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Abstract 
Foundries expect such performance from automatic pouring that their 
requisites are going beyond the reach of a classic approach to automatic 
control. A particular shortcoming that has been evidenced is that an 
automatic system based on a single level sensor is not apt to cope with 
the phenomena related to mould filling speed, such as refeeding. Multiloop 
strategy answers those needs: it implies a second camera, called 
post-pouring sensor, installed a little downwards after the pouring point. 
The results obtained with that solution at ThyssenKrupp Waupaca (USA) 
and ACI Le Mans (France) have shown a drastic reduction in 
pouring-related downgrading, reduced human involvement and optimised 
yield. 
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Introduction 
Based on constant technical progress and better understanding of the 
process of gravity pouring with stopper, automatic mould pouring is 
tending to anticipate the foundries' ever-growing demands in terms of 
productivity: reduced downgrading due to pouring, optimised yield and 
pouring time, less human involvement… 
 
Most automatic pouring systems are based on the same trio: sensor, 
controller, and actuator. As a general rule, the sensor gives a real-time 
value for the metal height in the cup, during pouring [1], [2]. Such a 
system, said single-loop, does not always answer the foundries' quiz, i.e.: 
Minimised pouring time + optimised yield + minimised human involvement 
= maximum productivity. 
 
This paper first presents the context which has led to build a new 
approach to automatic pouring, more complete than the classic single-loop 
vision. Afterwards, it describes the new approach, based on 'multiloop' 
control. Then, it focuses on how a second sensor is implied and 
implemented in this solution. Finally, based on 2 application examples, 
practical results will illustrate how meaningful this approach is. 
 
The limits of classic control 
On vertical moulding lines, like Disamatic or Loramendi, it often happens 
that the sequence time of the moulding line is considered the reference 
sequence time. In one word, pouring is not supposed whatsoever to slow 
down the moulding machine. With that aim in view, the objective of the 
automatic pouring device is to lose as little time as possible: it is out of the 
question to do with a sort of compromise pouring time / machine 
cleanness. The point is to pour a filled cup, in the shortest possible time, 
and the final level in the cup after pouring must meet the minimum 
required by the model pattern, without metal waste : nor too much, nor too 
little. Now, the hydrodynamic behaviour of the iron within the mould 
frequently induces iron 'refeeding' after pouring. In some cases that 
provokes a level drop in the pouring cup, the importance of which depends 
on the pouring speed, but also on variable parameters, independent from 
pouring, such as sand porosity, or temperature, and thus iron viscosity. If 
the pouring cup does not have the necessary volume, or if the pieces and 
the feeding are very high in the mould, that excessive refeeding implies 
defects linked to short-poured moulds (misrun, blow holes…).  
 
Even worse, if it is not detected, the controller may endlessly repeat the 
same mistakes. It may thus generate whole downgraded series. 
Therefore, the operator must keep his attention on pouring and rectify the 
settings in case a drift is observed. This means, to the eyes of an 
automation specialist, that to some extent those classic systems work in 
open loop.  
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Multiloop control 
Since 1996, French company SERT-METAL has marketed an automatic 
pouring solution called UCERAM, about 50 units of which have been sold 
in Europe and in the United States. It is a turn-key automation solution for 
mould pouring in ferrous foundry, comprising a camera sensor, an electric 
stopper actuator, an advanced controller and all the instrumentation 
necessary to obtain a quality pouring, respecting pouring criteria set up 
with the foundrymen. The sensor is based on a multimeasure image 
analysis device, able to deliver to the controller some real-time information 
about the pouring spot (iron level in the cup, stream width, nozzle leakage, 
etc). 
 
Nothing revolutionary about this architecture; it is pretty much the same as 
a classic system. However, what makes the difference is that the controller 
combines two controllers, each having its proper scope: the first one is the 
standard real-time controller, able to apply a pre-defined pouring strategy, 
but also able to cope with inopportune drifts as compared with that 
strategy. The second controller already constitutes in itself a first multiloop 
approach, as it is able to use the previous pouring, and the corrections 
that were made, to bring further fineness to the strategy followed by the 
first controller. This is the self-adaptation of the system to slow disturbance 
of the process [3]. 
 
From there on, it thus appears appropriate to close the loop identified in 
the previous paragraph, which gives even more autonomy to the system, 
optimizes the quantity of metal necessary for good mould filling, all the 
while gaining pouring time. To do so, a second image analysis sensor is 
installed, aiming at the cup that has just been poured, and measuring the 
iron level once it is stabilized, free from hydrodynamic fluctuation and the 
choking is over. That measure is taken in blind time, while the following 
cup is being poured, without delaying the sequence. 
The final approach is represented in figure 1. 
 
Implementing a post-pouring sensor 
The equipment used for that post-pouring function is the same as the 
pouring sensor. It is an intelligent camera, within a protection sleeve. The 
detection software is loaded in both sensors, which make them 
interchangeable, and thus makes it easier and cost-effective when dealing 
with spare parts. 
 
As shown in figure 2, the mechanic implantation of the second sensor 
does not pose any particular problem. The pouring camera is installed 
perpendicular to the moulding line, facing the nozzle. The post-pouring 
camera is placed a little downwards, by a distance corresponding to the 
average of the minimum and maximum widths of the moulds used on the 
machine. Since the camera does not move as compared with the nozzle, 
its lens must be chosen so that the visual field covers all the possible 
positions of the pouring cup used with the different pattern plates. 
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When the moulding line pushes forward, the just-poured cup gets into the 
visual field of the post-pouring sensor. It is then necessary to wait for the 
end of the refeeding phenomena before launching the level measure 
procedure. That waiting time can vary from 1 to 4s from the end of the 
mould push. 
 
