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                    For the ANFIS model to give an accurate representation of the performance
 of the fuel cell at all operating points, an experiment which spans the entire
 operating range of the system should be performed.


Experiments with the reformer in an H3 350 unit show that CO
 concentra-tions between 0.2 and 1.9% can be expected, and the identification experiment
 is therefore performed at 8 equally spaced points in this range. The typical
 operating temperature of the HTPEM fuel cell is 160 to 170[◦C]and the 
 iden-tification experiment is repeated at temperatures of 160, 165 and 170[◦C]. At
 each of the 24 points that is formed by these variables, a polarization curve
 is made for the fuel cell. The maximum rated current density of the fuel cell
 is 0.6


A/m2


and the minimum cell voltage allowed is 0.4[V]. Each 
 polari-zation curve will therefore start at 0 


A/m2


and be ramped up to the level
where the first of these conditions.


This identification experiment is performed on the HTPEM fuel cell stack
 pictured in Figure3.15.


Fig. 3.15:Fuel cell short stack used in the identification experiment.


The fuel cell stack is a 14-cell version of the one in an H3 5000 RMFC
 system and uses the same type of membrane as the fuel cell in an H3 350
 system and its performance when compensated by the cell area is expected
 to be representative of both.


Figure3.16shows a plot of the data from the identification experiment 
 per-formed at 170[◦C].
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Fig. 3.16: Plot of the fuel cell voltage, current and anodeCOconcentration during the 
experi-ment.


As the figure shows, the stop condition for all operating points has been
 the minimum fuel cell voltage of 0.4 [V] . This is because the fuel cell was
 in an advanced state of degradation when the experiment was performed.


This means that the developed models will only be valid for a fuel cell in this
 state of degradation but the results are, nevertheless, suitable for a proof of
 concept for the modeling procedure.


To better visualize the results of the experiment, each polarization curve
 read with 0.01


A/cm2


intervals and arranged into three matrices. One for
 each temperature. These matrices are plotted in the contour plot of Figure
 3.17.
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Fig. 3.17:Fuel cell voltage atTFCof 160, 165 and 170[◦C].


As the figure shows, the addition ofCOto the anode gas has little 
 influ-ence at low current densities, but as the current density increases, the 
 detri-mental effects ofCOincrease as well. The fuel cell temperature also has little
 effect on the fuel cell voltage at low current densities, but at higher 
 tempera-tures the fuel cell voltage is generally higher and the addition ofCO to the
 anode gas has a less influence. This is in accordance with what is observed
 in literature [39] [40].


In paper[D]models with different numbers of membership functions are
constructed and their precision, training time and evaluation time is 
evalu-ated. It is concluded that going beyond 2 membership functions yields little


reward and increases the training and evaluation time considerably.


Figure3.18shows the response of the model with two membership functions.
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Fig. 3.18:Contour plot of the fuel cell voltage in experiment and model atTFCof 160, 165 and 170
 [◦C]. The solid lines show the measured values and the dashed lines show the model response.


An analysis of the model performance shows that it has a MAE of 0.94%.


To illustrate how the model works, the membership functions are plotted in
 Figure3.19. This shows when the models consider each variable high or low.


Figure 3.20 shows the normalized firing level of rule 1, marked in red on
Figure3.12for a fuel cell temperature of 160[◦C].
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Fig. 3.19: Plots of the membership functions of the developed ANFIS models. Theredlines
 represent the membership function of the fuzzy set "high" and thebluelines represent the set


"low".
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Fig. 3.20:Contour plot of the normalized firing level of rule 1 atTFC= 160[◦C].


As Figure 3.19 shows, there is an overlap between the fuzzy set "high"


and "low". This means that all the rules contribute to the output of the model
 at all times. This is further illustrated by the normalized firing level of rule
 1 in Figure 3.20. As would be expected, the firing level is highest when
 the current density and COconcentration are low. This is because rule 1 is
 associated with the fuzzy variable "low" for all its inputs. The output of rule 1
 can now be calculated by multiplying the firing level by the output function
 of the rule. The output function of rule 1, f1 in equation 3.6, is plotted in
 Figure3.21for a fuel cell temperature of 160[◦C].
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Fig. 3.21:Contour plot of the output function of rule 1 atTFC= 160[◦C].


As the figure shows, the values of f1 are largest at low current densities
and they are influenced relatively little by changes inCOconcentration. This
is what can be expected when observing the measurements in Figure 3.17
whereCOhas little effect at low current densities. To know how big the 
con-tribution of rule 1 is to the output, it has to be multiplied by the normalized
firing level of the rule. This is plotted in Figure3.22
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Fig. 3.22:Contour plot of the output contribution of rule 1 atTFC= 160[◦C].


As the figure shows, rule 1 has the largest effect at low current densities
and lowCOconcentrations and relatively little influence elsewhere.
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