godfrey & Wing

Fig. 3: Vacuum impregnation will not seal this surface porosity. 
There is not enough casting material for the sealant to adhere.
Source: Godfrey & Wing

Table 1: Typical Leak Rates selected components
Source: Godfrey & Wing

https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/surface-tension-4617/?cHash=b808ed484c66973942bef1f3b32dd42e
https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/vacuum-impregnation-process-5114/?cHash=ea1981a5073a8db2edfad6de4e940921
https://www.giessereilexikon.com/en/foundry-lexicon/Encyclopedia/show/vacuum-impregnation-process-5114/?cHash=ea1981a5073a8db2edfad6de4e940921
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It is important to note that even after a casting is sealed 
and passes the leak test criteria, the casting can still 
exhibit leaks under more aggressive test conditions. 
Recall that all materials will leak in varying degrees. If 
the test standards were established so that the casting 
would hold oil a 1 bar, it may still exhibit a leak if tested 
with air or helium at 1 bar. Gasses are thinner than li-
quids (e.x. sealant, oil, etc.) and will leak through a path 
that would not pass fluids.

What is the Role of Vacuum Impregnation in this 
Process?

Once a leak rate is defined, parts within that range can 
be sealed through vacuum impregnation. Parts outside 
of the leak rate parameters are typically scrapped.

Vacuum Impregnation is a process that seals metal 
casting porosity. Specifically, it seals the internal, inter-
connecting path of porosity, which breaches the casting 
wall (Fig. 4). The process is not a surface treatment, so 
it does not seal open pores found on the casting surfa-
ce. Nor is it intended to seal casting structural defects 
such as cracks or open knit lines.

In Summary

The wide range of casting parameters creates a limit-
less array of shapes and sizes of porosity possibilities. 
Despite this, vacuum impregnation can seal porosity of 
any size. While vacuum impregnation can seal porosity 
of any size, it is important to realize that the leak path is 
the key characteristic to evaluate and not pore size. A 
leak path is created through a series of interconnect po-
res, and not a single pore. Instead of asking “What size 
of porosity can vacuum impregnation seal?” one should 
ask “Can vacuum impregnation seal the leak path?”
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Fig. 4: Vacuum impregnation seals this leak path (highlighted in green) 
so that fluids do not seep from the part.
Source: Godfrey & Wing

Starting 70 years ago as a small job shop in 
Cleveland, Ohio Godfrey & Wing has grown to 
become the leading provider of vacuum impreg-
nation technology, supplying equipment, sea-
lants, and services worldwide. 

Godfrey & Wing innovations are made possible 
through its culture. That culture begins with the 
company’s employees.

As a global manufacturer, Godfrey & Wing em-
ployees hail from different cultures, walks of 
life and speak multiple languages. Included are 
engineers with decades of experience, toolma-
kers, professional technicians, factory and sup-
port staff, military veterans and even those with 
developmental disabilities.

They are diverse, yet united by a common goal 
and a larger purpose: providing an opportunity 
for all that is commensurate with their abilities 
and making our customers business just a little 
bit better. 

About Godfrey & Wing
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He received a B.S. in marketing from John Carroll 
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Ankiros Istanbul
12. - 14. November 2020 
Trade Fair for Global Integration of Metals
www.ankiros.com
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INTERNATIONAL FAIRS

Metal + Metallurgy China Shanghai
18. - 20. August 2020
Event of  Foundry and Metallurgy
www.mm-china.com

China Guangzhou International Die-casting, 
Foundry & Industrial Furnace Exhibition 
Guangzhou
22. - 24. September 2020 
International Metal and Metallurgy Exhibition
www.julang.com.cn

Metal Kielce
14. - 16. October 2020   
Exhibition for Foundry Technique
www.targikielce.pl

Metal Expo Moscow
10. - 13. November 2020 
International Industry Exhibition
www.metal-expo.ru

Turkcast Istanbul
12. - 14. November 2020 
International Fair for Foundry Products
www.turkcast.com.tr

formnext Frankfurt am Main
10. - 13. November 2020 
International Exhibition and Conference für Additive
Technologies and Toolmaking  
www.formnext.mesago.com

Hannover Messe Hannover
12. - 16. April 2021   
Home of Industrial Pioneers 
www.hannovermesse.de

Additive Manufacturing Forum Berlin
11. - 12. March 2021 
5th Additive Manufacturing Forum 2021
www.additivemanufacturingforum.de

Metallurgy India Mumbai
25. - 27. March 2021 
International Metallurgical Technology, 
Processes and Metal Products Trade Fair
www.metallurgy-india.com

IFEX Chennai
05 – 07. February 2021 
International Exhibition on Foundry Technology, 
Equipment, Supplies and Services
www.ifexindia.com

2020

2021
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As matters stand in August 2020 and 
depending on the Corona situation, please 
look on the respective website 
– postponements are possible! 
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Fond-Ex Brünn
13. - 17. September 2021
International Trade Fair for Foundry Industry
www.bvv.cz

TCT 3Sixty Birmingham
29.Juni. - 01. July. 2021 
3D Printing and Additive Manufacturing
www.tct3sixty.com

3D Print Congress & Exhibition Chassieu
15. - 17. June 2021   
The Leading Additive Manufacturing Event 
in France
https://www.3dprint-exhibition.com
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Aluminium China Shanghai
07. - 09. July 2021
Trade Fair and Congress of the 
Aluminum Industry
www.aluminiumchina.com

ALUMINIUM 2021 Düsseldorf 
18. - 20. May 2021   
The World‘s Leading Trade Fair for
Aluminum and its Application Industries 
https://www.aluminium-messe.com

CastForge Stuttgart
08. - 10. June 2021    
Trade fair for cast and forged parts with machining
https://www.messe-stuttgart.de/castforge/

Moulding Expo Stuttgart
08. - 11. June 2021    
Intl. Trade Fair for Tool, Pattern and Mould-Making
www.messe-stuttgart.de

Euroguss Nürnberg
18. - 22. Januar 2022 
International Trade Fair for Die Casting: 
Technology, Processes, Products
www.euroguss.de

Gifa, Metec, Thermprocess Düsseldorf
12. - 16. Juni 2023  
GMTN - The Bright World of Metals 
www.thermprocess.de
www.metec.de
www.gifa.de

Addit EXPO 3D
24. - 27. November 2021  
International Industrial Forum in Kyiv 
www.iec-expo.com.ua

InterMold Thailand Bangkok
23. - 26. June 2021  
Exhibition on Mold & Mold Components 
Making Technology
www.intermoldthailand.com

EMO Mailand
04. - 09. October 2021 
The World Machine Tool Exhibition
www.emo-milan.com

2022

2023
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