There begins the detection process, based on advanced techniques of 
image analysis, on the one hand to isolate the pouring cup in the image, 
on the other hand to determine the level in that cup, knowing that the 
scene may occasionally be 'polluted' by possible iron spillage on the 
mould, slags, or inoculant excess on the metal surface. 
 
The measure of the final iron level in the pouring cup is sent to the pouring 
controller, which uses it to optimise its end of pouring rules. The possible 
variations as compared with a given setpoint are thus taken into account in 
real time for the following mould which is being poured. 
 
Practical Results 
Results at ACI le Mans 
French plant ACI Le Mans operates a vertical moulding line (Disa 2130), 
producing brake parts. As everywhere else, pouring time is a productivity 
criterion to which they must pay particular attention. The solution ACI 
opted for, to optimise the pouring time, has consisted in using oversized 
pouring cups, creating an iron reserve available in the end of pouring. 
Those moulds can thus be poured with some overflow, so as to obtain a 
full cup when the stopper closes. At the end of pouring, the reserve in the 
cup goes down into the mould, thus completing the filling off-line.  
 
Controlling that process manually can be tricky: the operator must provide 
for that overflow during pouring and close the stopper just in time. Given 
the high pouring flows, the slightest approximation provokes either 
excessive emptying of the mould, thus making it a misrun, or a waste of 
iron with negative impact on the yield rate. That problem cannot be solved 
with a Teach-In mode. Indeed, given the process variations (sand 
hygrometry, iron temperature, metallostatic height …), Teach-In requires 
frequent corrections, and thus all-instants unfailing attention. 
 
The advantage brought by the post-pouring sensor now clearly appears. It 
acts so that the metal quantity poured into the mould gives quality pieces, 
all the while providing an optimised yield. Further to the implementation of 
the multiloop method at ACI, measures taken after the shake-out have 
shown an iron gain over 2 kg per mould poured, while dividing by 1.8 the 
misrun rate (see figures 3 & 4). 
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Results at Waupaca Plant 3 
Waupaca Plant 3 is located in Wisconsin (USA). It is part of ThyssenKrupp 
Waupaca group, that has 6 foundry plants in the United States, and mainly 
works in the automotive sector. 
 
Plant 3 has 7 production lines. In 2001, one of them was equipped with the 
automatic pouring system UCERAM, without post-pouring sensor as that 
technique was under evaluation at the time. The productivity gains given 
by that first system led not only the plant management to duplicate the 
system on their other six moulding machines, but also the group 
management to equip their other plants. Today, some twenty Uceram 
units have been purchased by Waupaca group. 
 
Within their continuous improvement programme, plant 3 wished to make 
a further step, 3 years after the first installation, with the purpose to reduce 
even more drastically their rate of downgrading directly linked to pouring. 
Besides, just like any other western industry, Waupaca is bound to reduce 
human involvement as much as possible, and thus needed to find a way to 
limit the moulding machine adjustments, implied by slow and 
uncontrollable evolutions of the process. 
The post-pouring sensor was there to meet both those expectations. 
 
First trials were carried out on one strand and the results were very 
conclusive: while they used to have 2000PPM short-poured moulds, the 
addition of the post-pouring sensor brought that result down to about 
670PPM, which corresponds, given the production rhythms of the plant, to 
less than 1 short-poured per 8 hours shift (see figure 5). 
 
A computerized tracking also showed that human intervention for 
adjustments were reduced by 50% after that modification (see figure 6). 
And most of them correspond to start of campaign adjustments, after 
which, unless exceptional disturbance, the pouring machine is completely 
autonomous. 
 
Further to those trials, Plant 3 management decided to adopt that new 
equipment on all of their 7 production machines. 
 
Conclusion 
Based on those application examples, it can be observed that the 
multiloop approach brings considerable benefits, and there is now a 
system available which can correct the pouring:  
1. in real time 
2. against slow drifts of the process 
3. taking into account the iron flow phenomena occurring after 

pouring. 
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Since the first trials of that innovative technique, some twenty installations 
were equipped with it, with an outstanding return on investment for such 
industrial equipment. 
 
It is particularly adapted in situations where pouring times determine the 
cycle time of the machine, or when the user's expectations in terms of 
performance are to the limits of the process. 
 
The examples of ACI le Mans and Waupaca3 clearly show how that 
multiloop approach gives even more meaning to automatic pouring. The 
interest of that technique has been proved for foundries aiming at different 
targeted priorities. 
In a few words, the UCERAM multiloop system offers repeated production 
of quality pieces, all the while minimising sequence time, metal quantity, 
and human involvement. 
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Tables & figures 
 
Figure 1 multiloop approach of the automatic pouring controller 
 

 
 
Figure 2 Lay-out of the pouring and post pouring sensors 
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Figure 3  Evolution of the yield at ACI Le Mans (France). 
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Figure 4  Evolution of misrun rate at ACI Le Mans (France). 
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Figure 5  Evolution of the short-poured rate at Waupaca Plant 3 (WI, USA). 
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Figure 6 Evolution of human involvement at Waupaca Plant 3 (WI, USA). 
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