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How to Optimise a Casting
1. Design the casting and casting layout
2. Optimise the feeding of the casting (FOCUS AREA OF THIS PROJECT)
3. Adapt the gating system to support the feeding of the casting

Top Feeder

Spot
Feeder

Casting

Gating
System

Table 4. Summation of results comparing feeder sleeve material (and modulus) with type and size of 
porosities found in the liquid penetrant test, as well as the flatness value from the CMM measurements.
Results for both alloys are shown. Exo = exothermic, Ins = insulating and E/I = exothermic-insulating.

EN-GJS-450-10
The more shrinkage prone, high silicon alloy EN-GJS-
450-10, display more and more severe porosities than the 
EN-GJS-500-7 analyzed above. Only casting group β1 is 
defect free. Casting group β1 applies an 
exothermic/insulating top feeder sleeve, and an
exothermic center feeder sleeve. Casting group β2display 
defects, though to varying degree. Casting β2A display a 
SP1 defect in area VIII—the center feeder, feeder neck—
and the casting itself is thus without defects. This defect is 
similar to the same area of casting α2B, which is cast with 
the exact same feeder configuration. The difference is that 
while α2B displayed the only defect of the whole casting 
group, β2A is the only casting of the group that is not 
flawed with defects inside the critical areas. Thus, the 
EN-GJS-450-10 has shown that there is a functional 
difference between the insulating and exothermic feeders, 
where the extended Mt of the exothermic feeder sleeve 
made all the difference.

Finally, as a reference to casting group α3, casting group 
β3 tests the effect of an absent center feeder with the EN-
GJS-450-10 alloy. As with casting group α3, the affected 
area is area V. The severity of the defects is just greater 
than with the EN-GJS-500-7 alloy.

Potential Process Errors
As porosities may as well be located 5 mm off the 
centerline of the casting, as it may be exactly where the 
cut was made. Thus, it is certain that the porosities that 
are found are there, whereas other porosities may be 
located just below the surface escaping detection.

The test has been conducted with ground and etched 
castings to minimize the effects of machining the 
castings. It is unlikely that any significant defects were 
obscured from the liquid penetrant test by this.

Potentially some minor defects may have escaped 
detection due the choice of photo documenting the 
castings, rather than evaluating them in quick succession 
of the penetrant development. Direct evaluation of the 
castings would have allowed use of a 3X magnification 
during examination in accordance with EN 1371-1:2011.
Even though it cannot be ruled out completely that more 
defects may have been found, all these would have been 
microscopic and possibly well outside the detection 
possibilities of both X-ray and ultrasound. On the other 
hand the digitalization of the liquid penetrant tests 
allowed for different filters to be used with the images, 
enhancing different features of the images, and thus 
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Fig. 6. Porosity simulation for casting groups α1, α2, β1 and β2. The 3D model is sectioned through the 
vertical centerline, exactly as the real castings were. The simulations of α1 and α2 apply a graphite
precipitation factor of 8, and the simulations of β1 and β2 apply a factor of 6.

Examining the thermal gradients produced by the 
different types of feeder sleeves, it is clear that the 
exothermic and exothermic-insulating sleeves have a 
significantly higher modulus than the insulating sleeves. 
See fig. 7.

Fig. 7. Simulation of thermal gradients at the 
center cross-section of the casting, including 
feeder sleeves. Comparing exothermic and 
exothermic-insulating sleeves on β1 (left) with 
insulating sleeves on β2 (right). Both simulations 
show at 85% solidified.

DISCUSSION

POROSITIES

EN-GJS-500-7
The casting porosity analysis shows almost no defects for 
casting groups α1, α2 and β1. The one defect identified in 
these 9 castings is found in α2B area VIII and classified 
SP1. It is a very small non-linear porosity in the feeder
neck of the center feeder. Thus, all 9 castings are sound 
for all categories according to the EN 1371-1:2011.

Compared to the casting groups α3, α4 and α5, which 
were cast with the same alloy as above, but cast without 
one or both feeders, all of these 9 castings display SP1 or 
CP1 defects in one or more areas. Casting group α3 
directly show the effect of not using a spot feeder. α3A
and B display SP1 defects at area V, while α3C display a 
CP1 defect in the same area. As the design of the casting 
was made to provoke this type of defects, this is not 
surprising, but it proves that both the exothermic and the 
insulating spot feeders provide the conditions needed to 
produce defect free castings. The spot feeders supply 
melt, heat and pressure sufficient for the boss to be 
porosity free.

Casting group α4—center feeder and no top feeder—
display no defects in area V, but SP1 defects in area III.
This corresponds with the intension of the casting design.
Likewise, casting group α5 displays SP1 or CP1 defects 
in area III and V respectively. The only exception is α5B,
area V, which is defect free.
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Better feeding reduces...
•	 energy required for melting
•	 use of sand,
•	 energy for holding the melt,
•	 need for cooling,
•	 general resource consumption, and
•	 energy for heat treatment

Correct feeding
improves...
•	 ventilation cost in the foundry,
•	 handling of the goods after casting,
•	 transport of the goods, and
•	 the	operation	of	the	finished	product!
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Introduction
The project aims at reducing the consumption of  electrical en-

ergy in the heaviest part of  energy consumption in the Danish 
foundries. This will take place by developing feeder technologies 
for use in Danish and foreign iron foundries. In Europe the pri-
mary savings alone are expected to be 2.3 TWh. This corresponds 
to a reduced CO2 emission of  1.3 Mt annually.

Environmental Impact
Castings are used everywhere. It has been in use for thousands 

of  years and is today one of  the central production methods 
without which our modern society would not be functioning. While 
casting has a long history, especially compared to newer technolo-
gies as CNC-milling and 3D-printing, casting is still a highly de-
veloped production process. Moreover, casting remains superior 
with respect to life cycle environmental impact, as it was show by 
a comprehensive LCA of  the Danish manufacturing industry [1, 2].

Cast Products
Cast products are an integral part of  our daily lives. Castings 

vary from the smallest pieces of  100 g and up to colossal struc-
tures weighing 300 t. Castings are found in cars, trucks, ships, 
wind turbines, food processors, projectors, generators, children’s 
toys, traffic lights, cityscape equipment, power tools, pumps, min-
ing machinery, and even bridges.

Effect
With an annual cast iron production of  13.5 Mt of  finished 

goods in Europe—75,000 tonnes in Denmark alone. With a 
casting yield of  50 %, 32 TWh are used for melting iron. The pro-
cess improvements suggested in this project can potentially re-
duce this energy consumption by as much as 2.3 TWh annually. 
This corresponds to �⁄� of  the total annual energy use for the en-
tire city of  Copenhagen, including electricity, heating, oil and city 
gas (but excluding transport) [3]. And this is without including any 
secondary effects of  the process improvements.

The focus of  this project is better production of  cast iron prod-
ucts; more specifically optimisation of  feeding mechanisms. 

While the project focus is narrow, the effects are holistic. Improv-
ing feeder technologies influences many other parts of  the pro-
duction process, thus reducing resource consumption for sand, 
melting, holding, heat treatment, etc. The overall poured weight is 
often reduced by the optimised design of  the casting itself  and the 
gating system. Finally, energy savings can be found in ventilation 
in the foundry, handling and transport of  the goods, and reduced 
energy use for the castings in operation due to reduced weight [4].

Producing the best possible castings is not an easy task. The cast-
ing process and final product comprises many contradicting 

objectives, which must all be taken into account when designing 
and producing castings. The process of  casting is complex and eve-
rything is entangled: the alloy, the casting temperature, the cast-
ing design, how the melt hits the cup, the moisture in the air, etc. 
The best casting process is the stable and reliable process, which 
produces sound casting every time. Often, well designed and opti-
mised processes which yield stable results are also those with a low 
energy and resource consumption. The key to this is understand-
ing.

•	Optimised	gating	systems
 » Enable lower casting temperature

•	Simulation	
 » Enable better understanding of process
 » Choosing the best solutions

•	Spot	feeding
 » Enables optimised casting design 

•	Distortion	predictions
 » Improved optimisation of cast design

•	Alloy	properties
 » Solidification characteristics
 » Feeding paths

•	 Improved	feeding	tools
 » Like active feeders, and
 » Thermal gradient control

About the Project
This project is focused on the development of  feeder technolo-

gies for cast iron foundries. By improving feeding mechanisms 
products can be made cheaper, using less energy and resources, 
and often also with better performance. Using these technologies 
increase competitiveness for the foundries by either increasing 
their profit margin or by offering cheaper solutions to their cus-
tomers.

Working together to achieve this goal is a consortium of  five 
partners, each a leading institution within their respective field. 
The consortium contains all five parts of  the foundry business: 
Primary Research (DTU MEK), Machinery (DISA Industries A/S), 
Simulation (MAGMA GmbH), Foundry Consumables (FOSECO 
Ltd.), and Foundry Practise itself  (Vald.Birn A/S).

The project is funded partly by the consortium partners and 
partly by the Energinet Danmark PSO (Public Service Obligations) 
funds.
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